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5.4

HAZARDS PROFILES AND VULNERABILITY ASSESSMENT

The following sections profile and assess vulnerability for each hazard of concern. For each hazard, the
profile includes: the hazard description; its location and extent; previous occurrences and losses; and the
probability of future events. The vulnerability assessment for each hazard includes: an overview of
vulnerability; the data and methodology used; the impact on life, health and safety; impact on general
building stock; impact on critical facilities; impact on the economy; additional data needs and next steps;
and the overall vulnerability assessment finding. Hazards are presented in hazard priority order, starting
with the coastal storm hazard and ending with the earthquake hazard.
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5.4.1

COASTAL AND SEVERE STORMS

This section provides a profile and vulnerability assessment for the coastal storm and severe storm
hazards.
HAZARD PROFILE
Hazard profile information is provided in this section, including information on description, extent,
location, previous occurrences and losses and the probability of future occurrences within the City of New
Rochelle.
Description
Coastal storms (hurricanes, tropical depressions, tropical storms, and Nor’Easters) are typically events
associated with severe storms (hailstorms, windstorms, lightning, thunderstorms and tornadoes).
Therefore, for the purpose of this HMP, severe storms and coastal storms are grouped together. Both
types of storms affect the City of New Rochelle.
Severe Storm
The severe storm hazard includes the following types of events: hailstorms, windstorms, lightning,
thunderstorms and tornadoes. These events are defined below:
Hailstorm: According to the National Weather Service (NWS), hail is defined as a showery precipitation
in the form of irregular pellets or balls of ice more than five millimeters in diameter, falling from a
cumulonimbus cloud (NWS, 2005). Early in the developmental stages of a hailstorm, ice crystals form
within a low-pressure front due to the rapid rising of warm air into the upper atmosphere and the
subsequent cooling of the air mass. Frozen droplets gradually accumulate on the ice crystals until, having
developed sufficient weight; they fall as precipitation, in the form of balls or irregularly shaped masses of
ice. The size of hailstones is a direct function of the size and severity of the storm. High velocity updraft
winds are required to keep hail in suspension in thunderclouds. The strength of the updraft is a function of
the intensity of heating at the Earth’s surface. Higher temperature gradients relative to elevation above
the surface result in increased suspension time and hailstone size. Hailstorms are a potential damaging
outgrowth of severe thunderstorms (Northern Virginia Regional Commission [NVRC], 2006). They
cause over $1 billion in crop and property damages each year in the U.S., making hailstorms one of the
most costly natural disasters (Federal Alliance for Safe Homes, Inc., 2006).
Windstorm: According to the Federal Emergency Management Agency (FEMA), wind is air moving from
high to low pressure. It is rough horizontal movement of air (as opposed to an air current) caused by
uneven heating of the Earth's surface. It occurs at all scales, from local breezes generated by heating of
land surfaces and lasting tens of minutes to global winds resulting from solar heating of the Earth
(FEMA, 1997). A type of windstorm that is experienced often during rapidly moving thunderstorms is a
derecho. A derecho is a widespread and long-lived windstorm associated with thunderstorms that are
often curved in shape (Johns and Evans, Data Unknown). The two major influences on the atmospheric
circulation are the differential heating between the equator and the poles, and the rotation of the planet.
Windstorm events are associated with cyclonic storms (for example, hurricanes), thunderstorms and
tornadoes (FEMA, 1997).
Lightning: According to the NWS, lightning is a visible electrical discharge produced by a thunderstorm.
The discharge may occur within or between clouds or between a rain cloud and the ground (NWS, 2009).
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The discharge of electrical energy resulting from the buildup of positive and negative charges within a
thunderstorm creates a “bolt” when the buildup of charges becomes strong enough. A bolt of lightning
can reach temperatures approaching 50,000 degrees Fahrenheit (F). Lightning rapidly heats the sky as it
flashes but the surrounding air cools following the bolt. This rapid heating and cooling of the
surrounding air causes thunder. Annually, on average, 300 people are injured and 89 people are killed
due to lightning strikes in the U.S. (NVRC, 2006).
Thunderstorm: According to the NWS, a thunderstorm is a local storm produced by a cumulonimbus
cloud and accompanied by lightning and thunder (NWS, 2009). A thunderstorm forms from a
combination of moisture, rapidly rising warm air and a force capable of lifting air such as a warm and
cold front, a sea breeze, or a mountain. Thunderstorms form from the equator to as far north as Alaska.
These storms occur most commonly in the tropics. Many tropical land-based locations experience over
100 thunderstorm days each year (Pidwirny, 2007). Although thunderstorms generally affect a small area
when they occur, they are very dangerous because of their ability to generate tornadoes, hailstorms, strong
winds, flash flooding, and damaging lightning. A thunderstorm produces wind gusts less than 57 miles
per hour (mph) and hail, if any, of less than 3/4-inch diameter at the surface. A severe thunderstorm has
thunderstorm related surface winds (sustained or gusts) of 57 mph or greater and/or surface hail 3/4-inch
or larger (NWS, 2009). Wind or hail damage may be used to infer the occurrence/existence of a severe
thunderstorm (Office of the Federal Coordinator for Meteorology, 2001).
Tornado: A tornado is a violent windstorm characterized by a twisting, funnel-shaped cloud. It is
spawned by a thunderstorm (or sometimes as a result of a hurricane) and produced when cool air
overrides a layer of warm air, forcing the warm air to rise rapidly. Tornado season is generally March
through August, although tornadoes can occur at any time of year (FEMA, 2004). Tornadoes tend to
strike in the afternoons and evening, with over 80 percent (%) of all tornadoes striking between noon and
midnight (New Jersey Office of Emergency Management [NJOEM], 2005). The average forward speed
of a tornado is 30 mph, but can vary from nearly stationary to 70 mph (NWS, 1995). The NOAA Storm
Prediction Center (SPC) indicates that the total duration of a tornado can last between a few seconds to
over one hour; however, a tornado typical lasts less than 10 minutes (Edwards, 2009). High-wind
velocity and wind-blown debris, along with lightning or hail, result in the damage caused by tornadoes.
Destruction caused by tornadoes depends on the size, intensity, and duration of the storm. Tornadoes
cause the greatest damage to structures that are light, such as residential homes and mobile homes, and
tend to remain localized during impact (NVRC, 2006).
Coastal Storm
Coastal storms that affect the City of New Rochelle fall into two general categories: tropical (tropical
depressions, tropical storms and hurricanes) and extra-tropical (mid-Atlantic cyclones locally known as
northeasters or Nor’Easters) cyclones. Although these two types of storms can cause a similar level of
devastation to developed coastlines, they are vastly different with respect to origin and progression
(Cashin Associates, 1994). The hurricane is the most intense type of tropical storm resulting in
significant damages and loss of life. Descriptions of tropical and extra-tropical storms are provided
below.
Tropical Cyclone: Tropical cyclone is a generic term for a cyclonic, low-pressure system over tropical or
sub-tropical waters (National Atlas, 2009); containing a warm core of low barometric pressure which
typically produces heavy rainfall, powerful winds and storm surge (New York City Office of Emergency
Management [NYCOEM], 2008). It feeds on the heat released when moist air rises and the water vapor
in it condenses (Dorrego, Date Unknown). Depending on their location and strength, there are various
terms by which tropical cyclones are known, such as hurricane, typhoon, tropical storm, cyclonic storm
and tropical depression (Pacific Disaster Center, 2006). While tropical cyclones begin as a tropical
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depression, meaning the storm has sustained winds below 38 miles per hour (mph), it may develop into a
tropical storm (with sustained winds of 39 to 73 mph) or a hurricane (with winds of 74 mph and higher).
Tropical Depression: A tropical depression is an organized system of clouds and thunderstorms with a
defined surface circulation and maximum sustained winds of less than 38 mph. It has no “eye” (the calm
area in the center of the storm) and does not typically have the organization or the spiral shape of more
powerful storms (Emanuel, Date Unknown; Miami Museum of Science, 2000).
Tropical Storm: A tropical storm is an organized system of strong thunderstorms with a defined surface
circulation and maximum sustained winds between 39 and 73 mph (Federal Emergency Management
Agency [FEMA], 2007). Once a storm has reached tropical storm status, it is assigned a name. During
this time, the storm itself becomes more organized and begins to become more circular in shape,
resembling a hurricane. The rotation of a tropical storm is more recognizable than a tropical depression.
Tropical storms can cause a lot of problems, even without becoming a hurricane; however, most of the
problems stem from heavy rainfall (University of Illinois, Date Unknown).
Hurricane: A hurricane is an intense tropical cyclone with wind speeds reaching a constant speed of 74
mph or more (FEMA, 2004). It is a category of tropical cyclone characterized by thunderstorms and
defined surface wind circulation. They are caused by the atmospheric instability created by the collision
of warm air with cooler air. They form in the warm waters of tropical and sub-tropical oceans, seas, or
Gulf of Mexico (NWS, 2000). Most hurricanes evolve from tropical disturbances. A tropical disturbance
is a discrete system of organized convection (showers or thunderstorms), that originate in the tropics or
subtropics, does not migrate along a frontal boundary, and maintains its identity for 24 hours or more
(NWS, 2004). Hurricanes begin when areas of low atmospheric pressure move off the western coast of
Africa and into the Atlantic, where they grow and intensify in the moisture-laden air above the warm
tropical ocean. Air moves toward these atmospheric lows from all directions and circulates clock-wise
under the influence of the Coriolis effect, thereby initiating rotation in the converging wind fields. When
these hot, moist air masses meet, they rise up into the atmosphere above the low pressure area, potentially
establishing a self-reinforcing feedback system that produces weather systems known to meteorologists as
tropical disturbances, tropical depressions, tropical storms, and hurricanes (Frankenberg, Date Unknown).
Almost all tropical storms and hurricanes in the Atlantic basin (which includes the Gulf of Mexico and
Caribbean Sea) form between June 1st and November 30th, known as hurricane season. August and
September are peak months for hurricane development. Tropical cyclones affect New Jersey the most
during the month of September, though the state has experienced tropical cyclones throughout the
hurricane season, excluding November. Due to peak warmth in water temperatures in September, storms
usually affect New Jersey during this time (Savadove and Bucholz, 1993). The threats caused by an
approaching hurricane can be divided into three main categories: storm surge, wind damage and
rainfall/flooding:






Storm Surge is simply water that is pushed toward the shore by the force of the winds swirling
around the storm. This advancing surge combines with the normal tides to create the hurricane
storm tide, which can increase the mean water level 15 feet or more. Storm surge is responsible
for nearly 90-percent of all hurricane-related deaths and injuries.
Wind Damage is the force of wind that can quickly decimate the tree population, down power
lines and utility poles, knock over signs, and damage/destroy homes and buildings. Flying debris
can also cause damage to both structures and the general population. When hurricanes first make
landfall, it is common for tornadoes to form which can cause severe localized wind damage.
Rainfall / Flooding is the torrential rains that normally accompany a hurricane can cause serious
flooding. Whereas the storm surge and high winds are concentrated around the “eye”, the rain
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may extend for hundreds of miles and may last for several days, affecting areas well after the
hurricane has diminished (Mandia, 2010).
Extra-tropical Cyclone: Extra-tropical cyclones, sometimes called mid-latitude cyclones, are a group of
cyclones defined as synoptic scale, low pressure, weather systems that occur in the middle latitudes of the
Earth. These storms have neither tropical nor polar characteristics and are connected with fronts and
horizontal gradients in temperature and dew point otherwise known as "baroclinic zones". Extra-tropical
cyclones are everyday weather phenomena which, along with anticyclones, drive the weather over much
of the Earth. These cyclones produce impacts ranging from cloudiness and mild showers to heavy gales
and thunderstorms. Tropical cyclones often transform into extra-tropical cyclones at the end of their
tropical existence, usually between 30 degrees (°) and 40° latitude, where there is sufficient force from
upper-level shortwave troughs riding the westerlies (weather systems moving west to east) for the process
of extra-tropical transition to begin. A shortwave trough is a disturbance in the mid or upper part of the
atmosphere which induces upward motion ahead of it. During an extra-tropical transition, a cyclone
begins to tilt back into the colder air mass with height, and the cyclone’s primary energy source converts
from the release of latent heat from condensation (from thunderstorms near the center) to baroclinic
processes (Canadian Hurricane Centre [CHC], 2003).
Nor’Easter (abbreviated for Northeaster): Nor’Easters are named for the strong northeasterly winds that
blow in from the ocean ahead of the storm and over coastal areas. They are also referred to as a type of
extra-tropical cyclones (mid-latitude storms, or Great Lake storms). A Nor’Easter is a macro-scale extratropical storm whose winds come from the northeast, especially in the coastal areas of the northeastern
U.S. and Atlantic Canada. Wind gusts associated with Nor’Easters can exceed hurricane forces in
intensity. Unlike tropical cyclones that form in the tropics and have warm cores (including tropical
depressions, tropical storms and hurricanes); Nor’Easters contain a cold core of low barometric pressure
that forms in the mid-latitudes. Their strongest winds are close to the earth’s surface and often measure
several hundred miles across. Nor’Easters may occur at any time of the year but are more common
during fall and winter months (September through April) (NYCOEM, 2008).
Nor’Easters can cause heavy snow, rain, gale force winds and oversized waves (storm surge) that can
cause beach erosion, coastal flooding, structural damage, power outages and unsafe human conditions. If
a Nor’Easter cyclone stays just offshore, the results are much more devastating than if the cyclone travels
up the coast on an inland track. Nor’Easters that stay inland are generally weaker and usually cause
strong winds and rain. The ones that stay offshore can bring heavy snow, blizzards, ice, strong winds,
high waves, and severe beach erosion. In these storms, the warmer air is aloft. Precipitation falling from
this warm air moves into the colder air at the surface, causing crippling sleet or freezing rain.
If a significant pressure drop occurs within a Nor’Easter, this change can turn a simple extra-tropical
storm into what is known as a "bomb". “Bombs” are characterized by a pressure drop of at least 24
millibars within 24 hours (similar to a rapidly-intensifying hurricane). Even though “bombs”
occasionally share some characteristics with hurricanes, the two storms have several differences.
“Bombs” are a type of Nor’Easter and are extra-tropical; therefore, they are associated with fronts, higher
latitudes, and cold cores. They require strong upper-level winds, which would destroy a hurricane (MultiCommunity Environmental Storm Observatory [MESO]), 2002).
Extent
Severe Storm
The extent (that is, magnitude or severity) of a severe storm is largely dependent upon sustained wind
speed. Straight-line winds, winds that come out of a thunderstorm, in extreme cases, can cause wind
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gusts exceeding 100 mph. These winds are most responsible for hailstorm and thunderstorm wind
damage. One type of straight-line wind, the downburst, can cause damage equivalent to a strong tornado
(NVRC, 2006).
Hail
Hail can be produced from many different types of storms. Typically, hail occurs with thunderstorm
events. The size of hail is estimated by comparing it to a known object. Most hail storms are made up of
a variety of sizes, and only the very largest hail stones pose serious risk to people, if exposed (NYSDPC,
2008; NSSL, Date Unknown). Table 5.4.1-1 shows the different types of hail and the comparison to realworld objects.
Table 5.4.1-1. Hail Size
Description
Pea

Diameter
(in inches)
0.25

Marble or mothball

0.50

Penny or dime

0.75

Nickel

0.88

Quarter

1.00

Half Dollar

1.25

Walnut or Ping Pong Ball

1.50

Golf ball

1.75

Hen’s Egg

2.00

Tennis Ball

2.75

Baseball

2.75

Tea Cup

3.00

Grapefruit

4.00

Softball
Source: NYSDPC, 2008

4.50

Tornado
The magnitude or severity of a tornado was originally categorized using the Fujita Scale (F-Scale) or
Pearson Fujita Scale introduced in 1971, based on a relationship between the Beaufort Wind Scales (BScales) (measure of wind intensity) and the Mach number scale (measure of relative speed). It is used to
rate the intensity of a tornado by examining the damage caused by the tornado after it has passed over a
man-made structure (Tornado Project, Date Unknown). The F-Scale categorizes each tornado by
intensity and area. The scale is divided into six categories, F0 (Gale) to F5 (Incredible) (SPC, 2009).
Table 5.4.1-2 explains each of the six F-Scale categories.
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Table 5.4.1-2. Fujita Damage Scale
Scale

Wind Estimate (MPH)

F0

< 73

F1

73-112

F2

113-157

F3

158-206

F4

207-260

F5

261-318

Typical Damage
Light damage. Some damage to chimneys;
branches broken off trees; shallow-rooted trees
pushed over; sign boards damaged.
Moderate damage. Peels surface off roofs; mobile
homes pushed off foundations or overturned;
moving autos blown off roads.
Considerable damage. Roofs torn off frame
houses; mobile homes demolished; boxcars
overturned; large trees snapped or uprooted; lightobject missiles generated; cars lifted off ground.
Severe damage. Roofs and some walls torn off
well-constructed houses; trains overturned; most
trees in forest uprooted; heavy cars lifted off the
ground and thrown.
Devastating damage. Well-constructed houses
leveled; structures with weak foundations blown
away some distance; cars thrown and large
missiles generated.
Incredible damage. Strong frame houses leveled
off foundations and swept away; automobile-sized
missiles fly through the air in excess of 100 meters
(109 yards); trees debarked; incredible
phenomena will occur.

Source: SPC, Date Unknown

Although the F-Scale has been in use for over 30 years, there are limitations of the scale. The primary
limitations are a lack of damage indicators, no account of construction quality and variability, and no
definitive correlation between damage and wind speed. These limitations have led to the inconsistent
rating of tornadoes and, in some cases, an overestimate of tornado wind speeds. The limitations listed
above led to the development of the Enhanced Fujita Scale (EF Scale). The Texas Tech University Wind
Science and Engineering (WISE) Center, along with a forum of nationally renowned meteorologists and
wind engineers from across the country, developed the EF Scale (NOAA, 2007).
The EF Scale became operational on February 1, 2007. It is used to assign tornadoes a ‘rating’ based on
estimated wind speeds and related damage. When tornado-related damage is surveyed, it is compared to a
list of Damage Indicators (DIs) and Degree of Damage (DOD), which help better estimate the range of
wind speeds produced by the tornado. From that, a rating is assigned, similar to that of the F-Scale, with
six categories from EF0 to EF5, representing increasing degrees of damage. The EF Scale was revised
from the original F-Scale to reflect better examinations of tornado damage surveys. This new scale has to
do with how most structures are designed (NOAA, 2008). Table 5.4.1-3 displays the EF Scale and each
of its six categories.
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Table 5.4.1-3. Enhanced Fujita Damage Scale
F-Scale
Number

Intensity
Phrase

Wind
Speed
(mph)

EF0

Light
tornado

65–85

Light damage. Peels surface off some roofs; some damage to gutters or
siding; branches broken off trees; shallow-rooted trees pushed over.

EF1

Moderate
tornado

86-110

Moderate damage. Roofs severely stripped; mobile homes overturned or
badly damaged; loss of exterior doors; windows and other glass broken.

EF2

Significant
tornado

111-135

EF3

Severe
tornado

136-165

EF4

Devastating
tornado

166-200

EF5

Incredible
tornado

Type of Damage Done

Considerable damage. Roofs torn off well-constructed houses;
foundations of frame homes shifted; mobile homes completely destroyed;
large trees snapped or uprooted; light-object missiles generated; cars
lifted off ground.
Severe damage. Entire stories of well-constructed houses destroyed;
severe damage to large buildings such as shopping malls; trains
overturned; trees debarked; heavy cars lifted off the ground and thrown;
structures with weak foundations blown away some distance.
Devastating damage. Well-constructed houses and whole frame houses
completely leveled; cars thrown and small missiles generated.
Incredible damage. Strong frame houses leveled off foundations and
swept away; automobile-sized missiles fly through the air in excess of
100 m (109 yd); high-rise buildings have significant structural
deformation; incredible phenomena will occur.

