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1. Introduction

1.1 Background

The term hazard mitigation, as defined by the Federal Emergency Management Agency
(FEMA), describes sustained actions taken to prevent or minimize long-term risks to life
and property from hazards and their effects.” Hazard mitigation is a process in which
hazards are identified and profiled, people and facilities at risk are analyzed, and
mitigation actions are developed. Mitigation actions are taken in advance of a hazard
event and are essential to breaking the disaster cycle of preparedness, response, and
recovery. According to a 2005 study by the National Institute of Building Sciences, for
every one dollar spent on mitigation, four dollars in post-storm cleanup and rebuilding is
saved.? Examples of mitigation include:

¢ Promoting sound land use planning based on known community hazards
Adopting and enforcing building codes and standards
Using fire-retardant materials in new construction
Buying flood insurance to protect personal property and belongings
Elevating structures above the floodplain
Elevating critical equipment (i.e. computer servers, generators, water heaters,
above the base flood elevation)
e Retrofitting highway overpasses to withstand earthquakes

The City and County of Philadelphia (hereinafter referred to as Philadelphia or the City)
has developed this Hazard Mitigation Plan (hereinafter referred to as the HMP) to
assess risks posed by natural hazards and to develop mitigation strategies for reducing
the risks of these hazards. The City has prepared the HMP in accordance with the
requirements of the Disaster Mitigation Act of 2000 (DMA 2000). The Managing
Director’s Office of Emergency Management (MDO-OEM) has coordinated the
preparations of the HMP in cooperation with other City agencies and departments, as
well as private agency representatives.

1.2 Purpose and Scope

1.2.1 Premise

As a condition of receiving federal disaster mitigation funds, Section 322 of the DMA
2000 requires that local governments have a mitigation plan. The HMP describes the
process for identifying hazards, creating a risk assessment and vulnerability analysis,
identifying and prioritizing mitigation strategies, and developing an implementation
schedule.

' Federal Emergency Management Agency (FEMA). Emergency Management Institute Independent Study: IS-
393.a Introduction to Hazard Mitigation. Retrieved 6 February 2012.

* Multi-hazard Mitigation Council: National Institute of Building Sciences. Natural Hazard Mitigation Saves: An
Independent Study to Assess the Future Savings from Mitigation Activities. Retrieved 6 February 2012.
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In order to satisfy this requirement MDO-OEM has prepared the HMP with the following
objectives in mind:
» Provide a blueprint for reducing property damage and saving lives from the
effects of natural disasters within Philadelphia County;
= Qualify Philadelphia for applicable pre-disaster and post-disaster grant funding;
=  Comply with state and federal legislative requirements related to local hazard
mitigation planning;
= Demonstrate a firm local commitment to hazard mitigation principles; and
= Improve community resiliency following a disaster event.

1.2.1.1 Grant Programs with Mitigation Plan Requirements

Hazard Mitigation Grant Program (HMGP)

The HMGP provides grants to state, local, and tribal entities to implement long-term
hazard mitigation measures after declaration of a major disaster. The purpose of the
HMGP is to reduce the loss of life and property due to natural disasters and to enable
mitigation measures to be implemented during the immediate recovery from a disaster.
Projects must provide a long-term solution to a problem (for example, elevation of a
home to reduce the risk of flood damage rather than buying sandbags and pumps to
fight the flood). Also, a project’s potential savings must be more than the cost of
implementing the project. Funds may be used to protect either public or private property
or to purchase property that has been subjected to, or is in danger of, repetitive
damage. The amount of funding available for the HMGP under a particular disaster
declaration is limited. Under the program, the federal government may provide a state
or tribe with up to 20 percent of the total disaster grants awarded by FEMA; and may
provide up to 75 percent of the cost of projects approved under the program.3

Pre-Disaster Mitigation (PDM) Program

The PDM Program provides funds to state, local, and tribal entities for hazard mitigation
planning and the implementation of mitigation projects before a disaster event. PDM
grants are awarded on a nationally competitive basis. Like HMGP funding, the potential
savings of a PDM project must be more than the cost of implementing the project.
Funds may be used to protect either public or private property or to purchase property
that has been subjected to, or is in danger of, repetitive damage. The total amount of
PDM funding available is appropriated by Congress on an annual basis. The federal
government provides up to 75 percent of the cost of projects approved under the
program.*

Flood Mitigation Assistance (FMA) Grant Program

? Federal Emergency Management Agency (FEMA). Hazard Mitigation Assistance Programs: Hazard Mitigation
Grant Program. Retrieved 6 February 2012.

* Federal Emergency Management Agency (FEMA). Hazard Mitigation Assistance Programs: Pre-Disaster
Mitigation Program. Retrieved 6 February 2012.
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The goal of the FMA Grant Program is to reduce or eliminate flood insurance claims
under the National Flood Insurance Program (NFIP). This program places particular
emphasis on mitigating repetitive loss (RL) properties. The primary source of funding for
this program is the National Flood Insurance Fund. Grant funding is available for three
types of grants: Planning, Project, and Technical Assistance. Project grants, which use
the majority of the program’s total funding, are awarded to local entities to apply
mitigation measures to reduce flood losses to properties insured under the NFIP. The
cost-share for this grant is 75 percent federal/25 percent nonfederal. However, a cost-
share of 90 percent federal/10 percent nonfederal is available in certain situations to
mitigate severe repetitive loss (SRL) properties.®

Repetitive Flood Claims (RFC) Program

The RFC Program provides funding to reduce or eliminate the long-term risk of flood
damage to residential and non-residential structures insured under the NFIP. Structures
considered for mitigation must have had one or more claim payments for flood
damages. All RFC grants are eligible for up to100 percent federal assistance.®

Severe Repetitive Loss (SRL) Program

The SRL Program provides funding to reduce or eliminate the long-term risk of flood
damage to residential structures insured under the NFIP. Structures considered for
mitigation must have had at least four NFIP claim payments over $5,000 each, when at
least two such claims have occurred within any 10-year period, and the cumulative
amount of such claim payments exceeds $20,000; or for which at least two separate
claims payments have been made with the cumulative amount of the building portion of
such claims exceeding the value of the property, when two such claims have occurred
within any 10- year period. The cost-share for this grant is 75 percent federal/25 percent
nonfederal. However, a cost-share of 90 percent federal/10 percent nonfederal is
available to mitigate SRL properties when the state or tribal plan addresses ways to
mitigate existing and future SRL properties.”

1.2.2 Purpose of the Plan

The Philadelphia HMP represents the City’s approach to mitigate the adverse impacts
of natural disasters. The 2012 HMP is organized into the following sections:

Section I: Introduction

The Introduction provides a brief overview of the background and purpose, the legal
authority for the plan, as well as the grant programs available to Philadelphia once the
plan has been adopted.

> Federal Emergency Management Agency (FEMA). Hazard Mitigation Assistance Programs: Flood Mitigation
Assistance Grant Program. Retrieved 6 February 2012.

8 Federal Emergency Management Agency (FEMA). Hazard Mitigation Assistance Programs: Repetitive Flood
Claims Program. Retrieved 6 February 2012.

"Federal Emergency Management Agency (FEMA). Hazard Mitigation Assistance Programs: Severe Repetitive
Loss Program. Retrieved 6 February 2012.
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Section Ill: Community Profile: Philadelphia
The Community Profile provides a general overview of Philadelphia by summarizing
demographics, economic characteristics, the City’s natural environment including its
climate and waterways, growth trends, land use and more. To accomplish these goals,
the profile is divided into three components:
¢ Physical Environment — the physical setting of Philadelphia, including:
geography, hydrography and hydrology, topography and geology, and climate
information
e Social Environment — includes the City of Philadelphia’s history, social
characteristics, demographic estimates, economic characteristics, and housing
characteristics
¢ Built Environment — land use and infrastructure within Philadelphia’s boundaries

Section lll: Planning Process

This section outlines the process in which Philadelphia developed the HMP. It identifies
the 19 Philadelphia, Commonwealth, federal, and private organizations that were
involved in planning process. The section also details the strategies employed to obtain
public feedback.

Section IV: Risk Assessment

The Risk Assessment provides an analysis of the hazards and risks facing Philadelphia.
It contains detailed profiles of each natural hazard addressed in the plan, and estimates
losses in Philadelphia in a realistic worst case scenario for each hazard.

Section V: Mitigation Strategy

The Mitigation Strategy section describes how Philadelphia intends to reduce losses
identified in the Risk Assessment. The section contains a prioritized list of cost-
effective, environmentally sound, and technically feasible mitigation actions broken
down by hazard, and by the agency(ies) who would be primarily responsible for
implementing each strategy. It identifies current and potential sources of funding and
other resources needed to implement mitigation actions. Finally it includes Philadelphia
policies and programs that will assist in administering the identified mitigation actions.

Section VI: Plan Adoption

This section states how Philadelphia will formally adopt the Plan, ensuring a citywide
commitment to mitigation planning, and to comprehensive mitigation planning citywide,
to include program management.

Section VII: Plan Maintenance

The Plan Maintenance section describes how Philadelphia will monitor, evaluate and
update its HMP. Philadelphia’s HMP will be updated and maintained to address natural
and human-caused hazards. Plan updates will take place following significant disasters,
or at a minimum, every five years.

Introduction
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1.3 Authority and References
Authority for this plan originates from the following federal sources:

Robert T. Stafford Disaster Relief and Emergency Assistance Act, 42 U.S.C.,
Section 322, as amended.

Code of Federal Regulations (CFR), Title 44, Parts 201 and 206.

Disaster Mitigation Act of 2000, Public Law 106-390, as amended.

National Flood Insurance Act of 1968, as amended, 42 U.S.C. 4001 et seq.
National Flood Insurance Reform Act of 1994, 42 U.S.C. 4101.

Authority for this plan originates from the following Commonwealth of Pennsylvania
sources:

Pennsylvania Emergency Management Services Code. Title 35, Pa C.S. Section
101.

Pennsylvania Municipalities Planning Code of 1968, Act 247 as reenacted and
amended by Act 170 of 1988.

Pennsylvania Stormwater Management Act of October 4, 1978. P.L. 864, No.
167.

The following FEMA guides and reference documents were used to prepare this
document:

FEMA 386-1: Getting Started. September 2002.

FEMA 386-2: Understanding Your Risks: Identifying Hazards and Estimating
Losses. August 2001.

FEMA 386-3: Developing the Mitigation Plan. April 2003.

FEMA 386-4: Bringing the Plan to Life. August 2003.

FEMA 386-5: Using Benefit-Cost Review in Mitigation Planning. May 2007.
FEMA 386-9: Using the Hazard Mitigation Plan to Prepare Successful Mitigation
Projects. August 2008.

FEMA Local Multi-Hazard Mitigation Planning Guidance. July 1, 2008.

The following FEMA grant programs and reference document were used to prepare this
document:

Hazard Mitigation Grant Program under Section 404 of the Robert T. Stafford
Disaster Relief and Emergency Assistance Act 42 U.S.C., Section 322, as
amended.

Pre-Disaster Mitigation Grant Program under Section 203 of the Robert T.
Stafford Disaster Relief and Emergency Assistance Act 42 U.S.C. 5133.

Flood Mitigation Assistance Program under the National Flood Insurance Reform
Act (NFIRA) of 1994 (42 U.S.C. 4101).

Severe Repetitive Loss Program under section 1361A of the National Flood
Insurance Act, as amended (NFIA), 42 U.S.C. 4102a.

Repetitive Flood Claims Grant Program under Flood Insurance Reform Act of
2004 (P.L. 108—264), which amended the National Flood Insurance Act (NFIA) of
1968 (42 U.S.C. 4001, et al).
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The following PEMA guides and reference documents were used prepare this
document:
» PEMA: Hazard Mitigation Planning Made Easy!
= PEMA Mitigation Ideas: Potential Mitigation Measures by Hazard Type; a
Mitigation Planning Tool for Communities. March 6, 2009.
» PEMA: Draft Standard Operating Guide. October 9, 2009.

The following additional guidance document produced by the National Fire Protection
Association (NFPA) was used to create this plan:
= NFPA 1600: Standard on Disaster/Emergency Management and Business
Continuity Programs. 2007 .
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2. Community Profile: Philadelphia

The Community Profile provides a general overview of Philadelphia by summarizing
demographics, economic characteristics, the City’s natural environment including its
climate and waterways, growth trends, land use and more. To accomplish these goals,
the profile is divided into three components:

e Physical Environment

e Social Environment

e Built Environment

2.1 Physical Environment

This section presents the physical setting of Philadelphia, including: geography,
hydrography and hydrology, topography and geology, and climate.

2.1.1 Geography

Philadelphia covers 134.1 square miles of land and is located in the southeastern
portion of the Commonwealth of Pennsylvania.® The City is bounded by Bucks County
to its north, Montgomery County to its west, Delaware County to its south, and the state
of New Jersey to its east (the Delaware River separates the City of Philadelphia from
the State of New Jersey). Philadelphia is the largest city in Pennsylvania. The City of
Philadelphia is coterminous to Philadelphia County, meaning the City and County of
Philadelphia share the same boundaries.

Philadelphia is the fifth most populous city in the United States with a population as of
the 2010 Census of 1,526,006. Philadelphia is divided into 63 neighborhoods, each of
which fall within twenty-one police districts, which are further grouped geographically
into six police divisions: Central, East, Northeast, Northwest, South, and Southwest.
Figure 2.1.1-1 on the following page depicts the 63 Philadelphia neighborhoods by
police division boundary.

Additionally, the U.S. Census Bureau places Philadelphia as the urban center of a four-
state “Greater Philadelphia” region, otherwise known as the Delaware Valley, comprised
of the 12 counties within the Metropolitan Statistical Areas (MSA) of Philadelphia-
Camden-Wilmington. The Delaware Valley is home to approximately 6 million people,
and is the country’s fifth-largest metropolitan area.’

¥ United Census Bureau. 2010 Census: Philadelphia, Pennsylvania. Retrieved 3 November 2011.
9 .
Ibid
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Figure 2.1.1-1: Philadelphia Neighborhoods by Police Division Boundary
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2.1.2 Hydrography and Hydrology

Numerous creeks and rivers make up the waterscape of Philadelphia. The major
waterways within Philadelphia include: the Delaware River, the Schuylkill River, the
Wissahickon Creek, the Pennypack Creek, the Frankford Creek, the Poquessing Creek
and Cobbs Creek. The U.S. Environmental Protection Agency (EPA) defines a
watershed as the area of land where all of the water that is under it or drains off of it
goes into the same place. All of the major bodies of water within Philadelphia are part of
seven primary and secondary watersheds. '° (See Figure 2.1.2-1)

' Philadelphia Water Department — Office of Watersheds: Watershed Information Center. Retrieved 3 November
2011.
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Figure 2.1.2-1: Philadelphia Watersheds

Source: Philadelphia Water Department — Department of Watersheds 2011
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2.1.2.1 Primary Watersheds

The Delaware River Watershed

The Delaware River Watershed drains nearly 13,000 square miles, though
Philadelphia’s contribution is very small, approximately 40 square miles. The Delaware
River Watershed includes territory from Point Mountain in the Catskills Range of
Hancock (Schoharie County, New York) to the mouth of the Delaware Bay in
Philadelphia, Pennsylvania. The Delaware River winds over 300 miles through four
states on the eastern coast of the United States, encompassing 42 counties and 838
municipalities in the Mid-Atlantic region. The watershed contains 23,700 linear miles of
streams, 21 of which are located within Philadelphia all within the Delaware River. An
estimated 7.7 million people reside within the watershed, 530,652 of which live in
Philadelphia."” The land use composition for this watershed is estimated at roughly
55% forest, 26% agriculture, and 15% developed. The area within Philadelphia is very
densely developed and estimated to be 72% impervious surface and therefor highly
susceptible to flash flooding."

The Schuyilkill River Watershed

The Schuylkill River Watershed is composed within portions of 11 counties, and
encompasses approximately 2,000 square miles. The river travels approximately 130
linear miles from its headwaters at Tuscarora Springs in Schuylkill County, PA to its
mouth at the Delaware River in Philadelphia. The Schuylkill River is the largest tributary
to the Delaware River and is a major contributor to the Delaware Estuary.
Approximatel1y 1.5 million people reside within this watershed, 347,588 of which live in
Philadelphia.’® Within the watershed, 10% of the land is found to be impervious and
therefore is susceptible to flash flooding.™

2.1.2.2 Secondary Watersheds

Wissahickon Creek Watershed

Wissahickon Creek begins in Montgomery Township, PA and flows for approximately 27
miles where it meets with the Schuylkill River at the end of Lincoln Drive in Philadelphia.
The Wissahickon Creek Watershed drains nearly 64 square miles and contains 134
linear miles of streams. Nearly 160,000 residents live within this watershed, 48,441 of
which live in Philadelphia.'® Approximately 24% of the land is impervious and therefore
susceptible to flash flooding.™

' Philadelphia Water Department — Office of Watersheds: Watershed Information Center: Delaware Watershed.
Retrieved 3 November 2011.

2 Ibid

'3 Philadelphia Water Department — Office of Watersheds: Watershed Information Center: Schuylkill Watershed.
Retrieved 3 November 2011.

" Ibid

'3 Philadelphia Water Department — Office of Watersheds: Watershed Information Center: Wissahickon Watershed.
Retrieved 3 November 2011.

"% Tbid
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The Pennypack Creek Watershed

The Pennypack Creek Watershed encompasses areas of Montgomery, Philadelphia
and Buck Counties. With approximately 56.3 square miles of area, 31.7 square miles
(56%) is located in Montgomery County, 17.9 square miles (32%) in Philadelphia
County, and 6.7 square miles (12%) in Bucks County. This watershed is home to 125
linear miles of streams and 230,000 residents, 137,010 of which live in Philadelphia.17
Roughly 33% of the watershed is impervious and therefore susceptible to flash
flooding.™

The Poquessing Creek Watershed

The Poquessing Creek rises from tributary streams in Lower Moreland and Lower
Southampton Townships in Pennsylvania. The watershed encompasses approximately
22 square miles of drainage area in the areas of Philadelphia, Bucks and Montgomery
counties. It contains 45 linear miles of streams and is home to 105,000 residents,
75,550 reside within Philadelphia.’® The watershed has 38% impervious cover and
therefore this land is susceptible to flash flooding.?

The Tookany/Tacony-Frankford Watershed

The Tookany/Tacony-Frankford Watershed drains 33 square miles, or about 20,000
acres, in Philadelphia and Montgomery Counties. The creek is referred to as the
Tookany Creek until it enters Philadelphia at Cheltenham Avenue; then as the Tacony
Creek from the Montgomery County border until the confluence with the historic
Wingohocking Creek in Juniata Park; and finally the section of stream from Juniata Park
to the Delaware River is referred to as the Frankford Creek. The Watershed contains
32 linear miles of streams and is home to 360,000 residents, 285,405 reside within
Philadelphia.?’ The entire watershed is approximately 48% impervious, making almost
half the watershed susceptible to flash flooding.??

The Darby-Cobbs Watershed

The Darby-Cobbs Watershed drains approximately 77 square miles, including portions
of Chester, Delaware, Montgomery and Philadelphia counties. The watershed is often
subdivided into the Cobbs Creek, Darby Creek, and Tinicum subwatersheds for
planning purposes. The watershed as a whole is home to about 460,000 residents, with
about 230,000 people, or half of the watershed’s residents, living in the Cobbs Creek

' Philadelphia Water Department — Office of Watersheds: Watershed Information Center: Pennypack Watershed.
Retrieved 3 November 2011.
** Ibid
' Philadelphia Water Department — Office of Watersheds: Watershed Information Center: Poquessing Watershed.
Retrieved 3 November 2011.
* Ibid
2! Philadelphia Water Department — Office of Watersheds: Watershed Information Center: Tookany-Tacony-
fzrankford Watershed. Retrieved 3 November 2011.

Ibid
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subwatershed, and 100,054 residents are within Philadelphia’s boundaries.?® The
Darby-Cobbs Watershed contains 135 linear miles of streams, 33 miles of which are in
the Cobbs Creek subwatershed and contains 44% impervious cover, which is
susceptible to flash flooding. The Cobbs Creek subwatershed alone drains
appro>(2i£nately 22 square miles, nearly 30% of the Darby-Cobbs watershed as a
whole.

2.1.3 Topography and Geology

A Physiographic Province is an area of land that is composed of a particular type(s) of
rock as a result of having undergone environmental processes such as weathering and
erosion, over a period of time. Each province is distinguishable by its physical
landforms, unique rock formations and groundwater characteristics. According to the
Commonwealth of Pennsylvania Department of Conservation and Natural Resources
Bureau of Topographic and Geologic Survey, Philadelphia straddles two physiographic
provinces, each with a distant suite of rocks: the Atlantic Coastal Plain and the
Piedmont Upland Section (otherwise known as the Southern Piedmont Province.)
Figure 2.1.3-1 depicts the physiographic provinces of Pennsylvania; and delineates the
two physiographic provinces found within Philadelphia.

The Atlantic Coastal Plain is a narrow strip of sandy low-lying land immediately adjacent
to the Delaware River in southeastern Philadelphia. The Southern Piedmont contains
schist, metagraywacke, amphibolite and associated ultramafic rocks of the Wissahickon
Formation overlain by unconsolidated Cretaceaous and tertiary sediments.?

* Philadelphia Water Department — Office of Watersheds: Watershed Information Center: Darby-Cobbs Watershed.
Retrieved 3 November 2011.

24 11
Ibid

* Commonwealth of Pennsylvania Department of Conservation and Natural Resources. Lowland and Intermediate

Upland Section, Atlantic Coastal Plain Province. Retrieved 3 November 2011.
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Figure 2.1.3-1 Physiographic Provinces

Source: Commonwealth of Pennsylvania Department of Conservation and Natural Resources, 2011
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2.1.4 Climate

The Delaware Valley lies about halfway between the equator and the North Pole. This
midlatitude location puts the Philadelphia area about equidistant from the reservoirs of
cold air to the north and warm air to the south, one of the primary reasons the region
has diverse types of weather. In addition, the variability in Philadelphia’s weather is
increased by both the ample amount of moisture in the Atlantic Ocean just to the east,
and the 3,000 miles of land to the west.

The following sections describe the characteristics of Philadelphia’s temperature,
precipitation amounts, and tendencies for severe weather. Data was obtained from
several sources, including NOWDATA (NOAA online weather data), the National
Climatic Data Center (NCDC) and The Philadelphia Area Weather Book. The normals,
means and extremes listed below for Philadelphia’s Climatological Data annuals are
computed from observations taken primarily at the Philadelphia International Airport
(PHL) from 1981-2010. Table 2.1.4-1 illustrates the annual temperature and
precipitation averages for Philadelphia.

Table 2.1.4-1 Philadelphia

Annual Temperature & Precipitation Averages

Average Annual Temperature: 55.8°F

Liquid Precipitation Average: 41.5 inches per year

Snowfall Average: 20.5 inches per year

Sources: NOAA, 2010; NCDC, 2011

2.1.4.1 Temperature

The average annual temperature of Philadelphia is §5.8°F, with mean monthly
temperatures varying from 32.9°F in January to 78.1°F in July. During the summer
months, daily temperatures reach 90°F or above 27 days annually on average; readings
of 100°F are more sporadic, occurring on average, less than once annually.

Climatologically speaking Philadelphia winters are mild. On average, less than 85 days
a year have minimum temperatures drop to 32°F or below, and readings below 0°F are
just as infrequent as the 100°F readings, occurring less than once annually.?®

Still, due to the location of Philadelphia and its weather variability, big swings in
temperatures can occur from year to year. The temperature difference between
Philadelphia’s hottest and coldest years is more than 8°F, a dramatic range for
climatology. During the warmest years (1998,1931) the temperature fell below freezing

*% The Philadelphia Weather Book. John Nese and Glen Schwartz. Retrieved 2 November 2011.
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on only forty-one days (less than half of the average), while the temperature reached
90°F or higher on thirty-one days (as compared to 27 days in an average year). In
contrast, within the coldest year (1875), the temperatures fell below 32°F on 105 days,
and the temperatures reached 90°F or above on just eight days.27

Table 2.1.4-2 Philadelphia

Temperature Statistics — Winter & Summer

Winter Average Temperature: 35.4°F

Record High Temperature: 74°F (set February 27, 1997; February 24, 1985;
February 15, 1949)

Record Low Temperature: -11°F (set February 9, 1934)

Summer Average Temperature: 76°F

Record High Temperature: 106°F (set August 7, 1918)

Record Low Temperature: 44°F (set August 29, 1986; and seven other
times)

Sources: NOAA, 2010; Nese, Schwartz, 2002, Franklin Institute, 2008

2.1.4.2 Precipitation

Precipitation is fairly evenly distributed throughout the year. The average annual liquid
precipitation in Philadelphia is about 41.5 inches of rain and melted snow and ice. The
greatest amounts of precipitation generally occur during the spring and summer months.
Records show July to be the rainiest month, averaging 4.35 inches, while February is
the driest, producing 2.64 inches of precipitation on average.

Measurable precipitation (at least 0.01 inches of liquid) occurs an average of 118.3 days
each year. Extremely wet days (one inch or more) occur about 10.6 days per year.
Most rain in summer comes from thunderstorms, with an average of 27.2 storms each
year.?® Severe coastal storms and remnants of tropical systems can also account for
the higher occurrence of precipitation in the summer. For example new precipitation
records for Philadelphia were established in 2011 for the months of August and
September due to coastal storms and tropical moisture. In 2011, Philadelphia
experienced 29.58 inches of rainfall during August and September. The previous
record for the same period was 18.49 inches set in 1882.%

" The Franklin Institute: Philadelphia Weather Data. Retrieved 2 November 2011.
28 1.
Ibid
*% National Climatic Data Center (NCDC). State of the Climate National Overview: September 2011. Retrieved 7
November 2011. (National Climatic Data Center 2011)
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Table 2.1.4-3 Philadelphia Precipitation Statistics

Least Amount of Liquid

Most Amount of Liquid Precipitation Precipitation

Year Month Day Year Month
: : 0.09 inches
64.33 inches (1336'?'1\:%2?8 ?s.gférécqgriber 29.31 inches (set in October
(setin 2011) | 5571, 9 A 199%) (setin 1922) | 1924; October
’ 1963)

Sources: NOAA, 2010; Nese, Schwartz, 2002

During the winter, precipitation runs the gamut from rain, to snow, to ice. Philadelphia
averages 20.5 inches of snowfall annually, based on 60 years of data from NCDC.*°
Historically, seasonal totals range from just a trace during the 1972/1973 season to 78.7
inches during the 2009-2010 season. The biggest single snowfall event in Philadelphia
produced 30.7 inches from January 6-8, 1996.>" Measurable snowfall generally occurs
between November 20 and March 15, although snow has been recorded as early as
October and persisted into April.

Table 2.1.4-4 Philadelphia Snowstorm Statistics

Average Snow Accumulations: 20.5 inches per year

Record Accumulation in a Day: 27.6 inches (set January 7, 1996)

Record Snow Accumulation in a Month: 33.8 inches (set January 1996)

Record Snow Accumulation in a Year: 78.7 inches (set 2009 — 2010 season)
Sources: NOAA, 2010; Nese, Schwartz, 2002, NCDC, 2011

2.1.4.3 Severe Weather

Philadelphia’s midlatitude location not only means great variability in temperature and
precipitation, but also a variety of severe weather threats that span the seasons. Heavy
snow, extreme cold, and ice storms are the main winter threats. Droughts, extreme
heat and thunderstorms, which can bring damaging winds, flash flooding, hail and even
tornadoes are the primary natural hazards in late spring and summer.

3% National Climatic Data Center (NCDC). Snowfall Average Total in Inches (including ice pellets and sleet)
Retrieved 8 November 2011.

*! National Weather Service (NWS) Forecast Office Philadelphia/Mount Holly. NOWDATA — NOAA Online
Weather Data. Retrieved 7 November 2011.
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Table 2.1.4-5 Philadelphia Severe Weather Statistics

Annual Average Precipitation: 117 days

Annual Average Thunderstorms: 20 days>?

Annual Average Severe Thunderstorms: 2.3 days*®

Annual Average Hail: 1 day

Tornadoes Reported (1960 — 2012): 8
Sources: NOAA, 2010; SPC, 2010, Oklahoma Climatological Survey

2.2 Social Environment

This section presents the social environment of the County, including: history, social
characteristics, demographic estimates, economic characteristics, and housing
characteristics.

2.2.1 History

Long before the area currently known as Philadelphia was settled by Europeans, it was
inhabited by Native American tribes. The earliest people, called Paleo-Indians settled in
the vicinity of Philadelphia over 10,000 years ago. When the Swedish settlers arrived in
the Delaware Valley in 1638, they referred to the area as Lenapehocking or the Land of
the Lenape after the members of the Lenni-Lenape tribe that inhabited the region. The
English later renamed the river surrounding the area and the tribe, “Delaware” after Lord
del la Warr, the governor of the Jamestown colony. William Penn came to the region in
1682, dreaming to build a city on the land between the Schuylkill and Delaware Rivers.
Penn made numerous treaties with the Delaware Indians compensating them for the
acquisition of the land. ** The future city was named Philadelphia from the Greek
words “philos” and ‘adelphos’. Philos meaning loving and adelphos meaning brother,
together Philadelphia became the City of Brotherly Love.®

Philadelphia’s current ability to grow stems from Penn’s early city design plan. Long,
straight streets running east-west and north-south were surveyed over the landscape
creating a grid of the land between the Delaware and Schuylkill Rivers.*® The grid was
an efficient way of selling real estate and thereby growing the population of

32 Thunderstorms are considered when they contain thunder and lightning.

3 Severe Thunderstorms are defined as storms reporting both hail and wind damage. Average is taken over a 54
year period. (1950-2004)

** Lenni-Lenape (Delaware) Indians’ History, Culture and Food. Retrieved 8 November 2011.

%> Online Etymology Dictionary. Douglas Harper. Retrieved 24 February 2012.

%% Philadelphia City Planning Commission (PCPC). Philadelphia 2035: A Comprehensive Plan. Retrieved 12
February 2012.

Community Profile
Page 21 of 372



City of Philadelphia Natural Hazard Mitigation Plan
Managing Director’s Office May 2012
Office of Emergency Management

Philadelphia. During its first two decades Philadelphia grew rapidly, from a few hundred
inhabitants in 1683 to over 2000 in 1700.>” Immigration of the Germans and the Scots-
Irish and the growth of the port turned Philadelphia into a major city by the 1750s.
During the 1770s Philadelphia quickly grew into an important colonial city, hosting the
First and Second Continental Congresses and the Constitutional Convention. Following
the Revolution War, Philadelphia was selected to be the temporary capital of the United
States. On December 6, 1790, the United States Capital officially moved from New
York City to Philadelphia. The capital remained in Philadelphia until 1800 when it
permanently settled in Washington, D.C.38

Manufacturing in the United States increased in the late 18" century and early 19"
century. As a result, manufacturing plants and foundries were built and Philadelphia
became an important center of textiles, paper-related industries, and leather industries.
Coal and iron mines, along with the construction of new infrastructure and transportation
systems helped Philadelphia’s manufacturing power grow. From 1800 to 1897
Philadelphia was the leading manufacturing city in the United States.>® To work within
the factories, immigrants mostly from Germany and Ireland streamed into Philadelphia,
increasing the population from 41,220 in 1800 to 565,529 by 1860.*° The city’s growth
continued until the early 1950’s when Philadelphia’s population peaked. As in many
cities of the Northeast, decades-long period of de-industrialization resulted in closed
factories, population loss, vacant land and urban decay over the next few decades.
However by 2010, reinvestment and economic diversification stabilized and reversed
the decline of population (increasing by 0.6% from 2000 to 2010).

Philadelphia is home to many of the country’s significant national historical markers,
including Independence Hall, the Liberty Bell, Franklin Court, Betsy Ross House,
Declaration House, and many others. Several nationally and internationally known
museums are also located within Philadelphia, including the Philadelphia Museum of Art
and the Franklin Institute. More information on the iconic landmarks within Philadelphia
is located in section 2.3.10.

2.2.2 Social Characteristics

The Social Characteristics section contains information on the population, geographic
mobility, ethnicity, nativity and language, individuals with disabilities, and education
levels for Philadelphians. The information in this section was based upon the “best
available data” taken from the 2010 U.S. Census Bureau, and the 2005-2009 or 2006-
2010 American Community Survey (ACS). The ACS produces population, demographic
and housing unit intercensal estimates over a five year period. These estimates have
been utilized when the official 2010 Census data was not available.

37 Philadelphia 300 Years of History. Russell Weigley, Edwin Wolf. Retrieved 12 February 2012.

¥ Miller Center, University of Virginia. American President: A Reference Resource. Retrieved 12 February 2012.
3% Manufacturing in Philadelphia, 1683-1912. John James Macfarlane. Retrieved 12 November 2011.

* United States Census Bureau. Population of the 100 Largest Cities and Other Urban Places in the United States:
1790 to 1990. Retrieved 12 February 2012.
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2.2.2.1 Population

As of the 2010 Census, there were 1,526,006 people living within the Philadelphia, a
population increase of approximately 0.6 percent since the 2000 Census (population
1,517,542 people). Approximately 53 percent of the population (815,307) are female
and 47 percent are male (715,805). The median age is 34.2 years. Twenty-four percent
of the population is under 18 years; 13 percent is 65 years and older.

