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1. INTRODUCTION

CHAPTER 3: RISK ASSESSMENT

1. Introduction

What would happen if a hazard event occurred in New
York City? That is the fundamental question that fuels
the hazard mitigation planning process—and it is also
the question that this chapter of the report begins to
address. The first step in planning for hazards is to as-
sess the risks from them. This risk assessment involves
evaluating the vulnerability of people, buildings, and
infrastructure to estimate the potential loss of life, per-
sonal injury, economic losses, and property damage
that may result.

A. The Risk Assessment Process

To meet Federal Emergency Management Agency
(FEMA) and New York State Division of Homeland Se-
curity and Emergency Services (NYS DHSES) require-
ments, the Hazard Mitigation Planning Team (Planning
Team), composed of representatives of the New York
City Office of Emergency Management (OEM), Depart-
ment of City Planning (DCP), and Mayor's Office of
Long-Term Planning and Sustainability (OLTPS), used
a risk assessment process consistent with the proce-
dures and steps presented in FEMA's Local Mitigation
Plan Review Guide (2011) (website link provided at the
end of Chapter 2). The four steps in the risk assessment
process are:

e |dentify which hazards pose a serious risk to
New York City

e Describe what these hazards can do to physical,
social, and economic assets of New York City

e |dentify which areas of New York City are most
vulnerable to damage from these hazards

e Estimate losses that may result from the iden-
tified hazards

The Planning Team's four-step risk assessment process
is illustrated in Figure 3.1.1: Risk Assessment Process.

Figure 3.1.1: Risk Assessment Process

Step 1: Identify hazards

~,

Use Risk Assessment
outputs to prepare a

Step 4: Estimate losses

Step 3: Inventory assets

Hazard Mitigation
Plan

Step 2: Profile hazard
events

_/

PageFEll
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B. FEMA and NYS OEM Requirements Ad-
dressed in this Chapter

New York City's Mitigation Strategy was developed
consistent with the process and steps presented in the
FEMA Local Mitigation Plan Review Guide (2011) (web-
site link provided at the end of chapter 2). This chap-
ter's presentation of the Risk Assessment satisfies the
following FEMA requirements:

FEMA Requirement 44 CFR §201.6(c)(2)(i):
[The risk assessment shall include a] descrip-
tion of the type, location and extent of all natu-
ral hazards that can affect the jurisdiction. The
plan shall include information on previous oc-
currences of hazard events and on the proba-
bility of future hazard events.

FEMA Requirement 44 CFR §201.6(c)(2)(ii):
[The risk assessment shall include a] descrip-
tion of the jurisdiction's vulnerability to the
hazards described in paragraph (c)(2)(i) of this
section. This description shall include an overall
summary of each hazard and its impact on the
community. All plans approved after October 1,
2008 must also address NFIP insured structures
that have been repetitively damaged by floods.
The plan should describe vulnerability in terms
of:

FEMA Requirement 44 CFR §201.6(c)(2)(ii)(A):
The types and numbers of existing and future
buildings, infrastructure, and critical facilities
located in the identified hazard areas.

FEMA Requirement 44 CFR §201.6(c)(2)(ii)(B):
An estimate of the potential dollar losses to
vulnerable structures identified in ... this sec-
tion and a description of the methodology used
to prepare the estimate.

FEMA Requirement 44 CFR §201.6(c)(2)(ii)(C):
Providing a general description of land uses
and development trends within the community
so that mitigation options can be considered in
future land use decisions.

The following DHSES Hazard Mitigation Planning Stan-
dards (2012) (website link provided at the end of chap-
ter 2) are also addressed in this chapter:

NYS Requirement §F2: Plans developed with
State OEM-administered funds must document
that proposed (or already implemented) proj-
ects will protect facilities to a 500-year flood
event or the actual worst-damage scenario,
whichever is greater.

NYS Requirement §F6: Plans developed with
State OEM-administered funds must include
climate change information within their discus-
sion of these hazards and must contain strate-
gies and projects to address them.

Page I
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2. Hazard Identification

The first step in the risk assessment process is to iden-
tify hazards to include in the plan. To initiate this deter-
mination, the Planning Team, with input from the Mit-
igation Planning Council Steering Committee (MPCSC),
identified an initial list of hazards that could potentially
impact the city and then selected the hazards of great-
est concern for further research and analysis.