>200

Source: SPC, 2009

In the Fujita Scale, there was a lack of clearly defined and easily identifiable damage indicators. The EF
Scale takes into account more variables than the original F-Scale did when assigning a wind speed rating
to a tornado. The EF Scale incorporates 28 DIs, such as building type, structures, and trees. For each
damage indicator, there are eight DODs, ranging from the beginning of visible damage to complete
destruction of the damage indicator. Table 5.4.1-4 lists the 28 DIs. Each one of these indicators has a
description of the typical construction for that category of indicator. Each DOD in every category is
given an expected estimate of wind speed, a lower bound of wind speed, and an upper bound of wind
speed.
Table 5.4.1-4. EF Scale Damage Indicators
Number

Damage Indicator

Abbreviation

Number

Damage Indicator

Abbreviation

1

Small barns, farm
outbuildings

SBO

15

School - 1-story
elementary (interior
or exterior halls)

ES

2

One- or two-family
residences

FR12

16

School - jr. or sr.
high school

JHSH

3

Single-wide mobile
home (MHSW)

MHSW

17

Low-rise (1-4 story)
bldg.

LRB

4

Double-wide
mobile home

MHDW

18

Mid-rise (5-20
story) bldg.

MRB

5

Apt, condo,
townhouse (3
stories or less)

ACT

19

High-rise (over 20
stories)

HRB
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Number

Damage Indicator

Abbreviation

Number

6

Motel

M

20

7

Masonry apt. or
motel

MAM

21

8

Small retail bldg.
(fast food)

SRB

22

Service station
canopy

SSC

9

Small professional
(doctor office,
branch bank)

SPB

23

Warehouse (tilt-up
walls or heavy
timber)

WHB

10

Strip mall

SM

24

LSM

25

LIRB

26

ASR

27

Tree - hardwood

TH

ASB

28

Tree - softwood

TS

11
12
13
14
Source:

Large shopping
mall
Large, isolated
("big box") retail
bldg.
Automobile
showroom
Automotive service
building
SPC, Date Unknown

Damage Indicator
Institutional bldg.
(hospital, govt. or
university)
Metal building
system

Abbreviation

IB
MBS

Transmission line
tower
Free-standing
tower
Free standing pole
(light, flag,
luminary)

TLT
FST
FSP

Since the EF Scale recently went into effect in February 2007, previous occurrences and losses associated
with historic tornado events, described in the next section (Previous Occurrences and Losses) of this
hazard profile, are based on the former Fujita Scale. Events after February 2007 are based on the
Enhance Fujita Scale.
Coastal Storm
Hurricanes
The extent of a hurricane is categorized by the Saffir-Simpson Hurricane Scale. This scale categorizes or
rates hurricanes from 1 (Minimal) to 5 (Catastrophic) based on their intensity. This is used to give an
estimate of the potential property damage and flooding expected along the coast from a hurricane landfall.
Wind speed is the determining factor in the scale, as storm surge values are highly dependent on the slope
of the continental shelf and the shape of the coastline, in the landfall region (National Hurricane Center
[NHC], 2010). Table 5.4.1-5 presents this scale, which is used to estimate the potential property damage
and flooding expected when a hurricane makes land fall.
Table 5.4.1-5. The Saffir-Simpson Scale
Category

1

Wind Speed (mph)

74-95

Storm Surge
(above normal sea
level)

Expected Damage

4 – 5 feet

Minimal: Damage is done primarily to shrubbery
and trees, unanchored mobile homes are damaged,
some signs are damaged, and no real damage is
done to structures.
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Category

Wind Speed (mph)

Storm Surge
(above normal sea
level)

Expected Damage

2

96-110

6 – 8 feet

Moderate: Some trees are toppled, some roof
coverings are damaged, and major damage is done
to mobile homes.

3

111-130

9 – 12 feet

Extensive: Large trees are toppled, some structural
damage is done to roofs, mobile homes are
destroyed, and structural damage is done to small
homes and utility buildings.

4

131-155

13 – 18 feet

Extreme: Extensive damage is done to roofs,
windows, and doors; roof systems on small
buildings completely fail; and some curtain walls fail.

5

> 155

> 18 feet

Catastrophic: Roof damage is considerable and
widespread, window and door damage is severe,
there are extensive glass failures, and entire
buildings could fail.

Additional Classifications
Tropical Storm

39-73

Tropical
< 38
Depression
Source: FEMA, 2009; NHC, 2010
mph
=
Miles per hour
>
=
Greater than
NA
=
not applicable or not available

0 - 3 feet

NA

0

NA

In evaluating the potential for hazard events of a given magnitude, a mean return period (MRP) is often
used. The MRP provides an estimate of the magnitude of an event that may occur within any given year
based on past recorded events. MRP is the average period of time, in years, between occurrences of a
particular hazard event (equal to the inverse of the annual frequency of exceedance). For example, a flood
that has a 1-percent chance of being equaled or exceeded in any given year is also referred to as the base
flood and has a MRP of 100. This is known as a 100-year flood. The term “100-year flood” can be
misleading; it is not the flood that will occur once every 100 years. Rather, it is the flood elevation that
has a one-percent chance of being equaled or exceeded each year. Therefore, the 100-year flood could
occur more than once in a relatively short period of time or less than one time in 100 years (Dinicola,
2009).
Figures 5.4.1-1 and 5.4.1-2 show the estimated maximum 3-second gust wind speeds that can be
anticipated in the study area associated with the 100- and 500-year MRP HAZUS-MH model runs. The
estimated hurricane track for the 100- and 500-year event is also shown. For the 100-year MRP event, the
maximum 3-second gust wind speeds for the City of New Rochelle range from 83 to 84 mph. These are
wind speeds characteristic of a Category 1 hurricane. For the 500-year MRP event, the maximum 3second gust wind speeds for the City of New Rochelle range from 103 to 109 mph, characteristic of a
Category 2 hurricane (nearly at Category 3). The associated impacts and losses from these 100-year and
500-year MRP hurricane event model runs are reported in the Vulnerability Assessment later in this
section.
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Figure 5.4.1-1. Peak Wind Speeds for 100-year Hurricane Severe Storm Event (Wind) in City of New Rochelle

Source: HAZUS-MH MR4
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Figure 5.4.1-2. Peak Wind Speeds for 500-year Hurricane Severe Storm Event (Wind) in City of New Rochelle

Source: HAZUS-MH MR4
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NYSEMO has made available hurricane storm surge zones based on NOAA’s Sea, Lake and Overland
Surge from Hurricanes (SLOSH) model projections of vertical surge heights associated with Saffir Simpson scale category 1 - 4 storms. This data was developed to delineate hazard zones and assess risk
from hurricane-related storm surges and to support hurricane evacuation planning. According to the
metadata, ‘Multiple storm landfall locations have been factored to produce a worst case flooding for any
given area. Northwest direction storms which landfall at high tide are used as these storms produce the
highest surge in this region’. The bands of color in Figure 5.4.1-3 indicate areas at risk from
progressively stronger categories of storms. Areas with lighter shades are the first to flood. As storm
intensities increase, flooding covers higher elevation areas, which are shaded more darkly on the maps.
White areas farther away from the coast are outside of the storm surge inundation zones.
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Figure 5.4.1-3. Potential Storm Surge Inundation Areas in the City of New Rochelle from a Hurricane

Source: NYSEMO
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Nor’Easters
Though the occurrence of a Nor’Easter can be forecasted with some accuracy, predicting their impact can
be a little more complex. The extent of a Nor’Easter can be categorized by the Dolan-Davis Nor’Easter
Intensity Scale. In 1993, researchers Robert Davis and Robert Dolan created this Nor’Easter intensity
scale, but it deals primarily with beach and coastal deterioration. This scale, presented as Table 5.4.1-6
categorizes or rates the intensity of Nor’Easters from 1 (weak) to 5 (extreme) based on their storm class.
This is used to give an estimate of the potential beach erosion, dune erosion, overwash and property
damages expected from a Nor’Easter (MESO, 2002).
Table 5.4.1-6. The Dolan-Davis Nor’Easter Intensity Scale
Storm
Class
1
(Weak)

Beach Erosion

Dune Erosion

Overwash

Property Damage

Minor Changes

None

No

No

2
(Moderate)

Modest; mostly to lower
beach

Minor

No

Modest

3
(Significant)

Erosion extends across
the beach

Can be significant

No

Loss of many structures at local
level

On low beaches

Loss of structures at community
level

4
(Severe)
5
(Extreme)

Severe beach erosion and Severe dune erosion
recession
or destruction
Extreme beach erosion

Dunes destroyed over Massive in sheets
extensive areas
and channels

Extensive at regional-scale;
millions of dollars

Source: MESO, 2002

Dr. Gregory Ziellinski, Maine state climatologist and an associate research professor at the University of
Maine Institute for Quaternary and Climate Studies, developed a way to help weather forecasters and the
public understand the likely impacts of winter storms. Dr. Zielinski applies his analysis mainly to two
types of storms: Nor’Easters that often intensity in the mid-Atlantic region and move up the coast into
New England; and storms that originate east of the Rocky Mountains and that move through the Great
Lakes region or up the Ohio River valley. These storms are often called the Witches of November and
have been responsible for shipwrecks on the Great Lakes (sinking of the Edmund Fitzgerald) (National
Aeronautics and Space Administration [NASA], 2002).
In an article posted in the January 2002 issue of the Bulletin of the American Meteorological Society
(BAMS), Dr. Zielinski explains: "My classification scheme allows forecasters and meteorologists to
easily summarize the intensity of a winter storm by giving it an intensity index and placing it into its
appropriate category on a 1-5 scale. The potential impact of the storm can then be passed on to public
service officials so they may make plans for precipitation amounts, particularly snow, snowfall rates,
wind speeds, drifting potential and overall impact on schools, businesses, travelers, and coastal
communities" (NASA, 2002).
His approach to storms uses two features of a storm: air pressure and forward speed. Based on the
calculations to determine the different characteristics of the storms (Dolan-Davis Nor’Easter Intensity
Scale), which reflects the storm’s strength, Dr. Zielinski places the storm into a category between one and
five. Forward speed is important because even moderately intense storms can have a large impact if they
move slowly (NASA, 2002).
In Dr. Zielinski's classification system, a second number reflecting forward speed is used together with
the first number from the Dolan-Davis Nor’Easter Intensity Scale. Like the Intensity Scale, the second
number of his scale ranges between one and five. A five would be the slowest moving and thus longest
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duration storm. A storm's category might be 2.4 or 4.3, reflecting intensity with the first digit and
duration with the second (MESO, 2002; NASA, 2002).
Dr. Zielinski has used his system to classify more than 70 past storms. He has made over 550 individual
classifications, looking at the March 1993 “Storm of the Century”, the Great Arctic Outbreak of 1899,
and Blizzard of 1888 and other storms that are a part of legendary U.S. weather (NASA, 2002).
Location
Severe storms and coastal storms are natural hazards that occur in New York State, due to its unique
blend of weather (geographically and meteorological) features that influence the potential for severe
storms and associated flooding. Factors 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 also indicates that the geographic
position of the State (Northeast U.S.) makes it vulnerable to frequent storm and precipitation events. This
is because nearly all storms and frontal systems moving eastward across the continent pass through, or in
close proximity to New York State. Additionally, the potential for prolonged thunderstorms or coastal
storms and periods of heavy precipitation is increased throughout the state because of the available
moisture that originates from the Atlantic Ocean (NYSDPC, 2008).
New York State has over 3,000 miles of marine and lacustrine coastline, including adjacent lands to Lake
Erie and Lake Ontario, the St. Lawrence and Niagara Rivers, the Hudson River estuary, the Kill van Kull
and Arthur Kill, Long Island Sound and the Atlantic Ocean (NYSDPC, 2008). The City of New Rochelle
is located along the Long Island Sound, making it susceptible to coastal storm events.
Severe Storm
Hailstorms
Hailstorms are more frequent in the southern and central plain states, where the climate produces violent
thunderstorms. However, hailstorms have been observed in almost every location where thunderstorms
occur (Federal Alliance for Safe Homes, Inc, 2006). Figure 5.4.1-4 illustrates that the City of New
Rochelle and most of New York State experience less than two hailstorms per year.
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Figure 5.4.1-4. Annual Frequency of Hailstorms in the U.S.

Source: NVRC, 2006
Note: The black circle indicates the approximate location of Westchester County and the City of New Rochelle.

Windstorms
Figure 5.4.1-5 indicates how the frequency and strength of windstorms impacts the U.S. and the general
location of the most wind activity. This is based on 40 years of tornado history and 100 years of
hurricane history, collected by FEMA. States located in Wind Zone IV have experienced the greatest
number of tornadoes and the strongest tornadoes (NVRC, 2006). The City of New Rochelle is located in
Wind Zone II with speeds up to 160 miles per hour. The City is also located within the Hurricane
Susceptibility Region, which extends along the northeastern coastline of the U.S. (FEMA, 2006). The
New York State Hazard Mitigation Plan (NYS HMP) identifies counties most vulnerable to wind, as
determined by a rating score. Counties accumulate points based on the value of each vulnerability
indicator, the higher then indication for wind exposure the more points assigned, resulting in a final rating
score. Westchester County was given a rating score of 17, a medium vulnerability to wind exposure
(NYSDPC, 2008).
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Figure 5.4.1-5. Wind Zones in the U.S.

Source: FEMA, 2006
Note: The black circle indicates the approximate location of Westchester County and the City of New Rochelle.

Thunderstorms
Thunderstorms affect relatively small localized areas, rather than large regions much like winter storms,
and hurricane events (NWS, 2005). Thunderstorms can strike in all regions of the U.S.; however, they are
most common in the central and southern states. The atmospheric conditions in these regions of the
country are most ideal for generating these powerful storms (NVRC, 2006). It is estimated that there are
as many as 40,000 thunderstorms each day world-wide. Figure 5.4.1-6 shows the average number of
thunderstorm days throughout the U.S. The most thunderstorms are seen in the southeast states, with
Florida having the highest incidences (80 to over 100 thunderstorm days each year) (NWS, 2010). This
figure indicates that the City of New Rochelle experiences approximately 20 thunderstorm days each
year.
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Figure 5.4.1-6. Annual Average Number of Thunderstorm Days in the U.S.

Source: NWS, 2010
Note: The black circle indicates the approximate location of Fulton County.

NASA scientists suggest that the U.S. will face more severe thunderstorms in the future, with deadly
lightning, damaging hail and the potential for tornadoes in the event of climate change (Borenstein, 2007).
A recent study conducted by NASA predicts that smaller storm events like thunderstorms will be more
dangerous due to climate change (Figure 5.4.1-7). As prepared by the NWS, Figure 5.4.1-7 identifies
those areas, particularly within the eastern U.S. that are more prone to thunderstorms, which includes
New York State.
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Figure 5.4.1-7. Annual Days Suitable for Thunderstorms/Damaging Winds

Source: MSNBC.com, 2007

Tornado
The U.S. experiences more tornadoes than any other country. In a typical year, approximately 1,000
tornadoes affect the U.S. The peak of the tornado season is April through June, with the highest
concentration of tornadoes in the central U.S. Figure 5.4.1-8 shows the annual average number of
tornadoes between 1953 and 2004 (NWS, 2010). New York State experienced an average of seven
tornado events annually between 1953 and 2004.
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Figure 5.4.1-8. Annual Average Number of Tornadoes in the U.S., 1953 to 2004

Source: NWS, 2010
Note: Between 1953 and 2004, New York State experienced an average of seven tornadoes each year.

New York State ranks 30th in the U.S. for overall frequency of tornadoes. When compared to other states
on the frequency of tornadoes per square mile, New York ranks 35th (Disaster Center, 2007). New York
State has a definite vulnerability to tornadoes and can occur, based on historical occurrences, in any part
of the State. Since 1952, the State has had over 350 tornado occurrences, ranging from F0 to F4.
Between 1950 and 2007, Westchester County has experienced eight tornado events (NYSDPC, 2008).
According to Figure 5.4.1-9, New York State experiences between 0 and 15 tornadoes per 3,700 square
miles and since 1950. The State has experienced 359 tornadoes, ranging from F0 to F4 on the FujitaPearson Tornado Intensity Scale. Every county in New York State has experienced a tornado between
1950 and 2007 (NYSDPC, 2008) (Figure 5.4.1-9).
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Figure 5.4.1-9. Tornado Activity in New York State, 1950-2005

Source: NYSDPC, 2008

Figure 5.4.1-10 indicates that a majority of the State, with the exception of the southeastern section (MidHudson Region), has an overall low risk of tornado activity. Details regarding historical tornado events
are discussed in the next section (Previous Occurrences and Losses) of this profile.
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Figure 5.4.1-10. Tornado Risk in the U.S.

Source: NYSDPC, 2008
Note: Westchester County and the City of New Rochelle are shown has having the highest risk of tornado occurrences.

Coastal Storms
Hurricanes/Tropical Storms
Westchester County and the City of New Rochelle are vulnerable to hurricanes and tropical storms due to
its extensive coastline along the Long Island Sound and Hudson River. Hurricanes are relatively rare to
the County; however, tropical storms can strike and cause damage (Westchester County, 2010). As
shown in Figure 5.4.1-5, the City of New Rochelle is located in Wind Zone II, with speeds up to 160
mph, and identified in the Hurricane Susceptibility Region which extends along the eastern and southern
coastline of the U.S.
Hurricanes and tropical storms typically impact New York State between June and November, which is
the official eastern U.S. hurricane season. Between late July and early October is the period hurricanes
and tropical storms are most likely to impact the State, due to the coolness of the north Atlantic waters
(NYSDPC, 2008). Figure 5.4.1-11 illustrates the historical hurricane tracks near Westchester County
from 1851 to 2002.
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Figure 5.4.1-11. Historical North Atlantic Tropical Cyclone Tracks, 1851-2002

Source: NOAA, 2003
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The Historical Hurricane Tracks tool is a public interactive mapping application that displays Atlantic
Basin and East-Central Pacific Basin tropical cyclone data. This interactive tool tracks tropical cyclones
from 1851 to 2008. Figure 5.4.1-12 displays tropical cyclone tracks for the City of New Rochelle;
however, the associated names for some of these events are unknown. Between 1851 and 2008, the City
of New Rochelle has experienced 41 tropical cyclone events. These events occurred within 65 nautical
miles of the City (NHC, 2008).
Figure 5.4.1-12. Historical North Atlantic Tropical Cyclone Tracks (1851-2008)

Unnamed Extra-tropical
Storm, 1924
Unnamed Category 1
Hurricane, 1893

Tropical Storm Doria, 1971

Source: NOAA, 2009

Nor’Easters
Eastern New York State, which includes the New York City area and Long Island, are vulnerable to
Nor’Easters. These storms typically form off the eastern coast of the U.S., near the Carolinas, and follow
a northward path along the coast until they travel out to sea. Sometimes Nor’Easters are large enough to
encompass an entire state. Most often, these storms primarily affect eastern and southern New York
State. They are most notable for snow accumulations of greater than nine inches or heavy rain; high,
sometimes gale force, winds; and storm surges that cause severe flooding. Nor’Easters, like other coastal
storms, can reach the inland and upland portions of New York State and bring torrential rain (NYSDPC,
2008).
Previous Occurrences and Losses
Many sources provided historical information regarding previous occurrences and losses associated with
severe and coastal storms throughout New York State and 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.
Between 1955 and 2007, FEMA declared that New York experienced 43 coastal storm and/or severe
storm-related disasters classified as one or a combination of the following disaster types: severe storms,
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hurricane (Ida-2009, Ivan-2004, Floyd-1999, Bob-1991, Gloria-1985, Belle-1976, Agnes-1972), coastal
storms, flooding, high tides and heavy rain (FEMA, 2010). Of those events, multiple sources, including
FEMA, indicated that Westchester County was declared a disaster area as a result of 11 coastal and/or
severe storm events. FEMA couples some disasters as severe storms and flooding events; therefore, those
severe storm disasters that are also listed as flooding events have been discussed in Section 5.4.3 (Flood)
as well. Table 5.4.1-7 summarizes the FEMA Presidential Disaster (DR) or Emergency Declarations
(EM) for severe storm events in Westchester County.
Table 5.4.1-7. Presidential Disaster Declarations for Coastal Storm Events in Westchester County
Type of Event*
Severe Storms and
Flooding
(Tropical Storm
Doria)

Date**

August 25-28,
1971

Declaration
Number

DR-311

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. Losses in the City of New
Rochelle are unknown.