Table 2.2.2-1

The Age Distribution of People in Philadelphia city, Pennsylvania in 2005-2009

65 and over 13%

45 to 64
o
=
T 25tn 44 0%,
B
@ 18 to 24
=
=< Under 12 A

0 10 20 a0 40 a0 G0 7 a0 a0 100

Percent of population

Source: American Community Survey, 2005-2009

As of the 2010 U.S. Census, there were 599,736 households in Philadelphia, with an
average household size of 2.45 people. Families composed 56.8% of households in
Philadelphia. The summation includes both married-couple families (28.3 percent) and
other families (28.5 percent). Nonfamily households made up 43.2 percent of all
households in Philadelphia. Most nonfamily households are composed of people living
alone, however some are composed of people living in households in which no one was
related to the householder.”’

*I The householder refers to the person (or one of the people) in whose name the housing unit is owned or rented
(maintained) or, if there is no such person, any adult member, excluding roomers, boarders, or paid employees. If
the house is owned or rented jointly by a married couple, the householder may be either the husband or the wife. The
person designated as the householder is the "reference person" to whom the relationship of all other household

members, if any, is recorded.
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Table 2.2.2-2

The Types of Households in Philadelphia city, Pennsylvania in 2005-2009

Married-couple

= familiez 28%

[=]

E Other families 5%

=

E People living alone 3507,

5 QOther nonfamily

§ householdz 6%

fla |IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|

0 10 20 a0 40 a0 G0 7a 2n a0 100

Percent of households

Source: American Community Survey, 2005-2009

2.2.2.2 Geographic Mobility

Eighty-six percent of the people one year or older residing in Philadelphia were living in
the same residence one year earlier according to the 2005-2009 ACS; 9 percent had
moved during the past year from another residence within Philadelphia, two percent
moved to Philadelphia from another county in Pennsylvania, 2 percent moved from
another state, and one percent moved from abroad.

Table 2.2.2-3

Geographic Mobility of Residents of Philadelphia city, Pennsylvania in 2005-2009

Same residence 259

Different
residence, same 5%
county

Different county,
=ame state 2%

Different state el 3

Abroad 194

Residence 1 year ago

n 10 20 3n 40 50 G0 7 a0 a0 100

Percent of people age 1 year and over

Source: American Community Survey, 2005-2009

2.2.2.3 Ethnicity

According to the 2010 Census, 97 percent of people living in Philadelphia reported
being one race alone, 41 percent reported being White; 43 percent reported being Black
or African American; less than 0.5 percent reported American Indian and Alaska Native;
6 percent reported Asian; less than 0.5 percent reported Native Hawaiian and Other
Pacific Islander and 6 percent were some other race.
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Three percent of Philadelphia residents reported they were two or more races. Thirty-
seven percent of Philadelphians identified themselves as White, non-Hispanic.42 Twelve
percent of Philadelphians identified themselves as ethnically Hispanic in origin.

2.2.2.4 Nativity and Language

Nativity

Eleven percent of the people living in Philadelphia were foreign born. Eighty-nine
percent were U.S. Born, and of this 70 percent were born in Pennsylvania.

Language

As of 2010, 6.4 percent of the households in Philadelphia are linguistically isolated,
meaning all adults in a household have some limitation in communicating English. If
there are children under the age of 14 who speak English, they too would be considered
linguistically isolated.

Table 2.2.2-4 Linguistic Isolation in Philadelphia

Linguistically Isolated | Margin of Error

All households 6.4% +/-0.3
Households speaking --
Spanish 24.8% +/-1.9
IOther Indo-European 29.2% +/-2.2
anguages

Asian and Pacific
Island languages

Other languages 20.1% +/-4.9
Source ACS, 2006-2010

43.2% +/-3.1

Limitation of the Linguistic Isolation Data

There have been some concerns about the validity of the definition of “linguistic
isolation.” The U.S. Census Bureau defines as a “linguistically isolated” household as a
household in which no member 14 years old or over: a) speaks only English, or b)
speaks a non-English language and speaks English “very well.” In other words, all
individuals that are 14 years or over in a linguistically isolated household have at least
some difficulty with speaking or understanding English.

Limitations within this data include households being classified as linguistically isolated
where no household member 14 years or older speaks English “very well” but someone
younger than 14 years in the household speaks English “very well”. Also there are
numerous linguistically isolated households unaccounted for, due to respondents not

* People of Hispanic origin may be of any race.
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residing in Philadelphia at the time of enumeration. Also some households could be
reluctant to be enumerated because of fears of deportation because they are
undocumented immigrants.

2.2.2.5 People with Disabilities

There are six disability types reflected in the most recent version of the ACS; hearing,
vision, cognitive, ambulatory, self-care, and independent living disability. The U.S.
Census Bureau defines disability as “a long-lasting sensory, physical, mental, or
emotional condition or conditions that make it difficult for a person to do functional or
participatory activities such as seeing, hearing, walking, climbing stairs, and learning”.
Table 2.2.2-5 below identifies the population within Philadelphia that meet one (or more)
of the characteristics of an individual with a disability.

Table 2.2.2-5 People with Disabilities in Philadelphia
Total # of Disabilities | % of Total Population

Disability in People Age 18 & with Disabilities Age 18
Older & Older

Hearing difficulty 41,264 3.6%

Vision difficulty 46,578 4.0%

Cognitive difficulty 83,020 7.2%

Ambulatory difficulty 131,907 11.5%

Self-care difficulty 46,690 4.1%

Independent living difficulty | 96,306 8.4%

Source: American Community Survey, 2006-2010

2.2.2.6 Education

Seventy-nine percent of people 25 years and over in Philadelphia had at least
graduated from high school and 22 percent had a bachelor's degree or higher according
to the 2006-2010 ACS. Twenty-one percent did not complete high school and were not
currently re-enrolled in school or obtained a General Education Development degree
(GED).

The 2005-2009 ACS identified total school enrollment in Philadelphia for the population
3 years and over as 422,271; nursery school, pre-school and kindergarten enrollment
was 41,934, elementary through high school enrollment was 235,362, and
college/graduate*® school enrollment was 144,975 students.

* Includes associates, bachelors, graduate and professional degrees.
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Table 2.2.2-6

The Educational Attainment of People in Philadelphia city, Pennsylvania in 2005-2009

Graduate or
professional
degree

Bachelor's degree
Aszsociate’s
degree

Some college, no
degree

High =chool
diplema or
equivalency

Le== than high
school diploma

Highest level

n 10 20 30 40 a0 1] 70 a0 90 100

Percent of people 25 years and over

Source: American Community Survey, 2005-200%

2.2.3 Economic Characteristics

2.2.3.1 Industries

Like many urban areas in the East and Midwest of the United States, Philadelphia’s
economy has undergone a maijor transition in recent decades. Roughly half a century
ago, manufacturing dominated the economy providing almost half of Philadelphia’s jobs.
As manufacturing employment declined knowledge-based industries gained prominence
with life sciences, information technology, professional services and chemicals ranking
among Philadelphia’s top industries. Sectors such as education and health services,
professional and business services, financial activities and information technology have
emerged strongly as principal drivers of the economy.**

For the employed population 16 years and older, the leading industries in Philadelphia
were educational services, and health care, and social assistance (28 percent), and
professional, scientific, and management, and administrative and waste management
services (11 percent).*®

* Delaware Valley Regional Planning Commission (DVRPC). Economic Development Framework. Retrieved 29
November 2011.

* U.S. Census Bureau, American Community Survey, 2005-2009.
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Table 2.2.3-2

Employment by Industry in Philadelphia city, Pennsylvania in 2005-2009
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and hunting, and
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5%
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health care and _ 28%
social azsistance

Arts,
entertainment, and
recreation, and
accemmadation
and food =ervices

Other Services,
except public
administration
Public:
administration
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5%
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Source: American Community Survey, 2005-2009

Table 2.2.2-9 identifies the top twenty private sector employers in Philadelphia as of
2010:

Company Industry Employees #
University of Pennsylvania Colleges and Universities 21,000
University of Pennsylvania Health Care 11,908
Health System
Wachovia Bank Financial Services - Banking 8,306
Temple University Health Health Care 8.000
System
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The Children’s Hospital of - | 4 care — Pediatric 7,800
Philadelphia

Albert Einstein Healthcare

Network (Jefferson Health Health Care 6,482
System)

Thom_as Jefferson University Health Care 6.150
Hospital

Tenet Health System Health Care 6,021
PNC Bank, N.A. Financial Services - Banking 5,749
Drexel University Colleges & Universities 5,418
Temple University Colleges & Universities 5,227
Comcast/Spectacor Sports & Entertainment 3,500
Independence Blue Cross Health Insurance 3,000
United Parcel Service Parcel Services 3,000
Rohm & Hass Chemicals 2,050
Cigna Insurance 1,700
Sunoco Oil Refinery 1,200
Urban Ouffitters Retail Location 1,031
Tasty Baking Company Food Processing 900

Cardone Industries Manufacturing 700

GlaxoSmithKline Chemicals 250

Source: Greater Philadelphia Chamber of Commerce, 2010

According to the U.S. Department of Commerce’s Bureau of Economic Analysis, the
Real Gross Domestic Product (GDP) for the Philadelphia MSA grew by 2.3% in 2010
and ranks 7" nationally in total GDP at approximately $347 million. Table 2.2.2-7
depicts the GDP for the Philadelphian Metropolitan Area from 2001-2010.

Table 2.2.3-3 Philadelphia MSA - GDP

Year GDP (in millions) Rank
2010 346,932 7"
2009 335,638 g
2008 333,047 7
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2007 325,868 —
2006 309,498 -
2005 266,386 -
2004 262,149 -
2003 256,366 —
2002 247,902 -
2001 241,831 -

Source: U.S. Department of Commerce’s Bureau of Economic Analysis, 2010

The city is home to the Philadelphia Stock Exchange and several Fortune 500
companies. Fortune 500 is well represented in Greater Philadelphia with over 100
Fortune 500 companies located within a 200-mile radius of Center City Philadelphia.
Table 2.2.2-8 illustrates Fortune 1000 companies located within City limits.

Table 2.2.3-4 Fortune 1000 Companies in Philadelphia

Company Name Rank Revenues in Millions

Comcast 59 35,756

Sunoco 78 29,630

Cigna 129 18,414

Aramark 189 12,297

Crown Holdings 289 7,938

FMC 667 2,826

Urban Ouffitters 852 1,937

PepBoys — Manny. Moe & Jack 860 1,910

Source: Fortune Magazine, 2010

2.2.3.2 Income

As of the 2006-2010 ACS, the median income of Philadelphia households was $36,669.
Seventy-three percent of Philadelphia households received their income through
earnings from employment, 27 percent received Social Security (with an average Social
Security income of $13,102), and 16 percent received retirement income other than
Social Security. These income sources are not mutually exclusive, that is, some
households received income from more than one source.

Poverty and Participating in Government Programs

The Census Bureau defines poverty as the total income for a family or unrelated
individual falls below the relevant poverty threshold, asset by the U.S. Office of
Management and Budget’'s (OMB’s) Directive 14. As of the 2005-2009 ACS, 24 percent

Community Profile
Page 30 of 372



City of Philadelphia Natural Hazard Mitigation Plan
Managing Director’s Office May 2012
Office of Emergency Management

of all Philadelphians were living below the poverty level. Thirty-four percent of children
under 18 were living in poverty, as were 19 percent of people 65 years old and over.
Nineteen percent of all families, and 34 percent of families with a female householder
(and no husband present) had incomes below the poverty level.

Table 2.2.3-5

Poverty Rates in Philadelphia city, Pennsylvania in 2005-2009

People age 65 and
over

Related children
under 18 years

15%

4%

All familiez 19%

Female
householder 34%
familiez
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Families or people

Percent below poverty level

Source: American Community Survey, 2005-2009

2.3 The Built Environment

This section presents information on the built environment of the County, including: land
use and infrastructure.

2.3.1 Neighborhoods and Planning Districts

The 63 neighborhoods in Philadelphia are further aggregated into 12 planning analysis
sections by Philadelphia City Planning Commission (PCPC) (Figure 2.3.1-1).
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Figure 2.3.1-1: Philadelphia Neighborhoods by Planning Analysis Section
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2.3.2 Land Use

This section includes 2010 PCPC land use data, identified by planning analysis sections
within Philadelphia. For the purposes of this community profile, four land use categories
constituting the built environment are identified in Table 2.3.2-1: residential (includes
single-family detached residential, multi-family residential, residential row homes and
mobile homes); commercial; industrial; and recreational and community services.

Table 2.3.2-1 2010 Philadelphia Land Use (by acres)
Plannin Recreation &
. g Residential | Commercial | Industrial Community
Analysis Section Servi
ervices
Center City 316 233 33 182
S Philadelphia 1,446 593 2,246 521
SW Philadelphia 1,005 284 1,957 236
W Philadelphia 2,661 400 257 1,172
Lower N
Philadelphia 1,237 233 334 513
Upper N
Philadelphia 846 146 561 303
Bridesburg/
Kensington/ 932 274 1,433 184
Richmond
Roxborough/ 1,480 149 338 287
Manayunk
Germantown/
Chestnut Hill 3,464 239 182 1,024
Olney/
Oak Lane 2,396 240 189 481
Near NE
Philadelphia 4,540 620 1,029 811
Far NE
Philadelphia 5,482 960 2,156 1,465
Total 25,922 4,370 10,774 7,642

Source: PCPC, 2010

Additional land uses exist in Philadelphia, but do not constitute the built environment,
including: open space; transportation; vacant; and water.

All land uses are identified in Figure 2.3.2-2 below.
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Figure 2.3.2-2: Philadelphia Land Use, 2010
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2.3.3 Housing

Table 2.3.3-1 below includes data concerning the total number of housing units in
Philadelphia, including the number of vacant and occupied housing units. Housing data
is primarily from the 2010 U.S. Census; data on structure age was obtained from the
2010 American Community Survey.

Table 2.3.3-1 Philadelphia Selected Housing Characteristics

Selected Housing Characteristics: 2010 Count
HOUSING OCCUPANCY
Total housing units 670,171
Occupied housing units 599,736
Vacant housing units 70,435
YEAR STRUCTURE BUILT
Built 2005 or later 9,741
Built 2000 to 2004 10,176
Built 1990 to 1999 16,307
Built 1980 to 1989 24,047
Built 1970 to 1979 43,993
Built 1960 to 1969 68,372
Built 1950 to 1959 116,216
Built 1940 to 1949 110,620
Built 1939 or earlier 270,397
HOUSING TENURE
Owner-occupied 324,536
Renter-occupied 275,200
MORTGAGE STATUS
Mortgage, contract to purchase or similar debt 188,884
E;;r;e,rbitssgtoggt?ortgage or home equity 35,883
e Second mortgage only 9,249
e Home equity loan only 26,634
= Both second mortgage and home equity loan | 1,506
" Ilzl)gnsecond mortgage and no home equity 151,495
Without a mortgage 124,554
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Source: U.S. Census Bureau, Census 2010 and American Community Survey, 2008-2010.

2.3.3.1 Housing Costs and Housing Cost Burden

As of the 2005-2009 ACS, the median monthly housing costs for mortgaged home
owners was $1,172, nonmortgage home owners $413, and renters $801.

When households spend more than 30 percent of their income on housing, housing is
considered to be a cost burden on that household. As of the 2005-2009 American
Community Survey, 40% of home owners with mortgages, 23% of owners without
mortgages, and 55% of renters in Philadelphia County experienced a housing cost
burden in Philadelphia.

Table 2.3.3-2

Occupants with a Housing Cost Burden in Philadelphia city, Pennsylvania in 2005-2009

Oweners with

E mortgage 40%

= Owners without

§ mortgage 23%

5 Renters coog

]

E |IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|
=

0 10 20 30 40 50 B0 70 80 80 100
Percent paying 30 percent or more of income for housing

Source: American Community Survey, 2005-2009

2.3.4 Population Density

Figure 2.3.4-1 on the following page depicts Philadelphia’s population density per
square mile in 2010, indicating the highest population concentrations geographically.
The highest density areas are in Center City, South Philadelphia, and portions of West
Philadelphia.
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Figure 2.3.4-1: Philadelphia Population Density by Police Division
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From its founding through the early 19" century, Philadelphia’s boundaries
encompassed the area between the Delaware and Schuylkill Rivers between Vine and
South Streets. The City and County of Philadelphia were consolidated in 1854,
significantly enlarging the boundaries and creating Philadelphia’s current border.*® This
resulted in a large population increase, evident in the 1860 census. Philadelphia
experienced steady growth between 1860 and 1950, except for a brief lull in 1930,
which was in part due to the Great Depression. The City’s population peaked in the
1950s and was on a steady decline until 2010. Table 2.3.5-2 depicts Philadelphia’s

population from 1790-2010.

Table 2.2.2-7 Historical Populations ‘
Year Population Yo+~ Year Population Y%o+-
2010 1,526,006 0.6% 1890 1,046,964 23.6%
2000 1,517,550 -4.3% 1880 847,170 25.7%
1990 1,585,577 -6.1% 1870 674,022 19.2%
1980 1,688,210 -13.4% 1860 565,529 365.9%
1970 1,948,609 -2.7% 1850 121,376 29.6%
1960 2,002,512 -3.3% 1840 93,665 16.4%
1950 2,071,605 7.3% 1830 80,462 26.1%
1940 1,931,334 -1.0% 1820 63,802 18.8%
1930 1,950,961 7.0% 1810 53,722 30.3%
1920 1,823,779 17.7% 1800 41,220 44.5%
1910 1,549,008 19.7% 1790 28,522
1900 1,293,697 23.6%

Source: U.S. Census Bureau, 2010

Philadelphia added 8,456 residents between 2000 and 2010. This was the first decade
where Philadelphia experienced population growth since 1940-1950. The fastest
growing areas from 2000 to 2010 include Center City and near Northeast Philadelphia.

* Ibid
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The Olney/Oak Lane section saw the steepest declines on both a numerical and
percentage basis.

Table 2.3.5-1 Population Change, 2000-2010
g?\::(s:?on 2000 Population I%%'Ltzjlation 2:amnegr:,:al CP:‘Ie'l"ac:gnet,
2000-2010 2000-2010

Central 144,259 157,124 12,865 8.9%

East 187,537 190,319 2,782 1.5%
Northeast 406,174 425,022 18,848 4.6%
Northwest 334,605 314,892 -19,713 -5.9%
South 160,130 165,812 5,682 3.5%
Southwest 284,845 272,837 -12,008 -4.2%
Total 1,517,550 1,526,006 8,456 0.6%

Source: U.S. Census Bureau, 2010

2.3.6 Infrastructure

2.3.6.1 Streets, Highways and Bridges

Streets and Highways

The Philadelphia Streets Department (Streets), the Philadelphia Department of Parks
and Recreation, and the Pennsylvania Department of Transportation (PENNDOT)
manage roadway travel in Philadelphia. The streets system in Philadelphia totals 2,575
miles: 2,180 miles of city streets, 35 miles of Fairmount Park roads, and 360 miles of
state highways.

Many major highways and roadways serve Philadelphia. Interstate 95 (1-95) is an
interstate highway which runs from Miami, Florida to Houlton, Maine. The highway
provides northern and southern access to the United States’ eastern seaboard. In
Philadelphia, the route is commonly known as the Delaware Expressway. It runs for
approximately 19.89 miles along the eastern boundary of Philadelphia parallel the
Delaware River. An estimated 169,000 motorists utilize the highway daily within
Philadelphia.*’ Interstate 76 (I-76) is an interstate highway running 435 miles from
Akron, Ohio to Camden, New Jersey. The stretch of I-76 close to Philadelphia is more
commonly known as the Schuylkill Expressway. The Schuylkill is 25 miles in length,
extending from the Pennsylvania Turnpike at Valley Forge, through Center City
Philadelphia, to the Walt Whitman Bridge. The highway runs 10.33 miles through
Philadelphia, and is located along the southwest shore of the Schuylkill River.

7 "Interstate 95 - Annual Average Daily Traffic @ Interstate-Guide.com". Retrieved 13 February 2012.
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Interstate 675 (I-676) or the Vine Street Expressway also serves as an essential part of
Philadelphia’s highway system. Completed in 1991, I-676 runs 7 miles between |-76
and |-95, crossing the Ben Franklin Bridge into Camden, New Jersey. U.S.-1 (also
known as the Roosevelt Expressway/Roosevelt Boulevard) runs from Florida to Maine
along the east coast. The portion in Philadelphia was completed in 1961, after three
years of construction. In Philadelphia, U.S.-1 is an 18.43 mile stretch of road,
connecting northeast Philadelphia with Center City.

Other major roadways in Philadelphia include Woodhaven Road (PA Route 63), and
Cottman Avenue (PA Route 73) located in northeast Philadelphia, which connects I-95
and U.S.-1. The Fort Washington Expressway (PA Route 309) is a 10.2 mile long road,
connecting the northern section of Philadelphia with Bucks and Montgomery Counties.
U.S. Route 30, also known as Lancaster Avenue, connects Philadelphia to Lancaster
County and Main Line suburbs.
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Figure 2.3.6-1 Major Highways and State Roadways
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Bridges

The Philadelphia Streets Department (Bridge Section), PennDOT and the Delaware
River Port Authority (DRPA) manage the bridges within Philadelphia. Bridges are vital,
providing transit for vehicles and pedestrians, into and out of Philadelphia. In total,
Philadelphia has over 350 bridges. The DRPA manages most of the transportation
between Philadelphia and New Jersey, including four bridges. The Streets Department
maintains an additional 240 bridge structures within the City and PennDOT manages all
state or federally owned bridges.

There are four interstate bridges linking Philadelphia to neighboring New Jersey over
the Delaware River: the Benjamin Franklin Bridge, Betsey Ross Bridge, Walt Whitman
Bridge, and Tacony-Palmyra. The Franklin, Ross, and Whitman are maintained and
own by the DRPA,; the Tacony-Palmyra is owned and operated by the Burlington
County (New Jersey) Bridge Commission.

The first of these to be constructed was the Ben Franklin Bridge, originally named the
Delaware River Bridge. After four and a half years of construction, the Benjamin
Franklin Bridge was open to traffic on July 1, 1926. Today the Benjamin Franklin
Bridge, whose main suspension span is the 34th longest in the world, carries an
average of 100,000 vehicles, and more than 40,000 rail commuters on PATCO across
the Delaware River each day.*

The Betsy Ross Bridge is a continuous truss bridge spanning the Delaware River from
the Bridesburg section of Philadelphia to Pennsauken, New Jersey. Construction of the
bridge began on June 12, 1969. After almost seven years of construction, the Bridge
was opened to commuters on April 30, 1976. According to the New Jersey Department
of Transportation (NJDOT), the Betsy Ross Bridge carries approximately 45,000
vehicles across the Delaware River each day.*°

The Walt Whitman Bridge began construction in August 1953 and was opened to the
public on May 16, 1957. The Bridge begins in South Philadelphia on I-76 and crosses
the Delaware River into Gloucester, New Jersey. The Walt Whitman Bridge, whose
main suspension span is the 27th longest in the world, currently carries approximately
120,000 vehicles across the Delaware River each dasy. On summer weekends, the
bridge carries as many as 150,000 vehicles per day.*

The Tacony-Palmyra Bridge is a combination steel arch, double-leaf bascule bridge
across the Delaware River, connecting New Jersey Route 73 in Palmyra, New Jersey

* Delaware River Port Authority (DRPA). Bridge Information & Resources: Benjamin Franklin Bridge. Retrieved
13 February 2012.

* Philly Roads. Betsey Ross Bridge: Historic Overview. Retrieved 13 February 2012.

> Delaware River Port Authority (DRPA). Bridge Information & Resources: Walt Whitman Bridge. Retrieved 13
February 2012.
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and Pennsylvania Route 73 in the Tacony section of Philadelphia. The bridge serves
approximately 50,000 vehicles per day.51

2.3.6.3 Freight and Passenger Rail

Philadelphia has served as a hub for major railroad transportation, including both
freight, and passenger rail, since the early 19" Century, and has been home to both the
Pennsylvania Railroad and the Reading Railroad companies. Figure 2.3.6-2 depicts the
general railroads lines, the active railways and the inactive railways in Philadelphia.

Freight

Since the mid-1800s, rail transportation has been the centerpiece of industrial
production and energy generation, and rail continues to be central to these industries.
The Reading Railroad began in 1833 and was originally named the Philadelphia and
Reading Railroad. In 1842, the Railroad connected markets in Philadelphia to the coal
mining areas of Pennsylvania, but over time expanded business to incorporate coal
mining and canal and ocean transport operations.’® The Reading Railroad fell under
bankruptcy in 1971, and the federal government transmitted its assets to the
Consolidated Rail Corporation (Conrail).

The Pennsylvania Railroad was the largest railroad by traffic and revenue in the United
States for the first half of the 20™ century. In 1968 the railroad merged with its rival, New
York Central Railroad, to form the Penn Central Transportation Company. Like many
other railroads, Penn Central filed bankruptcy in 1970 and its assets were transmitted to
Conrail. In 1997, Norfolk Southern Cor;‘poration and CSX Corporation agreed to acquire
Conrail through a joint stock purchase.*

Today Norfolk Southern, Canadian Pacific (CP) Rail, and CSX continue to distinguish
Philadelphia as one of few U.S. ports served by three class-one railroads. Philadelphia’s
core, or strategic, rail lines carry some of the highest volume in the nation. For example,
the former Pennsylvania Railroad main line—now Norfolk Southern—connects
Philadelphia, Harrisburg and Pittsburgh and extends to Chicago. This line carries more
than 120 million gross tons (MGT) annually. Other very high-traffic rail lines include the
[-95 corridor in southeastern Pennsylvania, this line contains the CSX mainline and
parallels 1-95 at Chester north through Philadelphia to the New Jersey/Pennsylvania
border at Yardley, PA. Another important trunk line is Amtrak's Northeast Corridor, a
portion of which passes through Philadelphia. Some freight is moved on this
predominantly passenger rail corridor.>* Although Conrail no longer handles commercial
matters for customers, they continue to play a critical role in serving shippers and

>! Philly Roads. Tacony-Palmyra Bridge: Historic Overview. Retrieved 13 February 2012.

>2 Reading Company Technical & Historical Society. RDG Co. — A Brief History. Retrieved 13 February 2012.

33 Conrail Historical Society. Conrail Company History. Retrieved 13 February 2012.

>* American Society of Civil Engineers (ASCE): 2010 Report Card for Pennsylvania’s Infrastructure. Retrieved 13
February 2012.
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receivers as an agent for their owners. Conrail operates about 372 miles of track in the
Philadelphia/southern New Jersey area.*®

Passenger

The first passenger railroad in Philadelphia was the Philadelphia, Germantown and
Norristown Railroad, which opened in 1832. Many other rail lines were established in
the years following. Amtrak was created by Congress in 1970 to take over the
passenger rail services previouslg/ required to be operated by private freight railroad
companies in the United States.®

In modern day railroad history, Amtrak is the major semi-national railroad company that
serves Philadelphia at 30™ Street Station. In 2010 Philadelphia’s 30" Street Station
was the 3™ busiest station for Amtrak in the United States. Table 2.3.6-1 illustrates the
top 10 busiest rail stations as of 2010.

Table 2.3.6-1 10 Busiest Rail Stations in the U.S.
Station Tickets From Tickets To Total Ridership
New York 4,207,590 4,170,354 8,377,944
Washington, DC 2,295,449 2,277,429 4 572,878
Philadelphia, PA 1,889,161 1,898,170 3,787,331
Chicago, IL 1,647,764 1,640,290 3,288,054
Los Angeles, CA 757,233 760,109 1,517,342
Boston South
Station, MA 657,176 654,029 1,311,205
Sacramento, CA 557,132 550,088 1,107,220
Baltimore, MD 461,146 465,099 926,245
Albany-
Rensselaer, NY 367,767 369,492 737,259
New Haven, CT 360,139 363,148 723,287

Source: Amtrak, 2010

> Conrail. Freight Service. Retrieved 13 February 2012.
°* Amtrak. Historical Background on Amtrak. Retrieved 13 February 2012.
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Figure 2.3.6-2 General Railroads, Active Railways & Inactive Railways
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2.3.6.4 Public Transit

Southeastern Pennsylvania Transportation Authority

Philadelphia’s primary source of public transportation is the Southeastern Pennsylvania
Transportation Authority (SEPTA). Within Philadelphia, SEPTA operates the public
buses, trolleys, trackless trolleys, Broad Street Subway, and Market-Frankford Elevated
subway. In addition, SEPTA operates regional rail lines and bus services throughout
Philadelphia, Bucks, Montgomery, Chester, Delaware counties, as well as provides
additional service to portions of southern New Jersey.*’

SEPTA began in the early 1950’s and consisted of the subway, trolleys and buses. At
this time many of the bus and trolley routes were owned by private companies such as
the Philadelphia Transportation Company, Philadelphia Suburban Transit Company,
Pennsylvania Railroad, and Reading Company. The creation and popularity of the
automobile began to significantly hurt these private companies. In 1961, the city of
Philadelphia along with Bucks, Montgomery, and Chester counties signed to the
Southeastern Pennsylvania Transportation Compact. This initial agreement gave
SEPTA the function of coordinating government subsidies to the railroads and transit
companies. On September 30, 1968, SEPTA took control of the Philadelphia
Transportation Company which included all buses, trolleys, trackless trolley lines, the
Broad Street Subway and the Market-Frankford Elevated.*®

At the end of the 2011 fiscal year season (June 30, 2011), SEPTA's buses, subways,
trolleys, and trains had approximately 334 million trips. This amount is an increase of
four percent from the 2010 season, and is SEPTA’s highest ridership since 1989 (345
million trips).>® Figure 2.3.6-2 illustrates SEPTA’s rail lines in Philadelphia.

7 SEPTA. Driven to Achieve: Fiscal Year 2010 Annual Report. Retrieved 15 November 2011.

*¥ The Philadelphia Chapter of National Railway Historical Society. John Amelia, 2004. Retrieved 8 November
2011.

*? Southeastern Pennsylvania Transit Authority. Revenue & Ridership Report. Retrieved 13 February 2012.
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Figure 2.3.6-3 SEPTA’s Rail Services

Source: SEPTA, 2006

Port Authority Transit Corporation

The Port Authority Transit Corporation (PATCO) Speedline first began in 1926 with the
creation of the Delaware River Bridge Commission and the construction of the Benjamin
Franklin Bridge. In 1931, the Delaware River Bridge Commission was given the
authority to construct a high-speed transit line connecting Philadelphia and Camden,
New Jersey. On June 7, 1936, the new bridge line completed its first run from Camden
to Philadelphia. Speedline operations began on February 15, 1969, with the first trip
from Lindenwold, New Jersey to Center City Philadelphia. Back then, the 14.2 mile line
carried 21,200 people per day. Today, more than 38,000 people rely on the high
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speedline.®® PATCO began service with eight stations in Camden County, NJ and four
in Philadelphia. Today there are thirteen stations, extending from 15"-16" St. and
Locust St. in Philadelphia to Lindenwold, NJ.

Figure 2.3.6-4 PATCO Service Area Map

Source: PATCO, 2011

New Jersey Transit

New Jersey Transit (NJ Transit), founded in 1979, is New Jersey's public transportation
corporation. Covering a service area of 5,325 square miles, NJ Transit is the nation's
third largest provider of bus, rail and light rail transit, linking major points in New Jersey,
New York, and Philadelphia. The agency operates a fleet of 2,027 buses, 711 trains
and 45 light rail vehicles.®! In Philadelphia, NJ Transit provides a train line services from
Philadelphia to Atlantic City, New Jersey.

Figure 2.3.6-5 NJ Transit Philadelphia Service Area Map

Source: NJ Transit, 2012

% PATCO: A History of Commitment. Retrieved 8 November 2011.
''NJ Transit: About Us. Retrieved 9 November 2011.

Community Profile
Page 48 of 372



City of Philadelphia Natural Hazard Mitigation Plan
Managing Director’s Office May 2012
Office of Emergency Management

2.3.6.6 Airports

Philadelphia is the home of two airports; Philadelphia International Airport (PHL) and
Northeast Philadelphia Airport (PNE). PHL operates under the jurisdiction of the 77"
PPD district, a police district solely responsible for PHL. PNE operates under the 8th
PPD district.

Philadelphia International Airport

Then called Philadelphia’s “Municipal Aviation Landing Field,” PHL originally opened in
1925 as a training space for aviators in the Pennsylvania National Guard. However, on
October 22, 1927, pilot Charles A. Lindbergh touched down his Spirit of St. Louis plane
in Philadelphia during his tour of the United States. As a result of this historical event,

the training field’s name changed to Philadelphia Municipal Airport.

In 1930, airport expansion was initiated with the county’s purchase of Hog Island, a
World War | shipbuilding yard, for $3 million from the federal government. Construction
was delayed until 1936 due to the economic decline of the Great Depression.
Philadelphia Municipal Airport was officially opened on June 20, 1940. In its first year of
operation, Philadelphia Municipal Airport transported 40,000 passengers. In the 1940s
American Overseas Airline launched transatlantic service, and the airport was renamed
Philadelphia International Airport (PHL) to reflect the change.®?

