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Executive Summary

-Sun Tzu

Introduction

The first step to any fithess program is to assess ovradsslevel and any limiting health conditions.
The same is true for communityide emergency preparedness. In order to appropriately plan, train,
and test thog plans, it is important to knothe overall profile andvhat hazards and vulnerabilities
should be addressed by planning.

Seattle is a healthy, vibrant city, yet it faces substantial expodarkeazards that destroy lives,
property, environment and théissue ofits social life. Knowing these hazards is the first step towards
reducing their impact.

Major Points
1. Earthquakes are our biggest threat due to the combination of magnitude and frequency.
2. Winter storms(wind and snowjank high on the list due ttheir frequency.
3. Terrorism is a significant threat because of its potentially catastrophic magnitude.
4. A combination of resource concentration, geography and lack of reserve capacity in our
transportation system will make access to critical resources darge in a disaster
Our most vulnerable people liteward the outskirts of thecity and along the Rainier Valley
6. Climate change will broadly affect most of the hazards Seattle experiences

o

The Seattle Hazard Identification and Vulnerability Anafydgisl L +! 0 ARSYGAFTAS&A {SFddif
synthesizes research on them. In doing so, SR®& ONRA 0 Sa K2g {SFdGf SQa dzyAl dz
community affect the severity of the hazards. It also describes what impacts can be expected when

hazards happen.

Targd Audience

{I1L+x!1 Q& GFNBSG dZRASYOS A& oNRBFRSNI GKIY (K2asS gKz2
intended as a reference for anyone who wants to know more about how disasters affect Seattle. This

includes residents, government officials, resdens, business owners, service providers and

infrastructure managers. Everyone with a stake in keeping Seattle a strong comeamiige this

document as a foundation for action and preparedness. Because the audience is so broad, SHIVA avoids
detailed tedinical language. Anyone who would like more detailed, technical information can reference

0KS R20dzySyiQa tFNHS o0A0fA23INFLKSED

This Executive Summary describes the following:

e Structure of this Document

e hOSNBASSG 2F {SIGGftSqQa 11T NRa
e Overview of the Hazar@hapters

e Hazards Defined

e Disasters Defined

¢ Vulnerabilities Defined

e Summary of SHIVA Updates

e Future Directions
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Brief Discussion
This sectiortays out the details on the scope and methodology of the analysis and provides the rationale
for the choices madduring the construction of the narrative.

The first task in planning is to learn what one is up against. Because the resources to mitigate, prepare
for, respond to, and recover from disasters are limited, it is critical to prioritize how they will izedtil

To make our community as safe as possible, our resources must be applied to cope with those hazards
that pose the greatest risk. This document summarizes, analyzes, and evaluates all the major hazards to
which Seattle is prone, allowing policy makdryasinesses and residents the chance to construct their

own plans on a solid foundation.

There is a tremendous amount of information on hazards in the Seattle area. Much of the research is
technical, limited to a single hazard and emphasizes the physinaks of a hazard rather than its
consequences. At other times information about disaster can include more than is needed yet not
enough to effectively compare hazards. A final probisitihe challenge of expediency: it is often easier
to describe thesymptoms of disasteyas opposed to their root causes.

The Seattle Hazard Identification and Vulnerability Analysis (SHIVA) addresses these problems by
summarizing all the best available Seattle area hazard research and combining it with an analysis that

iyl1ad GSOKYAOFf KITIFENR AYTF2NXIGA2y G2 {SIFGGf SQa dzyA
tests assumptions about the threat each hazard poses both in absolute terms and relative to one

another. A major benefit is that it allows readers taguare different hazards and gain an

dzy RSNBRGFYRAY3 2F {SIGifSQa 20SNItf GKITFNR LINRTFAC

Structure of this Document

The Analysis and Evaluation that follows this Executive Summary describes scoring methodology and the
data displayed on the accompanyitaples.

Next is a foundation for thinking about how individual hazards affect Seattle. Because disasters are, at
their core, about communities, an extensive Community Profile is provided.