DR-338

New York State experienced approximately $703 M in total
eligible damages. Storm either severely damaged or
destroyed 5,000 homes and killed 24 people. Westchester
County experienced approximately $806 K in property and
crop damages. Losses in the City of New Rochelle are
unknown.

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

DR-487

New York State experienced approximately $25 M in
property damages and two fatalities. Storm totals exceeded
10 inches within southeastern New York State, including
Westchester County. Losses in the City of New Rochelle
are unknown.

Coastal Storms and
Flooding

DR-702

New York State experienced approximately $11.9 M in
property damages. Losses in the City of New Rochelle are
unknown.

DR-974

New York State experienced approximately $31.2 M in
property damages. Between 3 and 5 inches of rain fell in
Westchester County, causing $7.1 M in flood damages.
Over 20,000 power failures occurred throughout the County.
Losses in the City of New Rochelle are unknown.

DR-1146

Caused over $16.1 M in property damages throughout
Westchester and Suffolk Counties. Heavy rains caused
coastal flooding. Approximately $3.5 M in disaster aid was
given to these two counties. Rainfall totals in Westchester
County ranged from 2.37 inches at Ossining to 4.98 inches
at Dobbs Ferry. Losses in the City of New Rochelle are
unknown.

Tropical Storm
Agnes

June 20-25, 1972

April 1984

Coastal Storms, High
December 11-14,
Tides, Heavy Rain
1992
and Flooding

Severe Storms and
Flooding

October 19-20,
1996
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Type of Event*

Hurricane Floyd

Severe Storms and
Flooding

Date**

September 1417, 1999

April 2-4, 2005

Severe Storms and
June / July 2006
Flooding

Severe Storms and
Inland and Coastal
Flooding
April 14-18, 2007
(also identified as a
Nor’Easter)

Severe Storms and
Flooding

March 13-15,
2010

Declaration
Number

Cost of Losses (approximate)

DR-1296

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. Orange, Putnam, Rockland and
Westchester Counties were declared disaster areas.
NOAA-NCDC, SHELDUS and other sources indicated that
Westchester County experienced between $6.6 and $14.6
million in 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). Many
Towns and Villages suffered millions in damages. Nearly all
of the state-controlled parkways in Westchester flooded
during Floyd, causing about $2.8 million 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. Losses in the City of New
Rochelle are unknown.

DR-1589

New York State experienced approximately $66.2 M in
eligible damages. Total rainfall amounts for the State
ranged from 1.0 inches on parts of Long Island to nearly 4.0
inches across parts of the Lower Hudson Valley. Significant
flooding occurred on many small streams and tributaries in
southern New York State. Westchester County had
approximately $4.3 M in flood damages. Losses in the City
of New Rochelle are unknown.

DR-1650

This event was the largest and most costly natural disaster
that New York State encountered since Hurricane Agnes in
1972. 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. Losses
in the City of New Rochelle are unknown.

DR-1692

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 Westchester County were estimated at $83 M and public
property losses were estimated at $2 M. Disaster
assistance to the County totaled $30 M as of July 23, 2007.
Westchester County was one of the hardest hit counties in
the area. The City 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. The
storm brought 6.75 inches of rain to the City of New
Rochelle. Losses in the City of New Rochelle are unknown.

DR-1899

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 these areas were struck by severe storms
and flooding. The 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.
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Source(s): FEMA, 2008; Hazards and Vulnerability Research Institute (SHELDUS), 2008; National Climatic Data Center
(NCDC), 2008; NJOEM, Date Unknown
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.
*
The ‘Type of Event’ is the disaster classification that was assigned to the event by FEMA.
**
Represents the date of the event
DR
Disaster Declaration
EM
Emergency Declaration
K
Thousands ($)
M
Millions ($)
USD
U.S. Dollars
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Based on all sources researched, many coastal and severe storm events appear to have impacted Westchester County and the City of New
Rochelle, as summarized in Table 5.4.1-8. With coastal and severe storm documentation for the State being so extensive, not all sources may have
been identified or researched; therefore, Table 5.4.1-8 may not include all events that have occurred throughout the region.
Table 5.4.1-8. Coastal Storm Events between 1971 and 2008.
Event Name / Date

Location

Losses / Impacts

Source(s)

Remnants of Tropical Storm
Doria
August 27-29, 1971
(FEMA DR-311)

Multi-State

See FEMA Disaster Declarations
(Table 5.4.1-7)

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

Remnants of Tropical Storm
Agnes
June 22-25, 1972
(FEMA DR-338)

Multi-State

See FEMA Disaster Declarations
(Table 5.4.1-7)

FEMA, NOAA-HPC, NWS,
Hazards and Vulnerability
Institute (SHELDUS), Chartuk
(NWS)

Lightning
July 3, 1996

City of New Rochelle

Lightning struck a house in the City of New Rochelle, which
damaged the roof. No injuries reported. Approximately $5
K in property damage.

NOAA-NCDC

Remnants of Hurricane Fausto
September 16-17, 1996

Countywide

Storm produced heavy rain, strong gusty winds and minor
to locally moderate coastal flooding. Rainfall amounts
ranged between 2 and 4 inches over New York City, Long
Island and the Lower Hudson Valley.

NOAA-NCDC

Remnants of Tropical Storm
Josephine
October 8-9, 1996

Countywide

Between 1 and 3 inches of rain fell across the area and
caused localized flooding of streets and poor drainage
areas. Wind gusts ranged between 40 and 50 mph in most
of the affected areas.

NOAA-NCDC

Severe Storms / Flooding
October 18-23, 1996
(FEMA DR-1146)

Multi-State

See FEMA Disaster Declarations
(Table 5.4.1-7)

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

Lightning
April 6, 1999

City of New Rochelle

Lightning struck the chimney of the Mother Irene Gill
Library, which caused concrete and stone to crash into a
hall.

NOAA-NCDC

Remnants of Hurricane/Tropical
Storm Floyd
September 16-18, 1999
(FEMA DR-1296)

Multi-State

See FEMA Disaster Declarations
(Table 5.4.1-7)

FEMA, Pasch, Hazards and
Vulnerability Institute
(SHELDUS)

Remnants of Hurricane Isidore
September 26-28, 2002

Countywide

Remnants of Hurricane Isidore passed just west and
northwest of the New York City Metropolitan Area. This
resulted in widespread rainfall. Westchester County and

NOAA-NCDC
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Event Name / Date

Location

Losses / Impacts

Source(s)

the Lower Hudson Valley received between 1.5 inches and
2 inches of rain. The storm also brought strong sustained
winds between 20 and 30 mph, with gusts of 40 mph.
Wind downed many trees.
Multi-State

See FEMA Disaster Declarations
(Table 5.4.1-7)

FEMA, Hazards and
Vulnerability Research
Institute (SHELDUS), USACE,
MARFC, NOAA-NCDC

Severe Storms and Flooding
June / July 2006
(FEMA DR-1650)

Multi-State

See FEMA Disaster Declarations
(Table 5.4.1-7)

FEMA, Hazards and
Vulnerability Research
Institute (SHELDUS), NOAANCDC

TSTM / Wind
August 24, 2006

City of New Rochelle

A severe TSTM produced wind gusts of up to 62 mph,
downing trees in the City of New Rochelle. Heavy rain
from the storm caused urban flooding as well.

NOAA-NCDC

Remnants of Tropical Storm
Ernesto
September 2, 2006

Multi-County

Remnants of Tropical Storm Ernesto brought heavy rain
and gusty winds across Long Island and Southeast New
York State. This resulted in many trees and power lines
down with hundreds of thousands of people without power.
Westchester County had between 0.5 and 1 inches of rain,
with wind gusts of up to 49 mph.

NOAA-NCDC

Strong Winds
October 20, 2006

Multi-County

Strong winds caused gusts of up to 35 mph in Peekskill.

NWS

Severe Storm and Inland and
Coastal Flooding
April 14-17, 2007
(also identified as a Nor’Easter)
(FEMA DR-1692)

Multi-State

See FEMA Disaster Declarations
(Table 5.4.1-7)

FEMA, Chas. H. Sells, Inc.,
Associated Press

TSTMs
May 16, 2007

Multi-State

Severe TSTMs hit the region, causing power outages to
30,000 people, including residents in the Town of
Cortlandt. Estimated wind speeds were at least 70 mph.

Feurer, NWS

TSTM
June 10, 2008

City of New Rochelle

A series of severe TSTMs struck the region. In the City of
New Rochelle, multiple trees were down, causing
approximately $2 K in property damage.

NOAA-NCDC

City of New Rochelle

Severe TSTMs struck across the New York City
metropolitan area and caused microbursts in southern
Westchester County. Lightning struck the steeple of the
New Rochelle High School, causing significant damage.

NOAA-NCDC

Severe Storm / Flooding
April 1-4, 2005
(FEMA DR-1589)

Lightning
August 15, 2008
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Event Name / Date

Location

Losses / Impacts

Source(s)

The City had approximately $15 K in property damage.
Note (1):
DR
EM
FEMA
HMP
K
M
NCDC
NOAA
NWS
SHELDUS
USDA
USGS

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 inflation.
Federal Disaster Declaration
Federal Emergency Declaration
Federal Emergency Management Agency
Hazard Mitigation Plan
Thousand ($)
Million ($)
National Climate Data Center
National Oceanic Atmospheric Administration
National Weather Service
Spatial Hazard Events and Losses Database for the U.S.
U.S. Department of Agriculture
U.S. Geological Survey
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Further descriptions of select coastal and severe storm events that have impacted the City of New
Rochelle are provided below with details regarding their impact, where available. These descriptions are
provided to give the reader a context of the coastal storm events that have affected the City and to assist
local officials in locating event-specific data for their municipalities based on the time and proximity of
these events. Many coastal and severe storm events resulted in major flooding throughout the City;
therefore, the flood impacts of these events are further mentioned in Section 5.4.3 (Flood).
Monetary figures within the following 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 increased inflation.
June 19-24, 1972 (Tropical Storm Agnes) (FEMA DR-338): Hurricane Agnes was one of the largest
June hurricanes on record. A tropical depression formed over the Yucatan Peninsula and moved eastward
into the Caribbean Sea on June 14th. The system strengthened into a tropical storm on June 15th and
gained hurricane status by June 18th as it moved into the Gulf of Mexico. As Hurricane Agnes moved
towards Florida, it weakened into a tropical depression as it moved northward on June 20th. The storm
continued northward and regained tropical storm strength over North Carolina (HPC, 2006). On June
22nd, Agnes made landfall over southeastern New York State and moved westward in an arc over southern
New York State into north-central Pennsylvania (Nolan and Rodgers, 2006).
During the duration of Agnes, as much as 19 inches of rain fell as the storm traveled from the Gulf of
Mexico and across every state from Florida to New York State. More than 210,000 people were forced to
evacuate and 122 people were killed. When Agnes finally moved through New York State and southern
Canada and out into the North Atlantic, long-standing flood records were broken in six states (Chartuk,
1997). Rainfall totals from this storm ranged between 1 to 15 inches (Figure 5.4.1-13). Pennsylvania and
Maryland experienced the heaviest rain (HPC, 2006). Agnes caused 122 deaths in the U.S. and $2.1
billion in damages (NHC, 2005).
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Figure 5.4.1-13. Rainfall Totals for Hurricane Agnes

Source: Junker, 2006
Note: The black circle indicates the approximately location of Westchester County. Total rainfall for Westchester County
ranged between 1 and 5 inches.

In New York State, the storm brought sustained winds of 65 mph to the New York City and Long Island
area (Wilson, 2008). Agnes severely damaged or destroyed 5,000 homes and killed 24 people in New
York State. The State had approximately $702 million in damages (Nolan and Rodgers, 2006).
According to SHELDUS, Westchester County had approximately $806,000 in property and crop damages
due to Tropical Storm Agnes (Hazards and Vulnerability Research Institute, 2008). Cost estimates of
property damage in the City of New Rochelle were unavailable in the materials reviewed to develop this
plan.
This storm resulted in a FEMA Disaster Declaration (FEMA DR-338) on June 23, 1972. Through this
declaration, the following 26 counties were declared eligible for Federal and State disaster funds:
Allegany, Broome, Cattaraugus, Cayuga, Chautauqua, Chemung, Chenango, Livingston, Madison,
Monroe, Oneida, Onondaga, Ontario, Orange, Oswego, Rockland, Schuyler, Seneca, Steuben, Tioga,
Tompkins, Ulster, Wayne, Westchester, Wyoming, and Yates (NYSEMO, 2006; FEMA, 2008).
December 10-13, 1992 (FEMA DR-974): A severe weather system of snow, sleet, rain and high winds
struck Connecticut, Delaware, Maryland, Massachusetts, New Jersey, New York State, Pennsylvania,
Rhode Island, Virginia, and West Virginia. The highest recorded wind gusts from this storm, also known
as a Nor’Easter, were 80 mph at Cape May, New Jersey, with sustained winds between 20 and 30 mph.
The tidal surge in Cape May was one to four feet above normal and wave heights were 20 to 25 feet near
the shoreline. In the Boston area, the 24-hour snowfall was 27 inches. Flooding was recorded at four and
feet in Boston and New York City. According to the Center for Disease Control (CDC), four deaths were
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associated with this storm: one in New Jersey, one in Westchester County (Mamaroneck), one in
Connecticut, and one in Rhode Island (CDC, 1998).
In Westchester County, more then 20,000 Con Edison customers were without power. The shore
communities of the County were especially hit hard. More then a dozen families were evacuated from
their homes due to flooding or lack of heat and electricity (Goldman, 1992). Rainfall totals for the
County ranged from three to five inches (McFadden, 1992). Cost estimates of property damage in
Westchester County and the City of New Rochelle were unavailable in the materials reviewed to develop
this plan.
This storm resulted in a FEMA Disaster Declaration (FEMA DR-974) on December 21, 1992. Through
this declaration, the following five counties were declared eligible for Federal and State disaster funds:
Nassau, New York, Rockland, Suffolk, and Westchester (NYSEMO, 2006; FEMA, 2008). New York
State had approximately $31.2 million in total eligible damages (NYSDPC, 2008).
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 (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).
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). 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 a 24-hour period (Brenner, 1999). In Westchester County, rainfall totals ranged between
8 and 12 inches (NWS, 1999). The flood impact and losses of this event are further discussed in more
detail in Section 5.4.3 (Flood).
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 County municipalities were reimbursed
approximately $14 million by FEMA for damages with local businesses receiving $2.3 million from
FEMA and homeowners receiving nearly $1.6 million (Rubenstein, 2004).
April 2-4, 2005 (FEMA DR-1589): A slow moving storm moved up through the Appalachians and into
the northeast U.S. Widespread heavy rain and thunderstorms occurred with this storm, bringing rainfall
totals from one inch on parts of Long Island to almost four inches across parts of the Lower Hudson
valley. Prior to this system, another storm brought two to three inches of rain across the region, causing
widespread flooding.
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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 and Vulnerability
Research Institute, 2008). The flood impact and losses of this event are further discussed in more detail in
Section 5.4.3 (Flood).
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.
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
5.4.1-14).
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Figure 5.4.1-14. Precipitation Totals for April 16, 2007

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

The City of New Rochelle and the Town of Mamaroneck were among the communities most severely
impacted by this storm. Many roads in Westchester County were flooded. Shelters were opened up for
residents who were displaced by the storm. Rainfall totals for the City of New Rochelle was
approximately seven-inches (1010wins.com, 2007). City of New Rochelle officials declared a state of
emergency for the City. The Twin Lakes in front of the City’s high school overflowed and flooded a
section of North Avenue, which is a major north-south route in the City (Harrison and Serico, 2007).
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). The Croton River at the New Croton Dam near Croton-On-Hudson had a water discharge of
15,300 cfs (USGS, 2008).
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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,
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).

May 16, 2007: Severe thunderstorms moved across the New York City metropolitan area during the
afternoon of May 16th. The storms caused power outages, delayed trains, and downed trees in
neighborhoods of three states. The storms traveled into the northeastern part of New Jersey (Morris,
Passaic and Bergen Counties), brining strong winds which downed numerous trees in these areas. The
storms then traveled into Rockland and Westchester Counties and then towards Fairfield County in
Connecticut (NWS, 2007).
In the New York City area, several schools were closed due to damages from the storm. Wind gusts as
high as 70 mph were recorded in Brooklyn. In three New York State counties, just north of New York
City, 62,000 customers lost power. In Connecticut, 60,000 customers lost power. In New Jersey, only
500 customers were without power (Associated Press, 2007). In Westchester County, nearly 30,000
customers were without power. The hardest-hit areas in the County were the Towns of Cortlandt, New
Castle, Bedford, Ossining, and the City of Mount Vernon (Feurer, 2007).
Probability of Future Events
The NWS conducted a study of the frequency of storms in the Atlantic Ocean. Utilizing statistical data
on the motion of tropical storms in the Atlantic Ocean, the NWS calculated the expected numbers of
tropical storms and hurricanes per 100 year period impacting various locations along the east coast. The
data was gathered and analyzed based on a grid system. The data presented in Table 5.4.1-9 is based on
the grid that encompasses southeastern New York State, northern New Jersey, western Connecticut, and
western Long Island. This grid also included the City of New Rochelle (Sidney B. Bowne & Son, 2001).
Table 5.4.1-9. Potential for Future Severe Storm Events
Expected Number of
Expected Number of
Tropical Storms
Hurricanes
19
7
Source: Sidney B. Bowne & Son, 2001

Probability of at Least
One Tropical Storm Over
a 10 Year Period
0.85

Probability of at Least
One Hurricane Over a 10
Year Period
0.50

Predicting future severe storm events in a constantly changing climate has proven to be a difficult task.
Predicting extremes in New England and New York State is particularly difficult because of the region’s
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geographic location. It is positioned roughly halfway between the equator and the North Pole and is
exposed to both cold and dry airstreams from the south. The interaction between these opposing air
masses often leads to turbulent weather across the region (Keim, 1997).
Hurricanes
Hurricane season starts in June and ends in November. It averages six hurricanes per year in the Atlantic
Ocean. During the hurricane season, New York City is at highest risk between August and October
because water temperatures are warm enough in the Northern Atlantic to develop and sustain a hurricane.
According to a 1998 study by Colorado State University, New York City has a 0.9-percent chance of
being hit by a Category 3 hurricane (NYC.gov, Date Unknown).
Tropical cyclone landfall and wind gust calculations have been made for eleven regions in the U.S., from
Brownsville, Texas to Eastport, Maine. These regions were created based on frequency of intense or
major hurricane (Category 3 through 5) landfalls between 1900 and 1999 (Klotzbach et al., 2010).
Westchester County is located in Region 10, which includes counties from New York State, Connecticut
and Massachusetts. Figure 5.4.1-15 shows the regions along the east coast.
Figure 5.4.1-15. Coastal Regions for Landfall Probabilities

Source: Klotzbach et al., 2010

According to the U.S. Landfalling Hurricane Probability Project, Region 10 has a 26.7-percent probability
that a named storm will hit the Region in 2010. There is a 16.4-percent probability that Region 10 will be
hit with a hurricane in 2010 and an 8-percent probability that Region will be hit with a major hurricane
(Category 3 or higher) in 2010. For Westchester County, there is a 0.8-percent probability of a named
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storm making landfall in the County. There is a 0.4-percent probability of a hurricane making landfall
and a 0.2-percent probability of a major hurricane making landfall (Gray et al., Date Unknown; Mandia,
2010).
NOAA’s National Hurricane Center Risk Analysis Program has calculated hurricane MRPs for the
northeastern U.S. for the five hurricane categories (see Figure 5.4.1-16 for a Category 3 hurricane and
Figure 5.4.1-17 for a Category 4 hurricane). Table 5.4.1-10 documents the return period for Categories 1
through 5 that may impact Westchester County and the Planning Area.
Figure 5.4.1-16. Return Period - Category 3 Hurricane

Figure 5.4.1-17. Return Period - Category 4 Hurricane

Source: NOAA National Hurricane Center, Date Unknown

Table 5.4.1-10. Return Period in Years for Hurricanes (by Category) for Westchester County
Return Period in Years for Hurricanes
Category

Wind Speed

Return Period

1

74-95 mph

15-24 years

2

96-110 mph

31-62 years

3

111-130 mph

46-74 years

4

131-155 mph

121-260 years

5

156 + mph

251-370 years

Source(s): FEMA, 2004; NOAA National Hurricane Center, Date Unknown

Hurricane return periods are the frequency a certain category of hurricane can be expected within 75
nautical miles of a given location. A return period of 20 years for a Category 3 or greater hurricane
means that on average during the previous 100 years, a Category 3 or greater hurricane passed with 75
nautical miles of the specific location approximately five times. It would be expected that on average an
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additional five Category 3 or greater hurricanes within the radius over the next 100 years (NHC, Date
Unknown).
Figure 5.4.1-18 illustrates the number of hurricanes expected to occur during a 100-year period.
According to this map, portions of New York State, including Westchester County, can expect between
20 and 40 hurricanes during a 100-year return period.
Figure 5.4.1-18. Number of Hurricanes for a 100-year Return Period

Source: USGS, 2007
Note: The number of hurricanes expected to occur during a 100-year MRP based on historical data—light blue area, 20 to 40;
dark blue area, 40 to 60; red area, more than 60. Map not to scale.