In the 1950’s, PHL became accessible by all means of transportation including
highways, waterways, and railways. The Overseas Terminal, which catered to
international and charter flights, opened in April of 1973. Over $300 million was spent in
the late 1970’s for the development and transformation of the domestic terminal. In
1985, SEPTA created a rail line connecting Center City Philadelphia to the Airport.

In 2010, PHL accommodated 30.8 million passengers, including 4.2 million international
passengers, and 460,779 aircraft takeoffs and landings. Twenty-nine airlines provide
nearly 620 daily departures to 123 cities including more than 55 nonstop flights to 36
international cities. Nearly 441,000 tons of cargo and 22,000 tons mail are moved
annually by commercial airlines and a half-dozen cargo carriers.®®> The airport contains
more than 200 businesses which employ more than 141,000 workers. PHL has a $14.4
billion economic impact on the region, making it one of the largest economic engines in
Pennsylvania. The airport encompasses 7 terminal buildings with 126 boarding gates
and is situate on about 2,370 acres.®

Philadelphia Northeast Airport

Philadelphia Northeast Airport (PNE) originally opened in June 1945. By 1953, it was
ranked 21% in the nation for airfreight tonnage handled. Originally operated by the City
of Philadelphia, the Airport’s traffic control tower was taken over in 1957 by the Civil

62 Philadelphia International Airport. History of Philadelphia International Airport. Retrieved 8 November 2011.
Philadelphia International Airport. About Philadelphia International Airport. Retrieved 8 November 2011.
%4 Philadelphia International Airport Liaison - John Glass. Retrieved 14 February 2012
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Aeronautics Administration (this later evolved into the Federal Aviation Administration,
FAA). Inthe early 1980’s, Augusta Aviation Corporation opened a Northeast Service

Center at the Airport and a few years later moved its headquarters from Bucks County
to PNE.

Today, PNE manages approximately 75,000 airport flight operations annually. A new
taxiway was installed at PNE called Taxiwag C in 2006, which gives Runway 15-33 full
length on the east side of the landing strip.°

2.3.7 Emergency Services

Philadelphia’s emergency services include the Fire Department (PFD), the Fire
Department Emergency Medical Services (PFD-EMS), the Police Department (PPD),
and hospitals. A number of other City agencies, including MDO-OEM, the Philadelphia
Department of Public Health (PDPH), the Department of Behavioral Health and
Intellectual disability Services (DBHIDS), and the Department of Licenses and
Inspections (L&l) also have emergency response functions. Figure 2.3.7-1 identifies the
locations of PPD and PFD stations within Philadelphia.

% Ibid
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Figure 2.3.7-1 Philadelphia Fire and Police Stations
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2.3.8 Hospitals and Healthcare Facilities

Philadelphia is one of the United States’ leading major metropolitan areas in healthcare.
The City is home to thirty hospitals dedicated to high-quality patient care and service.

Table 2.3.8-1 Philadelphia Hospitals

Hospital Name S ] UGELTE Burn Center Pediatric
Department Center

Angela Jane Pavilion
Rehabilitation Hospital
Aria Health —
Frankford Campus
Aria Health —
Torresdale Campus
Cancer Treatment
Centers of America -
Eastern Region
Medical Center

Chestnut Hill Hospital X

X Level 2

Children’s Hospital of
Philadelphia

Einstein Medical
Center X

Fox Chase Cancer
Center

X Level 1 X

Level 1

Germantown
Community Health
Services

Girard Medical Center

Hahnemann
University Hospital
Hospital of the
University of X Level 1
Pennsylvania

X Level 1

Jeanes Hospital X

Kindred Hospital of
Philadelphia

Magee Rehabilitation
Hospital

Community Profile
Page 52 of 372



City of Philadelphia

Managing Director’s Office
Office of Emergency Management

Natural Hazard Mitigation Plan
May 2012

Mercy Philadelphia
Hospital

Methodist Hospital

Moss Rehab

Nazareth Hospital

Penn Medicine at
Rittenhouse

Penn Presbyterian
Medical Center

Pennsylvania Hospital

Roxborough Memorial
Hospital

Shriner’s Hospital for
Children —
Philadelphia

St. Christopher’s
Hospital for Children

Level 1

St. Joseph’s Hospital

Temple University
Hospital

Level 1

Temple University
Hospital — Episcopal
Campus

Thomas Jefferson
University Hospital

Level 1

Philadelphia VA
Medical Center

2.3.9 Higher Educational Facilities

Philadelphia is home to numerous higher learning facilities. Table 2.3.9-1 lists the
colleges, universities and institutes located within Philadelphia.
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Table 2.3.9-1 Higher Educational Facilities

Colleges, Universities and Institutes

Academy of Vocal Arts
Chestnut Hill College
Community College of
Philadelphia

Drexel University

Frankford Hospital School of
Nursing

Hussian School of Art

Jna Institute of Culinary Arts
La Salle University

Lincoln Technical Institute
Lutheran Theological Seminary at
Philadelphia

Metropolitan Career Center
Computer Technology Institute
Moore College of Art & Design
Northeastern Hospital School of
Nursing

Pierce College

Pennsylvania Academy of Fine
Arts

Philadelphia College of
Osteopathic Medicine
Philadelphia University
Roxborough Memorial Hospital
School of Nursing

Saint Joseph’s University
Talmudical Yeshiva of
Philadelphia

Temple University

The Art Institute of Philadelphia
The Curtis Institute of Music
The Restaurant School at
Walnut

Hill college

The University of the Arts
Thomas Jefferson University
University of Pennsylvania
University of Phoenix
University of the Sciences in
Philadelphia

2.3.10 Cultural Facilities

Philadelphia has one of the greatest concentrations of cultural institutions in the world.
Table 2.3.10-1 displays some of Philadelphia’s most visited museums, stadiums, iconic
sites, zoos, theaters and concert halls.

Table 2.3.10-1 Cultural Facilities

Museums
e Philadelphia Museum of Art e Polish American Cultural Center
e The Franklin Institute Museum
e Academy of Natural Sciences e Historical Society of
e Please Touch Museum Pennsylvania
e Penn Museum e National Liberty Museum
¢ Rodin Museum e Fabric Workshop and Museum
¢ National Museum of American e Civil War Library and Museum
Jewish History e Wagner Free Institute of
e Mutter Museum Science
e African American Museum e Mummers Museum
e Independence Seaport Museum e Franklin Court
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e Simeone Foundation Museum
e Rosenbach Museum and Library

Fireman’s Hall
USS Becuna

Iconic Sites

¢ Independence Hall

e Masonic Temple
Independence National Historical
Visitors Center

Eastern State Penitentiary
National Constitution Center
City Hall

U.S. Mint

Liberty Bell Center

Todd House

Christ Church
Independence Mall
Congress Hall

Betsy Ross House

Bishop White House
Second Bank of the U.S.
Cathedral Basilica of SS. Peter
and Paul

Pennsylvania Convention
Center

Gloria dei Church
Boathouse Row

Love Park

Rittenhouse Square
Washington Square
Reading Terminal Market
Italian Market

Theaters/Concert Halls

e Kimmel Center for the Performing
Arts

e Arden Theatre Company

e Wilma Theater

Walnut Street Theatre

Painted Bride Art Center
Academy of Music
Curtis Institute of Music

Mann Center for the Performing
Arts

Stadiums/Arenas

e Citizens Bank Park o« Palestra
¢ Lincoln Financial Field e Liacouras Center
e Wells Fargo Center e Tom Gola Arena
¢ Franklin Field
Zoos/Nature Centers
e Philadelphia Zoo e Shofuso Japanese House and
e Morris Arboretum Garden
e Fairmount Park e Bartram’s Garden
e John Heinz Wildlife Refuge

2.4 Data Limitations

It should be noted that the analysis presented here is based upon “best available data”.
Data used in updates to this Hazard Mitigation Plan should be reassessed upon each
review period to incorporate new or more accurate data if/when possible.
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3. Planning Process

This section includes a description of the planning process used to develop the HMP,
including how it was prepared, who was involved in the plan development, and how the
public was engaged. To ensure the HMP met the requirements of the DMA 2000, an
approach to the planning process and plan documentation was developed to achieve
the following goals:

e The plan will consider the prominent natural hazards facing Philadelphia, thereby
satisfying the natural hazards mitigation planning requirements specified in DMA
2000.

e The plan will be developed following the process outlined by DMA 2000, FEMA
requirements and FEMA and PEMA guidance.

3.1 Planning Process and Participation Summary

Philadelphia applied for, and was awarded, funding under the Pre-Disaster Mitigation
(PDM) Competitive Grant Program to assist in the development of an HMP. A Hazard
Mitigation Planning Coordinator was hired under MDO-OEM to oversee the
development of the plan. In November 2011 MDO-OEM began the development of
Philadelphia’s first HMP. By December 2011 Philadelphia had identified and profiled
the natural hazards of concern, as well as had addressed the vulnerabilities associated
with each hazard. In the same month, a Hazard Mitigation Planning Committee was
assembled to support the plan development and compile an implementation-strategy
action plan in order to mitigate potential losses. The HMP planning process concluded
in February 2012 with the finalized HMP being sent to PEMA and FEMA for approval.

The Philadelphia HMP was written using the best available information obtained from a

wide variety of sources. Throughout the plan development, an effort was made to solicit
information from individuals with specific knowledge of certain natural hazards and their
past impacts to Philadelphia.

3.2 Planning Committee

The Hazard Mitigation Planning Committee is a core group of nineteen agencies that
manage, operate, and/or plan for some of the City’s largest infrastructure networks.
The planning committee provides subject-matter expertise in the following areas:
emergency management, public safety, land use planning, building codes,
transportation, infrastructure development, maintenance, and protection, and natural
resource protection. This committee combines skills, expertise, and experience to
achieve a common goal of natural hazard mitigation for Philadelphia.

The planning committee helps develop, manage and implement Philadelphia’s HMP.
The following list summarizes the planning committee’s responsibilities:

e Support plan development

e Attend HMP Planning Committee meetings

¢ Provide subject matter expertise
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Assist in ranking hazards of concern

Develop mitigation actions pertinent to their agency

Assist in evaluating and prioritizing mitigation actions

Review and comment on draft HMP sections provided by MDO-OEM
Assist with plan maintenance

MDO-OEM served as the coordinating agency for the development of the HMP. MDO-
OEM facilitated the overall plan development to ensure the HMP met the requirements
of DMA 2000. As the HMP coordinator, MDO-OEM had many responsibilities including
administration, content organization, and text development. The following list
summarizes MDO-OEM’s responsibilities:

e Organize and guide all meetings with the planning committee
Provide support for all participants in the hazard mitigation planning process
Coordinate with planning committee to identify relevant material for HMP
Develop and implement the community involvement process
Guide plan development to adhere to DMA 2000 requirements
Manage identification, collection and analysis of capabilities submitted by the
Planning Committee
Guide hazard ranking process
Manage identification, collection and analysis of mitigation actions submitted by
the planning committee

3.2.1 Participants and Agency Descriptions
Planning committee agency participants include:

Participants in the Philadelphia HMP Planning Committee

Agency Participants

e April Geruso
e Caitlin Kelly
e Joan Przybylowicz

Managing Director’s Office of Emergency
Management (MDO-OEM)

Philadelphia Water Department (PWD) e Jim Golembeski

e Kevin Koch
e Thomas O’Farrell
e Michael Zaccagni

The Streets Department of Philadelphia
(Streets)

e Charles Dougherty
e James Mako

e Chief Richard Bossert
e Lieutenant Arthur Myers

Philadelphia Parks and Recreation (PPR)

Philadelphia Fire Department (PFD)
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Philadelphia Department of Public Health
(PDPH)

Steve Alles, MD
Benjamin Whitfield

Philadelphia Gas Works (PGW)

Mark Lee

Philadelphia Office of Innovation and
Technology (OIT)

Angelique O’'Donnell

Philadelphia City Planning Commission
(PCPC)

Paula Brumbelow

Philadelphia Department of Licenses and
Inspections (L&l)

Steve Gallagher

Philadelphia International Airport (PHL)

John Glass

Pennsylvania Department of Transportation
(PENNDOT)

Rodney Smith

Veolia Energy (Veolia)

Patrick Davin

PECO Energy (PECO)

Sharon Lownes

Southeast Pennsylvania Transportation

Authority (SEPTA) John Power
Delaware River Port Authority (DRPA) Robert Only
National Park Service (NPS) Patrick Suddath
Pennsylvania Emergency Management Tom Hughes
Agency (PEMA) Kelsey Walko

Federal Emergency Management Agency
(FEMA)

Matt McCullough

3.3 Planning Committee Meetings and Documentation
The following planning committee meetings were held during the planning process.

Agendas and sign-in sheets are included in Appendix I.

December 8, 2011 — Hazard Mitigation Kickoff Meeting held at the Fire

Administration Building.

The meeting introduced all planning committee participants to the mitigation planning
process, discussed timelines for implementation, reviewed initial sections of the HMP,
including the community profile and three hazard profiles, drought, earthquake and
extreme temperature, and described specific expectations and roles of planning
committee members. A brief summary was given on what hazard mitigation planning
entails and why Philadelphia needs a Hazards Mitigation Plan.
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December 20, 2011 — Hazard Mitigation 2" Planning Meeting held at the Fire
Administration Building and via teleconference.

Due to the topics discussed, selected members of the planning committee were invited
to attend the 2" hazard mitigation planning meeting in person. All planning members
were invited to attend via teleconference. The meeting reviewed three additional
hazard profiles: Flooding, Tropical Cyclones, and Windstorms/Tornadoes. Information
was also collected on the local planning, regulatory, administrative, technical, fiscal and
political capabilities within Philadelphia.

January 5, 2012 - Hazard Mitigation 3™ Planning Meeting held at the Fire
Administration Building.

The 3™ planning meeting determined the ranking for the seven hazards profiled within
the HMP. The final hazard rankings were determined by a group census after the
planning committee established the level of concern for the population, built
environment and economy of Philadelphia based on the proposed hazard. The rankings
were determined as high, moderate or low. Extreme temperature, floods, and winter
weather were determined as high risk; tropical cyclone and windstorms/tornado were
determines as moderate risk; and earthquake and drought as low risk. A brief
introduction into the development of the mitigation strategies was also provided.

February 2, 2012 — Hazard Mitigation 4" Planning Meeting held at the Fire
Administration Building.

A brief summary was provided on the risk assessment results and what language was
developed for the plan. The meeting also reviewed the preliminary mitigation strategies
developed for Philadelphia, how to prioritize these strategies using the PASTEEL
method, and grants available to fund such strategies.

February 16, 2012 — Hazard Mitigation Final Planning Meeting held at the Fire
Administration Building.

The planning committee reviewed the finalized draft version of the HMP, provided
comments and suggestions and/or approved the information. A brief introduction to
Phase Il of the HMP was provided by MDO-OEM, explaining the inclusion of human-
made disasters during this subsequent phase.

Throughout the planning process MDO-OEM’s Hazard Mitigation Planning Coordinator
was available to provide additional HMP information and clarification to the participating
agencies. Individual meetings were conducted to further explain what hazard mitigation
entails, and potential mitigation actions for Philadelphia.
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3.4 Public Meetings

In compliance with hazard mitigation planning requirements, extensive public
participation was sought and encouraged throughout the development of the HMP. To
engage the community in the hazard mitigation planning process, MDO-OEM developed
a comprehensive community involvement strategy. MDO-OEM first held a series of
meetings designed to garner support and comments from numerous Philadelphia
residents.

3.4.1 Meeting Logistics

Media releases and advertisements on MDO-OEM social media sites were posted to
invite Philadelphia residents to five public meetings. Appendix C and E includes the
press releases and agendas for each of the five public meetings. Several articles were
also published in local newspapers providing information on the public meetings; these
articles can be found in Appendix D of this plan. In addition, the public meeting dates
and agendas were available on the MDO-OEM’s website homepage, and the meeting
announcements were provided to all planning committee members. The list of public
meetings is presented in table 3.4.1-1 below.

Philadelphia Hazard Mitigation Public Meetings

Date Location

The Salvation Army Corps

Thursday, December 15, 5:30 p.m. — Roxborough Community Center

7:30 p.m. 6730 Ridge Avenue

Saturday, January 7, 2012, 10:00 a.m. | Federation Housing Inc., Rieder House
-12:00 p.m. 10102 Jamison Avenue

Tuesday, January 24, 6:00 p.m. - Mercy Eastwick Wellness Center
8:00p.m. 2821 Island Avenue

Free Library of Philadelphia — Central

Wednesday, February 8, 6:00 p.m. - Branch Skyline Room, 4th Floor

8:00 p.m. 1901 Vine Street
Thursday, February 16, 6:00 p.m. - Salvation Army Tabernacle Corps
8:00 p.m. 3150 North Mascher Street

3.4.2 Meeting Materials

The hazard mitigation public meetings provided members of the planning committee an
opportunity to present on the Hazard Mitigation planning process, present and discuss
the hazards of concern and related hazard profiles and vulnerability assessments. A
presentation was developed which outlined the entire planning process. At each
subsequent meeting, opportunity was given to provide information on the status of the
draft plan, and to provide feedback on the plan.
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In addition, a natural hazards questionnaire was developed to gauge the citizens’ level
of knowledge and perception to natural hazards within Philadelphia. The questionnaire
asked 14 quantifiable questions about citizen perception of risk, knowledge of mitigation
actions available, and household emergency preparedness. The questionnaire also
asked several demographic questions to help analyze trends. The questionnaire was
available on the MDO-OEM website for residents to complete in electronic format and
was distributed during Hazard Mitigation Public Meetings, Emergency Preparedness
Workshops, and the Global Citizen MLK Day of Service Health & Wellness Fair & Civic
Engagement Expo. All questionnaires were completed online, collected at meetings or
returned to MDO-OEM through pre-paid envelopes and all results were compiled.
Appendix A provides a summary of the questionnaire and the questionnaire findings.

3.4.3 Hazard Mitigation Plan Website

A public website (www. http://oem.readyphiladelphia/hazardmitigation.org) was
launched on March 2, 2012 to inform Philadelphia residents of the project. The website
contains the draft version of the Hazard Mitigation Plan, information on the hazards
profiled within the plan, information on family and personal preparedness, links to
personal mitigation measures, a link to the natural hazards questionnaire, and answers
to frequently asked questions regarding hazard mitigation.
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4. Risk Assessment

According to the FEMA Guidance 386-2, “risk assessment is the process of measuring
the potential loss of life, personal injury, economic injury and property damage resulting
from natural hazards by assessing the vulnerability of people, buildings and
infrastructure to natural hazards.” Philadelphia’s risk assessment is organized into three
sections. Section 4.1 identifies the natural hazards of concern for further profiling and
evaluation. Section 4.2 profiles those natural hazards, describing their range of
magnitude, probability of occurrence and their impact on population, property (general
building stock including critical facilities), and the economy. Section 4.3 then provides a
summary for the vulnerability assessment, and describes the methodology and tools
used to support the risk assessment process.

4.1 Hazard Identification

4.1.1 Table of Disaster Declarations

Since 1955, declarations have been issued for numerous natural hazard events in
Philadelphia, including hurricanes, tornadoes, severe winter storms, flooding events,
and droughts. Understanding the disaster history of Philadelphia helps provide direction
on the identification of the primary natural hazards and their significance.

4.1.1.1 Federal Declarations

Presidential Major Disaster Declaration

A Presidential Major Disaster Declaration (hereon referred as a ‘Presidential Disaster
Declaration’) is defined by FEMA as “any natural catastrophe (including any hurricane,
tornado, storm, high water, wind-driven water, tidal wave, tsunami, earthquake, volcanic
eruption, landslide, mudslide, snowstorm, or drought), or, regardless of cause, any fire,
flood, or explosion, in any part of the United States, which in the determination of the
President causes damage of sufficient severity and magnitude to warrant major disaster
assistance under [The Stafford] Act to supplement the efforts and available resources of
States, local governments, and disaster relief organizations in alleviating the damage,
loss, hardship, or suffering caused thereby.”

All requests for a declaration by the President that a major disaster exists shall be made
by the Governor of the affected state. Such a request shall be based on a finding that
the disaster is of such severity and magnitude that effective response is beyond the
capabilities of the state and the affected local governments and that federal assistance
is necessary. As part of such request, and as a prerequisite to major disaster
assistance, the Governor shall take appropriate response action under state law and
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direct execution of the state’s emergency plan. Based on the request of a Governor, the
President may declare under this chapter that a major disaster or emergency exists.®
A Presidential Disaster Declaration puts into motion long-term federal recovery
programs designed to aid disaster victims, businesses and public entities. The following
is a list of eligible major assistance programs that may be available with a Presidential
Disaster Declaration under the Stafford Act:®’
e Public Assistance Program
¢ Individual Assistance Program
¢ Small Business Administration (SBA) Physical and Economic Injury Disaster Loans
(EIDL)
e Tax Refunds
e National Flood Insurance Program (NFIP)
e The U.S. Department of Housing and Urban Development (HUD) Disaster
Recovery Assistance
e Hazard Mitigation Assistance (HMA)
e Debris Removal/Public Facility Restoration through the Department of Defense
(DOD)
¢ Flood Protection and Recovery through the U.S. Army Corps of Engineers
(USACE)
e The Federal Highway Administration (FHWA) Emergency Relief Funds

Emergency Declaration

An Emergency Declaration is defined by FEMA as “any occasion or instance for which,
in the determination of the President, federal assistance is needed to supplement state
and local efforts and capabilities to save lives and the protect property and public health
and safety, or to lessen or avert the threat of a catastrophe in any part of the United
States.” An Emergency Declaration is more limited in scope and without long-term
federal recovery programs of a Presidential Disaster Declaration. Generally, federal
assistance and funding are provided to meet a specific emergency need or to help
prevent a major disaster from occurring.

Table 4.1.1-1 identifies Presidential Disaster and Emergency Declarations issued
between 1955 through 2011 for Philadelphia. These dates indicate the declaration date
and not the date of the disaster.

Table 4.1.1-1 Presidential Disaster (PD) and Emergency Declarations (ED)

Disaster

Date PD or ED Event Actions
Number

%6 44 C.F.R. § 206.36 sets out the requirements to be fulfilled by the Governor or Acting Governor in his or her
absence in requesting a Presidential major disaster declaration: § 5191. Procedure for declaration § 206.36 Requests
for major disaster declarations.
%7 This list represents a selection of the programs that may be available after a disaster. For a complete listing of
Federal Disaster Assistance programs, please refer to DisasterAssistance.gov.
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Emergency Measures
September, 2011 PD Tropical Storm Decllaratlon for Public EM-4030
Lee Assistance and Hazard
Mitigation
Major Disaster for
September, 2011 PD | Huricane Irene | Indvidual Assistance, | ng 4555
Public Assistance and
Hazard Mitigation
Severe Winter Major Disaster for
April, 2010 PD Storms & 10 . DR-1898
Snowstorms Public Assistance
, Major Disaster for
Proclamation of Individual Assistance
June, 2006 PD Emergency - , . j DR-1649
Floodin Public Assistance and
9 Hazard Mitigation
gﬁglrargr?goi of Presidential Declaration
September, 2005 ED Hurric?ane y of Emergency for Public | EM-3235
. Assistance
Katrina
September, 2004 pp | Ifopical Major Disaster for DR-1557
Depression Ivan | Individual Assistance
Severe Storms Major Disaster for
August, 2004 PD . Individual Assistance DR-1538
& Flooding N
and Hazard Mitigation
Severe Winter Governors
February, 2003 ED Storm Proclamation of EM-3180
Disaster Emergency
Major Disaster for
September, 1999 PD Hurricane Floyd | Individual Assistance DR-1294
and Public Assistance
Governor's
. Proclamation;
January, 1996 PD Flooding President's Declaration DR-1093
of Major Disaster
Severe Winter Major Disaster for
January, 1996 PD St Individual Assistance DR-1085
orms : i
and Public Assistance
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Governor's
Proclamation;
President's Declaration
of Major Disaster

Winter
January, 1994 PD Storm/Severe
Storm

DR-1015

Governor's
Proclamation;
President's Declaration
of Major Disaster

March, 1993 ED Blizzard EM-3105

Governor's

Tropical Storm Proclamation;

Agnes President's Declaration
of Major Disaster

June, 1972 PD DR-340

Governor's
Proclamation;
President's Declaration
of Major Disaster

September, 1971 PD Floods DR-312

Governor's
Proclamation;
President's Declaration
of Major Disaster

August, 1965 PD Water Shortage DR-206

Small Business Administration Disaster Declaration

Philadelphia has also historically received numerous SBA Disaster Declarations. A
SBA declaration can activate the Physical Loan and/or EIDL programs, which make
disaster assistance available to affected homeowners, renters, and businesses in the
form of low-interest loans. Table 4.1.1-2 illustrates SBA Disaster Declarations issued
for Philadelphia between 1992 and 2010.

Small Business Administration

Disaster Declarations in Philadelphia

DATE EVENT Actions

SBA - Physical Damage and
Economic Injury
SBA - Physical Damage and
Economic Injury
SBA - Physical Damage and
Economic Injury
SBA - Physical Damage and
Economic Injury
SBA - Physical Damage and
Economic Injury

September, 2011 Tropical Storm Lee

September, 2011 Hurricane Irene

February, 2010 Fire

August, 2009 Storms and Flooding

September, 2008 Fire
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August, 2008

Fire

SBA - Physical Damage and
Economic Injury

April, 2007

Severe Storms and
Flooding

SBA - Economic Injury Disaster
Loan

June, 2006

Proclamation of Emergency
- Flooding

SBA - Physical Damage and
Economic Injury

September, 2004

Tropical Depression lvan

Information Not Available (NA)

August, 2004

Severe Storms & Flooding

NA

February, 2003

Severe Winter Storm

NA

SBA - Economic Injury Disaster

October, 2001 Fire
Loan

May, 2001 Fire SBA - Physm_:al Damage and
Economic Injury

March, 2001 Fire SBA - Economic Injury Disaster

Loan

September, 1999

Hurricane Floyd

NA

June, 1998

Severe Storms/Tornadoes

NA

January, 1998

Fire

SBA - Physical Disaster Loans &
Economic Injury Disaster Loan

January, 1996

Severe Winter Storm

NA

January, 1996

Flooding

NA

January, 1994

Severe Winter Storm

NA

SBA - Physical Disaster Loans &

July, 1994 Flooding Economic Injury Disaster Loan

March, 1993 Blizzard NA

March, 1993 Fire SBA - Physm;al Dlgaster Loans &
Economic Injury Disaster Loan

July, 1992 Fire SBA - Physical Disaster Loans &

Economic Injury Disaster Loan

4.1.1.2 Commonwealth Declarations

Gubernatorial State of Emergency

In addition to the presidentially declared events, the Governor of Pennsylvania is
authorized under state law to declare a Gubernatorial State of Emergency (also referred
to as a Gubernatorial Disaster Proclamation) upon the occurrence of a natural or man-
made disaster. The law gives the Governor broad authorities to implement emergency
measures to ensure the safety and health of the residents of the Commonwealth, take
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appropriate steps to mobilize state assets, and conduct other emergency business for
the protection of the Commonwealth. A Gubernatorial State of Emergency is initiated
when it becomes necessary for the Governor to assume command for the efficient
utilization of the total resources of the Commonwealth, in order to mitigate the effects on
people and property of a large-scale threat, emergency or disaster.

Table 4.1.1-3 outlines the Gubernatorial Disaster Proclamations that have been issued
for Philadelphia between 1955 and 2010. Several other natural hazard events received
Gubernatorial Disaster Proclamations, including all events listed under the Presidential
Disaster and Emergency Declaration table. Table 4.1.1-3 only lists the events that
exhausted local resources and were able to be handled by state resources.

Table 4.1.1-3 Pennsylvania Gubernatorial Disaster Proclamations

for Philadelphia

Date Event Actions

Statewide — to utilize all available resources
Severe Winter and personnel as is deemed necessary to
Storm cope with the magnitude and severity of this
emergency situation

April, 2007

Statewide — to utilize all available resources
Severe Winter and personnel as is deemed necessary to
Storm cope with the magnitude and severity of this
emergency situation

February, 2007

Statewide — waive the regulation regarding
hours of service limitations for divers of
commercial vehicles

Severe Winter

February, 2007 Storm

Statewide - utilize all available resources
Tropical and personnel as deemed necessary to
Depression Ernesto | cope with the magnitude and severity of the
emergency situation

September, 2006

Southeast Region of the Commonwealth -
for greater flexibility in truck driver
regulations to accommodate truck drivers in
the finding and transporting of fuel

April, 2006 Regulations

Statewide - regarding waiving enforcement
September, 2006 Hurricane Katrina of applicable state laws & regulations that
govern transport of oversized loads

Drought & Water

February, 2002 Shortage

NA
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Statewide - Governor's Proclamation,

July, 1999 Drought Individual Assistance, Hazard Mitigation
Grant Program
June. 1998 Severe Philadelphia, Chester, Delaware, Lancaster,
’ Storms/Tornadoes | Montgomery — Governor’s Proclamation
March, 1996 Highway Bane (- Philadelphia — Governor’s Proclamation
95) Destruction
September, 1995 | Drought Philadelphia — Governor’s Proclamation
November, 1980 Erought Philadelphia — Governor’s Proclamation
mergency
January, 1978 Heavy Snow Statewide — Governor’s Proclamation
Steam Heat . . , .
December, 1972 Philadelphia — Governor’s Proclamation
Problem
January, 1966 Heavy Snow Statewide — Governor’s Proclamation
February, 1958 Heavy Snow Southeast.& South Central PA — Governor’s
Proclamation
September, 1955 | Drought Eastern & Central PA — Governor’s

Proclamation

4.1.1.3 Philadelphia Declarations

Mayoral State of Emergency
Chapter 75, Section 7501 of the Pennsylvania Emergency Management Services Code
authorizes both cities and counties to issue local state of emergency declarations. Such
declarations activate local plans, mutual aid, and local ordinances authorizing certain
restrictions, prohibitions, and other measures taken to protect public health, safety and
welfare during the period of disaster declaration.®®

Philadelphia operates under a Home Rule Charter, where the mayor may declare the
disaster unilaterally. The effects of a declaration are to activate the response and
recovery aspects of the Philadelphia Emergency Operations Plan and to authorize
furnishing aid and assistance. The period of the declaration cannot continue or be
renewed for a period in excess of seven days without formal renewal. Any declaration

% Commonwealth of Pennsylvania Emergency Management Handbook for Elected Officials. Retrieved 21 February

2012.
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must be given prompt and general publicity and filed with the Pennsylvania Emergency
Management Agency (PEMA).

Table 4.1.1-3 outlines the Mayoral State of Emergencies that have been issued for
Philadelphia between 1985 and 2011.

Table 4.1.1-3 Mayoral State of Emergency for Philadelphia

Date Event Actions

Citywide

National Guard
Additional police powers
Code Grey issued
Curfew

August, 2011 Hurricane Irene

Southwest Philadelphia

e Banned gatherings in groups of 4
or more

e Created early curfew

December 1985 Racial Violence

4.1.2 Summary of Hazards

The “Pennsylvania Standard List of Hazards” profiles sixteen natural hazards the
Commonwealth as a whole is susceptible to, and details the likeliness of each hazard to
occur in Pennsylvania.®® Using this list, as well as previous historical occurrences of
disaster declarations and input from the Philadelphia Hazard Mitigation Planning
Committee, seven natural hazards were selected to be profiled in more depth within this
Plan, as they are the most likely to occur in future within Philadelphia. These natural
hazards include (alphabetically):

e Drought
Earthquake
Extreme Temperature
Floods
Tropical Cyclone: Hurricane, Tropical Storm
Windstorm, Tornado

e Winter Storm
A brief description for each of these natural hazards developed in the Pennsylvania
Standard List of Hazards is provided in Table 4.1.2-1.

Additional natural hazards do pose a threat to Philadelphia, though their expected
occurrence will not be as frequent as those mentioned within this HMP. As mentioned

% Pennsylvania 2010 Hazard Mitigation Plan. Retrieved November 3, 2011.
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previously, man-made hazards and natural hazards of a lesser priority will be profiled in
later iterations of this Plan.

Table 4.1.2-1 Profiled Natural Hazards

Philadelphia Hazard Mitigation Plan
Natural Hazard Description

Drought is a natural climatic condition which occurs in virtually
all climates, the consequence of a natural reduction in the
amount of precipitation experienced over a long period of time,
usually a season or more in length. High temperatures,
prolonged winds, and low relative humidity can exacerbate the
severity of drought. This hazard is of particular concern in
Pennsylvania due to the presence of farms as well as water-
dependent industries and recreation areas across the
Commonwealth. A prolonged drought could severely impact
these sectors of the local economy, as well as residents who
depend on wells for drinking water and other personal uses.
(National Drought Mitigation Center, 2006).

Drought

An earthquake is the motion or trembling of the ground
produced by sudden displacement of rock usually within the
upper 10-20 miles of the Earth's crust. Earthquakes result from
crustal strain, volcanism, landslides, or the collapse of
underground caverns. Earthquakes can affect hundreds of
thousands of square miles, cause damage to property
Earthquake measured in the tens of billions of dollars, result in loss of life
and injury to hundreds of thousands of persons, and disrupt the
social and economic functioning of the affected area. Most
property damage and earthquake-related deaths are caused by
the failure and collapse of structures due to ground shaking
which is dependent upon amplitude and duration of the
earthquake. (FEMA, 1997).