A. Potential Hazards

Since New York is such a large and dynamic city, it faces
a broad spectrum of hazards, many of which are also
caused or exacerbated by human activities. During
the hazard identification process for the 2014 Natu-
ral Hazard Mitigation Plan (HMP), the Planning Team
considered the full range of natural hazards identified

in the 2011 New York State Multi-Hazard Mitigation
Plan and made a few minor alterations, which included
wording and organization, to produce a comprehen-
sive natural hazard list. For this 2014 plan update, the
Planning Team decided to expand upon this list, adding
"non-natural" hazards to the required natural hazards.

To identify a preliminary list of non-natural hazards, as
well as develop and refine its working list of natural
hazards, the Planning Team reviewed existing plans
from other local, regional, and national jurisdictions.
The Planning Team also reviewed historic activations
of the OEM Emergency Operations Center (EOC). Ta-
ble 3.2.1 lists the full range of natural hazards that the
Planning Team considered for inclusion in the HMP, and
Table 3.2.2 lists the full range of non-natural hazards.

Table 3.2.1: Natural Hazards Considered for Inclusion in the 2014 HMP

Hazard Description

Coastal erosion

Loss or displacement of land along the coastline due to the action of wind, waves, currents,
tides, runoff of surface waters, or groundwater seepage

Coastal storms

Includes tropical cyclones (tropical storms and hurricanes) and nor'easters

Dam failure

An uncontrolled release of impounded water resulting in downstream flooding

Disease outbreaks .
graphic area, or season

When disease cases exceed what would normally be expected in a defined community, geo-

Drought

A prolonged period with below-average precipitation

Earthquake earth's surface

A sudden, rapid shaking of the earth caused by the breaking and shifting of rock beneath the

above 90°F.
Extreme temperatures

Extreme Heat: Summertime temperatures that are well above average, usually combined with
high levels of humidity. A heat wave is defined as three or more days with temperatures at or

Extreme Cold: Wintertime temperatures that drop well below normal in an area

gravity

Floods A general and temporary condition of partial or complete inundation on normally dry land

Hailstorms Shower-like precipitation in the form of irregularly shaped ice pellets falling from a thunder-
storm

Landslides The downward and outward movement of slope-forming materials reacting to the force of

Land subsidence

property

Depressions, cracks, and sinkholes in the earth's surface, which can threaten people and
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Tornadoes: Local atmospheric storms, generally of short duration, formed by winds rotating at
very high speeds, usually in a counterclockwise direction, with vortices visible to the observer
as whirlpool-like columns of winds rotating about a hollow cavity or funnel.

Tornadoes/windstorms

Windstorms: Non-rotating, straight-line winds that can knock down trees and power lines and
cause damage to structures

Uncontrolled burning in grasslands, brush, or woodlands that can eventually spread to the

Wildfires built environment

Ice storms, heavy snow, and blizzards, often accompanied by extreme cold. Heavy snow
generally means snowfall accumulating to 6 inches or more in 12 hours or less, or snowfall
Winter storms accumulating to 8 inches or more in 24 hours or less. A blizzard has winds of 35 miles per hour
or more with snow and blowing snow, reducing visibility to less than 1/4 mile for at least three
hours

Table 3.2.2: Non-natural Hazards Considered for Inclusion in the 2014 HMP

Hazard Description

Poor air quality resulting from a high concentration of primarily
Air contamination industrial pollutants (including particulate matter and ozone) near
the ground

Accidents involving aircraft departing from or arriving at Kennedy
Aviation incidents or LaGuardia Airports that cause or have the potential to cause
injury or loss of life

Damage to or destruction of a building resulting from collapse,

Building collapses/fires/explosions fire, or explosion

A public crisis that occurs without warning and may adversely

Civil unrest . - . .

impact a significant portion of the population

An adverse event in an information system or network in which
Cyber threats the digital infrastructure of a person or organization is compro-

mised

Release of chemical, biological,
radiological, or nuclear materials
(CBRN)

A situation in which hazardous materials are released into the
environment, causing a threat to human health and safety

Failure of infrastructure systems—including transportation, water,

Infrastructure failure - .
and wastewater—to perform their intended functions.

Disruptions to essential utilities, including energy (electric, gas

Utlity disruptions and steam) and communications.

Page M New York City Hazard Mitigation Plan 2014



2. HAZARD IDENTIFICATION

CHAPTER 3: RISK ASSESSMENT

B. Hazard Selection Process

i. Existing Plans and Procedures

When considering which hazards to include in the
HMP, the Planning Team identified the City's existing
emergency plans and procedures that address both
natural and non-natural hazards. OEM and other City
agencies have plans and procedures in place for many
natural hazards, including coastal storms, drought, ex-
treme temperatures, floods, tornadoes/windstorms,
and winter storms. The Planning Team also drew from
A Stronger, More Resilient New York (website link pro-
vided at the end of section 4), New York City's com-
prehensive plan with actionable recommendations for
rebuilding the communities impacted by Sandy and in-
creasing the resiliency of buildings and infrastructure
citywide.