Nor’Easters
Analysis of Nor’Easter frequency by researchers reveals that fewer Nor’Easters occurred during the
1980s. However, the frequency of major Nor’Easters (class 4 and 5 on the Dolan-Davis Scale) has
increased in recent years. In the period of 1987 to 1993, at least one class 4 or 5 storm has occurred each
year along the Atlantic coast, a situation duplicated only once in the last 50 years (North Carolina
Division of Emergency Management, 2004).
According to the Cape Cod Commission’s Emergency Preparedness Handbook, unlike the relatively
infrequent hurricane, the northeastern U.S. generally experiences at least one or two Nor’Easter events
each year with varying degrees of severity. These storms have the potential to inflict more damage than
many hurricanes because high winds can last from 12 hours to three days, while the duration of hurricanes
ranges from six to 12 hours (Cape Cod Commission, 2004). Infrastructure, including critical facilities,
may be impacted by these events, and power outages and transportation disruptions (for example: snow,
heavy rain and/or debris impacted roads, as well as hazards to navigation and aviation) are often
associated with Nor’Easters and other winter storms (Northeast States Emergency Consortium [NESEC],
Date Unknown). All areas of Cape May County are potentially at risk for property damage and loss of
life due to Nor’Easters; therefore, having a moderate to high probability for Nor’Easters to occur.
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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 and input from the City Planning Committee, the probability of occurrence for
severe storms in the City of New Rochelle is considered ‘frequent’ (likely to occur more than once every
25 years, as presented in Table 5.3-3); however, impacts only related to severe storms, excluding those
associated with hurricanes, tropical storms, Nor’easters and flooding, are expected to be minimal.
It is estimated that the City of New Rochelle will continue to experience direct and indirect impacts of
severe storms annually that may induce secondary hazards such as flooding, infrastructure deterioration or
failure, utility failures, power outages, water quality and supply concerns, and transportation delays,
accidents and inconveniences.
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 (for example, a 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 [USEPA], 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 more intense extreme weather events. Although regional climate forecasts are improving,
they are still uncertain (Climate Institute, 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 coastal storm and severe storms, the entire City of New Rochelle has been identified as
the hazard area. Therefore, all assets in the City of New Rochelle (population, structures, critical facilities
and lifelines), as described in the City Profile section, are vulnerable. The following text evaluates and
estimates the potential impact of coastal/severe storms on the City of New Rochelle including:






Overview of vulnerability
Data and methodology used for the evaluation
Impact on: (1) 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
The high winds and air speeds of a hurricane or any coastal or severe storm often result in power outages,
disruptions to transportation corridors and equipment, loss of workplace access, significant property
damage, injuries and loss of life, and the need to shelter and care for individuals impacted by the events.
A large amount of damage can be inflicted by trees, branches, and other objects that fall onto power lines,
buildings, roads, vehicles, and, in some cases, people. Additionally, storms can cause storm surge related
damages along the coast.
Due to the City of New Rochelle’s coastal location along the Long Island Sound and proximity to the
Atlantic Ocean, the loss associated with coastal or severe storms is primarily associated with tropical
storm/hurricane-related rains, storm surge and severe winds. The City has experienced flooding in
association with coastal and severe storms in the past. Please refer to the flood hazard profile (Section
5.4.3) for more information on the City’s vulnerability to this hazard.
The entire inventory of the City is at risk of being damaged or lost due to impacts of coastal storms
(severe wind). Certain areas, infrastructure, and types of building are at greater risk than others due to
proximity to falling hazards and manner of construction.
HAZUS-MH MR4 estimates losses associated with hurricane-related winds. Potential losses associated
with high wind events were calculated for the City of New Rochelle for two probabilistic hurricane
events, the 100-year and 500-year MRP hurricane events. The impacts on population, existing structures
and critical facilities on the City of New Rochelle are presented below, following a summary of the data
and methodology used.
Data and Methodology
After reviewing historic data, the HAZUS-MH methodology and model were used to analyze the coastal
and severe storm hazard for the City of New Rochelle. Data used to assess this hazard include data
available in the HAZUS-MH MR4 hurricane and flood models, professional knowledge, information
provided by the City’s Planning Committee and input from public citizens.
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A probabilistic scenario was run for the City of New Rochelle for annualized losses and the 100- and 500year MRPs were examined for the wind/severe storm hazard. Figures 5.4.1-1 and 5.4.1-2, earlier in this
section, show the HAZUS-MH MR4 maximum peak gust wind speeds that can be anticipated in the study
area associated with the 100- and 500-year MRP hurricane events. The estimated hurricane track for the
100- and 500-year events is also shown.
HAZUS-MH MR4 contains data on historic hurricane events and wind speeds. It also includes surface
roughness and vegetation (tree coverage) maps for the area. Surface roughness and vegetation data
support the modeling of wind force across various types of land surfaces. Hurricane and inventory data
available in HAZUS-MH MR4 were used to evaluate potential losses from the 100- and 500-year MRP
hurricane event (severe wind impacts). Locally available inventory data were reviewed to determine their
appropriateness for inclusion. Other than data for critical facilities, the default data in HAZUS-MH MR4
was the best available for use in this evaluation. 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 events.
Hurricanes cause both wind and storm surge related damages; however, currently HAZUS-MH MR4 only
analyzes the flood and wind models separately, producing independent results. In addition to analyzing
and reporting wind-only loss estimates for the City, the combined hazards were analyzed to produce wind
and storm surge loss estimates for a probabilistic hurricane using HAZUS-MH MR4. As described in
Section 5.1, this methodology involved both running a probabilistic hurricane analysis and setting up a
coastal flood probabilistic scenario using the surge height(s) as the Stillwater Elevation. For each Census
block, the storm surge and wind damages were compared and the larger damage value for building
structure and contents was selected as the minimum damage sustained for each general occupancy type
for the single hazard. The storm surge damage was added to the wind damage and compared to the total
inventory value. If the damage total was greater than the inventory total, the inventory total was selected
as the maximum damage sustained. If the damage total was smaller than the inventory total, the damage
total was selected as the maximum value. Therefore, the combined hurricane wind and storm surge
damage results are presented as minimum and maximum value range.
Impact on Life, Health and Safety
The impact of a coastal or severe storm 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. It is assumed
that the entire City population (U.S. Census 2000 population of 72,182 people) is exposed to this storm
hazard.
Residents may be displaced or require temporary to long-term sheltering. In addition, downed trees,
damaged buildings and debris carried by high winds can lead to injury or loss of life. Socially vulnerable
populations are most susceptible, based on a number of factors including their physical and financial
ability to react or respond during a hazard and the location and construction quality of their housing.
Table 5.4.1-11 lists the number of households HAZUS-MH MR4 estimates may be displaced and/or
require temporary shelter due to a 100-year and 500-year MRP event. These figures are based on the
2000 U.S. Census. Please refer to Section 4 for a list of shelters in the City of New Rochelle.
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Table 5.4.1-11. Sheltering Needs for 100-year and 500-year MRP Hurricane Events for the City of New Rochelle
Displaced
Municipality

100-Yr.

500-Yr.

2

374

City of New Rochelle

Short-Term
100-Yr.
500-Yr.
0

92

Source: HAZUS-MH MR4

Economically disadvantaged populations are more vulnerable because they are likely to evaluate their risk
and make decisions based on the major economic impact to their family and may not have funds to
evacuate. The population over the age of 65 is also more vulnerable and, physically, they may have more
difficulty evacuating. The elderly are considered most vulnerable because they require extra time or
outside assistance during evacuations and are more likely to seek or need medical attention which may
not be available due to isolation during a storm event.
NYSEMO provided hurricane storm surge inundation zones for New York State. The inundation maps
were based on surge height projections calculated by the National Weather Service’s “Sea – Lake Overland
Surge from Hurricanes – SLOSH Model.” The surge heights were calculated for a number of Category 1 to
4 hurricanes. This data was developed to delineate hazard zones and assess risk from hurricane-related
storm surges and to support hurricane evacuation planning. Please note, the real effects of a hurricane can
depend on many factors, including the storm’s size, location of landfall and the tides. Refer to Figure
5.4.1-3 earlier in this profile for the hurricane storm surge inundation zones for the City of New Rochelle.
To estimate the population located in the hurricane inundation zones, the sum of the population in all
Census Blocks with their centroid located in the SLOSH zone was calculated for the City. Table 5.4.1-12
summarizes the approximate population located in the hurricane storm surge inundation zones based on
2000 Census data. See the Flood profile for the population located in the coastal flood zones (V-zones).
Table 5.4.1-12. Approximate Population in the Hurricane Inundation Zones for the City of New Rochelle
Total
Population

CAT 1
Pop. in
Zone

% of
Total

CAT 2
Pop. in
Zone

72,182
246
0.3
963
Source(s): HAZUS-MH MR4; NYSEMO
Notes: CAT = Category. Pop. = Population.

CAT 3

CAT 4

% of
Total

Pop. in
Zone

% of
Total

Pop. in
Zone

% of
Total

1.3

1,533

2.1

5,343

7.4

Impact on General Building Stock
After considering the population exposed to the coastal and severe storm hazard and the impact of debris,
the general building stock replacement value exposed to and damaged by 100- and 500-year MRP events
was examined. Impacts from a coastal or severe storm have been divided into two categories: (1) wind
impact only and (2) combined wind and storm surge impact. Potential damage is the modeled loss that
could occur to the exposed inventory, including damage to structural and content value based on the
wind-only impacts associated with a hurricane, followed by a consideration of combined wind and storm
surge impacts (using the methodology described in Section 5.1).
It is assumed that the entire City’s general building stock is exposed to the coastal/severe storm wind
hazard (nearly $11 billion; refer to Section 4). However, coastal and severe storms also cause stormsurge related impacts. The SLOSH inundation areas were used to estimate the total number of buildings
and general building stock replacement value exposed to hurricane storm surge. The SLOSH inundation
areas 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
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stations, train platforms and miscellaneous structures were excluded). The buildings with their center
located within the SLOSH zones were used to estimate the building count exposed to this hazard (Table
5.4.1-13). 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.
Table 5.4.1-13. Number of Buildings in the Hurricane Inundation Zones for the City of New Rochelle
Total Number of
Buildings
17,810

CAT 1

CAT 2

CAT 3

CAT 4

# in
Zone

% of
Total

# in
Zone

% of
Total

# in
Zone

% of
Total

# in
Zone

% of
Total

160

<1%

367

2.1%

772

4.3%

1,288

7.2%

Source: NYSEMO; Westchester GIS, 2004
Notes: CAT = Category.

To calculate the general building stock replacement value exposed, the sum of the general building stock
replacement value (for all occupancy classes) in all Census Blocks with their centroid located in the
SLOSH zone was calculated. Table 5.4.1-14 summarizes the approximate general building stock
replacement value located in the hurricane storm surge inundation zones based on HAZUS-MH MR4
default data (replacement values based on RSMeans as of 2006). See the Flood profile (Section 5.4.3) for
the general building stock replacement value located in the coastal flood zones (V-zones).
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Table 5.4.1-14. Estimated Total General Building Stock Replacement Value in the Hurricane Inundation Zones
CAT 1
Municipality

Total
GBS RV

GBS in Zone

CAT 2
% of
Total

City of New Rochelle
$10,961,726,000
$43,536,000
0.4
Source(s): HAZUS-MH MR4; NYSEMO
Notes:
CAT = Category. GBS = General Building Stock. RV = Replacement Value
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CAT 3

CAT 4

GBS in Zone

% of
Total

GBS in Zone

% of
Total

GBS in Zone

% of
Total

$162,986,000

1.5

$249,161,000

2.3

$751,845,000

6.9
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Wind Only Hurricane Impacts
The entire study area is considered at risk to the coastal and severe storm wind hazard. Please refer to
Section 4 (City Profile) which presents the total exposure value for general building stock by occupancy
class for the City of New Rochelle.
Expected building damage was evaluated by HAZUS across the following wind damage categories: no
damage/very minor damage, minor damage, moderate damage, severe damage, and total destruction.
Table 5.4.1-15 summarizes the definition of the damage categories.
Table 5.4.1-15. Description of Damage Categories
Roof
Cover
Failure

Window
Door
Failures

Roof
Deck

Missile
Impacts
on Walls

Roof
Structure
Failure

Wall
Structure
Failure

No Damage or Very Minor Damage
Little of no visible damage from the outside.
No broken windows, or failed roof deck.
Minimal loss of roof over,
with no or very limited water penetration.

 2%

No

No

No

No

No

Minor Damage
Maximum of one broken window, door or
garage door. Moderate roof cover loss that can
be covered to prevent additional water entering
the building. Marks or dents on walls requiring
painting or patching for repair.

> 2% and
 15%

One
window,
door, or
garage door
failure

No

< 5 Impacts

No

No

Moderate Damage
Major roof cover damage, moderate window
breakage. Minor roof sheathing failure.
Some resulting damage to interior of building
from water.

> 15%
and 
50%

> the larger
of 20% & 3
and  50%

1 to 3
Panels

Typically 5
to 10
Impacts

No

No

Severe Damage
Major window damage or roof sheathing loss.
Major roof cover loss. Extensive damage to
interior from water.

> 50%

> one and
 the larger
of 20% & 3

>3
and 
25%

Typically 10
to 20
Impacts

No

No

Destruction
Complete roof failure and/or failure of wall
frame. Loss of more than 50% of roof
sheathing.

Typically
> 50%

> 50%

> 25%

Typically >
20 Impacts

Yes

Yes

Qualitative Damage Description

Source: HAZUS-MH Hurricane Technical Manual

The City of New Rochelle HAZUS-MH MR4 100- and 500-year wind event model runs calculated the
estimated expected building damage by general occupancy type of various severities for the wind-only
analysis. These estimates are summarized for the City of New Rochelle in Table 5.4.1-16. In addition,
the annualized losses were examined for the City of New Rochelle; see Table 5.4.1-17. Please note that
annualized loss does not predict what losses will occur in any particular year.
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Table 5.4.1-16. Expected Building Damage by Occupancy Class for 100- and 500-Year Hurricane Events for the
City of New Rochelle

Occupancy Class

Residential Exposure
(Single and MultiFamily Dwellings)

Commercial Buildings

Severity of Expected
Damage

100-year
Percent
Buildings in
Building
Occupancy
Count
Class

500-year
Percent
Buildings in
Building
Occupancy
Count
Class

None

13,994

96%

9,494

65.1%

Minor

509

3.5%

3,740

25.7%

Moderate

73

<1%

1,218

8.4%

Severe

2

<1%

77

<1%

Complete Destruction

0

0%

49

<1%

None

-

97%

-

68%

Minor

-

2.5%

-

20.7%

Moderate

-

<1%

-

9.7%

Severe

-

0%

-

1.6%

Complete Destruction

-

0%

-

0%

Source: HAZUS-MH MR4
Note:
Only the residential category contains building counts because the residential sub-categories RES1 (single-family
dwellings) and RES2 (manufactured houses) building counts are based on census housing unit counts. HAZUS-MH MR4
estimates 14,578 residential buildings in the City. 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. Therefore, percent buildings are provided for the commercial occupancy classes in the
table above to provide a general estimate of building damage.