Extreme cold temperatures drop well below what is considered
normal for an area during the winter months and often
accompany winter storm events. Combined with increases in
wind speed, such temperatures in Pennsylvania can be life

Extreme threatening to those exposed for extended periods of time.
Temperature Extreme heat can be described as temperatures that hover
10°F or more above the average high temperature for a region
during the summer months. Extreme heat is responsible for
more deaths in Pennsylvania than all other natural disasters
combined (Lawrence County, PA 2010 HMP, 2004).
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Floods

Flooding is the temporary condition of partial or complete
inundation on normally dry land and it is the most frequent and
costly of all hazards in Pennsylvania. Flooding events are
generally the result of excessive precipitation. General flooding
is typically experienced when precipitation occurs over a given
river basin for an extended period of time. Flash flooding is
usually a result of heavy localized precipitation falling in a short
time period over a given location, often along mountain streams
and in urban areas where much of the ground is covered by
impervious surfaces. The severity of a flood event is dependent
upon a combination of stream and river basin topography and
physiography, hydrology, precipitation and weather patterns,
present soil moisture conditions, the degree of vegetative
clearing as well as the presence of impervious surfaces in and
around flood-prone areas (NOAA, 2009). Winter flooding can
include ice jams which occur when warm temperatures and
heavy rain cause snow to melt rapidly. Snow melt combined
with heavy rains can cause frozen rivers to swell, which breaks
the ice layer on top of a river. The ice layer often breaks into
large chunks, which float downstream, piling up in narrow
passages and near other obstructions such as bridges and
dams. All forms of flooding can damage infrastructure (USACE,
2007).

Tropical Cyclone:
Hurricane, Tropical
Storm

Hurricanes, tropical storms, and nor'easters are classified as
cyclones and are any closed circulation developing around a
low-pressure center in which the winds rotate counter-clockwise
(in the Northern Hemisphere) and whose diameter averages 10-
30 miles across. While most of Pennsylvania is not directly
affected by the devastating impacts cyclonic systems can have
on coastal regions, many areas in the state are subject to the
primary damaging forces associated with these storms including
high-level sustained winds, heavy precipitation, and tornadoes.
Areas in southeastern Pennsylvania could be susceptible to
storm surge and tidal flooding. The majority of hurricanes and
tropical storms form in the Atlantic Ocean, Caribbean Sea, and
Gulf of Mexico during the official Atlantic hurricane season
(June through November). (FEMA, 1997).
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Windstorm,
Tornado

A wind storm can occur during severe thunderstorms, winter
storms, coastal storms, or tornadoes. Straight-line winds such
as a downburst have the potential to cause wind gusts that
exceed 100 miles per hour. Based on 40 years of tornado
history and over 100 years of hurricane history, FEMA identifies
western and central Pennsylvania as being more susceptible to
higher winds than eastern Pennsylvania. (FEMA, 1997). A
tornado is a violent windstorm characterized by a twisting,
funnel-shaped cloud extending to the ground. Tornadoes are
most often generated by thunderstorm activity (but sometimes
result from hurricanes or tropical storms) when cool, dry air
intersects and overrides a layer of warm, moist air forcing the
warm air to rise rapidly. The damage caused by a tornado is a
result of high wind velocities and wind-blown debris. According
to the National Weather Service, tornado wind speeds can
range between 30 to more than 300 miles per hour. They are
more likely to occur during the spring and early summer months
of March through June and are most likely to form in the late
afternoon and early evening. Most tornadoes are a few dozen
yards wide and touch down briefly, but even small, short-lived
tornadoes can inflict tremendous damage. Destruction ranges
from minor to catastrophic depending on the intensity, size, and
duration of the storm. Structures made of light materials such as
mobile homes are most susceptible to damage. Waterspouts
are weak tornadoes that form over warm water and are
relatively uncommon in Pennsylvania. Each year, an average of
over 800 tornadoes is reported nationwide, resulting in an
average of 80 deaths and 1,500 injuries (NOAA, 2002). Based
on NOAA Storm Prediction Center Statistics, the number of
recorded F3, F4, & F5 tornadoes between 1950-1998 ranges
from <1 to 15 per 3,700 square mile area across Pennsylvania
(FEMA, 2009). A water spout is a tornado over a body of water
(American Meteorological Society, 2009).

Winter Storm

Winter storms may include snow, sleet, freezing rain, or a mix of
these wintry forms of precipitation. A winter storm can range
from a moderate snowfall or ice event over a period of a few
hours to blizzard conditions with wind-driven snow that lasts for
several days. Many winter storms are accompanied by low
temperatures and heavy and/or blowing snow, which can
severely impair visibility and disrupt transportation. The
Commonwealth of Pennsylvania has a long history of severe
winter weather. (NOAA, 2009).

Source: PAHMP, 2010
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4.2 Hazard Profiles and Vulnerability Assessment

The following sections profile and assess vulnerability for each of the seven natural
hazards identified in section 4.2 of this document. For each hazard, the profile includes
a brief description; identifies what section of Philadelphia is affected; the range of
magnitude or the possible extent of that hazard; previous occurrences and losses; and
the probability of future events. The vulnerability assessment for each hazard includes:
an overview of vulnerability; the impact on life, health and safety; impact on the natural
environment; impact on the built environment; and the impact on the economy.

4.2.1 Drought

4.2.1.1 Description

A drought is defined as "a period of abnormally dry weather sufficiently prolonged for
the lack of water to cause serious hydrologic imbalance in the affected area.”” In
simplest terms, a drought is a period of unusually persistent dry weather that persists
long enough to cause serious problems such as crop damage and/or water supply
shortages. The severity of the drought depends upon the degree of moisture deficiency,
the duration, and the size of the affected area.

The National Drought Mitigation Center (NDMC) categorizes drought in terms of four
basic approaches:”’

e Meteorological - Meteorological drought is defined in terms of the departure from a
normal precipitation pattern and the duration of the drought hazard. Definitions of
meteorological drought must be considered as region specific since the
atmospheric conditions that result in deficiencies of precipitation are highly
variable from region to region.

e Agricultural - Agricultural drought refers to a situation where the amount of
moisture in the soil no longer meets the needs of a particular crop. It links various
characteristics of meteorological drought to agricultural impacts, focusing on
precipitation shortages, differences between actual and potential
evapotranspiration, soil water deficits, reduced groundwater or reservoir levels,
and so forth.

e Hydrological - Hydrological drought is associated with the effects of periods of
precipitation (including snowfall) shortfalls on surface or subsurface water supply
(i.e., streamflow, reservoir and lake levels, groundwater). The frequency and
severity of hydrological drought is often defined on a watershed or river basin
scale. Although climate is a primary contributor, other factors such as changes in
land use, land degradation, and the construction of dams all affect the
hydrological characteristics of the basin. Hydrological droughts often lag behind
meteorological and agricultural droughts.

7 Glossary of Meteorology. Drought. Retrieved 23 January 2012.
! National Drought Mitigation Center (NDMC). Types of Drought. Retrieved 23 January 2012.
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e Socioeconomic - Socioeconomic droughts occur when physical water shortage
begins to affect the population, individually and collectively. Most socioeconomic
definitions of drought associate it with supply, demand, and economic good.

4.2.1.2 Location

Droughts are regional climatic events, so like all other counties in Pennsylvania,
Philadelphia is subject to periodic droughts that would impact the ability to meet the
city’s water needs. Droughts can have varying effects, depending upon their timing,
severity, duration and location. In most Pennsylvania counties, droughts have their
greatest impact on agriculture and water supply. For Philadelphia droughts primarily
impact water supply for water use activities such as recreation, as opposed to
consumption. The agricultural land in Philadelphia is not immune to the effects of a
drought, however the percentage of agricultural land use is so small in Philadelphia,
approximately 60 acres, and it is not a primary concern.’?

4.2.1.3 Range of Magnitude

Droughts are a normal meteorological occurrence in all of the climates within the United
States, resulting from the natural reduction in the amount of precipitation experience
over a period of time, usually a season or more in length. Most droughts cause direct
impacts to aquatic resources. High temperatures, prolonged winds and low relative
humidity may exacerbate the severity of a drought.

The two types of drought most common to southeastern Pennsylvania and of concern to
emergency management are hydrological drought and socioeconomic drought.
Hydrological drought events result in a reduction of stream flows, reduction of
lake/reservoir storage, and reduced groundwater levels. These events have a significant
adverse impact on public water supplies for human consumption, water quality, soil
moisture, conditions conducive to wildfire events and water for navigation and
recreation. Water management drought events exist when water management
practices or facilities fail to bridge normal or abnormal dry periods. This is not
necessarily a reduction in supply, but rather a disparity in supply and demand.

Monitoring and managing the Commonwealth’s water resources during droughts is the
responsibility of the Pennsylvania Emergency Management Agency (PEMA), with direct
support from the Pennsylvania Department of Environmental Protection (PADEP).

4.2.1.4 Drought Phases

PADEP and PEMA manage droughts using the drought phase conditions watch,
warning, and emergency. These indicators are used to identify, generally on a county
basis, the overall water supply conditions. While some of the indicators could be used
to help identify meteorological or agricultural or other types of droughts as well, the

2 Vitiello, D, Nairn, M.; Community Gardening in Philadelphia, 2008 Harvest Report. October 2009
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primary objective is to identifg and manage hydrological droughts. They are listed in
order of increasing severity:’

Drought Watch: A drought watch is a period to alert government agencies, public water
suppliers, water users and the public regarding the potential for future drought-related
problems. The focus is on increased monitoring, awareness and preparation for
response if conditions worsen. A request for voluntary water conservation is made. The
objective of voluntary water conservation measures during a drought watch is to reduce
water uses by 5 percent in the affected areas. Due to varying conditions, individual
water suppliers or municipalities may be asking for more stringent conservation actions.
On the Palmer Drought Severity Index, explained later within this section, a drought
watch would be classified as a ‘moderate’ drought.

Drought Warning: A drought warning involves a coordinated response to imminent
drought conditions and potential water supply shortages through concerted voluntary
conservation measures to avoid or reduce shortages, relieve stressed sources, develop
new sources, and if possible, forestall the need to impose mandatory water use
restrictions. The objective of voluntary water conservation measures during a drought
warning is to reduce overall water uses by 10-15 percent in the affected areas. Due to
varying conditions, individual water suppliers or municipalities may ask for more
stringent conservation actions. On the Palmer Drought Severity Index, a drought
warning would be classified as a ‘severe’ drought.

Drought Emergency: A drought emergency is a phase of concerted management
operations to marshal all available resources to respond to actual emergency
conditions, to avoid depletion of water sources, to assure at least minimum water
supplies to protect public health and safety, to support essential and high priority water
uses and to avoid unnecessary economic dislocations. It is possible during this phase to
impose mandatory restrictions on non-essential water uses that are provided in the
Pennsylvania Code (Chapter 119), if deemed necessary and if ordered by the Governor
of Pennsylvania. The objective of water use restrictions (mandatory or voluntary) and
other conservation measures during this phase is to reduce consumptive water use in
the affected area by 15 percent, and to reduce total use to the extent necessary to
preserve public water system supplies, to avoid or mitigate local or area shortages and
to assure equitable sharing of limited supplies. On the Palmer Drought Severity Index,
a drought emergency would be classified as an ‘extreme’ drought.

4.2.1.5 Response Techniques

Local Water Rationing: Local municipalities may, with the approval of the PA
Emergency Management Council, implement local water rationing to share a rapidly
dwindling or severely depleted water supply in designated water supply service areas.
These individual water rationing plans, authorized through provisions of the

7 Pennsylvania Department of Environmental Protection. Managing Drought in Pennsylvania. Retrieved 2
November 2011.
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Pennsylvania Code (Chapter 120), will require specific limits on individual water
consumption to achieve significant reductions in use. Under both mandatory restrictions
imposed by the Commonwealth and local water rationing, procedures are provided for
granting of variances to consider individual hardships and economic dislocations.”

Philadelphia Water Department Drought Emergency Restrictions

In the event a drought emergency occurs in Philadelphia, the Philadelphia Water
Department (PWD) has developed mandatory water use restrictions to conserve water
resources. Throughout a drought emergency, it is illegal to:”

e Use water to clean personal, leased or rented vehicles, trailers, and boats by any
means other than by bucket.

e Use water to clean sidewalks, streets or gutters, unless determined to be
necessary for public health and safety.

e Use water for ornamental purposes, like fountains, waterfalls, and reflecting
pools.

e Water gardens, trees, shrubs, except between 5 p.m. and 9 a.m. and then only
by a bucket, can, or hand-held hose equipped with an automatic shutoff nozzle.

o Water lawns at all, except newly seeded or sodded lawns, which may be watered
between 5 p.m. and 9 a.m. by bucket, can, or hand-held hose equipped with an
automatic shutoff nozzle; sprinklers are strictly prohibited.

¢ Fill residential swimming pools; (NOTE: The state has permitted water providers,
depending on their supplies, to allow residential swimming pools to be filled.)

e Fill swimming pools serving at least 25 dwelling units such as hotels, motels, and
apartment complexes, unless they have filtration equipment to allow for
continued use and recycling of water over the swimming season.

¢ Fill swimming pools unless they are operated by health care facilities used in
relation to patient care and rehabilitation.

e Serve water in restaurants, clubs or eating places, unless requested by an
individual.

4.2.1.6 Assessing Drought Conditions

The Commonwealth of Pennsylvania uses five parameters to assess drought
conditions:

Precipitation Deficits

Precipitation deficits are the earliest indicators of a potential drought, because it is
rainfall that provides the basis for both ground and surface water resources. The
National Weather Service (NWS) records long-term monthly averages of precipitation
for each county. These averages are updated at the end of each decade, based upon
the most recent 30 years, and are considered “normal” monthly precipitation.

™ Ibid
> The Philadelphia Water Department. Philadelphia Water Department Outlines Drought Emergency Restrictions.
Retrieved 7 November 2011.
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Each month, the total cumulative precipitation values in each county, for periods ranging
from three to twelve months, are compared against the normal values for the same
periods. Totals that are less than the normal values represent deficits, which are then
converted to percentages of the normal values. Table 4.2.1-1 lists the drought
conditions indicated by various precipitation deficit percentages.76

Table 4.2.1-1 Precipitation Deficit Drought Indicators
Dulgati_op of Drought
eficit Drought Watch Drought Emergency
Accumulation (%) Warning (%) (%)
(months)

3 25 35 45
4 20 30 40
5 20 30 40
6 20 30 40
7 18.5 28.5 38.5
8 17.5 27.5 37.5
9 16.5 26.5 36.5
10 15 25 3
11 15 25 35
12 15 25 35

Source: PADEP, 2007

Stream Flows

Stream flows typically lag one to two months behind precipitation in signaling a drought.
The U.S. Geological Survey (USGS) maintains a network of stream gages across the
state. In Philadelphia the USGS has eleven streamflow gages (see Table 4.2.1-2).
PADEP uses a set of these gages, equipped with satellite communication transmitters,
as its drought monitoring network.

"% Ibid
" Ibid
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Table 4.2.1-2 USGS Streamflow Gages for Philadelphia

Station

Location

Drainage Area

Poquessing Creek
at Grant Ave

Latitude 40°03'25", Longitude
74°59'08",

Hydrologic Unit 02040202, on right
bank 600 ft. upstream from
Interstate Highway 95, 3,000 ft.
upstream from mouth, and in
northeast Philadelphia.

21.4 miles?

Pennypack Creek at
Pine Rd

Latitude 40°05'23", Longitude
75°04'10

Hydrologic Unit 02040202, on right
bank 20 ft. below Pine Road, 300 ft.
upstream from Stream "A" at north
city limits of Philadelphia.

N/A

Pennypack Creek at
Lower Rhawn St

Latitude 40°03'00", Longitude
75°01'59

Hydrologic Unit 02040202, on left
bank at downstream side of
footbridge pier, 400 ft. downstream
from Lower Rhawn Street bridge,
and 0.8 mi upstream from Wooden
Bridge Run in Philadelphia.

49.8 miles?

Tacony Creek at
Adams Avenue

Latitude 40°02'47", Longitude
75°06'40"
Hydrologic Unit 02040202.

16.6 miles?

Frankford Creek at
Castor Ave

Latitude 40°00'57", Longitude
75°05'50

Hydrologic Unit 02040203, on left
bank at upstream side of Castor
Avenue bridge, and 2.8 mi upstream
from mouth in northeast
Philadelphia.

30.4 miles?

Delaware River at
Ben Franklin Bridge

Latitude 39°57'14", Longitude
750816

Hydrologic Unit 02040202, on right
bank at river end of pier 12, 150 ft.
upstream from Ben Franklin bridge,
and at Philadelphia.

7,993 miles?
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Latitude 40°00'54", Longitude
7512'24

Hydrologic Unit 02040203, on left
bank 100 ft. upstream from dam at 64.0 miles?
Ridge Avenue, 750 ft. upstream from
mouth, and 1,000 ft. northwest of
Gustine Lake in Philadelphia.

Latitude 39°58'04", Longitude
75'11'20
Hydrologic Unit 02040203, on right
Schuylkill River at | bank 150 ft. upstream from
Philadelphia Fairmount Dam, 1,500 ft. upstream
from bridge on Spring Garden Street
in Philadelphia, and 8.7 mi upstream
from mouth.

Wissahickon Creek
at Mouth

1,893 miles?

Latitude 39°52'45", Longitude
7512'11

Hydrologic Unit 02040202, on right
bank at outer end of L-shaped pier 9,971 miles?
at Fort Mifflin, 0.4 mi downstream
from mouth of Schuylkill River, and
at Philadelphia.

Delaware River at
Fort Mifflin

Latitude 39°58'29", Longitude
75°16'49

Hydrologic Unit 02040202, on left
bank 30 ft. downstream from bridge 4.78 miles?
on U.S. Highway No. 1 and 50 ft.
upstream from unnamed tributary at
west city limits of Philadelphia.

Cobbs Creek at U.S.
Highway No. 1

Latitude 39°55'568", Longitude
75'14'15” 19.9 miles?
Hydrologic Unit 02040202

Cobbs Creek at Mt.
Moriah Cemetery

Source: USGS, 2011

Every day gage records are utilized to compute an average flow of the last 30 days
preceding that day (called the “30-day moving average daily flow”), that serves as a
stream flow indicator. The stream flow indicators are then compared with statistical flow
values known as “percentiles” derived from historic stream gage records. A flow
percentile is a value on a scale from 0 to 100 that indicates the percent of the time on
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that given date throughout the gage period of record that flow has been equal to or
below that value.

The foIIowing percentile ranges are used as indicators for drought watch, warning, and
emergency:’®

Table 4.2.1-3 Drought Watch, Warning, and Emergency Indicators

Flow Percentile Range Drought Status
2510 100 None
10 to 25 Watch
5t0 10 Warning
Oto5 Emergency

Reservoir Storage Levels

Depending on the total quantity of storage and the length of the refill period for various
raw water supply reservoirs, PADEP uses varying percentages of storage drawdown to
indicate the three drought phases for each of the raw water supply reservoirs. There
are no raw water supply reservoirs in Philadelphia; however, PWD monitors finished
water storage reservoirs.”®

The difference between the two types of reservoirs lies with the basin make-up and the
amount of water it holds. Raw water supply reservoirs typically consist of a large
surface water impoundment, such as a dammed river, and store thousands to millions
of acre-feet of untreated raw water. Whereas, finished water reservoirs are typically
much smaller in volume and vary considerably with regard to design function, materials
of construction, and capacity. A small system may have an elevated steel storage tank
that stores several hundred gallons of finished water, while a large system may have a
concrete-walled basin that stores on the order of 150 acre-feet (50-million gallons) of
water for distribution.°

Groundwater levels

Groundwater levels typically lag two to three months behind precipitation, largely due to
the storage effect. About 80 trillion gallons of groundwater is stored throughout
Pennsylvania, enough to cover the entire state with more than eight feet of water.
Therefore precipitation deficits can accumulate for several months before the resultant
lack of groundwater recharge becomes clearly evident in groundwater levels.®’

7 Ibid
7 Ibid
% Environmental Protection Agency (EPA). Uncovered Finished Water Reservoirs Guidance Manual. Retrieved 18
January 2012.
* Ibid
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Groundwater levels are used to indicate drought status in a manner similar to stream
flows. Every day, groundwater levels in USGS observation wells are used to compute
the “30-day moving average groundwater level” that serves as a ground water indicator.
The groundwater indicators are then compared with statistical groundwater level values
known as “percentiles” derived from historic observation-well records. A percentile is a
value on a scale from 0 to 100 that indicates the percent of the time on that given date
throughout the observation well period of record that water levels have been equal to or
below that value.

PADEP has defined that groundwater percentile range of 10 to 25, 5t0 10, and 0 to 5 to
represent entry into drought watch, warning, and emergency phases, respectively.®?
Suitable observation wells with adequate periods of record do not exist in Philadelphia.
Instead, surrogate wells located in Delaware County are used for the USGS ground
water and composite drought monitoring maps in Philadelphia.®®

Soil Moisture - The Palmer Drought Severity Index

Soil moisture information is provided by the National Oceanic and Atmospheric
Administration (NOAA) in the form of the “Palmer Drought Severity Index,” (PSDI). The
Palmer Index is a computed value, based on a number of meteorological and
hydrological factors; it is compiled weekly by the Climate Prediction Center (CPC) of the
NWS. The table below outlines the drought statuses caused by various PSDI values.®

Table 4.2.1-4 Palmer Drought Severity Index (PSDI)
Severity Category PSDI Value Drought Status
Extremely Wet 4.0 or more None
Very Wet 3.0t0 3.99 None
Moderately Wet 2.0t0 2.99 None
Slightly Wet 1.0t0 1.99 None
Incipient Wet Spell 0.5t0 0.99 None
Near Normal 0.49 t0 -0.49 None
Incipient Dry Spell -0.51t0-0.99 None
Mild Drought -1.0t0-1.99 None
Moderate Drought -2.0t0-2.99 Watch
Severe Drought -3.0t0 -3.99 Warning

%2 Pennsylvania Department of Environmental Protection (PA DEP). Drought Management in Pennsylvania.
Retrieved 30 November 2011.
** Ibid
* Ibid
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Extreme Drought

-4.0 or less

Emergency

Source: NDMC, 2009

According to the NDMC, no single index works for determining the magnitude of a
drought. Therefore, NDMC developed the National Drought Monitor, a synthesis of
multiple indices and impacts that represents a consensus of federal and academic
scientists. The drought monitor combines numeric measures of drought and experts'
best judgment into a weekly map. It is produced by the NDMC, the U.S. Department of
Agriculture and NOAA and incorporates review from 300 climatologists, extension
agents and others across the nation. The accompanying drought severity classification
(Table 4.2.1-5) depicts the five drought indicators utilized to determine an areas drought

severity.®

% National Drought Monitoring Center. Drought Severity Classification. Retrieved 30 November 2011.
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Table 4.2.1-5 Drought Severity Classification
Ranges
Palmer CP.C Soil USGS Standardized Objective Short and
.. . Moisture Weekly o Long-term Drought
Category Description Possible Impacts Drought Precipitation ?
Model Streamflow Indicator Blends
Index Index (SPI)

(Percentiles) | (Percentiles) (Percentiles)

Going into drought: short-
term dryness slowing
planting, growth of crops
or pastures. Coming out of | -1.0t0-1.9 21-30 21-30 -0.5t0-0.7 21-30
drought: some lingering
water deficits; pastures or
crops not fully recovered
Some damage to crops,
pastures; streams,
Moderate reservoirs, or wells low,
D1 some water shortages -2.0t0-2.9 11-20 11-20 -0.8t0-1.2 11-20
Drought d : L ;
eveloping or imminent;
voluntary water-use
restrictions requested
Crop or pasture losses
Severe likely; water shortages
Drought common; water
restrictions imposed

Major crop/pasture
losses; widespread water -4.0to -4.9 -1.6t0-1.9
shortages or restrictions

Exceptional and

Abnormally

DO Dry

D2 -3.0t0 -3.9 6-10 6-10 -1.3t0-1.5 6-10

Extreme
Drought

widespread crop/pasture
Exceptional | losses; shortages of water
Drought in reservoirs, streams, and
wells creating water
emergencies

-5.0 or less -2.0 or less
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4.2.1.7 Past Occurrences

The earliest mention of drought in Philadelphia dates back to the Colonial times in 1762.
Philadelphia’s driest year, 1922, was at the center of a three-year drought from 1921 to
1923. Several months of extreme drought occurred between July 1929 and September
1932, which included the lowest PDSI value ever recorded in the Philadelphia area in
January 1931. This drought coincided with the earlier years of the infamous Dust Bowl
in Kansas, Oklahoma and Texas. Figure 4.2.1-6 depicts the PDSI for southeastern
Pennsylvania from 1895 to 2011. Positive values of the PSDI indicate a moisture
surplus; negative values indicate a moisture deficit. A PSDI value of -3 indicates severe
drought, while +3 indicates a moisture spell.

Pennsylvania, Climate Division 1, PDSI, September-August
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Source: NCDC, 2011
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A summary of declared drought statuses for Philadelphia between November, 1980 and
September, 2011 is provided in Table 4.2.1-7. One Presidential and five Gubernatorial
Declarations have been issued as a result of the drought emergencies identified below.

Table 4.2.1-7 Summary of Declared Drought Status from 1980-2011

Drought Phase Date

August 2011 — September 2011
October 2007 — January 2008

April 2006 — June 2006

November 2001 — December 2001
Drought Watch September 1999 — February 2000
March 1999 — June 1999
December 1998

September 1992 — January 1993
July 1988 — December 1988
September 2010 — November 2010
November 2002 — December 2002
December 2001 — February 2002
June 1999 — July 1999

October 1997 — January 1998
Drought Warning November 1995 — December 1995
September 1995

September 1991 — September 1992
March 1989 — May 1989

January 1985 — April 1985
November 1982 — March 1983
September 2002 — November 2002
February 2002 — June 2002

July 1999 — September 1999
September 1995 — November 1995
April 1985 — December 1985
November 1980 — April 1982

Total Drought Total Drought Total Drought
Totals Watches Warnings Emergencies

9 12 6

Drought Emergency

Source: PADEP, 2011

Risk Assessment
Page 85 of 372



City of Philadelphia Natural Hazard Mitigation Plan
Managing Director’s Office May 2012
Office of Emergency Management

4.2.1.8 Future Occurrences

It is difficult to forecast the severity and frequency of future drought events in
Philadelphia. Occasional drought is a normal occurrence in virtually every climate in the
United States. Based on national data from 1895 to 1995, Philadelphia experienced
severe or extreme drought (equivalent to a PDSI value less than or equal to -3.0)
approximately five to ten percent of the time over the hundred year span. Therefore,
the future occurrence of drought in Philadelphia should be considered possible.

Figure 4.2.1-8 Percent of time in severe and extreme drought

Source: NDMC, 1996

4.2.1.9 Vulnerability Assessment

Impact to Philadelphia

The impact of a drought depends not only on its severity, duration, and spatial extent,
but also on ever-changing social conditions. A wide-range of factors, both physical and
social, determines vulnerability to drought.

Understanding both direct and indirect impacts is one of the most significant challenges
in preparing for drought. Direct impacts of drought on Philadelphia include loss of
revenue from businesses reliant on water, such as car washes, landscapers, and
manufacturers. In a drought, water use restrictions may force businesses to suspend all
or a portion of their activities. The indirect impacts associated with drought may be far-
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reaching, including increase in food prices, loss to recreational and tourism industry,
and air quality affects. Table 4.2.1-9 indicates a more robust list of impacts associated
with drought. Each one can directly or indirectly impact Philadelphia’s economy,
environment, and people.

able 4 9 Droudg D3

Economy Environment People
e Damage to crops ¢ Reduction and e Food shortages
¢ Increase in food degradation of fish e Public
prices and wildlife habitat dissatisfaction with
e Increase in e Wind and water government
transportation costs erosion of soils e Loss in aesthetic
for food e Loss of wetlands values
e Reduced dairy and e Increased number ¢ Reduction or
livestock production and severity of fires modification of
e Increased fire e Air quality effects recreational
hazard e Damage to plant activities
e Loss to recreational species, loss of e Health issues
and tourism industry biodiversity related to use
e Revenue loss to e Lower water in rivers, restrictions
water-reliant streams and e Health issues
businesses reservoirs related to lack of
e Loss of hydro- o Water quality effects hygiene
electric power (e.g.” salt ¢ Increased fire
e Loss of navigability concentration, hazard
of rivers increased water e Mental and physical
¢ Reduction of temperature, pH, stress
economic dissolved oxygen, e Decrease in quality
development turbidity) of life
¢ Increased poverty
e Population
migrations

Drought has a varying effect on the quantity of drinking water in Philadelphia. The PWD
has two drinking water treatment plants (Queen Lane and Belmont WTPs) on the
Schuylkill River and one plant (Baxter WTP) on the Delaware River. The flow in the
Delaware River is controlled during a drought by the Delaware River Basin Commission
(DRBC). Releases from large reservoirs in the Delaware watershed keep the tidal flow
and salt line from coming upstream to the Baxter plant’s intake. While the quantity of
water is protected, the quality of the water can have an impact on plant processes. The
Schuylkill plants are less protected during a drought. While there are several reservoirs
in the watershed, their releases are controlled by the Army Corps of Engineers. While
Fairmont Dam protects the city’s two water plants intakes from any tidal influence,
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deteriorating water quality due to low flow can become a serious enough issue to affect
the quantity of water the plants can produce. For example, large algae blooms caused
by low flow conditions can stress the processes at the plants and reduce finished water
production. Also, sediment built up near Belmont WTP’s raw water intake can limit flow
into the plant during severe drought conditions. Fortunately the city’s water conveyance
system can partially redistribute the finished water in the city so that water quantity
during a drought is less problematic. However, PWD is increasingly proactive in the
watershed when the region suffers from drought.

Structural Vulnerability

In general, drought does not cause structural damage and does not affect infrastructure
such as highways, bridges and buildings. A rare exception is severe soil shrinkage.
Severe soil shrinkage compromises the foundation upon which the infrastructure
stands. However as shown in Figure 4.2.1-10 below, Philadelphia is underlain by soils
with little to no clays with high shrink/swelling potential; therefore, there is a very low risk
of structural damage associated with drought.

Figure 4.2.1-10 Soil Classifications with Clay

& Geology.com

Over 50 percent of these areas are underlain by soils with
abundant clays of high swelling potential.
Less than 50 percent of these areas are underlain by soils with
clays of high swelling potential.

Over 50 percent of these areas are underlain by soils with
abundant clays of slight to moderate swelling potential.
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Less than 50 percent of these areas are underlain by soils with
abundant clays of slight to moderate swelling potential.

These areas are underlain by soils with little to no clays with
swelling potential.

Data insufficient to indicate the clay content or the swelling
potential of soils.

The map above is based upon "Swelling Clays Map of the Conterminous
United States" by W. Olive, A. Chleborad, C. Frahme, J. Shlocker, R.
Schneider and R. Schuster. It was published in 1989 as Map 1-1940 in the
USGS Miscellaneous Investigations Series.

Loss Estimate

Although potential direct and indirect impacts are detailed above, accurate loss
estimates for drought are not available. Reduced water levels and subsequent
curtailment of water usage will have a direct economic impact on businesses and
industries that are water-dependent. The indirect impacts associated with drought are
far-reaching but so diffuse that financial estimates of potential damages are not feasible.

4.2.2 Earthquake

4.2.2.1 Description

An earthquake is defined as a sudden motion or trembling that is caused by a release of
strain accumulated within or along the edge of earth's tectonic plates.®® The severity of
these effects is dependent on the amount of energy released from the fault or epicenter.
Figure 4.2.2-1 is a definition sketch for an earthquake. In this sketch the focus is the
point within the earth where an earthquake rupture starts; the epicenter is the point
directly above the focus at the surface of the earth; and a body wave is a seismic wave
that moves through the interior of the earth, as opposed to surface waves that travel
near the earth's surface.®’

% Federal Emergency Management Agency (FEMA). FEMA 386-2, Understanding Your Risks, Identifying Hazards
and Estimating Losses. Retrieved 17 November 2011.
%7 United States Geological Survey (USGS). Earthquake Glossary. Retrieved 23 January 2012.
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Figure 4.2.2-1: Earthquake Description

Source: FEMA, 2001

According to the USGS Earthquake Hazards Program, more than 90% of earthquakes
occur at boundaries where the earth’s tectonic plates converge, though it is possible for
earthquakes to occur within plates. As plates continue to move and plate boundaries
change over geologic time, weakened boundary regions become part of the interior of
the plates. These zones of weakness within the continents cause earthquakes in
response to stresses that originate at the edges of the plate or in the deeper crust.®

4.2.2.2 Location

Philadelphia is located within the North American plate, far from the plate boundary
located approximately 2,000 miles east in the Atlantic Ocean. However, due to zones of
weakness or deep fault lines, within the North American plate, earthquakes are a
possible hazard within Philadelphia.