New York City also has plans in place for non-natural
hazards, including various types of hazardous materi-

als releases (chemical, biological, and radiological) and
power disruptions. In addition, OEM is currently draft-
ing an emergency plan for cyber threats. It was evident
that all of these hazards can significantly affect New
York City and should be included in the HMP.

ii. Hazard Selection Worksheet

The MPCSC supported the hazard identification pro-
cess by completing a hazard selection worksheet. The
hazard selection worksheet asked MPCSC members to
indicate which hazards would affect their agencies' op-
erations, policies, and/or physical infrastructure. Agen-
cies were asked to indicate "Yes" if they felt strongly
that the hazard posed a significant threat and "No" if
they felt strongly that the hazard did not pose a signifi-
cant threat. If they did not feel strongly one way or the
other, they left the field blank. Since the Planning Team
was involved in the initial hazard selection, OEM, DCP,
and OLTPS did not fill out hazard selection worksheets.

Table 3.2.3: New York City Hazard Selection Worksheet Results

Hazard DEP DOT FDNY MTA | DOHMH DPR RPA DOB | NYPD | Total Yes | Total No

Coastal erosion Yes Yes Yes Yes Yes Yes Yes Yes 8 0
Coastal storms Yes Yes Yes Yes Yes Yes Yes Yes Yes 9 0
Dam failure No No No No 0 4
Drought Yes No Yes Yes Yes Yes | Yes Yes

Earthquakes Yes Yes Yes Yes Yes Yes | Yes Yes 8 0
Extreme temperatures Yes Yes Yes Yes Yes Yes Yes | Yes Yes 9 0
Floods Yes Yes Yes Yes Yes Yes Yes | Yes Yes 9 0
Hailstorms No No Yes Yes No No 2 4
Landslides No Yes No Yes Yes 3 2
Tornadoes and wind- Yes Yes Yes Yes Yes Yes Yes Yes 8 0
storms

Land subsidence Yes Yes No Yes No 3 2
Wildfires Yes No Yes Yes No Yes 4 2
Winter storms Yes Yes Yes Yes Yes Yes Yes Yes Yes 9 0
Air contamination Yes No Yes Yes Yes 4 1
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Hazard DEP DOT FDNY MTA | DOHMH DPR RPA DOB | NYPD | Total Yes | Total No
Aviation incident No Yes Yes No Yes 3 2
E?undmg col!apses/ Yes Yes Yes Yes Yes Yes Yes 7 0
fires/explosions
Civil unrest No Yes Yes Yes Yes 4 1
Cyber threats No No Yes Yes Yes 3 2
Disease outbreaks Yes Yes Yes Yes Yes Yes Yes Yes 8 0
Hazardous materials

Yi N Yi Yi Ye Ye 1
release (CBRN) es 0 es es es es 5
Utility disruption Yes Yes Yes Yes Yes Yes | Yes Yes 8 0
Infrastructure failure* - - - - - - - - - -

Notes: *This hazard was added after the worksheet was distrib-
uted to the MPCSC

Table 3.2.3 summarizes the tally from the worksheets.A
majority of Steering Committee members checked
"Yes" for the following hazards: coastal erosion, coast-
al storms, drought, earthquakes, extreme tempera-
tures, floods, tornadoes/windstorms, winter storms,
disease outbreaks, building collapses/fires/explosions,
CBRN, and utility disruptions. Other hazards listed re-
quired additional research to determine whether they
should be included in the HMP. The Planning Team
collected and analyzed additional data on dam failure,
hailstorms, landslides, subsidence, wildfires, air con-
tamination, aviation incidents, civil unrest, and cyber
threats from newspapers, City records, the National
Oceanic and Atmospheric Administration (NOAA), the
National Weather Service (NWS), and FEMA databas-
es.

After further consideration, the Planning Team decid-
ed to include wildfires and cyber threats in the final
list. In addition, several new categories were created to
consolidate multiple hazards from the original list; se-
vere weather (incorporates hail and tornadoes/wind-
storms) and infrastructure failures (incorporates utility
disruptions and damage to other types of infrastruc-
ture). Air contamination was incorporated into the ex-
treme temperatures and CBRN hazards.