Table 5.4.1-17. Summary of Estimated Annualized Wind General Building Stock Losses for the City of New
Rochelle
Municipality
City of New Rochelle
Source: HAZUS-MH MR4

Total
(Buildings +
Contents)

Buildings

Contents

$2,733,022

$1,887,448

$541,787

As noted earlier in the profile, the 100-year MRP wind speeds for the City of New Rochelle equate to a
Category 1 hurricane. For the 100-year scenario, HAZUS-MH MR4 estimates zero-percent (0%) of the
general building stock will be completely destroyed due to wind damage alone. Residential and
commercial buildings comprise the majority of the building inventory and are estimated to experience the
majority of building damage. Approximately 4% of the residential building stock is estimated to
experience minor-to-moderate damage; however, 96% of the residential building stock does not
experience any damage.
The 500-year MRP wind speeds for the City of New Rochelle equate to a Category 2 (nearly Category 3)
hurricane. Approximately 49 residential structures are estimated to be completed destroyed from wind
damage alone, whereas the commercial buildings mainly experience zero to moderate damage.
Table 5.4.1-18 summarizes the building value (structure and contents) damage estimated for the 100- and
500-year MRP wind-only events.
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Table 5.4.1-18. Estimated Building Replacement Value (Structure and Content) Damaged by the 100-Year and 500-Year MRP Hurricane-Related Winds for All
Occupancy Classes
Municipality
City of New Rochelle

Municipality

Total Building Damage
100 Year

500 Year

$26,992,644

$249,659,654

Residential Buildings
100 Year
$25,337,334

Agriculture Buildings
100 Year

500 Year

500 Year
$202,722,453

Religious Buildings
100 Year

500 Year

Commercial Buildings
100 Year
$1,182,991

500 Year
$28,232,600

Government
Buildings
100 Year

500 Year

Industrial Buildings
100 Year
$146,328

500 Year
$5,940,744

Education Buildings
100 Year

500 Year

City of New Rochelle
$30,455
$1,121,125
$116,307
$2,702,827
$10,627
$842,403
$168,601
$8,097,500
Source: HAZUS-MH MR4; US Census Bureau Data, Census 2000 (as updated for HAZUS-MH most recent release).
Notes: The valuation of general building stock and loss estimates are 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.
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The total damage to buildings (structure and contents) for all occupancy types across the City is estimated
to be nearly $27 Million for the 100-year MRP wind-only event, and nearly $250 Million for the 500-year
MRP wind-only event. The majority of these losses are to the residential and commercial building
category.
Because of differences in building construction, residential structures are generally more susceptible to
wind damage than commercial and industrial structures. Wood and masonry buildings in general,
regardless of their occupancy class, tend to experience more damage than concrete or steel buildings. The
damage counts include buildings damaged at all severity levels from minor damage to total destruction.
Total dollar damage reflects the overall impact to buildings at an aggregate level.
Of the $7 billion in total residential replacement value (structure and contents) for the City (refer to
Section 4), an estimated $25 Million in residential building damage can be anticipated for the 100-year
event and nearly $203 Million in residential building damage can be anticipated for the 500-year event.
Residential building damage accounts for 94-percent and 81-percent of total damages for the 100- and
500-year wind-only events, respectively. This illustrates that losses can be significant, especially to
residential structures.
Figures 5.4.1-19 and 5.4.1-20 show the density of damage estimated for residential and commercial
structures for the 100-year and 500-year MRP wind events run for the City as a whole. As can be seen
from the figures, the density of loss to residential buildings is significant for the hurricane-related wind
impact.
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Figure 5.4.1-19. Density of Losses for Residential Structures (Structure and Content) for the City of New Rochelle
100-Year MRP Hurricane (Wind-Only) Event

Source: HAZUS-MH MR4
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Figure 5.4.1-20. Density of Losses for Residential Structures (Structure and Content) for the City of New Rochelle
500-Year MRP Hurricane (Wind-Only) Event

Source: HAZUS-MH MR4
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Combined Wind and Storm Surge Hurricane Impacts
As described in the methodology section (Section 5.1), HAZUS-MH MR4 analyzes the flood and wind
models separately, producing independent results. However, it is recognized that hurricanes/coastal storms
cause both wind and storm surge related damage. In addition to analyzing and reporting wind-only loss
estimates generated by the HAZUS-MH MR4 wind model, an attempt was made to combine the wind and
storm surge hazards to produce wind and storm surge loss estimates for the coastal storm hazard.
A coastal flood probabilistic scenario was set up and run in HAZUS-MH MR4 using the Sea, Land and
Overland Surge from Hurricanes (SLOSH) model surge heights as the Stillwater Elevation (SWEL) to
estimate hurricane storm surge damages. NYSEMO provided a GIS shapefile of the ‘SLOSH grid and
associated surge height “maximum envelope of water – MEOW” for Category 1 to 4 storms with
northwest directional track which landfalls at high tide (worst case scenario).’ Please note, these surge
heights were calculated using several possible landfall locations; therefore, these values are not from a
single worst case storm but are the highest values at any given geographic location for the associated
category storm factoring several possible landfalls (O’Brien, 2010). For the City of New Rochelle, we
used Category 1 and 2 SLOSH surge heights as the 100- and 500-year stillwater elevations respectively.
For each Census block, the storm surge and wind damages were compared and the larger damage value
for the individual hazard for building structure and contents is estimated as the minimum damage
sustained for each general occupancy type. The storm surge damage was added to the wind damage and
compared to the total inventory value for that Census block. If the damage total is greater than the
inventory total, the inventory total is the maximum damage sustained. If the damage total is smaller than
the inventory total, the damage total is the maximum value. Therefore, the combined hurricane wind and
storm surge damage results are presented as minimum and maximum value ranges below.
Table 5.4.1-19 summarizes the estimated general building stock damage for the 100- and 500-year MRP
hurricane related winds and storm surge for all occupancy classes (total), residential and commercial
occupancy classes. A minimum and maximum damage value range is reported.
Similar to the wind-only results, expected building damage was evaluated by HAZUS-MH MR4 across
the following wind damage categories: no damage/very minor damage, minor damage, moderate damage,
severe damage, and total destruction. Table 5.4.1-19 summarizes the definition of the damage categories.
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Table 5.4.1-19. Estimated Building Value (Structure and Contents) Damaged by the 100-Year and 500-Year MRP Hurricane-Related Winds and Storm Surge
for Total Damage (All Occupancy Classes) and Residential and Commercial Occupancy Classes
Total Damage (Structure and Contents)
100-Year
Municipality
City of New Rochelle

500-Year

Min

Max

Min

Max

$129,142,310

$131,071,644

$399,888,786

$421,549,654

Residential Damage (Structure and Contents)
100-Year
Municipality
City of New Rochelle

500-Year

Min

Max

Min

Max

$98,475,587

$100,329,335

$306,624,236

$325,010,453

Commercial Damage (Structure and Contents)
100-Year
Municipality
City of New Rochelle

500-Year

Min

Max

Min

Max

$26,126,157

$26,194,991

$68,420,964

$70,935,600
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Table 5.4.1-19 indicates the total damage to buildings for combined wind and storm-surge is estimated to
range from approximately $129 million to $131 million for building structure and content for a 100-year
MRP event. For a 500-year MRP event, the total damage to buildings for wind and storm-surge is
estimated to range from approximately $400 million to a maximum of $422 million. Similar to the windonly analysis, in the combined wind and storm surge loss estimate, residential and commercial buildings
comprise the majority of the building inventory and total building value loss for the 100- and 500-year
MRP combined wind and storm surge events.
Of the $7 billion in total residential replacement value (structure and contents) for the City, an estimate of
$100 million (maximum estimate) in residential building damage (structure and contents) can be
anticipated for the 100-year event (wind and storm surge loss estimate). Using this maximum damage
value estimate for the combined wind and storm surge results ($100 million), this is approximately $75
million more than estimated residential damages for the wind-only analysis for the 100-year event ($25
million loss estimate for wind-only).
Nearly $307 to $325 million in residential building damage (structure and contents) is estimated for the
500-year event. Using the maximum damage value estimate ($325 million), this is approximately $122
million more than estimated residential damages for wind-only analysis for the 500-year event ($203
million).
These results indicate that the combined wind and storm surge damages as a result of a hurricane are
significant for the City of New Rochelle.
Impact on Critical Facilities
HAZUS-MH MR4 estimates the probability that critical facilities (i.e., medical facilities, fire/EMS,
police, EOC, schools, and user-defined facilities such as shelters and municipal buildings) may sustain
damage as a result of 100-year and 500-year MRP wind-only events. Additionally, HAZUS-MH MR4
estimates the loss of use for each facility in number of days.
Tables 5.4.1-20 and 5.4.1-21 list the estimated loss of use in days for each critical facility and the
probability of sustaining the damage category as defined by the column heading, for the 100-year and
500-year wind-only events. The damage categories are defined in Table 5.4.1-15, under “Impact on
General Building Stock”.
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Table 5.4.1-20. Estimated Impacts to Critical Facilities by the 100-Year MRP Hurricane (Wind-Only) Event
(Days)
Name

Percent Probability of Sustaining Damage

Type

Loss Of Use

Minor

Moderate

Severe

Complete

Sound Shore Medical Center
N.R.F.D. - Fire Station # 3
N.R.F.D. - Fire Station # 2
N.R.F.D. - Fire Station # 1
N.R.F.D. - Fire Station # 4
N.R.F.D. - Fire Station # 5
New Rochelle P.D. HQ
New Rochelle OEM
Columbus ES
Daniel Webster ES
George M. Davis ES

Medical
Fire
Fire
Fire
Fire
Fire
Police
EOC
School
School
School

0.0
0.0
0.0
0.0
0.0
0.0
0
0
0
0
0

0.0
0.0
0.0
0.0
0.0
0.0
2.0
2.0
2.0
2.0
3.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

Hallen School
Henry Barnard ES
Holy Family School
Holy Name Of Jesus School
Hudson County Montessori School
Iona College
Iona Grammar School
Iona Prep School
Isaac E. Young MS
Jefferson ES
Martin Luther King Child Development Center
Monroe College
Mount Tom Day School
New Rochelle HS
Salesian HS
Thornton Donovan School
Trinity ES
Ursuline School
Westchester Area School
William B. Ward ES

School
School
School
School
School
School
School
School
School
School
School
School
School
School
School
School
School
School
School
School

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

2.0
2.0
2.0
3.0
3.0
3.0
3.0
3.0
3.0
3.0
2.0
2.0
3.0
2.0
3.0
2.0
3.0
3.0
2.0
3.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
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(Days)
Name

Albert Leonard MS
Blessed Sacrament - St. Gabriel HS
Blessed Sacrament ES
The Caring Place
College of New Rochelle
CAP Homeless Men's Shelter
Providence House
VOA Crossroads
WESTHAB- Burling Lane Residence
New Rochelle City Hall
Bayberry Care Center
Beth-El Senior Citizen/Community Center
Elinor Martin Residence
Ever Ready Sunshine Club
Friendship Club- Temple Israel
Garito Manor at Union Square
Glen Island Center
Helen and Michael Schaffer Pavilion
Hugh A. Doyle Senior Center
New Rochelle Home for Adults
Sutton Park Center for N and R
United Hebrew Geriatric Center
United Hebrew Geriatric Center
Willow Towers
Senior Living
Senior Living
Unknown
Unknown
Dumont Masonic Home
Source: HAZUS-MH MR4
Notes: NA = Not available

Percent Probability of Sustaining Damage

Type

Loss Of Use

Minor

Moderate

Severe

Complete

School
School

0
0

3.0
2.0

0.0
0.0

0.0
0.0

0.0
0.0

School
School
School
User Defined
User Defined
User Defined
User Defined
User Defined
User Defined
User Defined
User Defined
User Defined
User Defined
User Defined
User Defined
User Defined
User Defined
User Defined
User Defined
User Defined
User Defined
User Defined
User Defined
User Defined
User Defined
User Defined
User Defined

0
0
0
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA

2.0
2.0
3.0
4.0
4.0
4.0
4.0
2.0
3.0
3.0
2.0
2.0
3.0
2.0
3.0
2.0
2.0
2.0
2.0
3.0
3.0
3.0
2.0
2.0
2.0
2.0
3.0

0.0
0.0
0.0
0.0
1.0
0.0
1.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
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Table 5.4.1-21. Estimated Impacts to Critical Facilities by the 500-Year MRP Hurricane (Wind-Only) Event
Type

(# of Days)
Loss Of Use

Sound Shore Medical Center
N.R.F.D. - Fire Station # 3
N.R.F.D. - Fire Station # 2
N.R.F.D. - Fire Station # 1
N.R.F.D. - Fire Station # 4
N.R.F.D. - Fire Station # 5
New Rochelle P.D. HQ
New Rochelle OEM
Columbus ES
Daniel Webster ES
George M. Davis ES

Medical
Fire
Fire
Fire
Fire
Fire
Police
EOC
School
School
School

9
10
7
9
8
7
8
8
8
8
7

21.0
22.0
20.0
21.0
20.0
19.0
21.0
21.0
20.0
20.0
19.0

12.0
12.0
9.0
11.0
9.0
8.0
11.0
11.0
9.0
9.0
8.0

1.0
2.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

Hallen School
Henry Barnard ES
Holy Family School
Holy Name Of Jesus School
Hudson County Montessori School
Iona College
Iona Grammar School
Iona Prep School
Isaac E. Young MS
Jefferson ES
Martin Luther King Child Development Center
Monroe College
Mount Tom Day School
New Rochelle HS
Salesian HS
Thornton Donovan School
Trinity ES
Ursuline School
Westchester Area School
William B. Ward ES

School
School
School
School
School
School
School
School
School
School
School
School
School
School
School
School
School
School
School
School

9
9
8
9
7
8
7
7
13
11
8
8
11
8
12
7
12
7
8
7

22.0
22.0
21.0
22.0
20.0
21.0
19.0
19.0
23.0
22.0
20.0
21.0
22.0
21.0
23.0
19.0
23.0
20.0
20.0
20.0

11.0
10.0
9.0
10.0
8.0
11.0
8.0
8.0
13.0
12.0
9.0
11.0
12.0
9.0
13.0
8.0
13.0
8.0
9.0
8.0

1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
3.0
2.0
1.0
1.0
2.0
1.0
2.0
1.0
2.0
1.0
1.0
1.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

Name
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Name
Albert Leonard MS
Blessed Sacrament - St. Gabriel HS
Blessed Sacrament ES
The Caring Place
College of New Rochelle
CAP Homeless Men's Shelter
Providence House
VOA Crossroads
WESTHAB- Burling Lane Residence
New Rochelle City Hall
Bayberry Care Center
Beth-El Senior Citizen/Community Center
Elinor Martin Residence
Ever Ready Sunshine Club
Friendship Club- Temple Israel
Garito Manor at Union Square
Glen Island Center
Helen and Michael Schaffer Pavilion
Hugh A. Doyle Senior Center
New Rochelle Home for Adults
Sutton Park Center for N and R
United Hebrew Geriatric Center
United Hebrew Geriatric Center
Willow Towers
Senior Living
Senior Living
Unknown
Unknown
Dumont Masonic Home
Source: HAZUS-MH MR4
Notes: NA = Not available

Type

(# of Days)
Loss Of Use

School
School

7
9

20.0
22.0

8.0
11.0

1.0
1.0

0.0
0.0

School
School
School
User Defined
User Defined
User Defined
User Defined
User Defined
User Defined
User Defined
User Defined
User Defined
User Defined
User Defined
User Defined
User Defined
User Defined
User Defined
User Defined
User Defined
User Defined
User Defined
User Defined
User Defined
User Defined
User Defined
User Defined

9
8
13
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA

22.0
20.0
22.0
26.0
26.0
26.0
26.0
21.0
23.0
20.0
21.0
21.0
20.0
21.0
23.0
21.0
23.0
21.0
21.0
24.0
24.0
24.0
21.0
21.0
23.0
23.0
23.0

11.0
9.0
14.0
13.0
13.0
13.0
13.0
11.0
11.0
8.0
8.0
8.0
8.0
8.0
11.0
8.0
10.0
8.0
8.0
13.0
13.0
13.0
8.0
8.0
10.0
10.0
11.0

1.0
1.0
3.0
0.0
0.0
0.0
0.0
1.0
2.0
1.0
1.0
1.0
1.0
1.0
2.0
1.0
1.0
1.0
1.0
3.0
3.0
3.0
1.0
1.0
1.0
1.0
2.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
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As listed in Tables 5.4.1-20 and 5.4.1-21, there are numerous critical facilities impacted by the wind
hazard. At this time, HAZUS-MH MR4 does not estimate losses to transportation lifelines and utilities as
part of the hurricane model. Transportation lifelines are not considered particularly vulnerable to the
wind hazard; they are more vulnerable to cascading effects such as flooding, storm surge, falling debris
etc. Impacts to transportation lifelines affect both short-term (e.g., evacuation activities) and long-term
(e.g., day-to-day commuting) transportation needs.
Utility structures could suffer damage associated with falling tree limbs or other debris. Such impacts can
result in the loss of power, which can impact business operations and can impact heating or cooling
provision to citizens (including the young and elderly, who are particularly vulnerable to temperaturerelated health impacts).
Impact on Economy
Coastal and severe storms also impact the economy, including: loss of business function (e.g., tourism,
recreation), damage to inventory, relocation costs, wage loss and rental loss due to the repair/replacement
of buildings. HAZUS-MH estimates the total economic loss associated with each storm scenario (direct
building losses and business interruption losses). Direct building losses are the estimated costs to repair
or replace the damage caused to the building. This is reported in the “Impact on General Building Stock”
section discussed earlier. Business interruption losses are the losses associated with the inability to
operate a business because of the wind damage sustained during the storm or the temporary living
expenses for those displaced from their home because of the event.
HAZUS-MH estimates nearly $2 Million in business interruption losses for the City as a result of the 100year MRP wind-only event. A majority of these losses is sustained by residential occupancies
(approximately $1.8 Million) in terms of relocation and rental costs. Losses to the commercial occupancy
result from relocation and rental costs, as well as income and lost wages.
For the 500-year MRP wind only event, HAZUS-MH estimates greater than $30 Million in business
interruption losses for the City of New Rochelle. A majority of these losses is sustained by residential
and commercial occupancies (approximately $25 Million); mainly of relocation and rental cost losses for
the residential occupancy and relocation, rental, income and lost wages to the commercial occupancy.
Losses to other occupancies result from relocation and rental costs, as well as income and lost wages.
Please note, as demonstrated by the combination wind/storm-surge analysis presented in the General
Building Stock subsection earlier, direct building losses are significantly higher compared to wind-only
damage estimates. Hence, it follows that although not estimated, this would indicate that mean business
interruption costs would be higher as well.
Utility structures could suffer damage associated with falling tree limbs or other debris. Such impacts can
result in the loss of power, which can impact business operations and can impact vulnerable populations
including the young and elderly.
HAZUS-MH MR4 also estimates the amount of debris that may be produced a result of the 100- and 500year MRP wind events. Table 5.4.1-22 estimates the debris produced. Because the estimated debris
production does not include storm surge or flooding, this is likely a conservative estimate and may be
higher if multiple impacts occur.
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Table 5.4.1-22. Debris Production for 100- and 500-Year MRP Hurricane-Related Winds
Municipality
City of New Rochelle
Source: HAZUS-MH MR4

Brick and Wood
100-Yr.
500-Yr.
3,732

28,578

Concrete and Steel
100-Yr.
500-Yr.
0

112

100-Yr.

Tree
500-Yr.