East of the Rocky Mountains earthquake faults do no break the ground surface. Their
focuses are a few miles below the Earth’s surface and their locations are determined by
interpreting seismographic records. The closest fault to Philadelphia is the Ramapo
Fault which is part of a system of north-east striking, southeast-dipping faults, which are
mapped from southeastern New York to eastern Pennsylvania and beyond. These
faults were active at different times during the evolution of the Appalachians
approximately 200 million years ago.®

% United States Geological Survey (USGS). Earthquakes and Plate Tectonics. Retrieved 15 November 2011.
% Columbia University. Earthquakes and the Ramapo Fault System in Southeastern New York. Retrieved 21
February 2012.
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Figure 4.2.2-2 depicts the epicenters of earthquakes occurring between 1627 and 2003
in New York, New Jersey and Pennsylvania. Historical earthquakes and other events
prior to 1970 are plotted with "hexagons", whereas earthquakes that have occurred
since 1970 — when systematic earthquake monitoring began in the region — are plotted
with "circles". The symbol size is proportional to magnitude. The Ramapo Fault System
is shown as a red line.

Figure 4.2.2-2: Ramapo Fault

A BAMAPO FALLT SYSTEML |ishiih S
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Source: Columbia University, 2004

Figure 4.2.2-3 shows earthquake hazard zones in Pennsylvania. According to the
Pennsylvania 2010 HMP, Philadelphia is located within a slight earthquake hazard
zone.
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Figure 4.2.2-3 Earthquake Hazard Zones

Source: Pennsylvania HMP, 2010

Soil type can have a great impact on the severity of an earthquake at a given location
because some rocks types transmit seismic wave energy more readily. Seismic waves
propagate out from the earthquake epicenter and travel outward through the bedrock up
into the soil layers. A soil’s firmness affects the wave speed and velocity. Generally, in
a stiff or hard soil, the wave will travel at a higher velocity. With soft soils, the wave will
slow, traveling at lower velocities. Slower waves modify the seismic energy, resulting in
waves with greater amplitude, which results in greater earthquake damage. Some soils
can also become liquefied when saturated.”> When liquefaction®! occurs, the strength
of the soil decreases and, the ability of a soil to support structural foundations is
reduced.

% The Encyclopedia of Earth. Earthquake. Retrieved 16 November 2011.

*! The transformation of loose sediment or soil into a fluid state as a result of increasing the pressure of the fluid in
between the grains due to strong ground shaking. Liquefaction typically occurs in poorly consolidated, water-
saturated sediment. Liquefaction can cause significant earthquake-related damage because structures located on
ground that liquefies can collapse or sink into the ground
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The National Earthquake Hazard Reduction Program (NEHRP) Soil Classification
System describes how soils affect seismic waves. The soil classification system ranges
from A to E, where A represents hard rock that reduces ground motions from an
earthquake and E represents soft soils that amplify and magnify ground shaking and
increase building damage and losses.*?

Table 4.2.2-4 NEHRP Soil Classifications

Soil Classification Description
A Very hard rock (e.g., granite, gneisses)
B Sedimentary rock or firm ground
C Stiff clay
D Soft to medium clays or sands
E Soft soil including fill, loose sand, waterfront,

lake bed clays

As shown in Figure 4.2.2-5, depending on its geographic location Philadelphia has a
variety of soil types, including siltstone, shale, sandstone, limestone, claystone, coal,
granite, phyllite, etc. Most of Philadelphia is classified as Class D (soft to medium clays
or sands), and Class B (sedimentary rock or firm ground), with small amounts of Class
A (very hard rock), and Class E (Soft soils).

%2 Federal Emergency Management Agency. FEMA Region II Hazard Mitigation Plan Toolkit: Risk Assessment.
Retrieved 12 November 2011.
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Figure 4.2.2-5 Rock Types of Philadelphia

Natural Hazard Mitigation Plan

Rock Types of Philadelphia

Light colored (acid) igneous and metamorphic
rocks. Includes granite and granite gneiss, felsic
gneiss, granodiorite and granodiorite gneiss,
quartz monzonite and quartz monzonite gneiss,
anorthosite and metarhyolite.

Quartzite

Schist, including minor amount of gneiss, quartzite
and phyllite.

Shale or siltstone and minor amounts of
sandstone.

Unconsolidated sediments. Includes coastal-plain
deposits, Delaware River gravel and sand.
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4.2.2.3 Range of Magnitude

Though magnitude and intensity measure different characteristics of earthquakes, both
describe the overall severity. Magnitude measures the energy released at the source of
the earthquake and is determined by measurements on seismographs. Intensity
measures the strength of shaking produced by the earthquake at a certain location.%
Moreover, intensity takes into consideration the effects earthquakes have on people,
human structures, and the natural environment. The severity of an earthquake depends
on the amount of energy released at the epicenter, the distance from the epicenter, and
the underlying soil type.

The Richter scale, an open-ended logarithmic scale, measures the magnitude of
earthquakes. Since it is logarithmic, each higher number on the Richter scale
represents a tenfold increase in the magnitude of the tremors, and a thirty-fold increase
in the energy released. A two-point quake is barely noticeable, a five may cause minor
damage, a seven is considered severe, and an eight is a violent quake. Table 4.2.2-6
summarizes the Richter scale magnitudes as they relate to spatial extent of impacted
areas. The PA 2010 HMP states that based on historical data, earthquakes in
Pennsylvania do not exceed magnitudes greater than 6.0.

Table 4.2.2-6 Richter Scale Magnitudes & Associated Effects

Richter Magnitudes Earthquake Effects
Less than 3.5 Generally not felt, but recorded
3.5-54 Often felt, but rarely causes damage

At most, slight damage to well-designed
55-6.0 buildings; can cause major damage to poorly
constructed buildings over small regions

Can be destructive in areas where people live up
to about 100 kilometers across

Major earthquake; can cause serious damage
over large areas

Great earthquake; can cause serious damage in
areas several hundred kilometers across

6.1-6.9

70-79

8.0 or greater

Source: PA 2010 HMP

Although it can be inferred that higher magnitude events cause more damage, the
Richter scale does not give any real indication of the impact or damage of an
earthquake. Instead, the impact of an earthquake event is measured in terms of

% United States Geological Survey (USGS). Earthquake Hazard Program: Earthquake Facts. Retrieved 15
November 2011.

Risk Assessment
Page 95 of 372



City of Philadelphia
Managing Director’s Office
Office of Emergency Management

Natural Hazard Mitigation Plan

May 2012

earthquake intensity, usually measured using the Modified Mercalli Intensity (MMI)
scale. Table 4.2.2-7 summarizes earthquake intensity as expressed by the MMI scale.

Table 4.2.2-7 Modified Mercalli Intensity (MMI) scale

Scale

Intensity

Description of Effects

Corresponding
Richter Scale
Magnitude

Instrumental

Detected only
seismographs

<4.2

Feeble

Some people feel it

<4.2

Slight

Felt by people resting;
like a truck rumbling by

<4.2

Moderate

Felt by people walking

<4.2

Slightly Strong

Sleepers awake; church
bells ring

<4.8

VI

Strong

Trees sway; suspended
objects swing; objects
fall off shelves

<5.4

VI

Very Strong

Mild alarm, walls crack,
plaster falls

<6.1

VI

Destructive

Moving cars
uncontrollable, masonry
fractures, poorly
constructed building
damaged

Ruinous

Some houses collapse,
ground cracks, pipes
break open

<6.9

Disastrous

Ground cracks
profusely, many building
destroyed, liquefaction
and landslides
widespread

<7.3

Xl

Very
Disastrous

Most buildings and
bridges collapse, roads,
railways, pipes and
cables destroyed,
general triggering of
other hazards

<8.1
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Total destruction, trees
XIl Catastrophic | fall, ground rises and >8.1
falls in waves

Source(s): Michigan Tech University, 2007; Nevada Seismological Laboratory, 1996

USGS expresses seismic hazards in terms of how much the ground shakes, or Peak
Ground Acceleration (PGA), and what a building experiences, known as Spectral
Acceleration (SA). Both PGA and SA can be measured in g gthe acceleration of gravity)
or expressed as a percent acceleration force of gravity (%g). **

PGA is a common earthquake measurement that identifies: the geographic area
affected; the probability of an earthquake of each given level of severity; and the
strength of ground movement (severity) expressed in terms of %g. In other words, PGA
expresses the severity of an earthquake and is a measure of how hard the earth shakes
or accelerates in a given geographic area.

Figure 4.2.2-8 illustrates a probabilistic hazard map. The map shows contours, which
represent earthquake ground motions that have a one percent probability of being
experienced over a 50-year period. PGA values ranging from two percent (identified in
blue/gray) to four (identified in blue/gray) percent have the potential to occur within
Philadelphia.

% United States Geological Survey. What do the ground-motion parameters on these maps mean? Retrieved 1
December 2011.
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Figure 4.2.2-8 PGA

Source: USGS, 2011

Table 4.2.2-9 portrays an approximated relationship between MMI and PGA. In the
example provided above, the 2 percent to 4 percent PGA predicted would result in an
MMI intensity of IV (light perceived shaking and no damage) to V (a light to moderate
shaking with very light damage).

Table 4.2.2-9 MMI and PGA Equivalents

I <17 Not Felt None

Il A7-1.4 Weak None

1] A7-1.4 Weak None
v 1.4-3.9 Light None

Vv 3.9-9.2 Moderate Very Light
Vi 9.2-18 Strong Light
VI 18-34 Very Strong Moderate
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VIiI 34-65 Severe Moderate to Heavy
IX 65-124 Violent Heavy
X >124 Extreme Very Heavy
XI >124 Extreme Very Heavy
XIl >124 Extreme Very Heavy

SA determines approximately what a building experiences during an earthquake, as
modeled by a particle on a massless vertical rod having the same natural period of
vibration as the buildin%, and is a better indicator of damage for specific building types
and heights than PGA.*

4.2.2.4 Past Occurrences

Based on seismic records, thousands of earthquakes have occurred in Pennsylvania
over the past centuries. Table 4.2.2-10 shows past earthquakes with epicenters in or
around Southeast Pennsylvania. It also includes the magnitude and intensity of each
earthquake.

Table 4.2.2-10 Catalog of Earthquakes with Epicenters in or around

Southeast Pennsylvania
(Philadelphia epicenters indicated in bold)

Date Location Magnitude Intensity
5/27/2011 Philadelphia, PA 1.7 I
7/27/1999 Warwick, PA N/A N/A
5/31/1999 Columbus, NJ 2.3 N/A
10/27/1998 Centerville, DE 1.5 Il
3/25/1998 Salem, NJ 1.9 N/A
3/19/1998 Wilmington, DE 1.7 -1l
3/15/1998 Wilmington, DE 1.8 1]
4/16/1997 Talleyville, DE 1.6 -1v
3/11/1997 Pineville, PA 1.6 N/A
1/29/1997 Wilmington, DE 1.4 Il
10/17/1996 Nottingham, PA 2.2 N/A

7/5/1996 Glen Mills, PA 26 N/A
6/23/1996 Wilmington, DE 1.7 -1l
6/14/1996 Wilmington, DE 2.1 [1-111
12/20/1995 Wilmington, DE 1.4 -1l

% Ibid

Risk Assessment
Page 99 of 372



City of Philadelphia
Managing Director’s Office
Office of Emergency Management

Natural Hazard Mitigation Plan
May 2012

10/17/1995 Wilmington, DE 2 Il
4/23/1994 Wilmington, DE 2 [-11
2/11/1994 Wilmington, DE 1.9 I
11/8/1993 Wilmington, DE 1.7 [-11
2/26/1993 Haddonfield, NJ 2.5 v
5/15/1992 Milford, PA 1.6 N/A
9/29/1991 Magnolia, NJ 2.2 N/A
10/23/1990 Salem, NJ 29 Vv
3/30/1990 Downingtown, PA 1.8 N/A
2/2/1989 Perkasie, PA N/A N/A
12/6/1987 Columbus, NJ 2.1 N/A
9/15/1986 Roebling, NJ 1.9 N/A
5/2/1986 Wilmington, DE 25 N/A
10/20/1985 Wilmington, DE 1.7 -1v
10/11/1985 Wilmington, DE 1.9 -1v
10/20/1984 Wilmington, DE 1.7 -1v
5/10/1984 Hatfield, PA 2.2 N/A
2/15/1984 Wilmington, DE 1.5 [-11
1/20/1984 Wilmington, DE 1.8 [-11
1/19/1984 Wilmington, DE 2.5 v
12/12/1983 Wilmington, DE 2.4 v
11/17/1983 Wilmington, DE 29 Vv
5/12/1982 Penndel, PA 2.4 Il
4/12/1982 Burlington, NJ 2.8 Vv
8/30/1980 Medford, NJ 3 N/A
5/2/1980 Abington, PA 2.8 N/A
3/11/1980 Abington, PA 2.8 N/A
3/5/1980 Abington, PA 3.5 v
3/2/1980 Abington, PA 2.8 N/A
2/10/1977 Wilmington, DE 2.6 VI
3/11/1975 Wilmington, DE 2 VI
4/28/1974 Centerville, DE 3.3 v
7/10/1973 Newark, DE 3.3 v
2/28/1973 Penns Grove, NJ 3.8 V-VI
11/29/1972 Wilmington, DE N/A "-1v
11/27/1972 Wilmington, DE 24 -1v
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11/26/1972 Wilmington, DE 24 H-1v
8/14/1972 Wilmington, DE 3.3 v
2/11/1972 Wilmington, DE 3.2 \%
1/23/1972 Wilmington, DE 24 v
1/22/1972 Wilmington, DE 24 v
1/7/1972 Wilmington, DE 24 Y
1/3/1972 Wilmington, DE 24 Y
1/2/1972 Wilmington, DE 24 v
12/29/1971 Wilmington, DE 3.3 v
7/14/1971 Wilmington, DE 3.3 v
12/10/1968 Medford, NJ 3 V
12/27/1961 Croyden Heights, PA 3.3 V
1/8/1944 Bellefonte, DE 3.2 \
11/15/1939 Folsom, NJ 3.8 \%
12/3/1937 Deepwater, NJ 2.8 V-V
1/26/1926 Cinnaminson, NJ 3.5 N/A
1/26/1921 Cinnaminson, NJ 3.3 \Y
4/29/1900 Gloucester City, NJ N/A v
11/20/1895 Centerville, DE N/A v
9/10/1877 Roebling, NJ 3.2 v
10/10/1871 Deepwater, NJ N/A v
10/9/1871 Deepwater, NJ 4.1 VI
2/10/1857 Columbus, NJ 3.1 N/A
<1840 Philadelphia, PA N/A |
11/23/1777 Darby, PA N/A 1]
3/22/1763 Darby, PA N/A 1]
12/17/1752 Sadsburyville, PA 3.6 v
12/8/1737 Media, PA N/A v

Source: Pennsylvania Bureau of Topographic and Geologic Survey, Department of Conservation and
Natural Resources, 2011
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Figure 4.2.2-11 Past Earthquakes
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The epicenter of an earthquake does not need to be within a close distance of
Philadelphia for the city to experience its effects. On August 23, 2011 a magnitude 5.8
earthquake centered northwest of Richmond, VA shook most of the East Coast,
including Philadelphia. Numerous buildings in Center City Philadelphia were evacuated
as a precaution (this is not the recommended course of action during an earthquake;
see Appendix J for Earthquake Safety Tips) and many people around the region
reported feeling structures shake. Figure 4.2.2-12 depicts the intensity of the August 23,
2011earthquake.

Figure 4.2.2-12 Virginia 2010 Earthquake Intensity

Source: USGS, 2011
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4.2.2.5 Future Occurrences

Though the Eastern United States experiences far fewer moderate or large magnitude
earthquakes than the Pacific Coast, which sits directly on an active tectonic plate
boundary, this does not mean the area is immune to such a hazard. A few very large
and very damaging earthquakes have occurred in stable continental regions like the one
Philadelphia lies within. One of the most significant and destructive examples of this is
the magnitude 7.3 earthquake which occurred in Charleston, South Carolina, in 1886.
Therefore, it would be unwise to say that no earthquakes larger than the ones
previously experienced could occur in Philadelphia. Table 4.2.2-13 illustrates
probabilities associated with higher magnitude earthquakes in or around 50 km of
Philadelphia.

Table 4.2.2-13 Earthquake Probability Within the Next 100yr

50 km vicinity of Philadelphia

Magnitude Probability Magnitude Probability
5.0 2.957% 6.4 0.342%
5.1 2.402% 6.5 0.269%
5.2 2.402% 6.6 0.229%
5.3 1.954% 6.7 0.208%
54 1.592% 6.8 0.153%
5.5 1.301% 6.9 0.123%
5.6 1.209% 7.0 0.106%
5.7 0.992% 7.1 0.067%
5.8 0.877% 7.2 0.046%
5.9 0.725% 7.3 0.035%
6.0 0.677% 7.4 0.015%
6.1 0.545% 7.5 0.002%
6.2 0.472% 7.6 0.001%
6.3 0.373%

Source: USGS, 2009

4.2.2.6 Vulnerability Assessment

Impact to Philadelphia

The infrequency of major earthquakes, coupled with relatively low magnitude events in
the past, has led Philadelphia to be perceived as not being vulnerable to a damaging
earthquake. However, as indicated within this hazard analysis, Philadelphia could be
affected by a high magnitude earthquake, which would cause significant financial
losses, casualties and disruptions in critical facilities and services within the City.
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The following is a list of impacts, associated with a major earthquake event. Each one
directly or indirectly affects Philadelphia’s economy, environment and people if an
earthquake were to occur locally.

dDI€ 4 4 d JQUAKE Dd

Economy Environment People

e Damage/destruction of | e Induced flooding e Loss of life,
infrastructure e Landslides/Mudslides livelihoods, property

e Disruption of e Poor water quality e Loss of housing
transportation systems | ¢« Damage to e Decrease in quality

e Disruption of vegetation of life
communication o Breakage in sewage | ¢ Break down of
systems or toxic material social order

e Disruption of utility containments e Disease
systems e Breakage of gas e Lack of basic

e Disruption of marketing mains necessities
systems e Breakage of water e Increased fire

e Loss of business mains hazard

e Loss of industrial e Soil liquefaction e Loss in aesthetic
output ¢ Increased fire hazard values

e Higher insurance ¢ Increased poverty
premiums

¢ Increased fire hazard

e Loss to tourism
industry

e Reduction of economic
development

Data and Methodology

Table 4.2.2-14 summarizes earthquake losses for Philadelphia predicted by HAZUS as
outlined in the PA 2010 HMP. (HAZUS is detailed further in Section 4.3.3.1 of this plan)
The data depicts that an arbitrary earthquake event (Magnitude 5) would result in over
$7 billion in economic loss and nearly 40,000 buildings experiencing at least moderate
damage.

Table 4.2.2-15 Earthquake Impacts |
Event Name Philadelphia
Buildings at Least Moderately 37,980
Damaged
Buildings Damaged Beyond Repair 873
Total Economic Loss (Millions) $7,169.31
Building - Related to Economic Loss $6,321.69
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(Millions)
Shelter Requirement 2,237
Injury Estimates (2AM) 1,375
Casualty Estimates (2AM) 41

Figure 4.2.2-16 shows the distribution of potential total economic losses for the HAZUS
scenario. According to the HAZUS model, the densely populated area of Center City
Philadelphia would incur the largest economic losses.
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Figure 4.2.2-16: HAZUS Earthquake Building-Related Loss Estimation: Philadelphia Scenario
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4.2.3 Extreme Temperatures

4.2.3.1 Hazard Description

Extreme temperatures, both cold and hot have a significant impact on human health
and infrastructure. Weather conditions that represent extreme cold or heat are not
uniform throughout the United States. These conditions vary depending on topography
and climate. Sections 2.13-2.14 of the Community Profile provide more information for
the climate and topography specific to Philadelphia.

Extreme Heat

As defined by the Center for Disease Control and Prevention (CDC), extreme heat is
when summertime temperatures hover 10 degrees or more above the average high
temperature for a region and last for several weeks. The NWS defines a heat wave as
a period of at least three days when the temperature reaches 90 degrees or higher. A
heat wave is applied both to routine weather variations and to extraordinary spells of
heat, which may occur only once a century. Individuals exposed to extreme heat for a
prolonged time may experience serious health problems including heat cramps, heat
stroke, heat exhaustion, and death. Seniors, young children, and those who have
respiratory problems, or are overweight are more likely to succumb to extreme heat
than others.*®

Extreme Cold

Extreme cold events are days where the mean daily temperature, the average between
the high-recorded temperature and the low-recorded temperature over a 24-hour period,
falls below 32°F. In Philadelphia, extremely cold temperatures typically accompany a
winter storm, often bringing snow and ice. Prolonged 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. Extreme cold can cause emergencies in susceptible
populations, including those without shelter or who are stranded, or those who live in a
home that is poorly insulated or without heat. Infants and the elderly are particular at
risk, but anyone can be affected.®’

4.2.3.2 Location

Located in such close proximity to the Atlantic Ocean, Philadelphia generally has warm
summers and mild winters (for more information on Philadelphia’s climate see Section
2.1.4). However, extreme temperature occurrences throughout the City are not
uncommon. Philadelphia is subject to both extreme heat and extreme cold in the
summer and winter months. Extreme cold artic air masses can move down from

% Center for Disease Control and Prevention (CDC). Emergency Preparedness and Response Extreme Heat: A
Prevention Guide to Promote Your Personal Health and Safety. Retrieved 7 December 2011.
°7 Center for Disease Control and Prevention (CDC). Emergency Preparedness and Response Extreme Cold: A
Prevention Guide to Promote Your Personal Health and Safety. Retrieved 7 December 2011.
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Canada during winter months bringing frigid temperatures to the region for an extended
period of time. The same is true during the summer months when hazy, hot and humid
conditions filter in from the Gulf of Mexico.

In addition, as a primarily urban environment, extreme heat in Philadelphia can be
exacerbated into a phenomenon known as the urban heat-island effect. As urban areas
develop, changes occur in their landscape. Buildings, roads, and other infrastructure
replace open land and vegetation. Surfaces that were once permeable and moist
become impermeable and dry. Impervious surfaces such as asphalt may release heat
hours after the sun is down. These changes cause urban regions to become warmer
than their rural surroundings, forming an "island" of higher temperatures in the
landscape. Other by-products, such as exhaust fumes, burning furnaces, heating units,
and smokestacks contribute to the heat retention and entrapment.

Figure 4.2.3-1 below depicts the variance in surface and air temperatures for both night
and day in a spectrum of urban and rural locations. Note how the air temperature
above the “Downtown” (urban) region does not vary much between day and night. This
leaves little opportunity for the region to cool and can affect a community’s environment
and quality of life.

Figure 4.2.3-1: Variance in Surface and Air Temperatures by Rural/Urban Location

Surface Temperature (Day)
==== Air Temperature [Day)
= Surface Temperature (Night)
==== Air Temperature (Might)

Temperature
T

Rural Suburban Pond Warehouse Urban Downtown Urban Park Suburban Rural
of Industrial  Residential Residential

Source: EPA, 2011
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The severity or magnitude of extreme temperatures is generally measured through the
Heat Index for extreme heat, and the Wind Chill Temperature Index for extreme cold.
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Conditions that induce extreme temperature related ilinesses include stagnant
atmospheric conditions and poor air quality. Therefore, the air quality index and
illnesses associated with extreme temperatures are discussed in this section.

Extreme Heat

As identified by the NWS and NOAA, the Heat Index is the temperature the body feels
when heat and humidity are combined. Higher humidity plus higher temperatures often
combine to make individuals feel a perceived temperature that is higher that the
ambient air temperature. Figure 4.2.3-2 identifies the Heat Index that corresponds to

the actual air temperature and relative humidity.

Figure 4.2.3-2: Heat Index Chart

Temperature {°F) ‘

9 80 [ 82| 84 | 8 | 88 | 90 | 92 | 94 | 96 | 98 | 100 | 102 | 104
S | 40 | 80 | 81| 83 | 8 | 88 | 91 94 | 97 | 101 | 105 | 109 | 114
5 45 | 80 | 82| 84 | 87 | 89 | 93 | 96 | 100 | 104 | 109 | 114
g S0 | 81 | 83| 85 | 88 | 91 95 | 99 | 103 | 108 | 113
:f, 55 | 81 |84 | 86 | 89 | 93 | 97 | 101 | 106 | 112
Z | 60 | 82 84| 88 | 91
S| 65| 82 | 85| 89 | 93
70 83 /86| 90 | 95

75 | 84 88| 92 | 97

80 | 84 /89| 94 | 100

85 | 85 | 90| 96 | 102

90 | 86 | 91| 98 | 105

95 | 86 | 93 | 100 | 108

100 | 87 | 95 | 103 | 112

Heat
Index Notes
80-90 Caution - fatigue is possible with prolonged exposure and activity
90-105 Extreme caution - sunstroke, heat cramps, and heat exhaustion are possible

Source: NWS, 2008

105-130 Danier - sunstroke, heat cramis, and heat exhaustion are Iikeli; heat stroke is iossible
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Table 4.2.3-3 identifies the four NWS categories for heat hazards, as well as their
associated heat index and health hazards.

Table 4.2.3-3 Health Hazards Associated with Heat Index Values

Category Heat Index Health Hazards

Heat Stroke/Sunstroke is likely with
continued exposure

Sunstroke, muscle cramps, and/or
heat exhaustion possible with

Extreme Danger | 130°F-Higher

Danger 105°F-129°F prolonged exposure and/or physical
activity
Sunstroke, muscle cramps, and/or

Extreme 0 0 heat exhaustion possible with

. 90°F-105°F :

Caution prolonged exposure and/or physical
activity

Caution 80°F-90°F Fatigue possible with prolonged

exposure and/or physical activity

Source: NWS, 2008

NOAA'’s Heat Alert procedures are based mainly on heat index values. Research has
shown that heat index thresholds do not always fully account for a variety of factors that
could influence public health. Based on this research, NOAA/NWS has supported the
implementation of a new Heat Health Watch/Warning System (HHWS) that is used to
guide the production of daily warnings and forecast products and is tailored to each
urban locale. This system is currently utilized in Philadelphia. The system considers not
only hggat and humidity, but also cloud cover, wind, and expected duration of the

event.

When conditions warrant, NWS issues the heat-related weather products described in
Table 4.2.3-4 for Philadelphia.

Table 4.2.3-4 NWS Heat Products

Product Criteria

An Excessive Heat Outlook is issued when the
potential exists for an excessive heat event in
the next 3-7 days. The purpose of issuing an
Outlook is to provide information those who
need considerable lead-time to prepare for and
Excessive Heat Event, such as public health
officials, emergency managers, and public
utilities.

Excessive Heat Outlook

% National Weather Service (NWS). Heat Wave a Major Summer Killer. Accessed 5 December 2011.
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An Excessive Heat Watch is issued when
conditions are favorable for an Excessive Heat
Event in the next 12 to 48 hours. This is used
when the risk of an Excessive Heat Event has
increased but its occurrence and time frame is
still uncertain. The purpose is to allow those
who need to set plans in motion enough lead
time to do so.

Either of these may be issued when an
Excessive Heat Event is expected in the next
36 hours. These are issued when an event is
occurring, is imminent, or has a very high
Excessive Heat probability of occurring. A Warning is used for
Warning/Advisory conditions posing a threat to life or property.
An Advisory is for less serious conditions that
cause significant discomfort and if caution is
not taken, could lead to a threat to life and/or
property.

Excessive Heat Watch

Source: NWS, 2008

The Unites States Environmental Protection Agency (EPA) created the Air Quality Index
(AQlI), a color-coded scale to exhibit pollution levels in the atmosphere. The AQI breaks
air quality down into six categories: Good (green), Moderate (yellow), Unhealthy for
Sensitive Populations (orange), Unhealthy for Everyone (red), Very Unhealthy (purple),
and Hazardous (maroon). Each color relates to quantitative levels of air pollution and
indicates the health risks associated with air quality conditions. The table below depicts
the six AQI ranges, with each range assigned a descriptor and a color code.

Table 4.2.3-5 Air Quality Index
Air Quality Index Numerical
Levels of Health Concern Value
Air quality is considered satisfactory, and air pollution poses
0-50 . )
little or no risk.

Air quality is acceptable: however, for some pollutants there
Muoderate 51-100 may be a moderate health concern for a very small number
of people who are unusually sensitive to air pollution.

Unhealthy for 101-150 Members of sensitive groups may experience health effects.
Sensitive Groups The general public is not likely to be affected.

Everyone may begin to experience health effects; members
Unhealthy 151-200 of sensitive groups may experience more serious health
effects.

Very Unhealthy 201-300 Health alert: everyone may experience more serious health
effects.
Hazardous . Health warnings of emergency conditions. The entire
a = population is more likely to be affected.

Source: EPA, 2011
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Extreme Cold

Whenever temperatures drop well below normal and wind speed increases, heat leaves
a body rapidly. NWS has developed a wind chill chart depicting apparent temperature
felt on exposed skin due to the combination of air temperature and wind speed.

Figure 4.2.3-6 NWS Wind Chill Chart

&) NWS Windchill Chart &

Temperature (°F)
Calm 40 0 -5 -10

£
=5
E
=
£
=

Frostbite Times |:| 30 minutes D 10 minutes [_l 5 minutes

Wind Chill (°F) = 35.74 + 0.6215T - 35.75(V®16) + 0.4275T(V°16)
Where, T= Air Temperature (°F) V=Wind Speed (mph) Effective 11/01/01

Source: NWS, 2008

When conditions warrant, NWS issues wind chill products used in Philadelphia. Table
4.2.3-7 describes the criteria for these weather products.

Table 4.2.3-7 NWS Wind Chill Products

Product Description

Issued by the NWS when there is a chance
Wind Chill Watch that wind temperatures will decrease to at least
20°F below zero during the next 24 to 48 hours

Issued when the wind chill could be life
threatening if action is not taken. The criteria
for this advisory are expected wind chill
readings of 10°F to 24°F degrees below zero.

Wind Chill Advisory
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Issued when wind chill readings are life
Wind Chill Warning threatening. Wind chill reading or 25°F below
zero or lower are expected.

Source: NWS, 2008

Common Extreme Temperature Health Concerns
Table 4.2.3-8 through table 4.2.8-4 describes the heath related illness and health
concerns associated with extreme temperatures.

Table 4.2.3-8 Heat Related llinesses/Health Concerns

lliness/Health

Description
Concern P

Heat stroke occurs when the body is unable to regulate
its temperature. If the body’s temperature rises rapidly,
the sweating mechanism fails and the body is unable to
Heat Stroke cool down. Body temperature may rise to 106 degrees F
or higher within 10-15 minutes, which can cause death or
permanent disability if emergency treatment is not
provided.

Heat cramps are muscle pains or spasms-usually in the
abdomen, arms or legs, that may occur in association
Heat Cramps with strenuous activity. If you have heart problems or are
on a low sodium diet, get medical attention for heat
cramps.

Sunburns render the skin red, painful and abnormally
warm after prolonged sun exposure. Although the
Sunburn discomfort is usually minor and healing occurs in about a
week, more severe sunburn may require medical
attention.

Dehydration occurs when the level of water in the body
has been reduced. Chemical substances in the body
Dehydration such as salt and potassium fall to an irregular level. The
main symptoms include dizziness, lethargy and dry
mouth. A loss of appetite may also occur.

Heat rash is a skin irritation caused by excessive
Heat Rash sweating during hot, humid weather. It can occur at any
age but is most common in young children.

Death
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Table 4.2.3-9 Cold Related llinesses/Health Concerns

lliness/Health

Concern Description
Frostbite is the most common injury caused by exposure
to cold. Before the onset of frostbite, exposed skin may
become slightly flushed, pink in color, then change to
F . white or yellow as the condition develops. Pain
rostbite

sometimes occurs, followed by a feeling of intense cold
and numbness. In cases of severe frostbite, large
blisters appear on and beneath the skin. The affected
area is hard, cold and without sensation.

Hypothermia is the rapid and progressive physical and
mental collapse that results from a loss of body heat.
Hypothermia occurs from a combination of cold,
exhaustion, wind chill and moisture. Hypothermia can
occur in above freezing (32° F) temperatures, and
symptoms include uncontrollable shivering, drowsiness
or exhaustion, slurred speech, fumbling or staggering,
and lack of concern for physical well-being.

Carbon Monoxide is a colorless, odorless, tasteless, non-
irritating, toxic gas that is undetectable without a
monitoring device. Sources of carbon monoxide
poisoning include heating systems and any appliance
that burns fuel, such as poorly ventilated gas ranges and

Hypothermia

Carbon Monoxide

Poisoning kerosene space heaters. Automobile exhaust fumes are
another source of carbon monoxide. The risk of CO
exposure increases in the winter because windows and
doors are shut tight, trapping gases inside.

Exacerbation of Cold air constricts soft tissue of the respiratory tract.

Pre-Existing Thus, individuals with a history of respiratory ailments,

Respiratory such as asthma, emphysema, chronic bronchitis are

Conditions particularly susceptible to a worsening of their conditions.

Death

4.2.3.4 Past Occurrences

Due to its location, extreme heat and extreme cold are frequent events in Philadelphia.
Data from the NCDC reports that there have been 83 extreme temperature events (13
extreme cold, 70 extreme heat) in Philadelphia between 1994 and 2011; none of these
events have resulted in a FEMA Presidential Disaster Declaration.
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On average, the temperature reaches 90°F between 25 and 30 days a year in
Philadelphia. The NWS measures summer heat by three different means: through
identifying average temperature; identifying the longest stretches of days 90°F and
above; and identifying summers that had the most days over 90°F and above. Each of
these methods is depicted in the tables below, showing the variability of average
summer temperature in Philadelphia since official records began in 1874.