C. Eliminated Hazards

For this plan, the Planning Team chose to address only
the most prevalent hazards affecting New York City
and hazards for which sufficient data was available to
develop a full profile. After conducting additional re-
search, the Planning Team completely eliminated from
the HMP process dam failure, landslides, land sub-
sidence, aviation incidents, and civil unrest. Although
building collapses/fires/explosions received a majori-
ty vote, these types of events are generally caused by
other types of hazards (both natural and non-natural)
that serve as a trigger event. After drafting a profile for
this hazard, the Planning Team decided to incorporate
this information into other hazard profiles.

D. Final List of New York City Hazards

Based on recommendations from the MPCSC and ad-
ditional research conducted by the Planning Team, the
Planning Team decided to retain 10 natural hazards
and three non-natural hazards for analysis in the HMP.
They are as follows:

Natural hazards:
(1) Coastal erosion
(2) Coastal storms

(3) Disease outbreaks
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(4) Drought

(5) Earthquakes

(6) Extreme temperatures
(7) Flooding

(8) Severe weather

(9) Wildfires

(10) Winter storms

Non-natural hazards:
(1) CBRN
(2) Cyber threats
(3) Infrastructure failures

Since this plan was written shortly following Hurricane
Sandy, the worst natural disaster in New York City's his-
tory, the Planning Team decided to include a retrospec-
tive analysis of this particular storm and what the City
learned from it. The Sandy section is separate from the
coastal storms profile.
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3. Hazard Risk Assessment Organization

The risk assessments for each hazard are divided into
two primary components (see Figure 3.3.2). The first
component, the Hazard Profile, is a description of the
hazard and the city's physical risk. The second section,
the Vulnerability Assessment, is an analysis of how
susceptible the city's social environment (population),
built environment, natural environment, and future
environment are to each hazard. The one exception
to this organizational structure is the section on Hur-
ricane Sandy because it is a description of a historic
event rather than an assessment of risk from a poten-
tial hazard.

A. Hazard Profile

The Hazard Profile is divided into five subsections, as
follows:

1) Hazard Description: a general description of
the natural or non-natural hazard that can af-
fect New York City

2) Severity: the strength or magnitude of the haz-
ard, how it is measured, and the range of im-
pacts it can have

3) Probability: the likelihood of the hazard occur-
ring in New York City

4) Location: the geographic areas within New York
City that may be most significantly affected by
the hazard

5) Historic Occurrences: previous events of this
type in New York City

This organization structure is in accordance with the
requirements from FEMA, and most hazards included
in this report fit these categories at least fairly well.
However, complete information was not always avail-
able for every category of every hazard profile (for
example, probability is generally not quantifiable for
coastal erosion and most non-natural hazards).

B. Vulnerability Assessment

This Vulnerability Assessment section is divided into
four subsections, as follows:

1) Social Environment: the hazard's effect on the
general public, including public health impacts
and potential fatalities, with an emphasis on
vulnerable and special needs populations

2) Built Environment: structural vulnerabilities of
the city's building stock and infrastructure. For
flooding, coastal storms, and earthquakes, this
section also includes a quantitative calculation
of loss estimates (see i. Vulnerability Assess-
ment Methodology, below)

3) Natural Environment: the hazard's impact on
the natural resources, ecosystems, and recre-
ational areas

4) Future Environment: how trends such as cli-
mate change, population growth, aging infra-
structure, and new technology may change the
risk and/or impacts of hazards in the future

Figure 3.3.2: Risk Assessment Diagram

Hazard Description

Risk Assessment: Identify
hazards, determine

vulnerability, and estimate
potential impacts.

Historic Occurrences

Severity

Probability

Location

Vulnerability Assessment

Social

Built

Natural

Future
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i. Vulnerability Assessment Methodology

To conduct the vulnerability assessment, address the
requirements of the Disaster Mitigation Act of 2000,
and better understand the potential vulnerability and
losses associated with hazards of concern, New York
City used standardized tools including the HAZUS-MH
modeling software, combined with local, state, and
federal data.

HAZUS-MH Methodology

Hazards U.S. Multi-Hazard (HAZUS-MH) is a national-
ly applicable standardized methodology and software
program, developed by FEMA and under contract with
the National Institute of Building Sciences. The pro-
gram estimates potential losses from earthquakes,
hurricane winds, and floods. In HAZUS-MH, current
scientific and engineering knowledge is coupled with
Geographic Information Systems (GIS) technology to
produce estimates of hazard-related damage before or
after a disaster occurs.