{SFOGGt SQa LR Lz I GA2Yy RSy aA peddericé an thd tsaidspaBaticn, Sility,a G S| RA
telecommunication and other infrastructures necessary for our safety and productivity. The focus of the
Community Profile is on the community as a lens through which to evaluate individual hazards. The

profile descibes components of the Seattle community that change the impact of any hazard that

occurs. These are:

e Physical Geography

e Population and Economy

e Land Use

e Transportation

o Utilities

e Media

e Emergency Services

e Healthcare and Human Services
e History

Sometimes theCommunity Rofile includeshazardinformationalso addressed elsewhere. For example,
the quality of the building stock is important for assing the impact of any hazard, but is especially

10
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important for earthquake treat assessmem{s a result, the quajitof the building stock is addressed

both in the Community Profile and the chapter on earthquakes. Some conditions like economic decline
could be considered hazards, but here they are treated as traits of the community and covered in the
Community Profile.

Climate change affects nearly all the hazards covered in the SHIVA. For that reason, it is treated as a
factor that contributes to hazards rather than a hazard in itself, and it has its own chapter.

I KILIWGSNB 2y {SFidf SQ& Hie grouper ito fivenhain 2agegories, nbstidi £ S Q &
which have subcategories describing particular hazards. The hazard groups are:

e Geophysical hazards
o Earthquakes
0 Landslides
o0 Tsunami and seiches
o0 Volcanic eruptions and lahars
e Disease/Pandemic Influenza
e Intentional Hazards
o Civil disorder
o0 Terrorism
o0 Active Shooter Incidents
e Transportation and Infrastructure
o0 Transportation Incidents
o Fires
0 Hazardous Materials Incidents
e Weather Hazards
0 Excessive Heat
Floods
Snow
Water Shortages
Wind Storms

O O oo

OverviewofSeattl edbs Hazar ds

Gemhysical Hazards

Earthquakes

Earthquakes are the most destructive hazard that Seattle faces. Since its founding, three major quakes
have struck Seattle. They occurred in 1949, 1965 and 2001., geologists have recently found evidence of
massive earthquakes off the Washington coast and along the Seattle Fault that runs through the center
of the city. The bulk of potential damage from a major earthquake would come from building collapse,
landslides, fires, land subsidence and even a tsumarseiche. Casualties could exceed 1,000 people

and economic damage could easily run into billions of dollars.

Landslides

Landslides are a common problem in Seattle and are frequently secondary causes of other hazards, such
as earthquakes and storms. Madides are small enough that they do not create-giige emergencies,
although weather and soil conditions occasionally cause slides throughout the city within a short period

of time. Slides can destroy buildings, block roads and sever lifelines. Tihéwmpaicts of landslides are
economic.

11
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The city recognizes that landslides are a complex problem. Following the major slides of 1996/97, it

convened an Interdepartmental Landslide Team to address this problem. The U. S. Geological Survey
(USGS) adds new aletll O& (2 GKS OAGeQa LINBRAOGAGS FoAfAGE (K
conditions and by creating new maps showing landslide susceptibility.

Tsunami and Seiches

Tsunamis are the product of earthquakes or large landslides. Tsunami contairsiger@aount of wave
energy and travel at high speeds. When they strike land, tsunami push water with tremendous force far
inland. The generation of a tsunami is complex; generally, a shallow earthquake that is at least
magnitude 7.0 can cause a dangerosisrtami. Evidence shows that tsunamis believed to be caused by
shallow earthquakes along the Seattle Fault have inundated Seattle shoréiisgsossible an

earthquake or landslide could cause a powerful tsunami, but the likelihood is very low

Seiches dvelop when an enclosed body of water is shaken. They are rare occurrences in this area. An
1891 earthquake produced an eigfutot seiche on Lake Washington and the 1964 Alaskan quake
generated seicheaused damage around Lake Union.

Volcanic Eruptions aricahars

There are five active volcanoes in Washington State. All of them are too far away from the city to cause
any blast effects. The most probable impadhis after effects of a lahar from Mt Rainier. A laharis a

type of debridlow originating on avolcano. Lahars from Mt. Rainier have buried-lging areas west of

the mountain, but there is no evidence yet of a lahar reaching Seattle. While it is possible for a lahar of
unprecedented size to strike Seattle, a more likely event is that a lahaldvetop south of the city and

that rain and erosion would wash the sedima&liwn the Duwamish in the days and weeks following

the incident.

Ash fall is another possibilitivt. Rainiey Mt. St. Helensand Glacier Peak are the most likely sources

although ash could come from as far away as Mt Shasta in Northern Califgthidalls from Mt.
wkAYyASNRAa Yz2ad NBOSYy(d SNMUzLiaAzya KFE@S 6SSy fA3IKGZ
in the Pacific Northwest. Heavy ash fall could paralyze thedamage infrastructure and cost millions

of dollars to clean up.