Year Average Temp (°F) Year Average Temp (°F)
2010 79.6 1991 77.9
1995 78.5 1900 771
1994 78.3 1973 771
1993 78.2 1988 771
2011 78.0 1999 771

Source: Nese, Swartz, 2002; Accuweather, 2011

Table 4.2.3-11 Hottest Summers by Longest Stretches of 90+ F Days
Dates Length Dates Length
Jul Za-gggg 15, 18 days Jul Z%ébéug 3, 12 days
Jul Z?éébxsug 5, 17 days Jul 1125_3;;| 23, 12 days
Ale 21‘;'523" 5 13 days — fgbf“' 6, 12 days

Source: Nese, Swartz, 2002; Accuweather, 2011

e 42312 Hotessummars by s o0 F0ove
Year # of 90+ F days Year # of 90+ F days
2010 55 1943 42
1991 53 1983 41
1988 49 1993 41
1995 49

Source: Nese, Swartz, 2002; Accuweather, 2011
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Philadelphia’s all-time record high temperature is 106 °F, set on August 7, 1918. The
table below illustrates the nine hottest days on record in Philadelphia.

Table 4.2.3-13 Hottest Days on Record

Date High Teronperature Date High TeTperature
(°F) (°F)
Aug 7, 1918 106 July 21, 1930 103
July 10, 1936 104 July 9, 1936 103
July 3, 1966 104 July 4, 1966 103
July 2, 1901 103 July 7, 2010 103
Aug 6, 1918 103 July 22, 2011 103

Source: Nese, Swartz, 2002; Accuweather, 2011

From 1874-2002 there have been 45 days on record when the temperature dropped
below 0°F. More than half of these days were in the month of January, with the majority
of the rest being in February. *® The ten coldest days are listed in table 4.2.3-14.

Table 4.2.3-14 Coldest Days on Record
Date Low TeT perature Date Low Ter:mperature

(°F) (°F)
Feb 9, 1934 -1 Jan 21, 1985 -6
Jan 17,1982 -7 Jan 10, 1875 -5
Jan 22, 1984 -7 Dec 30, 1880 -5
Feb 10, 1899 -6 Jan 29, 1963 -5
Feb 11, 1899 -6 Jan 19, 1994 -5

Source: Nese, Swartz, 2002

Philadelphia has never experienced temperatures remaining below zero for a 24+ hour
time period. However, since 1874, there have been nine different days when single-
digit temperatures prevailed through a twenty-four hour period.'®

The longest streak in Philadelphia’s recorded history of temperatures remaining below
freezil?og1 is fifteen days, occurring twice, both in January/February 1961, and in February
1979.

% Ibid
100 1hid
01 1hid
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4.2.3.5 Future Occurrences

Several extreme temperature events occur each year in Philadelphia, and that trend is
projected to continue. These extreme events may in turn then induce secondary
hazards such as snow, hail, ice, windstorms, thunderstorms, drought, human health
impacts, utility failures and transportation accidents.

4.2.3.6 Vulnerability Assessment

Impact to Philadelphia
Though extreme temperatures generally occur over a short period of time, they can, in a
short timeframe, cause a range of impacts to humans, animals, and infrastructure.

Often the most impacted populations in extreme temperatures include vulnerable
populations with little or no access to adequate cooling or heating. According to the
CDC, populations most at risk to extreme cold and heat events include the following:'%
o the elderly, who are less able to withstand temperatures extremes due to their
age, health conditions and limited mobility to access shelters;
e infants and children up to four years of age;
individuals who are physically ill
individuals who have pre-existing conditions (e.g., heart disease or high blood
pressure)
low-income persons that cannot afford proper heating and cooling; and
those without living without adequate shelter
individuals with limited access to healthcare
the general public who may overexert during work or exercise during extreme
heat events or experience hypothermia during extreme cold events

A significant portion of Philadelphians meet criteria which make them more susceptible
to hazardous effects of extreme heat, such as seniors (13% of the population),
infants/children up to 4 years of age (6.6%), and those living below the poverty line
(24%). Please review the community profile section of this plan for more data on
Philadelphia’s demographics.

During periods of both extreme cold and extreme heat, inadequate protection from the
harsh temperatures is extremely dangerous to individuals. Subsequently, Philadelphia’s
homeless population is especially vulnerable. Both the Philadelphia Heat and Winter
Weather Emergency Plans include outreach strategies to the homeless population.

In addition, Philadelphia’s susceptibility to the urban heat-island effect exacerbates
hazardous conditions to individuals from extreme heat. Consequently, people living in
Philadelphia are at greater risk from the effects of a heat wave than those living in rural
or less urbanized areas.

192 Centers for Disease Control and Prevention (CDC). Emergency Preparedness and Response: Information for
Specific Groups. Retrieved 7 December 2011.
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Environmental Vulnerability

Temporary periods of extreme heat or cold events typically do not have a significant
impact on the environment. However prolonged exposure to periods of hot
temperatures may be associated with drought conditions. Environmental impacts
associated with droughts are explained earlier in Section 4.1.2.8 of this plan.
Additionally, prolonged exposure to extreme cold temperatures can kill crops,
vegetation and wildlife, especially if it occurs later in fall or earlier in the spring months.
Cold conditions are also associated with winter storms, which are profile in Section
4.2.7 of this plan.

Structural Vulnerability

A portion of Philadelphia’s utility infrastructure is susceptible to extreme temperatures.
During the winter months, frozen pipes can create service interruptions in water,
drainage and gas supply. There is a direct correlation in water main breaks and gas
main breaks to air temperature. Generally surface breaks do not occur when the air
temperature is at its minimum. Surface breaks do not appear until temperatures begin
to rise and the water or gas expands. In addition, during extreme cold water intakes
within Philadelphia tend to freeze, slowing operations. During extreme heat episodes
roads and bridges can buckle due to expansion. To limit these effects, utility providers
monitor conditions, perform routine maintenance and address problems as they arise.

In warmer months, a direct link exists between extreme heat and power disruptions.
The demand for electricity rises during extreme heat events as air conditioners, fans
and other devices are utilized to battle the heat. This increase in demand stresses the
electrical generation, transmission and distribution infrastructure, which in turn
increases the likelihood that sections or components of the electrical system will fail,
causing power outages.

Potential Loss Estimate

Unlike other natural hazards, extreme temperatures have limited physical destructive
force. Economic losses can be observed through the repairing of damaged
infrastructure like roads and bridges, as well as through the disruption in transportation
services, caused by the unreliability of equipment, such as rail switches and trolley
lines. However, the primary concern associated with extreme temperatures is public
health and safety. Fatalities caused by extreme temperatures ranks the highest in the
United States, with 140 deaths on average the past ten years. Figure 4.2.3.6-1
illustrates weather fatalities based in the United States over the past 9 years.
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Figure 4.2.3-15 Weather Fatalities

Weather Fatalities
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According to the Philadelphia Department of Public Health Medical Examiner’s Office
(PDPH-MEO), Philadelphia generally begins to experience heat-related fatalities when
an excessive heat event last 3 days or more, however; fatalities have occurred within
vulnerable populations in shorter excessive heat events in Philadelphia. Heat-related
deaths vary from year-to-year depending on the number, severity, and length of
excessive heat events. Table 4.2.3-16 depicts heat-related deaths within Philadelphia
by month from 2003-2011. Please note that “these data were supplied by the
Philadelphia Department of Public Health (PDPH). PDPH specifically disclaims
responsibility for any analyses, interpretations or conclusions.”

Table 4.2.3-16 Number of Heat Related Deaths
in Philadelphia, 2003-2011
Month of Death
Year of
Death Total
Apr May |Jun |Jul Aug | Sept
2003 0 0 2 5 0 0 7
2004 1 0 1 0 0 0 2
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2005 0 0 5 11 7 1 24
2006 0 0 1 4 24 0 29
2007 0 1 0 2 0 0 3
2008 0 0 18 7 0 0 25
2009 0 0 0 0 1 0 1
2010 0 0 4 11 0 0 15
2011 0 1 1 31 2 0 35
Total 1 2 32 71 34 1 141

The Philadelphia Department of Public Health Division of Disease Control (PDPH-DDC)
receives de-identified emergency department chief complaint data on a daily basis as a
part of an effort to conduct near-real time all hazards surveillance. PDPH-DDC also
periodically requests data from 911 ambulance dispatches for heightened surveillance
situations.

During a heat emergency, PDPH-DDC examines this data for visits that may be due to
excessive heat (i.e. heat exhaustion syndrome), as well as 911 dispatch data that is
related to environmental exposures. This provides a near real-time citywide view into
the impact of the heat wave on health care utilization. Figure 4.2.3-17 depicts the
correlation between the emergency department visits, 911 call and temperatures related
deaths for June-July 2008.
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Figure 4.2.3-17 Local Heat-related Morbidity

Comparison of local temperature and heat-related morbidity, 2008
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4.2.4 Floods

4.2.4.1 Description

Floods are one of the most common natural hazards in the United States. They can
develop slowly over a period of days or develop quickly within hours resulting in
disastrous effects that can be local (affecting a neighborhood or community) or regional
(affecting entire river basins, multiple counties or states). Most communities in the U.S.
have experienced some kind of flooding after spring rains, heavy thunderstorms, coastal
storms, or winter snow thaws. According to PA 2010 HMP, Pennsylvania is one of the
most flood-prone states in the U.S., with the southeastern region (including
Philadelphia) being the most susceptible.

A flood is any high flow, overflow, or inundation by water, which causes or threatens
damage.'® Floods are the result of a combination of meteorological and hydrological
extremes as indicated in the table below. In most cases, flooding is compounded by
human factors. While diverse, these human factors generally tend to aggravate flood
hazards by accentuating flood heights.'®*

193 NWS Glossary. Retrieved on 14 December 2011.
1% World Meteorological Organization. Associated Programme on Flood Management. Urban Risk Management.
Retrieved 14 December 2011.
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Meteorological

Hydrological Factors

Factors contributing to flooding

Human Factors
aggravating Natural

convective systems

e Small-scale storms
— severe
thunderstorms,
cloudbursts,

e Temperature

e Snowfall and
snowmelt

e |ce Jamson
waterways

Presence of impervious
cover

Channel cross-sectional
shape and roughness
Presence or absence of
over bank flow, channel
network
Synchronization of
runoffs from various
parts of watershed

High tide impeding
drainage

sl Flood Hazards
e Rainfall Soil moisture level Land-use changes
e Large-scale storms Groundwater level prior (e.g. surface sealing
— hurricanes, to storm due to urbanization,
tropical storms, Natural surface deforestation)
mesoscale infiltration rate increase run-off and

may be
sedimentation
Occupation of the
floodplain obstructing
flows

Inefficiency or non-
maintenance of
infrastructure
Climate change
affects magnitude
and frequency of
precipitations and
floods

Urban microclimate
may enforce
precipitation events

As a result of the different combination of factors, including meteorological, hydrological,

and human, floods can be divided into three categories for Philadelphia:'®

e Local Floods
e Riverine Floods
e Flash Floods

Local Floods

Local floods are defined as increase volumes of water due to poor drainage capacity.
Built environments like cities generate higher surface run-off that is in excess of local
drainage capacity, thereby causing local floods. Local drainage capacity is primarily
made up of local storm water drainage system composed of storm drainpipes, curb
inlets, manholes, minor channels, roadside ditches and culverts. This system is
intended to convey storm flows efficiently to the community’s primary drainage system.
However, rubbish and debris can clog the bottlenecks of drainage facilities, thus

19 Federal Emergency Management Institute. Types of Floods and Floodplains. Retrieved 16 December 2011
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reducing drainage capacity and leading to increased surface runoff and back up effects,
causing local floods.

Riverine Floods

Riverine floods, also called river floods, occur when the river run-off volume exceeds
local flow capacities. River floods are triggered by heavy rainfall or snow melt in
upstream areas, or in the case of the Delaware River, tidal influence from downstream.
Ground conditions such as soil, vegetation cover, and land use have a direct bearing on
the amount of run-off generated. Flooding from large rivers usually results from large-
scale weather systems that generate prolonged rainfall over wide areas. Small rivers,
streams and creeks are susceptible to flooding from more localized weather systems
that cause intense rainfall over small areas.

Flash Floods

Flash floods are characterized as a rapid and extreme flow of high water into a normally
dry area, or rapid water level rise in a stream or creek above a predetermined flood
level.'® Flash floods occur as a result of the rapid accumulation and release of runoff
waters, which are caused by heavy rainfall, cloudbursts, landslides, or the sudden
break-up of an ice jam. Ongoing flooding can intensify into flash flooding in cases
where intense rainfall results in a rapid surge of rising floodwaters. Densely populated
areas have a high risk for flash floods, as the construction of buildings, highways,
driveway and parking lots increases runoff by reducing the amount of rain absorbed by
the ground.

4.2.4.2 Location

The most damaging floods in Philadelphia appear to occur within the designated
floodplains. A floodplain is defined as the land adjoining the channel of a river, stream,
ocean, lake or other watercourse or water body that becomes inundated with water
during a flood. The size of the floodplain is described by the recurrence interval of a
given flood. Note: a floodplain associated with a flood that has a 10 percent chance of
occurring annually is smaller than the floodplain associated with a flood that has a 0.2
percent-annual-chance of occurring. In other words the higher the percentage of a flood
occurring annually the smaller the area of the floodplain. Please see figure 4.2.4-2 for
clarification.

FEMA Flood Insurance Rate Maps (FIRMs) delineate special flood-hazard areas and
the moderate flood areas in a community. Special flood-hazard areas identify locations
that will be inundated by a flood event having a 1-percent chance of being equaled or
exceeded in any given year. The 1-percent annual chance flood is also commonly
referred to as the base flood or 100-year flood. Within this plan this area will be
illustrated as the 1-percent annual chance area. Special flood-hazard areas are labeled
as Zone A on FIRMS for Philadelphia. Moderate flood hazard areas, labeled Zone X

196 1hid
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are also shown on the FIRM, and are the areas between the limits of the base flood and
the 0.2-percent-annual-chance (or 500-year) flood.'"’

Figure 4.2.4-2 depicts the special flood hazard area or the 1-percent annual chance
area of a floodplain, composed of both the flood fringe and the floodway areas, as well
as the .2-percent annual chance area (or the moderate flood hazard area) and the 10-
percent annual chance area.

Figure 4.2.4-2: Floodplain

Source: Adapted from NJDEP, Date Unknown

The Special Flood Hazard Area serves as the primary regulatory boundary used by
FEMA and the Commonwealth of Pennsylvania. Digital FIRMs, paper FIRMs, and other
flood hazard information for counties throughout Pennsylvania can be obtained from the
FEMA Map Service Center (http://www.msc.fema.gov). These maps can be used to
identify the expected spatial extent of flooding from a 1 percent- and 0.2 percent-
annual-chance event.

Within Philadelphia, 39 of 63 neighborhoods (based on the Philadelphia City Planning
Commission’s 2005 neighborhood designation) are located at least in part in the 1-
percent annual chance area. The following table identifies the Philadelphia
neighborhoods that intersect the 1-percent annual chance area and the percentage that
falls within the boundaries of a floodplain. Figure 4.2.4-4 depicts the 1-percent annual
chance areas within Philadelphia’s 63 neighborhoods.

197 Federal Emergency Management Agency. Flood Zones. Retrieved 19 January 2012.
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Table 4.2.4-3 Percentage of Philadelphia Neighborhood
Intersecting 1-percent Annual Chance Area
Neighborhood % in Floodplain Neighborhood % in Floodplain
Delaware o : oA 0
Riverfront 76.25% University City 7.27%
Overbrook Park -
Eastwick 55.97% Wynnefield 7.06%
Heights
Packer Park - o , o
Girard Estates 45.84% Chestnut Hill 6.85%
Richmond - 39.89% East Falls 6.81%
Bridesburg
Pennsport - o Morrell - Modena - o
Snyder - Whitman 39.15% Millbrook 5.92%
Millcreek -
o 0,
Torresdale 25.06% Parkside 5.77%
Wissinoming - 21.63% Feltonville 5.73%
Tacony
CITEE [FET - 20.00% Kensington 5.69%
Southbrook ' '
Fairmount - o o
Spring Garden 17.93% Roxborough 4.17%
Logan Square 14.71% Parkwood 3.93%
Queen Village -
Bella Vista - 13.35% Olney 3.08%
Hawthorne
Manayunk 13.05% Cobbs Creek 2.50%
Frankford 12.78% Pennypack 2.36%
Rittenhouse 12.46% Lawncrest 1.94%
Square
Bustleton 10.75% Juniata Park - 1.62%
Harrowgate
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Northern Liberties 10.61% Somerton 1.38%
South of South 9.99% HETE = 1.34%
Holmesburg
Elmwood 8.43% Nicetown - Tioga 1.26%
Kingsessing 8.18% E. Oak Lane 0.87%

As past flood events indicate, Philadelphia has several flood-prone areas. These areas
include Cobbs Creek along the western City border, the marshlands in the southwest
sector of the City; the Philadelphia Naval Base; Delaware Avenue underneath the
Benjamin Franklin Bridge; Linden Avenue where it meets the Delaware River in the
Northeast; River Road and areas along Main Street Manayunk; and areas along Kelly
and Lincoln Drives. City streams most prone to flooding include the Pennypack,
Poquessing and Cobbs Creeks, as well as Tacony, Frankford and Wissahickon Creeks.
Figures 4.2.4-5 through 4.2.4-9 show the most common flood prone areas of
Philadelphia, as well as identifies numerous critical facilities that fall within those flood

prone areas.
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Figure 4.2.4-4: 1-percent Annual Chance Area
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Figure 4.2.4-5
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Figure 4.2.4-6
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Figure 4.2.4-7
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Figure 4.2.4-8
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Figure 4.2.4-9
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4.2.4.3 Range of Magnitude

The severity of a flood depends not only on the amount of water that accumulates in a
period of time, but also on the time of year, the coverage area of the storm, and the
land’s ability to absorb the amount of water. Two general types of storm systems can
produce large amounts of precipitation, convective systems and non-convective
systems. Convective events are quick-hitting, heavy rainfall events that usually have a
lifespan of an hour or two. Non-convective events are steady rain events that can take
place over the course of several hours and last as long as 24 hours.

Natural Hazard Mitigation Plan
May 2012

In the case of riverine or flash flooding, once a river, stream or creek reaches flood
stage (shown in Table 4.2.4-10), the flood extent or severity categories used by the
NWS include minor flooding, moderate flooding, and major flooding. Each category has
a definition based on property damage and public threat.

Table 4.2.4-10

NWS Flood Categories

Convective

Non-Convective

Minor Flooding
An Urban and/or
Small Stream
Flood Advisory
would be issued
for this event.

For Urbanized Areas:

¢ Rainfall rates of 0.5 inch
per hour lasting more than
one hour. Minimal or no
property damage. Minimal
risk to the public.

For Rural Areas:

e Rainfall rates from .75 to
1.0 inch per hour lasting
more than one hour.
Minimal or no property
damage. Minimal risk to
the public.

There is less of a distinction
between urbanized and rural
areas in non-convective
events.

Rainfall rates from 0.25 to 0.5
per hour depending on
duration of event.

A 0.5 inch rainfall rate over six
hours can have similar
impacts compared to a 0.25
inch rainfall rate over 12
hours.

Minimal or no property
damage. Minimal risk to the
public.
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Moderate
Flooding

A Flood or Flash
Flood Warning
would be issued
for this event.

For Urbanized Areas:

e Rainfall rates of at least
1.0 inches per hour lasting
more than one hour.
Impacts include inundation
of structures, road
closures, evacuations of
people and/or the transfer
of property to higher
ground.

For Rural Areas:

¢ Rainfall rates from 1.25 to
1.50 inches per hour
lasting more than one
hour. Impacts include
inundation of structures,
road closures,
evacuations of people
and/or the transfer of
property to higher ground.

There is less of a distinction
between urbanized and rural
areas in non-convective
events.

Rainfall rates from 0.5 to .75
per hour depending on
duration of event.

A .75 inch rainfall rate over six
hours can have similar
impacts compared to a 0.5
inch rainfall rate over ten
hours.

Impacts include inundation of
structures, road closures,
evacuations of people and/or
the transfer of property to
higher ground.

Major Flooding
A Flood or Flash
Flood Warning
would be issued
for this event.

For Urbanized Areas:

¢ Rainfall rates of at least
1.50 inches per hour
lasting more than one
hour. Impacts include
extensive inundation of
structures, road closures
and a significant
evacuation of people
and/or transfer of property
to higher ground.

For Rural areas:

¢ Rainfall rates from 1.75 to
2.0 inches per hour lasting
more than one hour.
Impacts include extensive
inundation of structures,
road closures, and a
significant evacuation of
people and/or transfer of
property to higher ground.

There is less of a distinction
between urbanized and rural
areas in non-convective
events.

Rainfall rates from 0.75to 1.0
per hour depending on
duration of event.

A 1.0 inch rainfall rate over six
hours can have similar
impacts compared to a 0.75
inch rainfall rate over eight
hours.

Impacts include extensive
inundation of structures, road
closures, and a significant
evacuation of people and/or
the transfer of property to
higher ground.
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The following table lists the hydrologic gages in Philadelphia. There are three other
gages in Philadelphia county that are monitored by the PADEP, but do not have
established flood stages. They include Cobbs Creek (COBP1), Tacony Creek (TACP1),
and Poquessing Creek (POQP1T). Hydrologic information can be obtained from the

NWS Advanced Hydrologic Prediction Services (AHPS) web page.

108

Table 4.2.4-11 Hydrologic Gages in Philadelphia

River/Creek

Stages

Philadelphia — Schuylkill River
Site Identifier (PADP1)

Daily river forecast point. Can be
viewed in AHPS via map or drop
down Schuylkill River menu.

Action Stage

Flood Stage
Moderate Category
Major Category
Record

10.0 ft.
11.0 ft.
13.0 ft.
15.5 ft.
17.0 ft. (10/4/1869)

menu.

Wissahickon — Wissahickon Action Stage 4.5 ft.
Creek Flood Stage 5.0 ft.
Site Identifier (PHAP1) Moderate Category 7.0 ft.
Major Category 9.0 ft.
No forecasts available. Record 11.5 ft. (9/16/1999)
Frankford — Frankford Creek Action Stage 6.01t.
Site Identifier (FCRP1) Flood Stage r.oft.
Moderate Category 8.0 ft.
. Major Category 10.0 ft.
No forecasts available. Record 13.9 ft. (9/28/2004)
Pennypack — Pennypack Creek Action Stage NA
Site Identifier (PLLP1) Flood Stage 7.01t.
Moderate Category 9.0 ft.
. Major Category 11.0 ft.
No forecasts available. Record 14.8 ft. (9/16/1999)
USCG Pier — Delaware River .
) o Action Stage 7.8 ft.
Site Identifier (PHBP1) Flood Stage 8.0 ft
Tidal gage. Can be viewed in AHPS querate Category 9.21t.
via drop down Delaware River Major Category 10.21t
Record 10.5 ft. (11/25/1950)

The NWS issues the following products when issues warrant.

"%[nformation provided by NWS Mount Holly hydrologist.
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Table 4.2.4-12 NWS Flood Products

Products Description

Alerts the public to nuisance flooding which is generally
non-life-threatening. Issued when rain will cause
Urban and/or Small flooding of streets and low-lying areas in both urban and
Stream Advisory rural settings. May be upgraded to a Flash Flood
Warning if flooding worsens and poses a threat to life
and property. Forecaster confidence is at least 80%.
Usually associated with quick-hitting convective rain
events. Indicates current or developing hydrologic
conditions are favorable for flash flooding in and close
to the watch area, but the occurrence is neither certain
or imminent. Issued 24 to 48 hours before a potential
event. Forecaster confidence is approximately 50%.
Usually associated with non-convective events.
Indicates current or developing hydrologic conditions
are favorable for flooding in and close to the watch
area, but the occurrence is neither certain or imminent.
Issued 24 to 48 hours before a potential event.
Forecaster confidence is approximately 50%.

Usually associated with quick-hitting convective rain
events. Indicates that flooding is occurring or is
determined to be imminent within about a six hour
period from the start of the causative event. There is a
serious risk to life and property. Can be issued several
hours before flooding occurs. Forecaster confidence is
Flash Flood Warning at least 80%.

Flash Flood Watch

Flood Watch

Can also be issued for ice jams and dam breaks.

If the flooding is expected to persist for more than
several hours, the product may be converted to Flood
Warning.

Usually associated with non-convective rain events.
Indicates that flooding is occurring or is determined to
be imminent and is expected to persist for more than a
six hour period. There is a serious risk to life and
property. Can be issued several hours before flooding
occurs. Forecaster confidence is at least 80%.

Flood Warning
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Caused from either a convective or non-convective
event. Indicates that flooding is occurring or is
determined to be imminent on a gaged and monitored
stream. There is a serious risk to life and property. Can
be issued several hours before flooding occurs.
Forecaster confidence is at least 80%.

River Flood Warning

Issued for mainstream rivers when water levels are

Special River Statement running high but are expected to remain within banks.

Identifies the potential for flooding three to seven days
Hazardous Weather in advance. If there is a >50% chance that an advisory,
Outlook watch, or warning will be needed in some capacity, the
event is mentioned in the HWO.

Provides a discussion of the meteorological thinking
which went into the preparation of the forecast.
Typically will contain the predicted precipitation
amounts for an upcoming event as well as a discussion
of anticipated flooding conditions. The NWS issues an
AFD approximately four times a day but can update it
more frequently based on significant forecast changes.

Area Forecast
Discussion

Issued for minor tidal flooding. Impacts include nuisance
Coastal Flood Advisory | flooding across roads or low-lying areas. Isolated
property damage. Generally non-life-threatening.

Issued for moderate or severe tidal flooding. Impacts for
moderate flooding range from flooded roads to property
damage. Severe flooding impacts include widespread
flooding with significant property damage. Both
moderate and severe tidal flooding can be life-
threatening.

Coastal Flood Warning

4.2.4.4 Past Occurrences

Table 4.2.4-13 summarizes the Presidential Disaster or Emergency Declarations, and
the Gubernatorial Declarations for flood events in Philadelphia. Most of the flooding-
related declared disasters in Philadelphia have been associated with a tropical or extra
tropical disturbance (hurricanes, tropical storms, Nor’easters), either passing over or
located within close proximity to Philadelphia.

Table 4.2.4-13 Flooding: Declared Disaster History 1955-2011

Date Type Action

September | Tropical Storm Emergency Measures Declaration for Public
2011 Lee Assistance and Hazard Mitigation
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Gubernatorial and Presidential — Major Disaster

August Hurricane Irene | for Individual Assistance, Public Assistance and
2011 e
Hazard Mitigation
Tropical
September Depression Gubernatorial
2006
Ernesto
Proclamation of | Gubernatorial and Presidential — Major Disaster
June 2006 | Emergency - for Individual Assistance, Public Assistance and
Flooding Hazard Mitigation
September Proclamation of
Emergency - Gubernatorial
2005 .
Katrina
September | Tropical . Major Disaster for Individual Assistance
2004 Depression Ivan
August Severe Storm & | Major Disaster for Individual Assistance and
2004 Flooding Hazard Mitigation
September | Hurricane Gubernatorial and Presidential Declaration —
2003 Isabel/Henri Major Disaster
September Hurricane Elovd Gubernatorial and Presidential Declaration —
1999 y Major Disaster
June 1998 Severe Storms/ Gubernatorial
Tornadoes
Januar Gubernatorial and Presidential — Major Disaster
y Flooding for Individual Assistance, Public Assistance and
1996 o
Hazard Mitigation
July 1994 | Flooding SBA — Physical Disaster and Economic Injury
Disaster Loans
June 1972 | Flood (Agnes) PreS|dent’s Declaratlon of Major Disaster —
Governor’s Proclamation
September Flood Governor’s Proclamation & President’s
1971 Declaration of Major Disaster
1S§5p;ember Flood Diane President’s Declaration of Major Disaster
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According to the NCDC, there have been 118 flooding events, flash, local or riverine in
Philadelphia since 1993. The NWS Middle Atlantic Forecast Center (MARFC) chronicles
historical flood events for the USGS station along the Schuylkill River. Table 4.2.4-14
categorizes all the flood events that have occurred since 1769 in Philadelphia. Table
4.2.4-15 summarizes the top ten highest historical crests on the Schuylkill River. Note:
the MARFC Complete Flood List for Philadelphia identifies three other flood events not
listed within the table below (9/8/1769, 9/3/1775, and 10/13/1846). River crests for each
event were not identified and therefore not listed within Table 4.2.4-14. In addition,
MARFC does not list information on the Delaware River or the local streams or creeks
which run through Philadelphia.
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Table 4.2.4 -14 Historical Floods: Schuylkill River at Philadelphia

Latitude: 39.968 Period of Record: 1769-Present Longitude: -75.189
Flood Stage: 11 ft. Last Flood: 9/8/2011 Number of Floods: 64

Moderate = 13.0 ft. —

Minor = 11.0 ft. — 12.99 ft. Major = 15.5 ft.+

15.4 ft.
45 Occurrences 13 Occurrences 1 Occurrence
Crest Date Crest Crest Date Crest Crest Date Crest Crest Date Crest
9/8/2011 12.52 ft. 12/21/1973 11.47 ft. 8/28/2011 13.56 ft. 10/4/1869 17.0 ft.
9/7/2011 12.01 ft. 6/29/1973 11.43 ft. 10/1/2010 13.05 ft.
4/15/2007 11.34 ft. 8/28/1971 11.26 ft. 9/17/1999 14.10 ft.
6/28/2006 12.51 ft. 4/2/1970 11.111t 1/19/1996 13.36 ft.
10/9/2005 12.07 ft. 3/7/1967 11.31 ft. 6/23/1972 14.65 ft.
4/3/2005 11.74 ft. 9/12/1960 11.58ft. 9/13/1971 13.28 ft.
9/29/2004 11.86 ft. 8/13/1955 11.25 ft. 8/19/1955 14.32 ft.
9/18/2004 11.33 ft. 12/11/1952 11.7 ft. 11/25/1950 14.32 ft.
6/21/2003 11.43 ft. 11/22/1952 12.41 ft. 6/2/1946 14.57 ft.
3/11/2001 11.03 ft. 4/28/1952 11.92 ft. 8/9/1942 13.1 ft.
3/22/2000 11.04 ft. 12/30/1948 12.0 ft. 7/9/1935 141 ft.
12/14/1996 11.39 ft. 9/19/1945 11.92 ft. 8/24/1933 14.7 ft.
10/19/1996 11.86 ft. 1/1/1945 11.06 ft. 3/1/1902 14.8 ft.
3/9/1995 11.23 ft. 11/9/1943 11.19 ft.
12/5/1993 12.41 ft. 12/30/1942 11.36 ft.
7/7/1984 12.31 ft. 5/24/1942 12.44 ft.
5/30/1984 11.42 ft. 3/15/1940 11.72 ft.
12/13/1983 11.06 ft. 3/4/1940 11.23 ft.
4/16/1983 11.42 ft. 2/3/1939 11.08 ft.
2/26/1979 11.54 ft. 3/12/1936 11.62 ft.
1/25/1979 12.97 ft. 1/3/1936 11.7 ft.
1/26/1978 12.33 ft. 9/30/1934 11.3 ft.

1/28/1976 12.13 ft.
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Table 4.2.4-15

Top Ten Highest Historical Crests:

Crest

Date of
Flood

chuylkill River in Philadelphia

Weather Comments

17.0 ft.

10/4/1869

On October 4, the "Saxby Gale" hurricane brought
widespread heavy rain to the northeastern U.S., from
Virginia to Maine. Eastern Pennsylvania collected more
than 5 inches. Severe flooding throughout the Mid-
Atlantic and New England.

14.8 ft.

3/1/1902

A series of snowstorms followed by heavy rains caused
flooding on the Lehigh and Delaware Rivers as well as
the most destructive flood on the Susquehanna in the
Wyoming Valley since 1865.

14.7 ft.

8/24/1933

A strong Category 1 storm, the Chesapeake-Potomac
Hurricane brought more than 10 inches of rain to
Maryland, Delaware and Southern New Jersey. Other
locations throughout the Mid-Atlantic measured more
than 4 inches of rain.

14.65 ft.

6/23/1972

Hurricane Agnes made landfall again over southeastern
New York on June 22 and moved westward into
Pennsylvania. Rainfall totals from June 20-25 range
from 2-3 inches in the Upper Potomac to 18 inches near
Shamokin, Pennsylvania.

14.57 ft.

6/2/1946

The weather summary is unavailable at this time.

14.32 ft.

11/25/1950

Record-breaking cold air spawned a coastal "bomb"
that retrograded back to the lower Great Lakes
underneath a deep closed vortex. Several inches of rain
fell across the area.

14.32 ft.

8/19/1955

Hurricane Diane made landfall 5 days after Hurricane
Connie. Hurricane Diane produced several inches of
rain with locally heavier amounts of 10 to 20 inches.

14.10 ft.