2,522

8,784

It is estimated that the impact to the economy, as a result of a coastal storm/severe storm event, would be
considered “medium” in accordance with the risk ranking shown in Table 5.3-4.
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 coastal or severe storm hazard
because the entire planning area is exposed and vulnerable to the wind hazard associated with coastal or
severe storms. Table 5.4.1-23 summarizes the potential new development located in the hurricane
inundation areas (SLOSH zones).
Table 5.4.1-23. City of New Rochelle Potential New Development Located in SLOSH Zones
Address
Main Street (Blocks 72, 84 &87)
Pelham Road
(Block 445 Lot 1000)

Number of
Potential CAT CAT CAT CAT
Structures
1
2
3
4

Project

Type

Echo Bay

Commercial/
Residential

Unavailable

X

X

X

X

Titus Mill Landing

Residential

Unavailable

X

X

X

X

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

Additional Data and Next Steps
Over time, the City will obtain additional data to support the analysis of this hazard. Data that will
support the analysis would include additional detail on past hazard events and impacts, specific building
information such as first floor elevation, type of construction, foundation type and details on protective
features (for example, hurricane straps). In addition, information on particular buildings or infrastructure
age or year built would be helpful in future analysis of this hazard.
In time, HAZUS-MH will be released with modules that address hurricane wind and associated flooding
as one model. As this version of HAZUS-MH is released, the City of New Rochelle can run analyses for
an overall picture of the hurricane-associated wind and flood damages.
Overall Vulnerability Assessment
The City of New Rochelle is highly vulnerable to coastal and severe storm events which can cause
significant impacts and losses to the City’s structures, facilities, utilities, and population. 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 by the Planning
Committee for this hazard is “high” with a “frequent” probability of occurrence (see Tables 5.3-3 through
5.3-6 in Section 5.3).
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Figure 5.4.1-21. Potential Development and Hurricane Storm Surge Inundation Areas for the City of New Rochelle

Source: Westchester County, 2010; City of New Rochelle Planning Committee, 2010
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5.4.2

SEVERE WINTER STORM / EXTREME COLD

This section provides a profile and vulnerability assessment for the severe winter storm and extreme cold
hazards.
HAZARD PROFILE
This section provides profile information including description, extent, location, previous occurrences and
losses and the probability of future occurrences.
Description
For the purpose of this HMP and as deemed appropriated by the City, most severe winter storm hazards
include heavy snow, blizzards, sleet, freezing rain, ice storms and can be accompanied by extreme cold.
Since most extra-tropical cyclones, particularly northeasters (or Nor’Easters), generally take place during
the winter weather months (with some exceptions), Nor’Easters have also been grouped as a type of
severe winter weather storm in this section. In addition, for the purpose of this plan and as consistent
with the New York State HMP, extreme cold temperature events were grouped into this hazard profile.
These types of winter events or conditions are further defined below.
Heavy Snow: According to the National Weather Service (NWS), heavy snow is generally snowfall
accumulating to 4 inches or more in depth in 12 hours or less; or snowfall accumulating to six inches
or more in depth in 24 hours or less. A snow squall is an intense, but limited duration, period of
moderate to heavy snowfall, also known as a snowstorm, accompanied by strong, gusty surface winds
and possibly lightning (generally moderate to heavy snow showers) (NWS, 2005). Snowstorms are
complex phenomena involving heavy snow and winds, whose impact can be affected by a great many
factors, including a region’s climatologically susceptibility to snowstorms, snowfall amounts,
snowfall rates, wind speeds, temperatures, visibility, storm duration, topography, and occurrence
during the course of the day, weekday versus weekend, and time of season (Kocin and Uccellini,
2004).
Blizzard: Blizzards are characterized by low temperatures, wind gusts of 35 miles per hour (mph) or
more and falling and/or blowing snow that reduces visibility to ¼-mile or less for an extended period
of time (three or more hours) (NWS, 2005).
Sleet or Freezing Rain Storm: Sleet is defined as pellets of ice composed of frozen or mostly frozen
raindrops or refrozen partially melted snowflakes. These pellets of ice usually bounce after hitting
the ground or other hard surfaces. Freezing rain is rain that falls as a liquid but freezes into glaze
upon contact with the ground. Both types of precipitation, even in small accumulations, can cause
significant hazards to a community (NWS, 2005).
Ice storm: An ice storm is used to describe occasions when damaging accumulations of ice are
expected during freezing rain situations. Significant accumulations of ice pull down trees and utility
lines resulting in loss of power and communication. These accumulations of ice make walking and
driving extremely dangerous, and can create extreme hazards to motorists and pedestrians (NWS,
2005).
Extra-Tropical Cyclone: Extra-tropical cyclones, sometimes called mid-latitude cyclones, are a group
of cyclones defined as synoptic scale, low pressure, weather systems that occur in the middle latitudes
of the Earth. These storms have neither tropical nor polar characteristics and are connected with
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fronts and horizontal gradients in temperature and dew point otherwise known as "baroclinic zones".
Extra-tropical cyclones are everyday weather phenomena which, along with anticyclones, drive the
weather over much of the Earth. These cyclones produce impacts ranging from cloudiness and mild
showers to heavy gales and thunderstorms. Tropical cyclones often transform into extra-tropical
cyclones at the end of their tropical existence, usually between 30 degrees (°) and 40° latitude, where
there is sufficient force from upper-level shortwave troughs riding the westerlies (weather systems
moving west to east) for the process of extra-tropical transition to begin. A shortwave trough is a
disturbance in the mid or upper part of the atmosphere which induces upward motion ahead of it.
During an extra-tropical transition, a cyclone begins to tilt back into the colder air mass with height,
and the cyclone’s primary energy source converts from the release of latent heat from condensation
(from thunderstorms near the center) to baroclinic processes (Canadian Hurricane Centre [CHC],
2003).
Nor’Easter (abbreviation for North Easter): Nor’Easters are named for the strong northeasterly winds
that blow in from the ocean ahead of the storm and over coastal areas. They are also referred to as a
type of extra-tropical cyclones (mid-latitude storms, or Great Lake storms). A Nor’Easter is a macroscale extra-tropical storm whose winds come from the northeast, especially in the coastal areas of the
northeastern U.S. and Atlantic Canada. Wind gusts associated with Nor’Easters can exceed hurricane
forces in intensity. Unlike tropical cyclones that form in the tropics and have warm cores (including
tropical depressions, tropical storms and hurricanes); Nor’Easters contain a cold core of low
barometric pressure that forms in the mid-latitudes. Their strongest winds are close to the earth’s
surface and often measure several hundred miles across. Nor’Easters may occur at any time of the
year but are more common during fall and winter months (September through April) (NYCOEM,
2008).
Nor’Easters can cause heavy snow, rain, gale force winds and oversized waves (storm surge) that can
cause beach erosion, coastal flooding, structural damage, power outages and unsafe human
conditions. If a Nor’Easter cyclone stays just offshore, the results are much more devastating than if
the cyclone travels up the coast on an inland track. Nor’Easters that stay inland are generally weaker
and usually cause strong winds and rain. The ones that stay offshore can bring heavy snow, blizzards,
ice, strong winds, high waves, and severe beach erosion. In these storms, the warmer air is aloft.
Precipitation falling from this warm air moves into the colder air at the surface, causing crippling
sleet or freezing rain.
If a significant pressure drop occurs within a Nor’Easter, this change can turn a simple extra-tropical
storm into what is known as a "bomb". “Bombs” are characterized by a pressure drop of at least 24
millibars within 24 hours (similar to a rapidly-intensifying hurricane). Even though “bombs”
occasionally share some characteristics with hurricanes, the two storms have several differences.
“Bombs” are a type of Nor’Easter and are extra-tropical; therefore, they are associated with fronts,
higher latitudes, and cold cores. They require strong upper-level winds, which would destroy a
hurricane (McNoldy [Multi-Community Environmental Storm Observatory (MESO)], 1998-2007).
Extreme Cold: Extreme cold events are when temperatures drop well below normal in an area.
Extremely cold temperatures often accompany a winter storm, so individuals may have to cope with
power failures and icy roads. Although staying indoors as much as possible can help reduce the risk
of car crashes and falls on the ice, individuals may also face indoor hazards. Many homes will be too
cold—either due to a power failure or because the heating system is not adequate for the weather. The
use of space heaters and fireplaces to keep warm increases the risk of household fires and carbon
monoxide poisoning.
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What constitutes extreme cold and its effects can vary across different areas of the country. In regions
relatively unaccustomed to winter weather, near freezing temperatures are considered “extreme cold.”
Exposure to cold temperatures, whether indoors or outside, can lead to serious or life-threatening
health problems such as hypothermia, cold stress, frostbite or freezing of the exposed extremities such
as fingers, toes, nose and ear lobes (Centers of Disease Control and Prevention [CDC], 2005).
Winter storms can also generate coastal flooding, ice jams and snow melt, resulting in significant damage
and loss of life. Coastal floods are caused when the winds generated from intense winter storms cause
widespread tidal flooding and severe beach erosion along coastal areas. Ice jams are caused when long
cold spells freeze up rivers and lakes. A rise in the water level or a thaw breaks the ice into large chunks.
These chunks become jammed at man-made and natural obstructions. The ice jams act as a dam and
result in flooding (NSSL, 2006).
Extent
The magnitude or severity of a severe winter storm depends on several factors including a region’s
climatologically susceptibility to snowstorms, snowfall amounts, snowfall rates, wind speeds,
temperatures, visibility, storm duration, topography, and time of occurrence during the day (e.g., weekday
versus weekend), and time of season.
The extent of a severe winter storm can be classified by meteorological measurements, such as those
above, and by evaluating its societal impacts. The Northeast Snowfall Impact Scale (NESIS) categorizes
snowstorms, including Nor’Easter events, in this manner. Unlike the Fujita Scale (tornado) and SaffirSimpson Scale (hurricanes), there is no widely used scale to classify snowstorms. NESIS was developed
by Paul Kocin of The Weather Channel and Louis Uccellini of the NWS to characterize and rank highimpact, northeast snowstorms. These storms have large areas of 10 inch snowfall accumulations and
greater. NESIS has five ranking categories: Notable (1), Significant (2), Major (3), Crippling (4), and
Extreme (5) (Table 5.4.2-1). The index differs from other meteorological indices in that it uses
population information in addition to meteorological measurements. Thus, NESIS gives an indication of
a storm's societal impacts. This scale was developed because of the impact northeast snowstorms can
have on the rest of the country in terms of transportation and economic impact (Kocin and Uccellini,
2004).
Table 5.4.2-1. NESIS Ranking Categories 1 - 5
Category

Description

NESIS
Range

1

Notable

1.0 – 2.49

2

Significant

2.5 – 3.99

3

4

Major

Crippling

Definition
These storms are notable for their large areas of 4-in. (10-cm)
accumulations and small areas of 10-in. (25-cm) snowfall.
Includes storms that produce significant areas of greater than 10-in. (25cm) snows while some include small areas of 20-in. (50-cm) snowfalls. A
few cases may even include relatively small areas of very heavy snowfall
accumulations [greater than 30 in. (75 cm)].

4.0 – 5.99

This category encompasses the typical major Northeast snowstorm, with
large areas of 10-in. snows (generally between 50 and 150 × 103 mi2—
roughly 1–3 times the size of New York State with significant areas of 20in. (50-cm) accumulations.

6.0 – 9.99

These storms consist of some of the most widespread, heavy snows of
the sample and can be best described as crippling to the northeast U.S,
with the impact to transportation and the economy felt throughout the
United States. These storms encompass huge areas of 10-in. (25-cm)
snowfalls, and each case is marked by large areas of 20-in. (50-cm) and
greater snowfall accumulations.
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Category

Description

5

NESIS
Range

Definition

10 +

The storms represent those with the most extreme snowfall distributions,
blanketing large areas and populations with snowfalls greater than 10, 20,
and 30 in. (25, 50, and 75 cm). These are the only storms in which the
10-in. (25-cm) accumulations exceed 200 × 103 mi2 and affect more than
60 million people.

Extreme

Source: Kocin and Uccellini, 2004

NESIS scores are a function of the area affected by the snowstorm, the amount of snow, and the number
of people living in the path of the storm. These numbers are calculated into a raw data number ranking
from “1” for an insignificant fall to over “10” for a massive snowstorm. Based on these raw numbers, the
storm is placed into its decided category. The largest NESIS values result from storms producing heavy
snowfall over large areas that include major metropolitan centers (Enloe, 2007). Storms that have
occurred in the northeastern U.S. using this impact scale are listed in Table 5.4.2-4 in the “Previous
Occurrences” section of this HMP.
Nor’Easters
Though the occurrence of a Nor’Easter can be forecasted with some accuracy, predicting their impact can
be a little more complex. The extent of a Nor’Easter can be categorized by the Dolan-Davis Nor’Easter
Intensity Scale. In 1993, researchers Robert Davis and Robert Dolan created this Nor’Easter intensity
scale, but it deals primarily with beach and coastal deterioration. This scale, presented as Table 5.4.2-2,
categorizes or rates the intensity of Nor’Easters from 1 (weak) to 5 (extreme) based on their storm class.
This is used to give an estimate of the potential beach erosion, dune erosion, overwash and property
damages expected from a Nor’Easter (Multi-County Environmental Storm Observatory [MESO], 2002).
Table 5.4.2-2. The Dolan-Davis Nor’Easter Intensity Scale
Storm
Class

Beach Erosion

Dune Erosion

Overwash

Property Damage

1
(Weak)

Minor Changes

None

No

No

2
(Moderate)

Modest; mostly to lower
beach

Minor

No

Modest

3
(Significant)

Erosion extends across
the beach

Can be significant

No

Loss of many structures at local
level

On low beaches

Loss of structures at community
level

4
(Severe)
5
(Extreme)

Severe beach erosion and Severe dune erosion
recession
or destruction
Extreme beach erosion

Dunes destroyed over Massive in sheets
extensive areas
and channels

Extensive at regional-scale;
millions of dollars

Source: MESO, 2002

Dr. Gregory Ziellinski, Maine state climatologist and an associate research professor at the University of
Maine Institute for Quaternary and Climate Studies, developed a way to help weather forecasters and the
public understand the likely impacts of winter storms. Dr. Zielinski applies his analysis mainly to two
types of storms: Nor’Easters that often intensity in the mid-Atlantic region and move up the coast into
New England; and storms that originate east of the Rocky Mountains and that move through the Great
Lakes region or up the Ohio River valley. These storms are often called the Witches of November and
have been responsible for shipwrecks on the Great Lakes (sinking of the Edmund Fitzgerald) (MESO,
2002).
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In an article posted in the January 2002 issue of the Bulletin of the American Meteorological Society
(BAMS), Dr. Zielinski explains: "My classification scheme allows forecasters and meteorologists to
easily summarize the intensity of a winter storm by giving it an intensity index and placing it into its
appropriate category on a 1-5 scale. The potential impact of the storm can then be passed on to public
service officials so they may make plans for precipitation amounts, particularly snow, snowfall rates,
wind speeds, drifting potential and overall impact on schools, businesses, travelers, and coastal
communities" (MESO, 2002).
His approach to storms uses two features of a storm: air pressure and forward speed. Based on the
calculations to determine the different characteristics of the storms (Dolan-Davis Nor’Easter Intensity
Scale), which reflects the storm’s strength, Dr. Zielinski places the storm into a category between one and
five. Forward speed is important because even moderately intense storms can have a large impact if they
move slowly.
In Dr. Zielinski's classification system, a second number reflecting forward speed is used together with
the first number from the Dolan-Davis Nor’Easter Intensity Scale. Like the Intensity Scale, the second
number of his scale ranges between one and five. A five would be the slowest moving and thus longest
duration storm. A storm's category might be 2.4 or 4.3, reflecting intensity with the first digit and
duration with the second (MESO, 2002).
Dr. Zielinski has used his system to classify more than 70 past storms. He has made over 550 individual
classifications, looking at the March 1993 “Storm of the Century”, the Great Arctic Outbreak of 1899,
and Blizzard of 1888 and other storms that are a part of legendary U.S. weather (Zielinski, 2003).
Extreme Cold Temperatures
The extent (severity or magnitude) of extreme cold temperatures are generally measured through the
Wind Chill Temperature (WCT) Index. Whenever temperatures drop well below normal and wind speed
increases, heat can leave your body more rapidly (known by the NWS as the Wind Chill Temperature
Index). The WCT Index is the temperature your body feels when the air temperature is combined with
the wind speed. It is based on the rate of heat loss from exposed skin caused by the effects of wind and
cold. As the speed of the wind increases, it can carry heat away from your body much more quickly,
causing skin temperature to drop. When there are high winds, serious weather-related health problems
are more likely, even when temperatures are only cool. The importance of the wind chill index is as an
indicator of how to dress properly for winter weather to avoid extreme cold affects to human health. The
Wind Chill Chart (Figure 5.4.2-1), which was improved in November 2001 from its original 1945
version, shows the difference between actual air temperature and perceived temperature, and amount of
time until frostbite occurs (NWS, 2008).
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Figure 5.4.2-1. NWS Wind Chill Index

Source: NWS, 2008

Location
Winter weather, particularly snowstorm events, has historically affected many U.S. states, mainly in the
Northeast and Midwest. The climate of New York State is marked by abundant snowfall. Winter weather
can reach New York State as early as October and is usually in full force by late November with average
winter temperatures between 20 and 40o F. As indicated in the NYS HMP, communities in New York
State receive more snow than most other communities in the Nation. Syracuse, Buffalo, Rochester, and
Albany are typically in the top 10 cities in the Nation in annual snowfall. These municipalities are located
in Onondaga, Erie, Monroe, and Albany Counties. Although the entire State is subject to winter storms,
the easternmost and west-Central portions of the State are more likely to suffer under winter storm
occurrences than any other location (New York State Disaster Preparedness Commission [NYSDPC],
2008). With the exception of coastal New York State, the State receives an average seasonal amount of
40 inches of snow or more. The average annual snowfall is greater than 70 inches over 60-percent of
New York State's area; however, this does not include Westchester County which receives between 24
and 48 inches (Figure 5.4.2-2).
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Figure 5.4.2-2. Annual Mean Snowfall within the Eastern U.S.

Source: NWS, 2001

Topography, elevation and proximity to large bodies of water result in a great variation of snowfall in the
State's interior, even within relatively short distances. Maximum seasonal snowfall, averaging more than
175 inches, occurs on the western and southwestern slopes of the Adirondacks and Tug Hill. A secondary
maximum of 150 to 180 inches prevails in the southwestern highlands, some 10 to 30 miles inland from
Lake Erie. Record heavy snow accumulations, averaging from 100 to 120 inches, also occur within (1)
the uplands of southwestern Onondaga County and adjoining counties; the Cherry Valley section of
northern Otsego and southern Herkimer counties; and (3) the Catskill highlands in Ulster, Delaware and
Sullivan counties. Minimum seasonal snowfall of 40 to 50 inches occurs upstate in (1) Niagara County,
near the south shore of Lake Ontario, (2) the Chemung and mid-Genesee River Valleys of western New
York, and (3) near the Hudson River in Orange, Rockland, and Westchester Counties upstream to the
southern portion of Albany County (New York State Climate [NYSC] Office, Date Unknown). The New
York City metro area, which encompasses Westchester County, in comparison to the rest of the state is
milder in the winter. Due in part to geography (its proximity to the Atlantic and being shielded to the
north and west by hillier terrain), the New York metro area usually sees far less snow than the rest of the
state. Lake-effect snow rarely affects the New York metro area, except for its extreme northwestern
suburbs. Winters also tend to be noticeably shorter here than the rest of the state. Based on this
information, all of Westchester County is susceptible to winter storms; however, most storms are not
expected to be as severe as other locations of the State.
The NYSDPC and NYSEMO listed Westchester County as the 22nd County in the State most threatened
by and vulnerable to snow and snow loss, with an annual average snowfall of 32.3 inches. Westchester
County is also listed as the 31st County in New York State most threatened by and vulnerable to ice
storms and ice storm loss (NYSDPC, 2008).
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Extreme Cold Temperatures
Extreme cold temperatures are existent throughout most of the winter season and generally accompany
most winter storm events throughout the State. The NYSC Office of Cornell University indicates that
cold temperatures prevail over the State whenever arctic air masses, under high barometric pressure, flow
southward from central Canada or from Hudson Bay (NYSC, Date Unknown). Figure 5.4.2-3, identifies
the average January temperatures of the State, with the northeast sections experiencing the coldest
conditions and the west and southeast experiencing the mildest winters.
Figure 5.4.2-3. Average Statewide January Temperatures

Source: World Book Inc., 2007

Many atmospheric and physiographic controls on the climate result in a considerable variation of
temperature conditions over New York State. The average annual mean temperature ranges from about
40°F in the Adirondacks to near 55°F in the New York City area. In January, the average mean
temperature is approximately 16°F in the Adirondacks and St. Lawrence Valley, but increases to about
26°F along Lake Erie and in the lower Hudson Valley (Westchester County) and to 31°F on Long Island.
The record coldest temperature in New York State is -52°F at Stillwater Reservoir (northern Herkimer
County) on February 9, 1934 and also at Old Forge (also northern Herkimer County) on February 18,
1979. Some 30 communities have recorded temperatures of -40°F or colder, most of them occurring in
the northern one-half of the State and the remainder in the Western Plateau Climate Division and in
localities just south of the Mohawk Valley (Climate Division 6) (Earth System Research Laboratory
[ESRL], Date Unknown; NYSC, Date Unknown). Figure 5.4.2-4 identifies the 10 climate divisions of
the State: Western Plateau (1), Eastern Plateau (Catskill Mountains) (2), Northern Plateau (Adirondack
Mountains) (3), Coastal (4), Hudson Valley (5), Mohawk Valley (6), Champlain Valley (7), St. Lawrence
Valley (8), Great Lakes (9), and Central Lakes (10) (CPC, 2005). These regions have been divided
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because they are climatically homogenous or similar in comparison (Energy Information Administration,
2005).
Figure 5.4.2-4. Climate Divisions of New York State

1
2
3
4
5
6
7
8
9

Western Plateau
Eastern/Southern Plateau (Catskills)
Northern Plateau (Adirondacks)
Coastal
Hudson Valley
Mohawk Valley
Champlain Valley
St. Lawrence Valley
Great Lakes