Disease/Pandemic Influenza

Infectious disease outbreaks occur in King County on a regular basis. Common disease outbreaks include
Influenza, Pertussis, Hepatitis, Salmonella and TuberisuMsre severe disease outbreaks could

involve E. Coli, Measles, Meningitis, SARS and Pandemic influenza.

The potential consequences of disease outbreaks include:

e Patients overwhelming local hospital and health care providers

¢ Inability to request mutual i@ assistance if impacts involve multiple communities
e (Contaminated water supplies

e Threats to critical infrastructure if essential operators are absent in high numbers
e Widespread mental health impacts

e (osure of community services, schools and larger p@dents

e Qvil unrest

Seasonal influenza epidemics recur annually due to subtypes of influenza that circulate worldwide.

These epidemics cause an average of 36,000 deaths annually in the United States. Seasonal influenza
primarily impacts those with weaknimune responses such as the very young, old and chronically ill.

12



Seattle Hazard Identification and Vulnerability Analysis

Most other people develop some degree of immunity to the viruses through annual illness or vaccine.
This learned immune response helps protect from the serious consequences of seasonatanflue

Influenza pandemics, however, are distinct from seasonal influenza epidemics and represent one of the
INBIFGSald LRGSydArt GKNBIFGa G2 GKS Lzt A0Qa KSIfGK
to a new, dramatically different strain @ffluenza virus. A pandemic virus strain can spread rapidly from
personto-person and, if severe, can cause high levels of disease and death around the world. Those

who become ill from a Pandemic Influenza may differ from those who are typically aonslafr

seasonal influenza.

Intentional Hazards

Civil Disorder

Like many other American cities, Seattle has suffered from civil unrest. The most recent episodes were
related to the 1999 World Trade Organization (WTQO) meeting and the 2001 Mardi Gras cefeinratio
Pioneer Square. Violence targeted against people has been rare and looting has been light, but fires
have been a significant threat. Response to large disorders could require an enormous expenditure of
money and time to control.

Terrorism

In recent yars, Seattle has experienced a number of terrorist incidents perpetrated bywiglthate

groups, eceerrorist groups and others. During the 1999 WTO and again in 2001, suspected Earth

Liberation Front (ELF) attacks occurred at the University of Wasting Q& / SY G SNJ F2NJ ! Nb | y
In 1999, Ahmed Ressam was caught smuggling bmalking material into the country through

Washington State. His arrest raised fears that Seattle had become a terrorist target, although it was later
determined that the atual target was Los Angeles.

The September 11, 2001 attacks on the World Trade Center and the Pentagon brought heightened
awareness of the possibility that any large city like Seattle could become a target. In the aftermath of
9/11, Seattle has taken théteat of terrorism involving chemical, biological, nuclear, radiological and
explosive methodologies and cybrrorism seriously.

Mass Shootings

Active shooter events are an old threat in the United States. Newspaper accounts can be found for
public attacks dating back at least to the 1ai800s. Several recent, highly public and shocking attacks
on children elsewhere in the country have focused public attention on this problem. Most attacks are
carried out by a single attacker in a single location. F&trgroups have used assaults with firearms,
most recently in Mumbai, India. They represent the extreme end of firedrased attacks.

Transportation and Infrastructure

Transportation Incidents

There have been three major aircraft accidents within thig mvolving ground casualties. One bét

OA il @ Qa RS Iskdsk fand craBhihatoécirr8dNd 1943, killing 32 people. Areas in the
southern Duwamish Valley are the most vulnerable. A crash could cause fatalities, fires, power outages
and otherdisruptions.

Fires

Conflagrations are rare in modern, developed cities, but fires could happen after an earthquake or

during civil unrest. Ignitions could occur throughout the city simultaneouslyge number of fires could
overwhelm the capabilitesaf KS CANB 5SLI NIYSylid CANBa Ay (GKS OAl
create large power outages.

1
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Hazardous Material Incidents

A hazardous material incident is generally described as the intentional or accidental release of toxic,
combustible, illegal odangerous nuclear, biological or chemical agents into the environment. Most
incidents happen at fixed sites, but incidents involving transported hazardous materials are often more
dangerous, since they occur in less controlled environments.