9/17/1999

Hurricane Floyd produced heavy rainfall from Virginia to
Long Island. Rainfall totals ranged from 12 inches in
Delaware to 16.57 inches in Newport News, Virginia.
Two dams burst in New Jersey and several flood
records were broken in New Jersey.

141 ft.

7/9/1935

10 inches of rain fell at Cortland, NY in 48 hours.

13.56 ft.

8/28/2011

Hurricane Irene brought heavy rains and flooding 26-28
August 2011. Area averaged rainfall from gauge and
radar data indicated a broad swath of 3 to 10 inches
with over 13” at a couple of spots.
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National Flood Insurance Program

The National Flood Insurance Program (NFIP) was created by the United States
Congress through the National Flood Insurance Act of 1968. It enables property owners
in participating communities to purchase federally-backed flood insurance. To maintain
NFIP eligibility, Philadelphia has adopted a floodplain management ordinance to
regulate proposed development in floodplains, and has designated a local floodplain
administrator (PCPC) to enforce that ordinance. The intent of Philadelphia’s ordinance
is to ensure that new construction does not exacerbate existing flood hazards and is
better designed to withstand flooding. This is accomplished in the following ways: newly
constructed structures are required to be raised 18 inches above the base flood
elevation (BFE); new construction is prohibited within the floodway; manufactured
mobile homes are restricted within Philadelphia; and certain hazardous chemicals are
prohibited from being stored within floodplains. Philadelphia has also established Flood
Insurance Rate Maps (FIRMs) that depict floodways, the 1-percent annual chance flood
zones and the 0.2-percent annual chance flood zones (as described in Section 4.2.4.2).
Though the FIRM floodplain determinations are set by FEMA, PCPC has the authority
to determine the BFE in Zone A. As FIRMs are updated, PCPC conducts public
outreach on the availability and value of flood insurance. Mitigation actions related to
this program are included in Section 6.4.1.

The NFIP also collects information on insured structures, including the number and
location of flood insurance policies, number of claims per insured property, dollar value
of each claim, and repetitive loss claims. Repetitive loss insurance claims indicate
areas where floodplain occupancy continues in spite of repeated inundation. Repetitive
loss properties are structures insured under the NFIP, which have had at least two paid
flood losses of more than $1,000 over any 10-year period since 1978. A property is
considered a severe repetitive loss property either when there are at least four losses
each exceeding $5,000 or when there are two or more losses where the building
payments exceed the property value.

NFIP data helps indicate the location of potential flood events. The following table and
map identifies the regions in Philadelphia by zip code with recorded repetitive loss
policies and the amount in USD of payouts. Repetitive loss properties are a high priority
for flood mitigation.

. -
aple 4 1 0 adelp a ppeE 2 0 pData
-
0 B 0 0 DE

Zip code |Losses | Total Paid Zip code Losses | Total Paid
19103 2 $108,392 19134 2 $14,622
19106 4 $64, 941 19135 4 $65,790
19112 4 $39,746 19136 3 $18,535
19114 11 $576,653 19141 2 $12,940
19116 10 $67,649 19145 2 $25,765
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19120 2 $2,522 19147 5 $24,238
19122 4 $63,578 19148 2 $8,987
19123 4 $43,609 19149 ) $60,886
19127 95 $5,686,702 19152 13 $103,213
19128 14 $168,496 19153 128 $2,189,778
19130 3 $30,504 19154 2 $4,991

Total Payouts:

Total Zip codes: 22 Total Losses: 281  $9,317,596

Residential Losses: 198 Non-Residential Losses: 83
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Figure 4.2.4-17 Repetitive Flood Loss
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4.2.4.5 Future Occurrences

Given the history of flood events that have affected Philadelphia and the many factors
that contribute to the causes of flooding, it can be expected that future flooding will
occur in Philadelphia. The probability of future flooding in Philadelphia is high, especially
within communities located in the 1-percent annual chance area.

4.2.4.6 Vulnerability Assessment

Flooding is a significant concern for Philadelphia. To assess vulnerability, potential
losses were calculated for the city for 100-year mean return period flood events. The
flood hazard exposure and loss estimate analysis is presented below. In an attempt to
improve the accuracy of the damage estimates, an effort was made to refine the general
building stock (GBS) data packaged with HAZUS as part of a Level 2 analysis. A Level
2 analysis consists of both default data included in HAZUS, as well as detailed local
information about local elevation, building inventories, utility and transportation systems
data and other Philadelphia-based information.

More specifically, Office of Property Assessment (OPA), formerly BRT, tax account data
from June 2009 was used to upgrade the HAZUS aggregated data tables, including
building counts, square footage, and exposure by census block; City GIS data was also
incorporated for critical facilities. For capital stock loss estimates, OPA (previously
BRT) building market values were used instead of building replacement costs, as this
was the best currently available source of data. While OPA (previously BRT) also
provides assessed values for buildings throughout the City, they are generally well
below market value and are not thought to adequately represent replacement costs.
Building content values were also estimated as a percentage of the market value using
the HAZUS default equations by building occupancy type.

A floodwater depth grid was created from the 1-percent annual chance flood zones and
associated base flood elevations and cross sections from the National Flood Hazard
Layer (NFHL), which is based on the January 17, 2007 DFRIM. This was overlaid with
a 2008 digital elevation model (DEM) at approximately 15-foot resolution. This
floodwater depth grid does not account for storm water drainage issues that commonly
occur in urban areas. Upon review by PWD, it was determined that most flood
complaints are random and do not necessarily come from areas within the 1-percent
annual. Furthermore, this type of flooding due to urban drainage issues is more
commonly associated with flash flooding and may not necessarily be reflective of a 1-
percent annual chance flood event.

Impact to Philadelphia

The 1 percent annual chance area covers an area of 18.8 square miles, including a
portion of all 24 police districts and 39 of 63 neighborhoods within the City of
Philadelphia. Figure 4.2.4-18 is a basic representation of the City of Philadelphia’s 1-
percent annual chance area. This map provides a general reference of the areas of
Philadelphia vulnerable to flooding during a 1-percent annual chance flood event. The
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extent of flooding and related flood damages is also based on elevation and depth of
flooding, which are shown in Figure 4.2.4-19.
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Figure 4.2.4-18: 1-percent Annual Chance Area
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Figure 4.2.4-19: Flood Depth Grid
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Environmental Vulnerability

Floods can have a significant impact on the environment depending upon their
magnitude. A severe flood can overload sewer systems, which can result in the
leakage of raw sewage into bodies of water. There are 460 hazardous material facilities
located within floodplains in Philadelphia. Damage to one of these buildings can lead to
the potential for toxic materials to be released into the waterways. Other environmental
impacts of flooding include stream bed changes, catchment run-offs, erosion, the
emergence of health issues due to water-borne diseases, and the loss of vegetation
and wildlife.

Structural Vulnerability

According to the June 2009 OPA (previously BRT) tax account data, there are an
estimated 530,000 buildings in the City of Philadelphia. Approximately 3,600 of those
are located within the 1-percent annual chance area, including a number of critical
facilities, listed in the table below.

Table 4.2.4-20 Critical Assets Located in the

1-percent Annual
Critical Asset Ei)tt;“ Sl L Ir;lll:)r:cti):{ali:
Rail Stations 48 3
Subway/Subsurface Trolley Stations 57 1
Airports 2 1
Police Stations 22 1
Fire/EMS Stations 62 3
Emergency Operations Center 1 0
Schools 438 5
Colleges/Universities 30 0
Hospitals 31 0
Dialysis Centers 43 1
Nursing Homes 51 0
Water/Wastewater Treatment
Facilities 6 1
Electric Substations Number Unknown 2+
E:;ﬁ:ic(lac;us Material Reporting 405 42

The table below provides the estimated building damage count and extent of damage
by occupancy type based on the HAZUS output for a 100-year flood. The general
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building stock data input into HAZUS was classified into residential, commercial,
industrial, education, religion, and government land use categories, but only residential,
commercial and industrial had significant building damage.

Table 4.2.4-21 Estimated Building Damage Count

and Extent of Damage by Occupancy Type

Percent of Building Damage

Occupancy

P Nome g agu  so% ao%  so% so% O
Residential 1,521 0 200 222 476 423 = 524 3,366
Commercial 0 0 13 9 2 1 1 26
Industrial 0 0 20 0 1 0 1 22
Total 1,521 0 233 231 479 424 526 3,414

Source: HAZUS

It should be noted that the total number of buildings in the 1-percent annual chance
area is different from the number of buildings potentially damaged by flooding. Damage
estimates take into account elevation and depth of flooding, not just location within the
floodplain.

Potential Loss Estimate

The table below breaks down the total direct economic loss citywide that may result
from a 100-year flood event as calculated by HAZUS. Total direct economic loss due to
flooding includes not only building and content loss but projected loss of income, worker
wages, and inventories. This increases potential losses in commercial or industrial
areas, where larger numbers of jobs may be unavailable as a result of flood damage.

HAZUS calculates flood damage to general building stock as a percentage based on
depth of flooding and then uses an equation to convert to dollar loss estimates. The
equations used in this model to calculate damages are the HAZUS defaults, but the
general building stock replacement values and flood depth data were updated by the
Philadelphia Office of Emergency Management using 2009 OPA ( prewouslg BRT) data,
a digital elevation model, and Digital Flood Insurance Rate Maps (DFIRM)"'% data

199 These maps are used to calculate the cost insurance premiums; establish flood risk zones and base flood
elevations to militate against potential future flood damages to properties.
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Table 4.2.4-22 Direct Economic Loss from a 100-Year Flood Event

Type of Loss Dollar Amount ($)

Building Loss 211,514,000
Contents Loss 340,797,000
Inventory Loss 81,646,000
Relocation Cost 1,213,000
Income Loss 2,859,000
Rental Income Loss 941,000
Wage Loss 4,226,000
Total Loss 643,196,000

Figure 4.2.4-23 shows the spatial distribution of this economic loss throughout the City
in terms of percentage of total loss based on full replacement values. The areas with
the highest potential loss include several blocks on the east and west ends of Center
City adjacent to the Delaware and Schuylkill Rivers, as well as blocks in Manayunk
along the Schuylkill River. In addition, the Navy Yard in South Philadelphia and areas in
Southwest and Northeast Philadelphia could experience significant economic loss
during a 1-percent annual chance flood event.
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Figure 4.2.4-23: Direct Economic Loss Due to Flooding
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However, it should also be noted that this model may not accurately assess damages to
larger, high replacement cost facilities located in the floodplain, particularly, Philadelphia
International Airport and Sunoco Refinery, which cover significant geographic areas that
may experience varying extents of flood damage throughout.

Included in the total loss is damage to residential structures, which is estimated to
displace 4,022 households during a 1-percent annual chance flood event. The following
table provides HAZUS information on the estimated number of people displaced''® and
the number of people that would require short-term sheltering’"! based Census 2000
population data.

Table 4.2.4-24 Estimated Shelter Needs by Police District

during a 100-
. . . People People Requiring Short-Term

Police District Dispﬁaced Sheﬁer q g

Central Division 1,459 1,398
District 6 434 417
District 9 1,025 981
District 22 0 0
District 23 0 0
East Division 216 180
District 24 183 166
District 25 33 14
District 26 0 0
Northeast Division 4,725 4,220
District 2 81 68
District 7 569 498
District 8 3,339 3,043
District 15 736 611
Northwest Division 494 334
District 5 222 170
District 14 109 89
District 35 28 10
District 39 135 65
South Division 52 19
District 1 0 0
District 3 49 19
District 4 0 0

"% pisplaced persons are individuals who would be evacuated under the assumption that any portion of a census
block that is flooded initially would have all of the residents removed from the area.

"' The number of persons requiring sheltering is a subset of the displaced or evacuated population based on the
extent of projected building damage within a census block and weighted by income and age, such that elderly and
low-income persons are more likely to require sheltering.
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Table 4.2.4-24 Estimated Shelter Needs by Police District

during a 100-Year Flood Event

Police District P_eople People Requiring Short-Term
Displaced Shelter

District 17 3 0
Southwest Division 5,119 4,930
District 12 5,086 4,925
District 16 0 0
District 18 31 5
District 19 2 0
Total 12,065 11,081

Source: HAZUS, 2009

4.2.5 Tropical Cyclones — Hurricanes and Tropical Storms

4.2.5.1 Hazard Description

Hurricanes and Tropical Storms

A tropical cyclone is a general term for large thunderstorm complexes rotating around
an area of low-pressure that has formed over warm tropical or sub-tropical ocean water.
These complexes go by a variety of names depending on their intensity and location.
Accordin% to the NOAA Hurricane Research Division, tropical cyclones are classified as
follows: "

e Tropical Disturbance: A discrete tropical weather system of apparently organized
convection - generally 200 to 600 km (100 to 300 nmi) in diameter - originating in
the tropics or subtropics, having a non-frontal migratory character, and
maintaining its identity for 24 hours or more. It may or may not be associated with
a detectable perturbation of the wind field. Disturbances associated with
perturbations in the wind field and progressing through the tropics from east to
west are also known as easterly waves.

e Tropical Depression: A tropical cyclone in which the maximum sustained wind
speed (using the U.S. 1 minute average standard) is up to 33 kt (38 mph, 17
m/s). Depressions have a closed circulation.

e Tropical Storm: A tropical cyclone in which the maximum sustained surface wind
speed (using the U.S. 1 minute average standard) ranges from 34 kt (39
mph,17.5 m/s) to 63 kt (73 mph, 32.5 m/s). The convection in tropical storms is
usually more concentrated near the center with outer rainfall organizing into
distinct bands.

e Hurricane: When winds in a tropical cyclone equal or exceed 64 kt (74 mph, 33
m/s) it is called a hurricane (in the Atlantic and eastern and central Pacific

" Hurricane Research Division. Frequently Asked Questions: What is a tropical disturbance, tropical depression or
tropical storm? NOAA. Retrieved 10 December 2011.
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Oceans). Hurricanes are further designated by categories on the Saffir-Simpson
scale.

Figure 4.2.5-1 Progressive levels of organized disturbed weather in the tropics'"

Source: NOAA, 2011

For a tropical disturbance to reach hurricane status, several conditions must be met:""*

Warm tropical waters must be at least 80°F, ideally to the depth of a few hundred
feet. Warm water means plenty of evaporation and this plenty of water vapor to
fuel the thunderstorm. Water temperatures off New Jersey and Delaware rarely
get this warm for long periods of time and over a large area. Consequently, for a
tropical system to affect Philadelphia, it has to form farther south and move
northward.

The mid-troposphere (approx. 3 miles up from the earth’s surface) must be
relatively moist (high dewpoints), to allow the continuing development of
widespread thunderstorm activity.

The wind speed and direction must not vary greatly from lower to higher levels in
the atmosphere, (low values of vertical wind shear). Strong high-altitude winds
or winds that change direction with height tend to blow tops of thunderstorms,
interrupting development.

A tropical disturbance must be at least 300 miles from the equator. This insures
non-negligible amounts of the Coriolis force (a fictitious force used to account for
the apparent deflection of a body in motion with respect to the earth) to provide
circulation within the system.

Atlantic hurricanes form off the coast of Africa or in the Caribbean Sea, or Gulf of
Mexico. Hurricanes can produce violent winds, tornadoes, powerful waves and storm
surge, and torrential rains and floods. By the time most tropical systems reach
Pennsylvania, they do not have hurricane-force winds.

3 Ibid

""* Hurricane Research Division. Frequently Asked Questions: How do tropical cyclones form? NOAA. Retrieved
10 December 2011.
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The official hurricane season for the Atlantic Basin (the Atlantic Ocean, the Caribbean
Sea, and the Gulf of Mexico) is from June 1 to November 30. As seen in the graph
below, the peak of the season is from mid-August to late October. However, deadly
hurricanes can occur any time in the hurricane season.'®

Figure 4.2.5-2: Number of Tropical Cyclones per 100 Years''®
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4.2.5.2 Location

Philadelphia is located about 80 miles inland from the mouth of the Delaware Bay (30
miles inland from where the Delaware River meets the Bay) and approximately 60 miles
from the Atlantic Coast. As such, Philadelphia is located in an area where tropical
cyclones could track inland causing heavy rain and strong winds. Tropical cyclones are
regional events that can affect an area hundreds of miles long. Therefore, all
neighborhoods within Philadelphia are equally subject to the impacts of these storms.

Figure 4.2.5-3 shows wind speed zones developed by the American Society of Civil
Engineers based on information including 40 years of tornado history and over 10years
of hurricane history.”” This wind zone map represents the strongest wind speeds
anticipated throughout Pennsylvania. According to this map, Philadelphia falls within
wind zone Il (wind speeds up to 160 mph) and wholly within the identified Hurricane
Susceptibility Region.

' National Hurricane Center. Tropical Cyclone Climatology. National Weather Service. Retrieved 10 December
2011
19 Thid.

""" Federal Emergency Management Agency. Wind Zones in the United States. Retrieved 10 December 2011.
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Figure 4.2.5-3 Wind Zones
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4.2.6.3 Range of Magnitude

Hurricanes are classified by their wind speed on a damage-potential scale developed by
Herbert Saffir, a consulting engineer, and Robert Simpson, a NWS meteorologist, in the
1970s. The Saffir-Simpson Scale (Table 4.2.5-4) is divided into five categories based
on the highest 1-minute average wind speed in the storm. A hurricane’s category
typically changes as it intensifies or weakens. Meteorologists describe Category 3

through Category 5 hurricanes as major hurricanes.

Table 4.2.5-4

Saffir-Simpson Hurricane Scale

Natural Hazard Mitigation Plan
May 2012

Category

Storm
Surge

Winds

Damage

Damage Description

6.1-10.5
ft.

74-95
mph

Moderate

Damage primarily to trees
and unanchored homes
Some damage to poorly
constructed signs
Coastal road flooding

13.0-16.6
ft.

96-110
mph

Moderate —
Severe

Some roofing material, door,
and window damage to
buildings

Considerable damage to
shrubbery and trees
Flooding of low-lying areas

14.8-25 ft.

111-130
mph

Extensive

Some structural damage to
residences and utility
buildings

Foliage blown off trees and
large trees blown down
Structures close to the coast
will have structural damage
by floating debris

24.6-31.3
ft.

131-155
mph

Extreme

Curtain wall failures with
utilities and roof structures
on residential buildings
Shrubs, trees, and signs all
blown down

Extensive damage to doors
and windows

Major damage to lower
floors of structures near the
shore
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e Complete roof failure on
many residences and
industrial buildings

e Some complete building and

Not . utility failures

- predicted >155 mph | Catastrophic e Severe, extensive window
and door damage

¢ Major damage to lower floors
of all structures close to
shore

Source: National Hurricane Center, 2011

Wind speeds in most hurricanes diminish exponentially once they make landfall; their
wind speed is generally reduced in half within about 7 hours after the storm crosses the
coastline.'® However, hurricanes occasionally do not lose their strength and transition
to become extratropical cyclones, cyclones in the middle or high latitudes often
associated with an extensive cold front. In 1954, Hurricane Hazel made landfall in
North Carolina, yet maintained close to 100mph winds when entering the Philadelphia
region. More information on Hazel is provided in the following section.

4.2.6.4 Past Occurrences

NOAA'’s Coastal Services Center maintains records of all coastal storms occurring in
the Atlantic Basin since the 1850s. Table 4.2.5-5 lists all coastal storms having centers
of circulation to past through or within 65 statute miles of Philadelphia. Figure 4.2.5-6
below shows the path of hurricane and tropical storm events within 100 miles of
Philadelphia.

Table 4.2.5-5 Previous Coastal Storms Near Philadelphia
. Strength In/Near
Year Event Peak Intensity Philadelphia
2011 Irene Cat. 2 Tropical Storm
Hurricane
2008 Hanna Hth. 1 Tropical Storm
urricane
2000 Gordon Hth. 1 Extra-Tropical Storm
urricane
1999 Floyd y Cat. 5 Tropical Storm
urricane
1996 Bertha HCgt. 3 Tropical Storm
urricane

18 Keller, Blodgett. Natural Hazards: Earth’s Processes as Hazards, Disasters, and Catastrophes. Second
Edition.2008.
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1992 Danielle Tropical Storm Tropical Storm
1988 Chris Tropical Storm Tropical Depression
1971 Doria Tropical Storm Tropical Storm
1961 Unnamed Tropical Storm Tropical Storm
1960 Brenda Tropical Storm Tropical Storm
1955 Diane th. 3 Tropical Storm
Hurricane
1952 Able Cat. 2 Tropical Storm
Hurricane
Cat. 4 :
1945 Not Named ) Extra-Tropical Storm
Hurricane
1939 Not Named Hth. 1 Tropical Depression
urricane
1934 Not Named ’ Cat. 1 Extra-Tropical Storm
urricane
Cat. 4 .
1929 Not Named Hurri Extra-Tropical Storm
urricane
Cat. 1 .
1915 Not Named ) Tropical Storm
Hurricane
1903 Not Named y Cat. 2 Tropical Storm
urricane
Cat. 2 .
1899 Not Named Hurri Extra-Tropical Storm
urricane
1893 Not Named HCgt. 3 Tropical Storm
urricane
1888 Not Named Tropical Storm Extra-Tropical Storm
1886 Not Named HCgt. 2 Tropical Depression
urricane
1882 Not Named Tropical Storm Tropical Storm
1877 Not Named th. 3 Extra-Tropical Storm
Hurricane
Cat. 1 .
1874 Not Named ) Tropical Storm
Hurricane
Cat. 1 )
1872 Not Named Hurri Tropical Storm
urricane
Cat. 1 )
1866 Not Named Hurri Tropical Storm
urricane
1863 Not Named Tropical Storm Tropical Storm
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1861 Not Named

Cat. 1
Hurricane

Tropical Storm

Source: NOAA, 2011
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Figure 4.2.5-6 Severe Tropical Cyclones Passing through Southeastern PA
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It is important to note that a number of hurricane and tropical storm events have

affected Philadelphia even without tracking through or near the City. The data below

highlights some memorable tropical systems in Philadelphia.’®,%

Table 4.2.5-7 Previous Tropical Cyclones in Philadelphia

Date Event Description

6.35 inches of rain reported at PHL

Significant flash flooding in East Germantown area

1 fatality

2.99 inches of rain in a 3-hour period

High crest on Schuylkill - 12.53 ft.

High crest on Wissahickon Creek — 10.89 ft.

High crest on Cobbs Creek — 16.79 ft.

Total hours above flood stage Schuylkill River — 31.5

hours

e Kelly Drive remained closed between Midvale Ave and
25™ Street for 72 consecutive hours

e Heavy rains and rockslides closed the Schuylkill

Expressway

Tropical
Storm
Lee

September
2011

e 5.7 inches of rain; 2.39 inches of rain in a 3-hour period

e SEPTA halted all commuter rail service during the
evening of August 27"

e PHL closed at 10:30pm on the 27" and reopened
Monday August 29™

e Thousands were left without power, more than 400 trees
fell in the City, 7 buildings collapsed and 20 roads were

closed
i . e PECO restored all power by August 31%
2‘8??3’[ 27-28, Hul:gﬁaene e Worst creek and river flooding since Hurricane Floyd in
1999

e High tide reached 9.89 ft. along the Delaware; moderate
tidal flooding begins at 9.2ft.

¢ Highest winds recorded were 52mph at PHL; 45mph at
PNE

e Schuylkill River has moderate flooding and its 7"
highest crest on record; crested at 13.57ft.

e Total hours above flood stage Schuylkill River — 21
hours

19 1
Ibid.

12 National Climatic Data Center. Storm Reports:Pennsylvania:Philadelphia:Flood. National Oceanic and

Atmospheric Administration. Retrieved 13 December 2011.
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Total consecutive hours Kelly Drive flooded — 23 hours
Wissahickon Creek at its mouth had maijor flooding; tied
its 2"? highest crest on record — 10.54tt.

Pennypack Creek at the Rhawn Street Bridge had
moderate flooding, crested at 9.39ft.

Frankford Creek at Castor Ave had major flooding, 2"
highest crest on record — 13.15ft.

High crest on Cobbs Creek — 14.83 ft.

Approximately 4-9 inches within Philadelphia; highest
amounts in the Northwest

Storm totals — 9.12inches in Roxborough, 5.98 inches at
Fairmount Dam, 5.77 inches and 3.63 inches at PHL
Widespread poor drainage and creek flooding occurred
throughout the City

Heaviest rains coincided with evening commute
Schuylkill Expressway shut down for a period of time
after 1ft of water covered the road; numerous rescues

September Hurricane were made
28-29, 2004 Jeanne |e 1 fatality in the East Falls section of the City
e 400 people were evacuated off a commuter train due to
loose soil underneath rails
e Several buildings collapsed
¢ Frankford Creek at Castor Ave crested at 13.91ft (flood
stage — 7ft.)
e Wissahickon Creek crested at 10.14ft (flood stage — 5ft.)
e Pennypack Creek crested at 12.63ft (flood stage — 7ft.)
e Schuylkill River crested at 11.86ft (flood stage — 11ft.)
e $290 million in losses throughout PA
e Worst outage on record for PECO Energy in Southeast
Pennsylvania — approximately 572,425 lost power;
estimated $20 million for PECO to install 81 miles of
. new cable and 7,600 new fuses and circuit breakers
September Hurricane . .
e Moderate tidal flooding occurred — Delaware crested at
18, 2003 Isabel

9.47ft.; storm surge 5.43ft.
Wind gust to 49 mph

Rain total 1.14 inches

1 injury due to flying debris
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June 17,
2001

Tropical
Storm
Allison

3.38 inches of rain recorded at PHL; 2.62 inches at
Franklin Institute

Severe flooding in the Wissahickon and Pennypack
water basins

Flooding occurred along the Wissahickon Creek causing
several road closures; Creek crested at 9.73ft (flood
stage 5ft.)

Pennypack Creek crested at 13.12ft (flood stage — 7ft.)
Frankford Creek at Castor Ave crested at 8.821ft (flood
stage — 7ft.)

September
16, 1999

Hurricane
Floyd

6.63 inches of rain was reported in 1-day (12am —

11:59pm) at PHL - set an all-time record;

During the course of 24 hours 8.12 inches recorded at

Franklin Institute; 8.09 inches at Temple University, 7.11

inches at Fairmount Park and 6.77 inches at PHL

In a matter of hours, rivers and creeks exceeded flood
above the flood stage Manayunk sustained severe

flooding

Delaware River near Washington crested at 9.4ft;

moderate tidal flooding begins at 9.2ft.

Peak wind gusts recorded — 48mph at PHL

1 fatality recorded in Fairmount Park

Approximately 412,000 PECO customers without power

School children were dismissed from school early

June 22,
1972

Hurricane
Agnes

Record damage

About 75 percent of Pennsylvania received at least 6
inches of rain

In Philadelphia, a relatively light 4-5 inches fell;
Manayunk and Center City along the River flooded.
The Schuylkill's crest of 14.67 feet at Fairmount Park
The highest level it has reached in the 20" century.

August 27-28,

1971

Tropical
Storm
Doria

Weak tropical storm
Winds minimal, gusting briefly to 38 mph
6.5 inches over a two-day period

August 18.
1955

Hurricane
Diane

Arrived less than a week after Connie
Caused additional flooding in both the Delaware and
Schuylkill Rivers

August 13,
1955

Hurricane
Connie

Tracked well west of Philadelphia

Winds of 40 to 60 mph were reported

5.5 inches of rain was reported

Significant flooding caused, especially along Delaware
Ave. from Spring Garden Street to South Street.
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Did not produce much rain, less than an inch of rain was
recorded.
More of a windstorm, producing the highest wind gusts

October 15, Hurricane ever officially recorded in Philadelphia at 94 mph.

1954 Hazel |e All across the region, wind caused widespread
destruction. Homes and buildings were damaged, trees
were uprooted, and transportation, communication and
utility services were disrupted.

¢ Known as the “Chesapeake-Potomac” hurricane

August 23, Not ¢ Made landfall near the North Carolina/Virginia border

1933 Named |e 5.6 inches of rain over a 3 day period was recorded in
Philadelphia

e Last recorded hurricane landfall on the New Jersey

September Not shore, until Hurricane Irene in 2011.

16, 1903 Named |e Category 1 storm at the time of landfall

e Center passed close to Philadelphia.

e Center passed west of Philadelphia, putting the City on

the most dangerous side of the storm.

e Hurricane force winds and considerable damage
%:;%ber 23, N;\lrgte d reported throughout the area.

e Peak wind reported 72 mph

e 7 people killed.

e Damage was approximately $2 million.

Norfolk | ® Center of this storm passed over Cape Henlopen, DE
and Cape May, NJ as a Category 3 or Category 4
September 3 and Long hurricane.
b ’ Island . : , . :

1821 Hurricane | ® Philadelphia experienced strong winds, which knocked

down trees and chimney, and over 4 inches of rain fell
from this system.

4.2.5.5 Future Occurrences

NOAA'’s Hurricane and Research Division published information regarding the chance
that a tropical storm or hurricane will affect a given area during the entire Atlantic
hurricane season (Figure 4.2.5-8)."" Based on historical data between 1944 and 1999,
this map reveals there is approximately an 18 percent chance of Philadelphia
experiencing a tropical storm or hurricane event between June and November of any
given year. Note that this figure does not provide information on the probability of
various storm intensities.

"?! Hurricane Research Division. Frequently Asked Questions: What is my chance of being struck by a tropical
storm or hurricane? NOAA. Retrieved 13 December 2011
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Figure 4.2.5-8: Seasonal Probability of Hurricane or Tropical Storms
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4.2.5.6 Vulnerability Assessment

High winds and flooding are the primary hazards associated with tropical cyclones.
High winds 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 these 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, individuals.

Additionally, tropical cyclones can bring heavy rains and storm surge, which can cause
significant flooding. Storm surge is an abnormal rise in sea level accompanying an
intense storm, whose height is the difference between the observed level of the sea
surface and the level that would have occurred in the absence of the storm.'?? In
general, storm surge is greatest in the right forward quadrant of the storm as it makes
landfall. In simple terms the right forward quadrant includes the area of the storm that is
in front of the storm’s eyewall and on the right side of the storm. The height of the surge
is generally greatest near the time of maximum wind speed and is greater if landfall
takes place at high tide. In addition, the shape of the coastline affects storm surge. In a
narrow Bay, such as the Delaware Bay, storm surge may increase as water sloshes
back and forth in the partially enclosed body of water. Therefore, a worst-case scenario
for Philadelphia would include a high magnitude hurricane moving up the Delaware Bay
during high tide with the center of the storm slightly to the west of Philadelphia.

Due to Philadelphia’s mid-latitude, inland location, by the time most storms reach the
area, they fail to satisfy the definition of a hurricane or tropical storm. However, the City
has experienced flooding in association with hurricanes and tropical storms in the past.
Flooding due to heavy rains was addressed under the Flood Hazard Profile within this
plan, but storm surge related flooding will be covered in this section.

Data and Methodology
Two computer models were used to assess the two primary impacts associated with
hurricanes: SLOSH for storm surge and HAZUS for hurricane winds.

NOAA'’s Sea, Lake, and Overland Surge from Hurricanes (SLOSH) Display Package
estimates storm surge heights for different hurricane scenarios and can be used to
assess potential flooding and need for evacuation. The SLOSH analysis presented
here is based on maximum storm surge heights at high tide for all hurricanes of a given
category. Separate maximum composite storm surge grids for Category 1, 2, and 3
hurricanes in the Delaware Bay SLOSH basin (de2) were overlaid with a 2008 Digital
Elevation Model (DEM) of the City to identify areas that may potentially flood in each
category of storm. Each area is identified by the lowest category hurricane that would
affect it. Results are intended to be inclusive, such that areas affected by a lower
category hurricane would also be affected by more intense hurricanes.

122 1bid

Risk Assessment
Page 169 of 372



City of Philadelphia Natural Hazard Mitigation Plan
Managing Director’s Office May 2012
Office of Emergency Management

HAZUS is FEMA's methodology for estimating potential losses from disasters, and
contains a hurricane module that focuses on hurricane winds and estimates related
effects on population and infrastructure. This model was applied using the same
general building stock data compiled for the flood hazard analysis. No additional
modifications were made to the hurricane model, as reliable data was not readily
available.

Impact to Philadelphia

The likelihood for hurricane-strength winds in Philadelphia is relatively low because of
its northern, inland location. Wind speeds of 74 mph and higher are generally
considered hurricane-strength; Philadelphia has approximately a one percent chance of
experiencing this in any given year. The following table shows the peak wind gusts that
Philadelphia could experience associated with a hurricane and the related probability of

occurrence.

Table 4.2.5-9 Peak Wind Gusts Associated with
Hurricanes in Philadelphia
Likelihood of
Return Period Exceeding in any Peak Wind Gust
Given Year
10-Year 10% 37 -40 mph
20-Year 5% 49 — 53 mph
50-Year 2% 63 — 68 mph
100-Year 1% 73 — 78 mph
200-Year 0.5% 81 — 86 mph
500-Year 0.2% 92 — 96 mph
1000-Year 0.1% 98 — 103 mph

Environmental Vulnerability

The environmental impacts associated with tropical cyclones in Philadelphia are
consistent with those described for flood hazards in Section 4.2.4.6 and wind hazards in
Section 4.2.6.6.