Source: CPC, 2005; NYSC, Date Unknown

Westchester County falls within the Hudson Valley Division (Division 5) (NCDC, Date Unknown; CPC,
2005; ERSL, Date Unknown). Winter temperatures in this division are moderated by the Atlantic Ocean
in the southern portion of the Hudson Valley Division. The coldest temperature in most winters will range
between 0° and -10°F. Long Island and New York City experience below zero minimums in 2 or 3
winters out of 10, with the low temperature generally near -5°F (NYSC, Date Unknown). As provided by
The Weather Channel, average high and low temperatures during the winter months in the City of New
Rochelle are identified in Table 5.4.2-3.
Table 5.4.2-3. Average High and Low Temperature Range for Winter Months in the City of New Rochelle
Month

Average High

Average Low

Record Low Event

January

39°F

20°F

-10°F (1961)

February

43°F

22°F

-14°F (1979)

March

51°F

29°F

-3°F (1967)

November

55°F

35°F

12°F (1989)

December

44°F

26°F

-5°F (1950)

Source: The Weather Channel, 2010
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Previous Occurrences and Losses
Many sources provided historical information regarding previous occurrences and losses associated with
severe winter storms and extreme cold events 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.
The Northeast Snowfall Impact Scale was developed by Paul Kocin and Louis Uccellini of the National
Weather Service. It characterizes and ranks high-impact Northeast snowstorms. These storms have large
areas of snowfall accumulations of 10 inches and greater. Table 5.4.2-4 ranks 40 high-impact
snowstorms that have affected the Northeast urban corridor. Although the severity of these events may
vary throughout the State, many of these listed storms impacted Westchester County. This list does not
represent all storms that may have impacted the northeastern U.S.
Table 5.4.2-4. Top 40 High-Impact Snowstorms that Affected the Northeast U.S. (Arranged by Rank/Category)
Rank

Dates

NESIS

Category

Description

1

12-14 March 1993

13.2

5

Extreme

2

6-8 January 1996

11.78

5

Extreme

3

2-5 March 1960

8.77

4

Crippling

4

15-18 February 2003
(preliminary)

8.13

4

Crippling

5

2-5 February 1961

7.06

4

Crippling

6

11-14 January 1964

6.91

4

Crippling

7

21-24 January 2005

6.8

4

Crippling

8

19-21 January 1978

6.53

4

Crippling

9

25-28 December 1969

6.29

4

Crippling

11

14-17 February 1958

6.25

4

Crippling

10

10-12 February 1983

6.25

4

Crippling

12

29-31 January 1966

5.93

3

Major

13

5-7 February 1978

5.78

3

Major

14

12-15 February 2007

5.63

3

Major

15

21-23 January 1987

5.4

3

Major

16

8-12 February 1994

5.39

3

Major

17

23-28 February 2010
(preliminary)

5.11

3

Major

19

17-19 February 1979

4.77

3

Major

18

18-20 February 1972

4.77

3

Major

20

11-13 December 1960

4.53

3

Major

21

4-7 February 2010
(preliminary)

4.3

3

Major

22

22-28 February 1969

4.29

3

Major
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Rank

Dates

NESIS

Category

Description

23

12-13 February 2006

4.1

3

Major

24

18-21 January 1961

4.04

3

Major

4.03

3

Major

3.93

2

Significant

25
26

18-21 December 2009
(preliminary)
9-11 February 2010
(preliminary)

27

23-25 December 1966

3.81

2

Significant

29

8-10 February 1969

3.51

2

Significant

28

18-21 March 1958

3.51

2

Significant

30

5-8 February 1967

3.5

2

Significant

31

6-7 April 1982

3.35

2

Significant

32

15-18 March 2007
(preliminary)

2.55

2

Significant

33

24-26 January 2000

2.52

2

Significant

34

30-31 December 2000

2.37

1

Notable

35

31 March - 1 April 1997

2.29

1

Notable

36

18-19 March 1956

1.87

1

Notable

37

1-3 March 2009
(preliminary)

1.65

1

Notable

38

22-23 February 1987

1.46

1

Notable

39

2-4 February 1995

1.43

1

Notable

40

25-26 January 1987

1.19

1

Notable

Source:

Kocin and Uccellini, 2010

Figures 5.4.2-5 through 5.4.2-9 indicate the seasonal snow accumulations throughout southeastern New
York State between 2003 and 2008. Based on these findings, the 2004-2005 winter season experienced
the most snowfall averaging around 40 and 65 inches of snow throughout Westchester County. Between
40 and 50 inches accumulated within the vicinity of the City of New Rochelle (North Shore Wx, 2010).
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Figure 5.4.2-5. Regional Snowfall Totals for the Winter of 2003-2004

Source: North Shore Wx, 2010

Figure 5.4.2-6. Regional Snowfall Totals for the Winter of 2004-2005

Source: North Shore Wx, 2010
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Figure 5.4.2-7. Regional Snowfall Totals for the Winter of 2005-2006

Source: North Shore Wx, 2010

Figure 5.4.2-8. Regional Snowfall Totals for the Winter of 2006-2007

Source: North Shore Wx, 2010
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Figure 5.4.2-9. Regional Snowfall Totals for the Winter of 2006-2007

Source: North Shore Wx, 2010

Between 1953 and 2010, FEMA declared that New York State experienced 22 winter storm-related
disasters (DR) or emergencies (EM) classified as one or a combination of the following disaster types:
winter storms, severe storms, coastal storms, ice storm, blizzard, snowstorm, severe Nor’Easter and
flooding. Generally, these disasters covered a wide region of the State; therefore, they may have
impacted many counties. However, not all counties were declared as disaster areas. Of those events, the
NYS HMP and other sources indicate that Westchester County has been declared as a disaster area as a
result of three winter storm events (FEMA, 2008; NYSDPC, 2008). No extreme cold temperature events
resulted in federal disaster declarations. Table 5.4.2-5 summarizes the FEMA Presidential Disaster (DR)
or Emergency (EM) Declarations for winter storm events for the County.
Table 5.4.2-5. Presidential Disaster / Emergency Declarations for Severe Winter Storm Events in Westchester County
Type of Event*

Date**

Declaration
Number

Severe Blizzard
March 12-15,
(“The Storm of
1993
the Century”)

EM-3107

Blizzard
January 7-9,
(also identified
1996
as a Nor’Easter)

DR-1083

Cost of Losses (approximate)***
Listed as a top billion dollar weather disaster storm, impacting 26
states and resulted in approximately $3 B in damages. FEMA
declared an EM in 17 states, including New York State. New York
State experienced approximately $8.4 M in eligible damages.
Westchester County received between 10 to 20 inches of snow from
this event. Estimated losses in the City of New Rochelle are
unknown.
New York State experienced approximately $21.3 M in eligible
damages. Snowfall totals in the New York City area ranged between
19 and 31 inches, with five to eight-foot snow drifts. Winter storm
warnings, watches and heavy snow warnings were issued for the
New York City metropolitan area. A coastal flood warning was issued
for coastal areas. Estimated losses in the City of New Rochelle are
unknown.
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Type of Event*

Date**

Declaration
Number

Cost of Losses (approximate)***

Multiple counties throughout New York State experienced an impact
from this regional event. Approximate losses within the State are
unknown. Westchester County received between 20 and 30 inches
February 17Snowstorm
EM-3184
of snow from this event and experienced approximately $1.8 M in
18, 2003
property damages. Snowfall totals in Westchester County ranged
from 14.5 inches at Croton-On-Hudson to 26.0 inches at Thornwood.
Estimated losses in the City of New Rochelle are unknown.
Source: FEMA, 2010; NCDC, 2010; NYSEMO, 2006
Note:
Dollars rounded to nearest thousand. Recorded losses indicate the dollar value of covered losses paid, as available
through the public records reviewed.
*
The ‘Type of Event’ is the disaster classification that was assigned to the event by FEMA.
**
Date of Incident
***
Flood impact or damage associated with any of these events are further discussed in Section 5.4.3 (Flood)
B
Billion ($)
cfs
Cubic Feet Per Second
FEMA Federal Emergency Management Agency
K
Thousand ($)
M
Million ($)
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Based on all sources researched, known winter storm and extreme cold events that have impacted the City of New Rochelle and its neighboring
Towns, Cities and Villages (Scarsdale, Mamaroneck, Larchmont, Pelham, Pelham Manor, and East Chester) are identified in Table 5.4.2-6. With
winter storm documentation for New York State being so extensive, not all sources may have been identified or researched; therefore, Table 5.4.26 may not include all events that have occurred throughout the region.
Table 5.4.2-6. Severe Winter Events between 1978 and 2010
Event Date / Name
Blizzard / Nor’Easter
February 5-8, 1978
Snowstorm
April 6-7, 1982
Snowstorm
January 15, 1983
Snowstorm
January 23, 1983
Snowstorm
February 6, 1983
Great "Megalopolitan"
Snowstorm
February 11,-12 1983
Snowstorm
April 19, 1983
Snowstorm
December 6, 1983
Snowstorm
December 29, 1983
Snowstorm
February 28, 1984
Snowstorm
March 7, 1986
Snowstorm
January 21-24, 1987

Snowstorm
October 4, 1987

Location

Losses / Impacts

Source(s)

Multi-County

This storm hit most of the northeast U.S. At its peak, wind
speeds reached 86 mph with gusts of up to 111 mph. The
storm also produced severe coastal flooding along the New
England coast. Snow fell at a rate of four inches an hour. Over
17 inches of snow fell in the New York City area.

Kocin and Uccellini, Long Island
Hurricane History, Weather 2000

Multi-County

10 to 20 inches of snow fell in Westchester County.

Kocin and Uccellini

Westchester County experienced approximately $238 K in
property damages.
Westchester County experienced approximately $238 K in
property damages.
Westchester County experienced approximately $27 M in
property damages.
Over 17 inches of snow fell in the New York City area.
Westchester County experienced approximately $63 K in
property damages.
Westchester County experienced approximately $238 K in
property damages.
Westchester County experienced approximately $179 K in
property damages.
Westchester County experienced approximately $179 K in
property damages.
Westchester County experienced approximately $238 K in
property damages.
Westchester County experienced approximately $24 K in
property damages.

Hazards and Vulnerability Research
Institute (SHELDUS)
Hazards and Vulnerability Research
Institute (SHELDUS)
Hazards and Vulnerability Research
Institute (SHELDUS)

Countywide
Countywide
Countywide
Countywide
Countywide
Countywide
Countywide
Multi-County
Multi-County

Hazards and Vulnerability Research
Institute (SHELDUS), Weather 2000
Hazards and Vulnerability Research
Institute (SHELDUS)
Hazards and Vulnerability Research
Institute (SHELDUS)
Hazards and Vulnerability Research
Institute (SHELDUS)
Hazards and Vulnerability Research
Institute (SHELDUS)
Hazards and Vulnerability Research
Institute (SHELDUS)

Multi-County

10 to 20 inches of snow fell in Westchester County.

Kocin and Uccellini

Multi-County

Between six and 22 inches of snow fell in portions of the region
between Westchester County and Rensselaer County. The
snow was very heavy and wet. Many trees and power lines
were down. 15,000 customers of New York State Electric and
Gas experienced power failures in Dutchess, Putnam and
Westchester Counties.

New York State Department of Public
Services; McFadden, NOAA
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Event Date / Name
Snowstorm
January 4, 1992
Snowstorm
January 9, 1992
Snowstorm
January 17, 1992
Snowstorm
January 23, 1992
Freezing Rain
January 3, 1993
Blizzard
“The Storm of the Century”
March 12-15, 1993
(FEMA EM-3107)
Snowstorm
February 2-4, 1995
Blizzard
January 6-8, 1996
(FEMA DR-1083)
Heavy Snow
February 5, 2001

Location
Countywide
Countywide
Countywide
Countywide
Multi-County

Losses / Impacts

Source(s)

Westchester County experienced approximately $50 K in
property damages.
Westchester County experienced approximately $50 K in
property damages.
Westchester County experienced approximately $50 K in
property damages.
Westchester County experienced approximately $50 K in
property damages.
All counties affected, including Westchester County,
experienced approximately $5 M in property damages.

Hazards and Vulnerability Research
Institute (SHELDUS)
Hazards and Vulnerability Research
Institute (SHELDUS)
Hazards and Vulnerability Research
Institute (SHELDUS)
Hazards and Vulnerability Research
Institute (SHELDUS)
NOAA-NCDC

Statewide

See FEMA Disaster Declarations
(Table 5.4.2-5)

FEMA, Kocin and Ucceliini, NYSDPC,
NWS, Steinberg (New York Times),
Miller

Multi-State

4 to 20 inches of snow fell in Westchester County.

Kocin and Uccellini

Multi-State

See FEMA Disaster Declarations
(Table 5.4.2-5)

FEMA, NYSDPC, NYSEMO, Kocin and
Uccellini

Multi-County

Snowfall totals in Westchester County ranged from 6.7 inches at
New Rochelle, to 13 inches at Yorktown Heights
Resulted in an Emergency Declaration for 18 New York State
counties (EM-3173); however, it did not include Westchester
County. The December storm brought between six and 12
inches of snow to Westchester and Rockland Counties. In
January, four to eight inches of snow fell, with a significant
accumulation of ice in Westchester County.

NOAA-NCDC

Snowstorm
December 25-26, 2002 and
January 3-4, 2003

Multi-County

Snowstorm
“President’s Day Storm”
February 17-18, 2003
(FEMA DR-3184)

Multi-County

See FEMA Disaster Declarations
(Table 5.4.2-5)

FEMA, NWS, NOAA-NCDC, NYSDPC,
Hazards and Vulnerability Research
Institute (SHELDUS), Kocin and Uccellini

Snowstorm
December 5-7, 2003

Multi-County

According to the NWS, snowfall totals for Westchester County
ranged between seven inches in the Village of Pelham to 19.2
inches in Hamlet of Thornwood. Some sources indicate that
Westchester County received over 20 inches of snow during
this event.

NWS, NOAA-NCDC, Grumm

Heavy Snow
January 28, 2004

Multi-County

Snowfall totals in Westchester County ranged from eight inches
at the Towns of Ossining and Yorktown Heights to 10.0 inches
at Thornwood and the Village of Hasting-On-Hudson

NOAA-NCDC, NWS

Snowstorm
February 28 – March 1, 2005

Multi-County

Snowfall totals in Westchester County on February 28th ranged
from 6.0 inches at Yorktown Heights to 8.4 inches at White

NWS
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Event Date / Name

Location

Losses / Impacts

Source(s)

Plains. Heights. Snowfall totals in Westchester County on
March 1st ranged from 5.0 inches at Scarsdale to 8.0 inches at
Yorktown Heights.
Snowstorm
Snowfall totals in Westchester County ranged from 5.0 inches at
Multi-County
NWS
December 9, 2005
New Rochelle to 10.0 inches at Milton.
The highest snowfall amounts fell across New York City and
Snowstorm
Westchester County with 15 to 27 inches. Snowfall in
Kocin and Uccellini, NWS, Hauser (New
Multi-State
February 12-13, 2006
Westchester County ranged from 16.0 inches at Golden’s
York Times), McFadden, NOAA-NCDC
Bridge to 24.5 inches at the City of New Rochelle.
Snowfall totals for Westchester County ranged between 8.5
inches in Armonk to 14 inches in Bronxville. Schools, courts
Snowstorm
and the United Nations headquarters were all closed in the New
Multi-State
Barron (New York Times), NWS
February 9-11, 2010
York City area. The storm brought heavy snow, winds and ice.
Many flights were cancelled in the three major airports in the
area.
A winter storm struck the New York City area for two days and
broke a monthly record for snowfall in Central Park that was 114
Snowstorm
years old. Power was out for more than 700,000 people in the
Multi-State
NWS, NOAA-NCDC, WCBS
February 25-27, 2010
northeast U.S. and the storm caused three deaths. Over 22
inches of snow fell in Westchester County, with totals ranging
between 10 inches in Harrison to 25.4 inches in Ossining.
Note (1):
This table does not represent all events that may have occurred throughout the County due to a lack of detail and/or their minor impact upon the County. The
NOAA NCDC storm query indicated that Westchester County has experienced 63 snow and ice storm events and 6 extreme cold/winchill temperature events
between January 1, 1950 and February 28, 2010. However, most events are regional events not specific to Westchester County alone. Therefore, not all of these
events were identified in this table due to minimal information made available or their minor impact on the County.
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 inflation.
DR
Federal Disaster Declaration
EM
Federal Emergency Declaration
FEMA
Federal Emergency Management Agency
K
Thousand ($)
M
Million ($)
NCDC
National Climate Data Center
NOAA
National Oceanic Atmospheric Administration
NWS
National Weather Service
SHELDUS
Spatial Hazard Events and Losses Database for the United States
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Further descriptions of particular severe winter storm and extreme cold 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. These descriptions are provided to give the reader a context of the
winter storm and extreme cold events that have affected the City and to assist local officials in locating
event-specific data for their municipalities based on the time and proximity of these events.
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.
March 12-15, 1993 (“Superstorm of 1993,” “Storm of the Century” or “Great Storm of 1993”)
(FEMA EM-3107): This storm was identified as both a Nor’easter and a blizzard by many sources. It was
a massive storm complex, affecting at least 26 states and much of eastern Canada. The March 1993 storm
is listed among the NOAA Top Billion Dollar Weather Disasters (Miller, 1995-2007), reportedly causing
a total of $6.6 billion in damages along the eastern coast of the U.S. and resulting in over 270 fatalities
(23 fatalities in New York State) (Lott, 1993). According to NYS HMP and NYSEMO, this blizzard
resulted in total eligible damages of approximately $8.5 million through New York State (NYSDPC,
2008; NYSEMO, 2006).
Achieving a NESIS rating of 12.52, the "Storm of the Century" ranks as an ‘Extreme’ snow event. With a
total area impacting, at peak, from Maine to Florida, a final total 5 to 50 inches of snowfall, and hurricane
force winds, this storm ground most of the Eastern seaboard to a halt for days. Total snowfall
accumulations for Westchester County were between 10 and 20 inches (Kocin and Uccellini, 2004). In
Westchester County, there was 16.5 inches of snow in Croton Falls, 14.6 inches in Scarsdale and 13
inches in Yonkers (Steinberg, 1993). Estimated losses for the City of New Rochelle were not available
in the materials reviewed to develop this plan.
This storm resulted in a statewide FEMA Emergency Declaration (FEMA EM-3107) on March 17, 1993.
Through this declaration, all counties were declared eligible for federal and State disaster public
assistance funds (NYSEMO, 2006; FEMA, 2008). Disaster aid for Westchester County was not available
in the materials reviewed to develop this plan.
January 6-9, 1996 (FEMA DR-1083) (“Blizzard of ‘96”): Much of the eastern U.S. seaboard, from
Tennessee to Maine, was affected by this blizzard. Many areas received between 1 and 3 feet of snow
during this storm. This blizzard achieved a NESIS rating of 11.54, placing the storm in the Extreme
category. A total of 4 to 40 inches of snow fell along the storms path, with the highest accumulations in
the States of Pennsylvania, New Jersey, New York, Maryland, Virginia and West Virginia (Kocin and
Uccellini, 2004).
The major effects from this storm in New York State were felt across the southeastern sections of the
State, resulting in property damages ranging from $21.3 to $70 million (NYSDPC, 2008; NWS, 1996).
Many sources indicate that Westchester County experienced as much as 30 inches of snow during this
blizzard (Kocin and Uccellini, 2004). Estimated losses for the County and the City of New Rochelle were
not available in the materials reviewed to develop this plan.
This storm resulted in a FEMA Disaster Declaration (FEMA DR-1083) on January 12, 1996. Through
this declaration, the following Counties were declared eligible for federal and State disaster funds:
Albany, Bronx, Columbia, Delaware, Dutchess, Greene, Kings, Nassau, New York, Orange, Putnam,
Queens, Rensselaer, Richmond, Rockland, Suffolk, Sullivan, Ulster and Westchester (NYSEMO, 2006;
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FEMA, 2008). Disaster aid for Westchester County was not available in the materials reviewed to
develop this plan.
February 17-18, 2003 (“President’s Day Storm”) (FEMA EM-3184): This snowstorm, also known as
the “President’s Day Storm” was a coastal storm, resulting in heavy snowfall throughout the Mid-Atlantic
states from Ohio to Maine. This storm achieved a NESIS rating of 8.91, placing the storm in the
‘Crippling’ category (Kocin and Uccellini, 2004). In New York State, snow accumulations ranged
between one and 24 inches. According to the NOAA-NCDC Storm Query, this event resulted in $20
million in property damages throughout New York State.
In Westchester County, snowfall totals during this event ranged between 14 and 26 inches and resulted in
$1.8 million in damages (Hazards and Vulnerability Research Institute, 2007). Estimated losses for the
City of New Rochelle were not available in the materials reviewed to develop this plan. Specific snowfall
totals within Westchester County include:







Thornwood (26.0 inches)
Yorktown Heights (21.0 inches)
Yonkers (19.0 inches)
Mamaroneck (18.0 inches)
White Plains (17.0 inches)
Croton-On-Hudson (14.5 inches) (NWS, 2003).