Weather

Excasive Heat

Meteorologists can accurately forecast the development of an Excessive Heat Event (EHE) and the
severity of its associated conditions with several days of lead fiilne National Weather Service (NWS)
has developed a Heat Health Watch/Warningt8m that tailors excessive heat guidance to specific
regions in the country. The Seattle area waisked15th amongurban regiors of at least 500,000
residentsto implement this new system in 2006HEsnay be on the risdncreased exposure to EHE
may hdp acclimate people to relatively hotter conditiomdile simultaneouslyncreasngthe exposure

of vulnerable populations.

Floods

Seattle does not have a history of large flood events within its city limits. The Duwamish River has been
dredged and is redated by the Howard Hanson Dam. Thornton and Longfellow Creeks have flooded in
the past; however, Seattle Public Utilities (SPU) has since built control structures on both creeks.

{SFGGft SQa RNIAYIF3IS aeadsSya ¢S NatioRand lbvayiBeRsityragiR 2 NA 3
storms. Recent weather patterns have tended toward very high intensity rain cells, sometimes over

narrow geographic stm-tracks. These storms release larger amounts of rain, in short periods of time,

which the drainage $fems cannot always handle adequately. Projects and improvements are planned

or underway in those areas of the City which suffer a higher impact.

Snow

Once every four or five years a major snow storm paralyzes the city. The immobility causes economic
damage and inconveniences for many. The snow can also cut power and phone lines, topple trees and
even collapse roofs. Excessive cold may exacerbate risks to human health and safety when electric
heating sources are inoperable.

Water Shortages

Urban water shdages result when water demand exceeds supply over an extended period. Droughts

are very slow onset emergencies, unlike the other hazards covered in this report. Seattle has a history of
water shortages. The main impacts are reduced instream flows fimrosglthe inconveniences of usage
restrictions and economic hardship for some businesses that use large amounts of water. In 2006,
Seattle Public Utilities (SPU) updated and adopted a plan to respond to and mitigate water supply
problemg. Water shortagesra also associated with earthquake damage to water supply and

distribution systems.

Wind Storms

Sustained winds of 85 miles per hour have been recorded in the Seattle area, notably in 1993 and 2006.
¢KS NBIFIQa KAffe& (SNNI A putofcadiaNal strdng stoomdddteriugt nodnal & G N2 y
activity throughout the city. Such storms cause widespread utility line damage and power outages due

to toppled trees and broken tree limbs. The City of Seattle has programs for vegetation management

that sene to mitigate damage to electrical systems during windstorms.

14
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Overview of the Hazard Chapters

Each of the hazardpecific chapters follows a standard format. This enables the same key aspects of
each hazard to be considered and allows readers to comparsdime sections across hazards.
Sometimes this format means that some repetition occurs.

Key Points
This is a collection of bullet points that summarize the principle findings of the chapter.

Nature of the Hazard

This section identifies why the hazard wasluded Sometimes a disaster caused elsewhere by the
hazard prompts its inclusion. For example, extreme heat is included because of the catastrophic heat
waves in Chicago in 1995 and France in 2003. Events in other locations can raise our awareness of a
potential hazard here. Other times, purely local factors apply. Critical information about the causes and
mechanics of how the hazard works is also included here.

History

This is a local history of major events in Seattle or the region, as relevant. $tineecwents are less
relevant today but are included for the sake of completeness, to raise awareness of the presence of the
hazard in our area or because they form partiok S  édleétide@arrative. Many early transportation
accidents are includefibr these reasons. Safety standards were very different in 1906 than today, but it
is still important to realize that 42 people died off Alki in a ship wreck.

Likelihood of Future Occurrence

Evaluating the frequency of hazards is extremely imprecisal but rare cases where the science is
SEGNBYSte 322RI LINPOolIoAfAGASE I NB I G2ARSRd 4 A1 St
talking about the future of a particular hazard.

In most cases, it can be known with almost certainty that aipaldr hazard will occur at some point in

the future, but no one can predict when and where with any kind of accuracy. Earthquake is an example
of this type of hazard in Seattle. Alternately, some hazards are very rare and it is unlikely that Seattle will
experience even a minor such event in the near future. Tsunami are examples of this kind of hazard.

Other hazards occudrequently, butmost are minor while only a few are disastroMghat is evaluated
with these hazards is the likelihood of a disastroosusrence of the hazard. Landslides are an example
of this type of hazard.