Structural and Economic Vulnerability

Building damages associated with these winds are given in Table 4.2.5-10 and related
economic losses in Table 4.2.5-11, no building damage or economic loss is associated
with the 10 or 20-year return periods. Thus, the likelihood of experiencing building
damage or economic loss due to hurricane winds in Philadelphia is approximately 2
percent in any given year, although total destruction of buildings is less likely.
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Figure 4.2.5-10

Natural Hazard Mitigation Plan

Building Damage Counts

o Hurricane Winds (Probabilistic)

Return Minor Moderate Severe .

. Destruction Total
Period Damage Damage Damage
10-Year 0 0 0 0 0
20-Year 0 0 0 0 0
50-Year 2,398 146 7 0 2,551
100-Year | 8,539 1,369 16 0 9,924
200-Year | 24,376 6,240 77 1 30,693
500-Year | 62,170 21,790 427 68 84,456
1000-Year | 90,447 37,141 1,159 385 129,132

Figure 4.2.5-11 Direct Economic Loss (in Dollars)

due to Hurricane Winds (Probabilistic)

Return Capital Stock Losses Business Interruption
Period Residential Total (Income) Losses
10-Year $0 $0 $0

20-Year $0 $0 $0

50-Year $14,152,000 $16,119,000 $3,076,000

100-Year $59,106,000 $66,050,000 $19,795,000

200-Year $155,136,000 $201,116,000 $86,986,000

500-Year $374,638,000 $651,762,000 $309,873,000
1000-Year $589,146,000 $1,321,511,000 | $618,496,000
Annualized $4,192,000 $8,087,000 $3,659,000

Table 4.2.5-12 provides more specific information on economic losses associated with a
100-year return period or hurricane winds with a 1 in 100 (1 percent) chance of
occurring in any given year in Philadelphia. In contrast to flooding, damages related to
hurricane winds would more significantly affect the exterior and structure of buildings
themselves, as opposed to building contents and inventory, particularly because total
destruction of buildings is not expected during a 100-year event.

Table 4.2.5-12 Direct Economic Loss

from a 100-Year Hurricane Wind Event
Type of Loss Dollar Amount
Building Loss $62,464,000
Contents Loss $2,668,000
Inventory Loss $917,000
Business Interruption Losses $19,796,000
Total Loss $85,845,000

In addition to wind damage, there is a possibility for flood damage from hurricane storm
surge and a different subset of population and infrastructure that may be affected or
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further impacted. Table 4.2.5-13 shows the SLOSH zones associated with Category 1,
2, and 3 hurricanes in Philadelphia. SLOSH zones represent areas that may
experience flooding from hurricane storm surge. Though they may overlap, these are
different from areas in the 1-percent annual chance floodplain, which may flood due to
natural tidal flooding and rainfall.
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Map 4.2.5-13: SLOSH Zones
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Of particular concern are critical facilities located within the SLOSH zones that
potentially could be damaged by storm surge flooding or may require special
consideration during an evacuation. Table 4.2.5-14 lists the critical assets located in the
Category 1, 2, and 3 SLOSH zones.

Table 4.2.5-14  Critical Assets in the SLOSH Zones in Philadelphia

Number in | Number in | Number in
Critical Asset Total Number SLOSH SLOSH SLOSH
Zone 1 Zone 2 Zone 3
Rail Stations 48 0 2 0
Subway/Subsurface
Trolley Stations 57 0 0 0
Airports 2 0 1 0
Police Stations 22 0 0 0
Fire/EMS Stations 61 0 1 1
Emergency
Operations Center 1 0 0 0
Schools 438 0 1 4
Colleges/Universities 30 0 0 0
Hospitals 31 0 0 0
Dialysis Centers 43 0 0 1
Nursing Homes 51 0 0 1
Water/Wastewater 6 0 1 1
Treatment Facilities
Electric Substations Total 0 1 4
Unknown

Hazardous Material
Reporting Facilities 398 1 19 56

4.2.6 Windstorm and Tornado

4.2.6.1 Hazard Description

Windstorm

A windstorm is classified as wind that is strong enough to cause at least light damage to
trees and buildings and may or may not be accompanied by precipitation. Typically,
wind speeds in a windstorm exceed 34 miles per hour (mph). Wind damage during
windstorms can be attributed to gusts (short burst of high-speed winds) or longer
periods of stronger sustained winds. Although tornadoes also produce wind damage,
they are classified separately within this profile.
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Types of Windstorms:

Downburst — A downburst is a strong downdraft current of air from a
cumulonimbus cloud, often associated with intense thunderstorms.'®
Downdrafts produce damaging winds at the earth’s surface, which at times can
be stronger than tornado winds. Downbursts are categorized according to their
size, as either a microburst or a macroburst. The term straight-line wind is
applied to differentiate damage from a downburst, which lacks significant
curvature and tornado damage, which has significant curvature.

A microburst is a convective downdraft with an affected outflow area of less than
2.5 miles wide and peak winds lasting less than 5 minutes. Microbursts may
induce dangerous horizontal/vertical wind shears, which can adversely affect
aircraft performance, and cause property damage. A macroburst is a convective
downdraft with an affected outflow area of at least 2.5 miles wide and peak winds
lasting between 5 and 20 minutes. Intense macrobursts may cause tornado-force
damage of up to an EF3 intensity (explained in greater detail below).

Windstorms tend to last for just a few minutes when caused by downbursts from
thunderstorms, as opposed to hours or days when they result from large-scale
weather systems, such as nor’easters or intense winter storms (these hazards
are elaborated on in separate sections of this plan).

Derecho — A derecho is a widespread and usually fast-moving windstorm
associated with convection.'® Derechos include any family of downburst
clusters produced by an extratropical system, and can produce damaging
straight-line winds over areas hundreds of miles long and more than 100 miles
across. Types of derechos are categorized from the storm they derive. Multiple
bow echoes, (radar echoes that are linear but bent outward in a bow shape)
embedded in an extensive squall line (a line of active thunderstorms) produce a
serial derecho. This type of derecho typically is associated with strong migratory
low-pressure system and can be hundreds of miles long. A progressive derecho
is associated with a relatively short line of thunderstorms that may take the shape
of a single bow echo. A third type of derecho is known as a hybrid derecho, and
has the characteristics of both serial and progressive derechos.

Straight-line Winds — Generally, any wind that is not associated with rotation,
used mainly to differentiate them from tornadic winds. Any of the above type of
windstorms can be generally classed as straight-line.

123 1bid.
124 1bid.
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e Gustnado (or Gustinado) — A gustnado is a small, whirlwind which forms as an
eddy in thunderstorm outflows.' Gustnadoes do not connect with any cloud-
base rotation and are not tornadoes. Since their origin is associated with
cumuliform clouds, gustnadoes will be classified as thunderstorm wind events.

Tornado

According to the glossary of meteorology, a tornado is “a violently rotating column of air,
in contact with the surface,ependant from a cumuliform cloud, and often (but not always)
visible as a funnel cloud.”'®® When tornadoes do occur without any visible funnel cloud,
debris at the surface is usually the indication of the existence of an intense circulation in
contact with the ground. On a local scale, the tornado is the most intense of all
atmospheric circulations. lIts vortex, typically a few hundred meters in diameter, usually
rotates cyclonically with wind speeds as high as 300mph.

4.2.7.2 Location

Windstorms and tornadoes can occur anywhere throughout Philadelphia. Figure 4.2.6-1
displays wind speed zones developed by the American Society of Civil Engineers.
Based on 40 years of tornado history and more than 100 years of hurricane history, the
United States has been divided into four zones that geographically reflect the frequency
and strength of extreme windstorms. The identification of wind speeds can be used as
a basis for design and evaluation for the structural integrity of shelters and critical
facilities in these zones. Philadelphia falls within Zone Il, meaning design wind speeds
for shelters and critical facilities should be able to withstand a 3-second gust of up to
160 mph, regardless of whether the gust is the result of a tornado, hurricane, or other
windstorm event. Therefore, shelters and critical structures in Philadelphia should be
able to withstand wind speeds of up to 160 mph, or the equivalent to an EF3 tornado
event (explained in further detail in the ‘Range of Magnitude’ section of this hazard)."?’

125 1.
Ibid.
12 Glossary of Meteorology: Tornado. Retrieved 20 December 2012.
'*" Federal Emergency Management Agency. Taking Shelter from the Storm. Retrieved 3 January 2012.
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Figure 4.2.6-1Wind Zones

Source: FEMA, 2010

Figure 4.2.6-2 displays the average occurrence of tornadoes per 10,000mi.? in the
United States and southernmost Canada from 1950-2000. Data for this map was taken
from the National Severe Storm Forecast Center, NWS.
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Figure 4.2.6-2: Average Annual Tornado Incidence

Source: Christopherson, 2006

4.2.6.3 Range of Magnitude

Wind is simply the air in motion as a result of a pressure gradient. The unequal heating
of the earth by the sun creates differences in air pressure. Since wind moves from areas
of high pressure to areas of low pressure, the greater the differentials in pressure, the
higher the wind speed. Table 4.2.6-3 illustrates the estimation of wind speed and
corresponding typical effects, according to the Beaufort Wind Scale.'®

Table 4.2.6-3 Beaufort Wind Scale
Wind WMO Appearance of Wind Effects
Force P
(Knots) | Classification On Water On Land
Less Sea surface smooth Calm, smoke rises
0 Calm : . .
than 1 and mirror-like vertically
1 1.3 Light Air Scaly ripples, no foam S.mok.e drlftllndl'cates wind
crests direction, still wind vanes
Small wavelets. crests Wind felt on face, leaves
2 4-6 Light Breeze | rustle, vanes begin to
glassy, no breaking move

128 National Weather Service: Miami-South Florida. Beaufort Wind Scale. Retrieved 10 January 2012.
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Large wavelets, crest

Leaves and small twigs

3 7-10 | Gentle Breeze | begin to break, constantly moving, light
scattered whitecaps flags extended
Moderate Small waves 1-4 ft. Dust, Ie;aves, and loose
4 11-16 B becoming longer, paper lifted, small tree
reeze .
numerous whitecaps branches move
Moderate waves 4-8 ft.

5 17-21 | Fresh Breeze taking anger form, Small trees in leaf begin to
may whitecaps, some | sway
spray
Larger waves 8-13 ft., Larger tree branches

6 22-27 | Strong Breeze | whitecaps common, . e

moving, whistling in wires
more spray
Sea heaps up, waves | Whole trees moving,

7 28-33 | Near Gale 13-20 ft., white foam resistance felt walking
streaks of breakers against wind
Moderately high (13-20
ft.) wav fgr r , .
Ite21gt$11 (eezgesg o?‘a(;[reests Wh.ole trees in motl_on,

8 34-40 | Gale beai : . resistance felt walking

egin to break into ) .
spindrift, foam blown in against wind
streaks
High waves (20 ft.),
sea begins to roll, Slight structural damage

9 41-47 | Strong Gale dense streaks of foam, | occurs, slate blows off
spray may reduce roofs
visibility
Very high waves (20-

30 ft.) with overhanging | Seldom experienced on
crests, sea white with land, trees broken or

10 48-55 | Storm " -
densely blown foam, uprooted, "considerable
heavy rolling, lowered | structural damage"
visibility
Exceptionally high (30-

11 56-63 | Violent Storm 45 ft.) waves, foam If.experienced on land,
patches cover sea, widespread damage
visibility more reduced
Air filled with foam,
waves over 45 ft., sea

12 64+ Hurricane completely white with Violence and destruction

driving spray, visibility
greatly reduced

Source: SPC, 2011
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When conditions warrant, NWS issues wind-related weather products described in
Table 4.2.6-4 for Philadelphia.

Table 4.2.6-4 NWS Wind Products
Product Criteria

Sustained wind speeds of 40 mph or greater lasting
High Wind for 1 hour or longer, or winds of 58 mph or greater

for any duration.

This product is issued by the NWS when high wind

High Wind Advisory speeds may pose a hazard.

This product is issued by the NWS when there is
High Wind Watch the potential of high wind speeds developing that
may pose a hazard or is life threatening.

This product is issued by the NWS when high wind
High Wind Warning speeds may pose a hazard or is life threatening.
The criteria for this warning vary from state to state.

Extreme Wind Warning (EWW) informs the public of
the need to take immediate shelter in an interior
portion of a well-built structure due to the onset of
extreme tropical cyclone winds. An EWW for
extreme tropical cyclone winds should be issued
when both of the following criteria are met: a.
Tropical cyclone is a category 3 or greater on the
Saffir Simpson hurricane scale as designated by
NHC, CPHC or JTWC. b. Sustained tropical cyclone
surface winds of 100 knots (115 mph) or greater are
occurring or are expected to occur in a WFQO’s
county warning area within one hour.

Extreme Wind Warning

Source: NWS Glossary, 2011

Tornadoes form where there are large differences in atmospheric pressure over short
distances, as often results during a major storm, such as a supercell or a severe
thunderstorm. The Fuijita Scale (F-Scale) is the standard measurement for rating the
strength of a tornado. The NWS bases this scale on an analysis of damage after a
tornado to infer wind speeds. This scale was designed to connect the Beaufort Scale
with the speed of sound atmospheric scale, or Mach speed. On February 1, 2007, the
Enhanced Fujita Scale (EF-Scale) replaced the use of the F-Scale. The EF-Scale is
considerably more complex and enables surveyors to assess tornado severity with
greater precision.'®® Table 4.2.6-5 details both scales.

12 Storm Prediction Center: The Enhanced Fujita Scale (EF Scale). Retrieved 28 December 2011.
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Table 4.2.6-5 F-Scale and EF Scale
F- Wind EF- Wind
Estimate Estimate Typical Damage?
Scale 1 Scale 1
(mph) (mph)
Light damage. Some damage to
FO 45-78 EFO 65-85 chimneys. Branches broken off tre.es.
Shallow-rooted trees pushed over;
sighboards damaged.
Moderate damage. Peels surface off
F1 79-117 EF1 86-110 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.
Light-object missiles generated. Cars
lifted off ground.

Severe damage. Roofs and some
walls torn off well-constructed

F3 162-209 EF3 136-165 | houses. Trains overturned. Most
trees in forest uprooted. Heavy cars
lifted off the ground and thrown.
Devastating damage. Well-
constructed houses leveled.

F4 210-261 EF4 166-200 | 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.

' Wind speeds are the maximum estimated for a 3-second gust

2 Accurate placement on this scale involves expert assessment of the degree of

damage to 28 indicators including homes, buildings, towers, poles and trees.
Source: Keller, Blodgett (2008)

F2 118-161 EF2 111-135

F5 262-317 EF5 Over 200
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When conditions warrant, the NWS issues the tornado-related weather products

described in Table 4.2.6-6.

Table 4.2.6-6 NWS Tornado Products

Product

Criteria

Tornado Watch

This product is issued by the NWS when
conditions are favorable for the development of
tornadoes in and close to the watch area. Their
size can vary depending on the weather situation.
They are usually issued for a duration of 4 to 8
hours. They normally are issued well in advance of
the actual occurrence of severe weather. During
the watch, people should review tornado safety
rules and be prepared to move a place of safety if
threatening weather approaches.

Tornado Warning

This product is issued when a tornado is indicated
by the WSR-88D radar or sighted by spotters;
therefore, people in the affected area should seek
safe shelter immediately. They can be issued
without a Tornado Watch being already in effect.
They are usually issued for a duration of around 30
minutes.

After it has been issued, the affected NWFO will
follow it up periodically with Severe Weather
Statements. These statements will contain updated
information on the tornado and they will also let the
public know when warning is no longer in effect.

Tornado Emergency

An exceedingly rare tornado warning issued when
there is a severe threat to human life and
catastrophic damage from an imminent or ongoing
tornado. This tornado warning is reserved for
situations when a reliable source confirms a
tornado, or there is clear radar evidence of the
existence of a damaging tornado, such as the
observation of debris.

Source: NWS Glossary, 2011

4.2.6.4 Past Occurrences

Windstorm events may be the result of thunderstorms, hurricanes, tropical storms,
winter storms, or nor'easters. Between 1995 and 2011, there were 49 events in
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Philadelphia with wind speeds greater than 34mph.”™® These windstorms have injured
individuals, damaged buildings and vehicles, downed trees and power lines, and
disrupted transportation, communication and power services. Table 4.2.6-7 depicts the
date, location and description of these windstorms.™"

Table 4.2.6-7 Historic Occurrences of Windstorms
Date Location Description
4/16/2011 Citywide e Peak wind gust 46mph recorded at PHL
4/5/2011 Citywide e Peak wind gugt 52mph reporded at PHL
e Downed tree limbs and wires
12/1/2010 Citywide e Peak wind gust 50mph recorded at PHL
e Peak wind gust 44mph recorded at PHL
e PHL reported 2 hour delays at of arrival
9/30/2010 Citywide flights; 130 departure flights were cancelled
or delayed
e SEPTA suspended service on commuter rail
line due to downed trees
5/8/2010 Citywide e Peak wind gust 51mph recorded at PNE
e Peak wind gust 56mph recorded at PNE;
o 47mph PHL
3/10/2010 Citywide ¢ AMTRAK forced to suspend rail service
between Philadelphia and New York City
¢ High winds 62mph recorded at PHL
e High winds 46mph recorded at PNE
1/25/2010 Citywide e Truck overturned on Walt Whitman Bridge
e Trucks were restricted from crossing the
Betsy Ross and Commodore Barry Bridges
T e Peak wind gust 50mph recorded at PHL
12/9/2009 Citywide e Tree limbs and poles knocked down

130 National Climatic Data Center, NCDC, Storm Events, Pennsylvania, Philadelphia County Windstorms.
Retrieved 10 December 2011.
B! bid
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Peak wind gust 48mph recorded at PNE

9/11/2009 Citywide Tree limbs knocked down
Peak wind gust 49mph recorded at PHL;
47mph PNE
Tractor Trailers restricted from crossing
5/12/2008 Citywide Commodore Barry Bridge
PHL reported 3 hour delays at of arrival
flights; 130 departure flights were cancelled
or delayed
3/5/2007 Citywide Peak wind gust 46mph recorded at PNE
3/2/2007 Citywide Peak wind gust 45mph recorded at PHL
12/2/2006 Citywide Peak wind gust 45mph recorded at PHL
o Peak wind gust 45mph recorded at PHL;
4/5/2006 Citywide 55mph at PNE
Peak wind gust 48mph recorded at PHL
3/15/2006 Citywide Trees limbs were knocked down in the
Manayunk section of the City
3/14/2006 Citywide Peak wind gust 46mph recorded at PHL
2/25/2006 Citywide Peak wind gust 47mph recorded at PHL
2/24/2006 Citywide Peak wind gust 43mph recorded at PHL
High winds 45mph recorded at PHL; 49mph
o PNE
21172008 Citywide Downed trees caused disruptions on
commuter rail lines
1/18/2006 Citywide High winds 49mph recorded at PHL
. Peak wind gusts of 53mph recorded at PHL
1/15/2006 Citywide 45,000 PECO customers without power
11/22/2005 Citywide Peak wind gusts of 38mph recorded at PHL
11/10/2005 Citywide Peak wind gusts of 43mph recorded at PHL
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e Peak wind gusts of 47mph recorded at PHL;

3/8/2005 Citywide 48mph at PNE

12/23/2004 Citywide e Peak wind gusts of 43mph recorded at PHL

12/19/2004 Citywide e Peak wind gusts of 41mph recorded at PHL

e Wind gusts of 53mph recorded at PNE;
52mph at PHL

12/1/2004 Citywide e 6,000 PECO customers without power

e Debris blown off Center City buildings

e Tress down along Schuylkill Expressway

11/24/2004 Citywide e Peak wind gust of 39mph recorded at PHL

e Wind gusts of 39mph recorded at PHL; 46
mph at PNE

e Damage sustained to signs along Delaware
Avenue

e Closed parking lot in the vicinity of damaged
signs

11/5/2004 Citywide

¢ Wind gusts of 45mph recorded at PHL

o Damaged sustained to the 27" floor of the
Independence Blue Cross Tower on Market
St.

o Markey Street closed during evening
commute

12/11/2003 Citywide

11/29/2003 Citywide e Wind gusts of 46mph recorded at PHL

¢ Wind gusts of 49mph recorded at PHL
11/19/2003 Citywide e 3injuries reported
¢ Vehicles damaged by debris

¢ High winds 58mph recorded at PHL
11/13/2003 Citywide e 1injury due to a partial collapse of a three-
story building

e Wind gusts of 48 mph recorded at PNE;

10/15/2003 Citywide 47mph at PHL

9/19/2003 Citywide ¢ High winds 49mph recorded at PHL

e Wind gust of 33mph recoded at PHL
5/16/2003 Citywide e Telephone pole knocked down on Frankford
Avenue
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¢ Wind gusts of 44mph recorded at PNE;

5/12/2003 Citywide 39mph recorded at PHL
2/23/2003 Citywide e High winds 43mph recorded at PHL
o e High winds 45mph recorded at PHL
2/12/2003 Citywide e High winds 46mph recorded at PNE
2/4/2003 Citywide e High winds 47mph recorded at PHL
e High winds 53mph recorded at PHL
e High winds 57mph recorded at FDR Park
12/12/2000 Citywide e High winds 54mph recorded at PNE
¢ Reports of windows blown out of Center City
buildings
10/2/1999 Citywide e High winds 45mph recorded at PHL
9/16/1999 Citywide e High winds 48mph recorded at PHL
e High winds 51mph reported at PHL
¢ High winds 58mph reported at PNE
3/6/1997 Citywide e Several down trees blocking roadways

reported
e Uprooted tree crushed automobile reported
e No injuries/fatalities

¢ Intensity unknown
11/8/1996 Citywide e Several uprooted trees reported
¢ No injuries/fatalities reported

¢ Intensity unknown

3/19/1996 Citywide e No injuries/fatalities reported

e Reported wind gust of 60mph in Northeast
1/27/1996 Citywide Philadelphia
¢ No injuries/fatalities reported

e High winds 58mph reported at PHL
1/19/1996 Citywide ¢ High winds 67mph Center City, Philadelphia
¢ No injuries/fatalities reported

e High winds over 50mph

e 29,000 Philadelphia Electric Company
customers lost power

e No injuries/fatalities reported

11/11/1995 Citywide
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Since reliable record keeping began in 1950, eight tornadoes have touched down in
Philadelphia, all being classified an F2 or weaker. Table 4.2.6-8 lists the tornado events
that have occurred in Philadelphia between 1950 and 2011.1%2 Figure 4.2.6-9 also
depicts the approximate location of previous events whose center of circulation were
located in, or tracked through, Philadelphia.

aple 4 0-0 0 U E S O 0 adoe
Date Location Description
Northeast R *
Phiadelpia |1 pop e 850K
5/18/2011 (Intersection of o g
Red Lion Rd and o Fatalities O/ Injuries 2
Northeast Ave) ¢ Roof collapses
e FO tornado
e Length 0.2 miles
e Width 20 yards
1/18/1999 South Phila.delphia e Property damage $2.5K
— Macaroni Plaza o Fatalities 0/ Injuries 18
e 1,000 PECO customers without power
e 20 AMTRAK, SEPTA and NJ Transit trains
stranded
e F2tornado
e Length 5.6 miles
6/1/1998 P’;}'ﬁ::;?ﬁa «  Width 200 yards
e Property damage $1.8M
o Fatalities O/ Injuries 0
Moved from e F1tornado
Montgomery e Length 2.0 miles
8/3/1991 County into e Width 100 yards
Northwest e Property damage $2.5K
Philadelphia e Fatalities 0/ Injuries 0
e F2tornado
e Length 0.5miles
6/9/1989 Society Hill e Width 50 yards
e Property damage $25.0K
o Fatalities 0/ Injuries 1

132 National Climatic Data Center, NCDC, Storm Events, Pennsylvania, Philadelphia County Tornadoes. Retrieved
10 December 2011.
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e F1tornado
Northwest .
. . e Length 1.5 miles
7/31/1985 Ph"ﬁﬂdoﬂf’]{"/i‘ir(}\/’ve“ e Width 20 yards
Chestnut Hiil) e Property damage $2.5K
o Fatalities O/ Injuries 1
e F1tornado
Southwest e Length 0.5miles
6/7/1978 Philadelphia e Width 100 yards
(Kingessing Area) e Property damage $25.0K
e Fatalities O/ Injuries 0
e F2tornado
e Length 9.8miles
7/14/1958 Piﬁ;;lel;fita « Width 27 yards
e Property Damage $2.5K
o Fatalities 0/ Injuries 0

*NWS moved from the F-Scale to the EF-Scale in 2007

Risk Assessment
Page 188 of 372




City of Philadelphia Natural Hazard Mitigation Plan
Managing Director’s Office May 2012
Office of Emergency Management

Figure 4.2.6-9 Tornado History
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4.2.6.5 Future Occurrences

Windstorms are a common occurrence in Philadelphia, making them a highly probable
hazard in the future. Based on historic occurrences, Philadelphia experiences high-
wind events at least once a year. Tornadoes, however, are infrequent occurrences
within Philadelphia, though as mentioned above, they are not unprecedented. Over the
past 61 years, eight tornadoes have hit Philadelphia, six of which were scaled EF/FO or
EF/F1. Based on historic frequency, an estimated thirteen tornadoes will hit the
Philadelphia every 100 years.

4.2.6.6 Vulnerability Assessment

Impact to Philadelphia

Severe wind storms and tornadoes pose a significant risk to life and property in
Philadelphia by creating conditions that disrupt essential systems such as public

utilities, telecommunications, and transportation routes. Fallen trees and debris are
common after high wind events, which can block access to roads, bring down power
and utility lines, and damage building stock. Areas with tall buildings, such as Center
City and University City, are at greater risk as increased wind pressure occurs at greater
heights. Construction sites are also especially vulnerable to high winds. Loose tools
and construction materials, cranes, scaffolding, and other building appurtenances may
loosen from exposure to high winds and become flying debris.

Environmental Vulnerability

In the case of both windstorms and tornadoes the greatest impact on the natural
environmental is on trees and woodland. High winds can easily uproot trees, shrubs
and bushes. Street trees in particular are highly susceptible to high winds. A street tree
is defined as a tree located between the sidewalk and the curb. There are
approximately between 137,000 - 150,000 street trees located within Philadelphia. In
addition hazardous material facilities should meet design requirements for wind zones in
order to prevent the release of hazardous materials into the environment.

Structural Vulnerability

Structural vulnerability is related to a building’s construction type. Wood structures and
manufactured homes are more susceptible to wind damage, while steel and concrete
buildings are more resistant. Mobile homes are considered to be the most susceptible
structures to tornadoes and windstorms, though the number of mobile homes in
Philadelphia is less than one percent. High-rise buildings are also highly susceptible for
damage caused by high winds and/or tornadoes. For high rise buildings Philadelphia
adheres to the National Code requirement for Structural Wind Load Designs as spelled
out in ASCE-7 and Uniform Building Code (UBC).

Potential Loss Estimate

There are direct consequences to the local economy resulting from windstorms related
to both physical damages and interrupted services. Industry and commerce can suffer
losses from interruptions in electric service and extended road closures. In addition,
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they can also sustain direct losses to buildings, personnel, and other vital equipment.
Table 4.2.6-10 depicts Philadelphia’s potential losses due to tornadoes and windstorms,
as estimated in the 2010 Pennsylvania Hazard Mitigation Plan. Please note that this
may be an over estimate of the potential losses within Philadelphia due to the large
amount of impacted mobile homes.

Table 4.2.6-10 Philadelphia’s Potential Losses due to Windstorms
Impac_ted Critical Uil L e e Dollar Value of Exposure,
Mobile o Impacted e
Facilities S Buildings and Contents
Homes Buildings
791 423 384,331 $178,799,846,000

Source: PA 2010 HMP, 2010

4.2.7 Winter Storm

4.2.7.1 Hazard Description

Winter storm events consist of cold temperatures, heavy snow or ice and sometimes-
strong winds. In Pennsylvania, winter storms begin as low-pressure systems that either
move through the state following the jet stream or develop as extra-tropical cyclonic
weather systems over the Atlantic. In North American severe winter storms generally
form in eastern Colorado, central Alberta Canada or along the coast of North Carolina
or the northern Gulf of Mexico. Storms originating in Colorado and along the coast,
coastal storms otherwise known as Nor’easters, generally produce heavy snowfall. In
contrast, fast-moving storms forming east of the Canadian Rockies in Alberta Canada,
called Alberta Clippers, are generally drier with less snow and extremely cold
temperatures.'?

In winter weather storms the thickness of cold air at the surface determines the type of
precipitation. Figure 4.2.7-1 illustrates the three primary precipitation types that occur
during winter storms: snow, sleet, and freezing rain."®*

e Snow is produced when temperatures are cold both aloft and at the ground. The
snow does not melt as it falls and temperatures at or below 32 degrees near the
ground allows it to accumulate.

e Sleet is defined as pellets of ice composed of frozen or mostly frozen raindrops
or refrozen partially melted snowflakes, and is formed when temperatures at or
slightly above freezing aloft produce rain that freezes to ice pellets, as it falls into
a cold layer of air. Sleet usually bounces when hitting a surface and does not
stick to objects. However, it can produce a “sand like” accumulation like snow.

e Freezing rain forms when warm temperatures aloft, generally several degrees
above freezing, produces rain that falls onto a surface with temperatures below

133 1bid
134 1bid
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32 degrees, causing the liquid rain to freeze on impact forming a coating or glaze
of ice.

Figure 4.2.7-1 Precipitation Types

Snow Profile Sleet Profile Freezing Rain Profile

Source: NWS Jetstream, 2011

Several winter storm hazards are possible, including heavy snow (snowstorms),
blizzards, sleet, freezing rain, and ice storms. Additionally, though they can occur
during any time of year, most-extra-tropical cyclones, particularly Nor'easters, generally
take place during the winter months and so will be considered as a winter storm hazard
for thegéjrposes of this HMP. The types of winter weather hazards are further defined
below.

Heavy Snowstorm: A heavy snowstorm is a snow event generally accumulating
4 inches or more in depth in 12 hours or less; or snowfall accumulating 6 inches
or more in depth in 24 hours or less. A ‘snow squall’ can occur during a
snowstorm, and is defined as an intense, but limited in duration, period of
moderate to heavy snowfall, accompanied by storm, gusty surface winds and
possibly lightning (also known as thundersnow) with the possibility of significant
accumulation.

Blizzard: Blizzards are characterized by low temperatures, wind gust of 35 mph
or more, and falling and/or blowing snow that reduces visibility to 0.25 miles or
less, all prevailing for an extended period of time (three or more hours).

Sleet or Freezing Rain: Heavy sleet is a relatively rare event defined as an
accumulation of ice pellets covering the ground to a depth of 0.5 inches or more.
Freezing rain is rain that falls as liquid but freezes into glaze upon contact with
the ground.

Ice Storm: An ice storm is used to describe occasions when damaging
accumulation of ice are expected during freezing rain situations. Significant
accumulations of ice pull down trees and utility lines resulting in loss of power

135 1bid
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and communication. Significant ice accumulations are usually accumulations of
.25 inches or greater.

o Nor’easter. Nor'easters, named for the strong northeasterly winds blowing in
ahead of the storm, are also referred to as a type of extra-tropical storms (mid-
latitude storms or Great Lakes storms). A nor'easter is a macro-scale (large in
size) extra-tropical cyclone whose winds originate from the northeast, especially
in coastal areas of the Northeastern United States. Wind gusts associated with
these storms can exceed hurricane force in intensity. Nor'easters contain a cold
core of low barometric pressure from forming over mid-latitudes. The strongest
winds are close to the earth’s surface.

Nor’easters can cause heavy snow, rain, gale force winds and oversized waves
(storm surge) that can cause flooding, structural damage, power outages and
unsafe human conditions. Nor’easters that track offshore are more devastating
than ones that track inland. Offshore Nor’easters result in heavy snow, blizzards,
ice, and strong winds, whereas those that track inland produce mostly rain
events. If a significant pressure drop occurs within a Nor’easter, this change can
turn an extra-tropical cyclone storm into what is commonly known as a ‘bomb’.
Bombs are characterized be a pressure drop of at least 24 millibars (units of
atmospheric pressure) within 24 hours. This is similar to a rapid intensification of
a hurricane.

4.2.7.2 Location

Historically Philadelphia is prone to winter weather, and particularly snowstorm events
due to northern location and proximity to the Atlantic Ocean. Winter weather has
reached the City as early in the year as October, as was the case in 2011, but usually is
not in full force until December, when winter temperatures average between 20°F and
40°F. All areas of the City are susceptible to winter storms, however; roads and bridges
are especially vulnerable because of transportation accidents and disruptions related to
severe winter storms.

4.2.7.3 Range of Magnitude

The magnitude or severity of a winter weather storm depends on several factors
including temperatures, wind speed, types of precipitation, rate of deposition (how fast
the snow is falling), and the time of day and/or year the storm occurs. The extent of a
winter storm can be classified by meteorological measurements and by evaluation its
societal impacts.

Unlike the Enhanced-Fujita and Saffir-Simpson Scales that characterize tornadoes and
hurricanes, there is no widely used scale to classify snowstorms. However, the
Northeast Snowfall Impact Scale (NESIS) was developed by Paul Kocin of the Weather
Channel and Louis Uccellini of the NWS to characterize and rank high-impact Northeast
snowstorms, including Nor’easter events. NESIS differs from other meteorological
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indices in that it uses population information in addition to meteorological
measurements, thus