In New York State, Governor George E. Pataki declared a Snow Emergency on February 17, 2003 for
New York City and the following counties: Suffolk, Nassau, Westchester, Rockland, Putnam, Orange,
Sullivan, Dutchess, Columbia, Greene, Ulster, Delaware, Schenectady and Albany (New York State
Department of Transportation [NYSDOT], 2003). This storm resulted in a FEMA Emergency Declaration
(FEMA EM-3184) on March 27, 2003. Through this declaration, the following Counties were declared
eligible for federal and State disaster funds: Albany, Bronx, Broome, Chenango, Columbia, Delaware,
Dutchess, Greene, Kings, Nassau, New York, Orange, Putnam, Queens, Richmond, Rockland,
Schenectady, Schoharie, Suffolk, Sullivan, Ulster and Westchester (FEMA, 2008). Disaster aid for
Westchester County was not available in the materials reviewed to develop this plan.
February 11-12, 2006: This February 2006 snowstorm inundated the Northeast, closing regional airports,
canceling hundreds of flights, and paralyzing normal traffic for city residents who took to the snow-caked
streets in snowshoes and skis. The winter storm’s high winds, icy snow, thunder and lightning hit much of
the mid-Atlantic and New England region. A fairly large area was impacted, with snow accumulations of
more than 20 inches in New York, New Jersey and Connecticut. The NWS described the weather
conditions as “a major snowstorm” with winds up to 50 mph. Achieving a NESIS rating of 4.00, this
event falls within the Major category (Figure 5.4.2-11) (Kocin and Uccellini, 2004).
In Westchester County, snowfall totals during this event ranged between 10 and 30 inches. Estimated
losses for the County and the City of New Rochelle were not available in the materials reviewed to
develop this plan. Specific snow totals throughout Westchester County include:




New Rochelle (24.5 inches)
Pound Ridge (24.0 inches)
Yonkers (23.9 inches)





Eastchester (23.2 inches)
Katonah (22.0 inches)
White Plains (21.5 inches)
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Hastings-On-Hudson (20.0 inches)
Rye Brook (20.0 inches)
Bronxville (19.8 inches)
Mount Kisco (19.5 inches)
North Salem (19.0 inches)





Armonk (18.5 inches)
Croton-On-Hudson (16.0 inches)
Goldens Bridge (16.0 inches) (NWS,
2006)

April 14-18, 2007 (FEMA DR-1692): This Nor'Easter generally impacted the northeastern U.S. states of
New York, New Jersey and Connecticut. The combined effects of high winds and heavy rainfall during
this event led to flooding, storm damages, power outages, and evacuations, and disrupted traffic and
commerce. Various counties in the eastern Catskills and Mid-Hudson Region of New York State were
impacted by several inches of rain during this event (NWS, 2007). This event resulted in widespread
flooding throughout the County; therefore, its flood impact is further mentioned in Section 5.4.3 (Flood).
Probability of Future Events
Winter storm hazards in New York State are virtually guaranteed yearly since the State is located at
relatively high latitudes resulting winter temperatures range between 0oF and 32 oF for a good deal of the
fall through early spring season (late October until mid-April). In addition, the State is exposed to large
quantities of moisture from both the Great Lakes and the Atlantic Ocean. While it is almost certain that a
number of significant winter storms will occur during the winter and fall season, what is not easily
determined is how many such storms will occur during that time frame (NYSDPC, 2008).
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 hazard rankings. Based on
historical records and input from the City Planning Committee, the probability of occurrence for severe
winter storms/extreme cold temperatures in the City of New Rochelle is considered ‘frequent’ (likely to
occur within 25 years, as presented in Table 5.3-3).
The New York State HMP includes a similar ranking process for hazards that affect the State. Based on
historical records and input from the Planning Committee, the probability of at least one winter snow
storm of emergency declaration proportions, occurring during any given calendar year is virtually certain
in the State. Based on historical snow related disaster declaration occurrences, New York State can
expect a snow storm of disaster declaration proportions, on average, once every 3 to 5 years. Similarly,
for ice storms, based on historical disaster declarations, it is expected that on average, ice storms of
disaster proportions will occur once every 7-10 years within the State (NYSDPC, 2008).
It is estimated that the City of New Rochelle will continue to experience direct and indirect impacts of
severe winter storms annually. This may induce secondary hazards such as snow melt, flooding, and
water quality and supply concerns and cause utility failures, power outages, transportation
delays/accidents/inconveniences and public health concerns.
Although extreme cold temperatures are not separately discussed in detail in the NYS HMP, it is
anticipated that the State will continue to experience cold temperature events during the winter weather
months. However, the severity of extreme cold temperature events is expected to vary from county to
county within the State, due to topography, geographical conditions, the potential impact of future climate
change and other factors. Many sources indicate that future climate change could become a large factor
in influencing the frequency of not only extreme cold temperatures but also, the overall frequency and
severity of winter storm events throughout the U.S. In the event of climate change, research has indicated
that temperatures will become warmer, even during winter weather months, which could influence the
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quantity of winter storm events through the U.S. According to the Fourth Assessment Report of the
Intergovernmental Panel of Climate Change (IPCC), all of North America is very likely to warm during
this century, and the annual mean warming is likely to exceed the global mean warming in most areas. In
northern regions which would include New York State, warming is likely to be largest in winter, and in
the southwest U.S., largest in summer. The lowest winter temperatures are likely to increase more than
the average winter temperature in northern North America, and the highest summer temperatures are
likely to increase more than the average summer temperature in the southwest U.S (IPCC, 2007). If
temperatures become warmer, as predicted, the occurrence of winter storms and extreme cold
temperatures is anticipated to decrease or have less of an impact; therefore, making an overall prediction
regarding future probability of winter-related events difficult to determine. Although many uncertainties
exist regarding magnitude, severity or impact of climate change, the U.S. Environmental Protection
Agency (USEPA) indicated that future temperature changes, including a greater number of heat waves,
are anticipated as a result, along with atmospheric, precipitation, storm and sea level changes (USEPA,
2007)
According to the 1997 USEPA publication EPA 230-F-97-008ff: Climate Change and New York, over the
last century, temperatures in Albany, New York, have warmed by more than 1°F, and precipitation
throughout the state has increased by up to 20-percent. Over the next century, New York State’s climate
may change even more. Based on projections given by the IPCC and results from the United Kingdom
Hadley Centre’s climate model (HadCM2), a model that has accounted for both greenhouse gases and
aerosols, by 2100 temperatures in New York State could increase about 4°F in winter and spring, and
slightly more in summer and fall (with a range of 2-8°F) (USEPA, 1997).
Local studies regarding climate change and its affects to Westchester County have not been found.
However, if scientific predictions are accurate and based on the regional studies that have been done for
New York State and its surrounding states, it is anticipated that Westchester County will be no exception
and will also experience a change in temperatures in the future, which will determine the overall severity
of winter conditions within the County.
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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 severe winter storms and extreme cold events, the entire City has been identified as the
hazard area. Therefore, all assets in the City of New Rochelle (population, structures, critical facilities
and lifelines), as described in the City Profile section (Section 4), are vulnerable. The following section
includes an evaluation and estimation of the potential impact severe winter storm/extreme cold events
have on the City including:






Overview of vulnerability
Data and methodology used for the evaluation
Impact, including: (1) impact on life, safety and health, (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
Severe winter storms and extreme cold temperature events are of significant concern to the City of New
Rochelle because of their frequency and magnitude in the region. Additionally, they are of significant
concern due to the direct and indirect costs associated with these events; delays caused by the storms; and
impacts on the people and facilities of the region related to snow and ice removal, health problems,
cascade effects such as utility failure (power outages) and traffic accidents, and stress on community
resources.
Data and Methodology
National weather databases and local resources were used to collect and analyze severe winter storm
impacts on Westchester County and the City of New Rochelle. Default HAZUS-MH MR4 data was used
to support an evaluation of assets exposed to this hazard and the potential impacts associated with this
hazard.
Impact on Life, Health and Safety
According to the National Oceanic and Atmospheric Administration (NOAA) National Severe Storms
Laboratory (NSSL); every year, winter weather indirectly and deceptively kills hundreds of people in the
U.S., primarily from automobile accidents, overexertion and exposure. Winter storms are often
accompanied by strong winds creating blizzard conditions with blinding wind-driven snow, drifting snow
and extreme cold temperatures and dangerous wind chill. They are considered deceptive killers because
most deaths and other impacts or losses are indirectly related to the storm. People can die in traffic
accidents on icy roads, heart attacks while shoveling snow, or of hypothermia from prolonged exposure to
cold. Heavy accumulations of ice can bring down trees and power lines, disabling electric power and
communications for days or weeks. Heavy snow can immobilize a region and paralyze a city, shutting
down all air and rail transportation and disrupting medical and emergency services. Storms near the coast
can cause coastal flooding and beach erosion as well as sink ships at sea. The economic impact of winter
weather each year is huge, with costs for snow removal, damage and loss of business in the millions
(NSSL, 2006).
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Heavy snow can immobilize a region and paralyze a city, stranding commuters, stopping the flow of
supplies, and disrupting emergency and medical services. Accumulations of snow can collapse buildings
and knock down trees and power lines. In rural areas, homes and farms may be isolated for days, and
unprotected livestock may be lost. In the mountains, heavy snow can lead to avalanches. The cost of
snow removal, repairing damages, and loss of business can have large economic impacts on cities and
towns (NSSL, 2006).
Heavy accumulations of ice can bring down trees, electrical wires, telephone poles and lines, and
communication towers. Communications and power can be disrupted for days while utility companies
work to repair the extensive damage. Even small accumulations of ice may cause extreme hazards to
motorists and pedestrians. Bridges and overpasses are particularly dangerous because they freeze before
other surfaces (NSSL, 2006).
Extreme cold often accompanies a winter storm or is left in its wake. Prolonged exposure to the cold can
cause frostbite or hypothermia and become life threatening. Infants and elderly people are most
susceptible. What constitutes extreme cold and its effect varies across different areas of the U.S. In areas
unaccustomed to winter weather, near freezing temperatures are also considered “extreme cold.”
Freezing temperatures can cause severe damage to citrus fruit crops and other vegetation. Pipes may
freeze and burst in homes that are poorly insulated or without heat. In the north, below zero temperatures
may be considered as extreme cold. Long cold spells can cause rivers to freeze, disrupting shipping. Ice
dams may form and lead to flooding (NSSL, 2006).
For the purposes of this HMP, the entire population in the City of New Rochelle (72,182 people) is
exposed to severe winter storm and extreme cold temperature events (U.S. Census, 2000). Snow
accumulation and frozen/slippery road surfaces increase the frequency and impact of traffic accidents for
the general population, resulting in personal injuries. The elderly are considered most susceptible to this
hazard due to their increased risk of injuries and death from falls and overexertion and/or hypothermia
from attempts to clear snow and ice. In addition, severe winter storm events can reduce the ability of
these populations to access emergency services.
Extreme cold temperatures are often associated with severe winter storms. The high cost of fuel to heat
residential homes can create a financial strain on populations with low or fixed incomes (a portion of
which includes the elderly population). Residents with low incomes may not have access to housing or
their housing may be less able to withstand cold temperatures (e.g., homes with poor insulation and
heating supply). Table 5.4.2-7 summarizes the population over the age of 65 and individuals living below
the Census poverty threshold.
Table 5.4.2-7. City of New Rochelle Population Statistics (2000 U.S. Census)
Census/HAZUS-MH 2000
Population

HAZUS-MH
Population Over 65

HAZUS-MH Population
Below Poverty

72,182
1,487
2,629
Source: U.S. Census 2000; HAZUS-MH MR4
Note:
Individuals below poverty level (Census poverty threshold for a 3-person family unit is approximately $16,000).
HAZUS-MH Poverty level is $20,000. U.S. Census Families Below Poverty is based on households, not individuals. HAZUSMH Population Below Poverty is based on individuals, not families.
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Impact on General Building Stock
The entire general building stock inventory in the City of New Rochelle is exposed and vulnerable to the
severe winter storm/extreme cold hazard. In general, structural impacts include damage to roofs and
building frames, rather than building content. Table 5.4.2-X presents the total exposure value for general
building stock by occupancy class for the City (structure only).
Current modeling tools are not available to estimate specific losses for this hazard. As an alternate
approach, this plan considers percentage damages that could result from severe winter storm/extreme cold
conditions. Table 5.4.2-8 below summarizes percent damages that could result from severe winter
storm/extreme cold conditions for the City’s total general building stock. Given professional knowledge
and information available, the potential losses for this hazard are considered to be overestimated; hence,
conservative estimates for losses associated with severe winter storms/extreme cold events.
Table 5.4.2-8. General Building Stock Exposure (Structure Only) and Estimated Losses from Severe Winter
Storm/Extreme Cold Events in the City of New Rochelle
Building
Occupancy Class

Total Value

1% Damage
Loss Estimate

5% Damage
Loss Estimate

10% Damage
Loss Estimate

Residential

$4,789,089,000

$47,890,890

$239,454,450

$478,908,900

Commercial

$1,074,424,000

$10,744,240

$53,721,200

$107,442,400

$185,732,000

$1,857,320

$9,286,600

$18,573,200

Industrial
Agricultural

$25,256,000

$252,560

$1,262,800

$2,525,600

Religious

$117,823,000

$1,178,230

$5,891,150

$11,782,300

Government

$23,302,000

$233,020

$1,165,100

$2,330,200

Educational

$341,577,000

$3,415,770

$17,078,850

$34,157,700

Total
$6,557,203,000
$65,572,030
$327,860,150
$655,720,300
Source: HAZUS-MH MR4
Notes: The building values shown are building structure only because damage from the severe winter storm/extreme cold hazard
generally impact structures such as the roof and building frame (rather than building content). 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.

According to the City, for a major winter storm (or any other major storm), it requires approximately nine
firefighters, two lieutenants and one deputy chief in overtime to appropriately respond to the event. This
costs the City approximately $25,000 per 24 hour period. Historic losses for structure and property
damage as a result of presidential disasters and emergency declarations (EM-3107, DR-1083 and EM3184) are unknown for the City.
A specific area that is vulnerable to the severe winter storm hazard is the floodplain. At risk general
building stock and infrastructure in floodplains are presented in the flood hazard profile (Section 5.4.3).
Generally, losses from flooding associated with severe winter storms should be less than that associated
with a 100-year or 500-year flood. In summary, snow and ice melt can cause both riverine and urban
flooding. Additionally, cold winter temperatures cause rivers to freeze. A rise in the water level due to
snow/ice melt or a thaw breaking the river ice/compacted snow into large pieces can become jammed at
man-made and natural obstructions (a.k.a., ice jams). Ice jams can act as a dam, resulting in severe flash
riverine flooding. Estimated losses due to riverine and coastal flooding in the City of New Rochelle are
discussed in Section 5.4.3.
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Impact on Critical Facilities
Full functionality of critical facilities such as police, fire and medical facilities is essential for response
during and after a severe winter storm/extreme cold event. According to the City, the replacement value
for the police station is greater than $18 Million; the replacement value for the Sound Shore Medical
Center is greater than $146 Million and the replacement cost ranges from $600,000 to $2.3 Million for
their fire stations. These critical facility structures are largely constructed of concrete and masonry;
therefore, they should only suffer minimal structural damage from severe winter storm events. Because
power interruption can occur, backup power is recommended for critical facilities and infrastructure.
Infrastructure at risk for this hazard includes roadways that could be damaged due to the application of
salt and intermittent freezing and warming conditions that can damage roads over time. Severe snowfall
requires infrastructure to clear roadways, alert citizens to dangerous conditions, and following the winter
requires resources for road maintenance and repair. Additionally, freezing rain and ice storms impact
utilities (i.e., power lines and overhead utility wires) causing power outages for hundreds to thousands of
residents.
Impact on Economy
The cost of snow and ice removal and repair of roads from the freeze/thaw process can drain local
financial resources. However, because severe winter storms are a regular occurrence in this area,
Westchester County is well-prepared for snow and ice removal each season (Westchester County DPW,
2006).
According to the City, for a major winter storm (or any other major storm), it requires approximately nine
firefighters, two lieutenants and one deputy chief in overtime to appropriately respond to the event. This
costs the City approximately $25,000 per 24 hour period.
According to the City of New Rochelle’s Commissioner of Public Works, the Department’s direct costs
for snow removal per calendar year are as follows:
Table 5.4.2-9. Direct Snow Removal Costs Per Calendar Year for the City of New Rochelle
2007

2008

2009

Overtime

$314,958

$229,901

$381,069

Salt and Calcium Chloride

$371,668

$181,590

$713,061

$8,050

$850

$9,890

$412,341

$1,104,020

Outside Contractors

TOTAL
$694,676
Source: City of New Rochelle DPW, 2010

Another impact on the economy includes impacts on commuting into, or out of, the area for work or
school. The loss of power and closure of roads and/or mass transportation prevents the large New York
City commuter population from traveling to work. Specific information on the number of in- and outcommuters is available in the Westchester County Databook and indicates that in 2000, the total workers
in Westchester County was approximately 400,000 and that 33 percent of these workers commuted from
other areas (New York City, Bronx, CT, and others). Similarly in 2000, Westchester County included
over 450,000 working residents, with 37 percent working out of the County, primarily community to New
York City (75 percent of the residents commuting) and surrounding areas (Westchester County Databook,
2010).
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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 severe winter storm/extreme cold
hazard because the entire planning area is exposed and vulnerable. For the severe winter storm hazard,
the entire City has been identified as the hazard area. Please refer to Section 4 (City Profile) for a map
that illustrates where potential new development is located in the City.
Additional Data and Next Steps
The assessment above identifies vulnerable populations and economic losses associated with this hazard
of concern. Historic data on structural losses to general building stock are not adequate to predict specific
losses to this inventory; therefore, the percent of damage assumption methodology was applied. This
methodology is based on FEMA’s How to Series (FEMA 386-2), Understanding Your Risks, Identifying
and Estimating Losses (FEMA, 2001) and FEMA’s Using HAZUS-MH for Risk Assessment (FEMA
433) (FEMA, 2004). The collection of additional/actual valuation data for general building stock and
critical infrastructure losses would further support future estimates of potential exposure and damage for
the general building stock inventory.
Overall Vulnerability Assessment
Severe winter storms and extreme cold temperatures are common in the study area, often causing impacts
and losses to the County and local roads, structures, facilities, utilities, and population. The overall
hazard ranking determined for this HMP for the severe winter storm/extreme cold hazard is ‘high, 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).
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 cascade effects of severe winter
storm/extreme cold temperature events include utility losses and transportation accidents and flooding.
Losses associated with the flood hazard are discussed in Section 5.4.3. Particular areas of vulnerability
include low-income and elderly populations, mobile homes, and infrastructure such as roadways and
utilities that can be damaged by such storms and the low-lying areas that can be impacted by flooding
related to rapid snow melt.
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