Potential loss estimates analyzed in HAZUS-MH in-
clude:

¢ Physical damage to residential and commercial
buildings, schools, critical facilities, and infra-
structure

e Economic loss, including lost jobs, business
interruptions, and repair and reconstruction
costs

HAZUS-MH is designed to generate estimates of haz-
ard-related damage to a city or a region from a hypo-
thetical "hazard event" (that is, an earthquake, hur-
ricane, or flood) of a fixed severity and location, also
known as a "deterministic" event. This type of analysis
can also be used to estimate damages from a histor-
ic event. Another type of analysis models the damage
caused by an event that is likely to occur over a given
period of time (return period), also known as a "proba-
bilistic" event." For example, HAZUS-MH can estimate
the damage caused by an earthquake that is likely to
occur once every 500 years (which has a 1 in 500 or
0.2% chance of occurring in any given year, see Ta-
ble 3.3.4). For all HAZUS-MH models, the focus is on
damage to buildings, quantified as a measure of build-

ing damage counts, damage states, and dollar losses.
Buildings are assumed to have a lifespan of 50 years.

Table 3.3.4: Return Periods with Annual Chance of Occur-
rence

Chance of occurrence in any

Return period (years) given year (%)

10 10

20 5

30 3.33

50 2
100 1
200 0.5
250 0.4
500 0.2
1,000 0.1
2,500 0.04

In addition, HAZUS-MH provides an estimate of annu-
alized economic building losses. These values are av-
erages based on the total estimated losses over the
entire simulation period divided by the total number
of years in the simulation. For example, if a particu-
lar location is expected to suffer $20 billion in damage
from hurricanes over a 20-year period, the annualized
economic losses would be $1 billion. The formula for
calculating annualized economic losses must take into
account a wide range of possible scenarios and prob-
abilities.

HAZUS-MH uses demographic and general building
stock (GBS) data to estimate hazard-related damage.
The GBS data input into HAZUS-MH is a summary of
building counts, values, construction types, and uses
by census block or tract. New York City supplemented
this default data with a refined set of GBS data because
an initial review found that for the city as a whole, the
default GBS data provided with HAZUS-MH did not ad-
equately reflect actual conditions. To refine the default
GBS dataset, OEM provided an updated set of build-
ing data to Applied Research Associates, Inc. (ARA), a
private consulting firm which is one of the developers
of the HAZUS-MH software. This dataset consisted of
Property Land Use Tax lot Output (MapPLUTO) from
the Department of City Planning (DCP) and mass ap-
praisal data from the Department of Finance (DOF).
ARA converted this dataset to a format that was us-
able by HAZUS-MH, classifying all structures according
to the building type and occupancy classes required
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by the software. Additionally, for this update of the
HMP, FEMA personnel assisted OEM by reformatting
the revised GBS data for use with the latest version of
HAZUS-MH (version 2.1). The resulting census block-
based dataset provided a much more accurate starting
point for subsequent analyses. Due to different meth-
odologies and variations in data sets, total citywide
building counts will differ from the numbers listed in
Section 4: New York City's Hazard Environment, Table
3.4.18.

It is important to note that while the HAZUS-MH anal-
yses provide a good starting point for loss and damage
estimation, they are approximate predictions. There
is uncertainty inherent in any predictive model, and
HAZUS-MH is no exception. This software is not meant
for site-specific damage analysis. Furthermore, since
HAZUS is an asset damage model, it generally does
not capture impacts to networks, such as utilities,
telecommunications, transportation, and liquid fuel
systems. The City has created models to better under-
stand the interdependencies of these systems and has
discovered that it is more effective and cost efficient to
target investments toward key critical facilities. These
upgrades will reduce the impact of extreme events and
increase the recovery time.

Despite its limitations, the results of the HAZUS-MH
analyses help shed light on the expected distribution
and level of losses for different areas. Although build-
ing damage counts may not always reflect exact condi-
tions on the ground, especially when analyzing small
areas, percentages of buildings damaged and losses
over the entire study area should provide a relatively
accurate picture of the level of damage that might be
expected to occur on a citywide scale.

Methodology for Assessing Hazards Not Covered by
HAZUS-MH

Hazards included in this report that cannot be ana-
lyzed using HAZUS-MH are coastal erosion, drought,
extreme temperatures, severe weather, wildfires, win-
ter storms, CBRN, cyber threats, and infrastructure fail-
ures. Potential impacts on vulnerable populations and
infrastructure were evaluated using the best available
data to assess risks for these hazards and to help iden-
tify appropriate mitigation efforts.

While this risk assessment relies on the best available
data and methodologies, uncertainties are inherent in
any loss-estimation methodology. These uncertainties
arise in part from incomplete scientific knowledge con-
cerning hazards and their effects on the social, built,
natural, or future environment. They can also result
from the unique nature, geographic extent, and sever-
ity of each hazard. Therefore, potential exposure and
loss estimates should be considered approximate.
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