Vulnerability

The items included here are vulnerabilities related to an individual hazard. An example is construction
type. Woodframe buildings perform well in earthquakes, buethare more vulnerable to fire. General
vulnerabilities are included in the Community Profile section.

Assessment
The assessment examines what could happen if a hazard occurs. This section includes only the most
important factors to provide a rough ordef magnitude. Because the magnitude of impacts varies so

INBlIGfes GKSNB A& INBIG GFENRFGA2Y Ay GKS Ll2aairofs
KSNB> G(GKS daSaavySyid F20dzaSa 2y GKS Wiakl{TRf 8Q I yR
Gazald [A]1Sfteé¢ A0SYFNAR2 A& 2FiGSy (GKS dzLJLISNI N} y3IsS 2
Gal EAYdzy [/ NB Rsionefttatéreprasriisythie biggést incident that has a reasonable chance

of occurring
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Conclusion
This is drief summation of the major points of the text in a paragraph or two to help the reader
remember the hazard.

Hazards Defined

AHazaro0r @ 068 oNRI Rft& RSTAYSR I a al &2 dANIb&defhifion LI2 G Sy (.
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Hazards can be lumped into discrete grougpgsh as earthquakes, hazardous materials releases, snow
storms, etc. People worry about hazards because they can have disastrous consequences.

Disasters Defined

5AalaG6SNAR NB KAIkte O2YLX SE S¢gSyias alEOK & al &
property, &/ @A NR Y Y Sy i 2 NI ToidHngtibralldéfinitéréol dis&siers works for responders

without have to spell out consequences in detalil.

2 KIFG O2yaidAaitdziSa F RAAFAGSNIAY GKS O2YY-omyoing @ Qa 02
and seemingly disparate events, such as:

e The Space Shuttle accidents
e The assassination of Dr. Martin Luther King, Jr. and President John F. Kennedy
e The collapse of the Tacoma Narrows Bridge

e AIDS
e Dutch EIm Disease
e Obesity

e Three Mile Island

9ELISNI& 2FGSy NBte az2tsSte 2y Y2NIlIftAdGe & | YSI adz
deaths that a community considers a disaster may be huge, as with AIDS, or just one, as with the deaths

of Dr. Martin Luther King, Jr. and President JBhKennedy or zero. Some disasters are sudden while
20KSNB flLad F t2y3 GAYS® {2YS RA&AlIaGSNER 0S02YS SO
memory. The worst maritime accident in American histotige sinking of the Sultana in 1865 with the

loss of 1,70@ 2,000 lives is forgotten today, for example, and the 1918 pandemic was barely

remembered until the medical community raised the alarm after HLIN1 influenza appeared.

Disasters are some of the most complex events that occur in society mé sommon threads run
through many of the things that are labeled as disasters.

e There is often more than one hazard at work.

e They usually feature a sequence of events or failures that was either totally unexpected prior to
the disaster or the impacts ohe disaster entirely eclipsed the local response capabilities.

e They threaten our sense of control. Most people feel more comfortablldir cars than on
airplanes despite the higher mortality in driving becattsey are at the wheel

e They undermine ousense of community. We are all dependent on our community for survival
so anything that threatens the existence of the community itself is very scary.

e They depend on what else is happening at the time. The Sultana disaster is not remembered
today becausé¢he Civil War has just ended and Lincoln had been shot a week earlier.
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This document is a hazard analysis. It analyzes the causes of disasters and focuses on identifying their
consequences. This type of analysis leads to including events that areifightypable but

nevertheless possible. The dilemma of including all possible worst cases is that there are a virtually

dzy t AYAGSR ydzYoSNJ 2F GKSYZX FyR GKS O2yaSljdsSyoSa 27
moot. For example, if terrorists exgle a nuclear bomb in Seattle, having three days of water will not

matter.

Also, mitigating all worst case scenarios would be prohibitively costly, and budgets are based on
priorities. In general, the more costly the mitigation and preparedness measuneg tensidered, the

more important it is that the probability of occurrence is considered. For example, a tsunami in Seattle is
possible. Imposing design standards to mitigate a tsunami, however, may not be reasonable or
financially feasible because of tiest to property owners and the lost opportunity to use those funds
elsewhere to protect the community from another hazard.

The cost of expensive countermeasures may narrow hazard scenarios. Extreme low likelihood, high
conseguence scenarios with lowerst@ountermeasures can still be practical and informative to use.

Emergency response planning is an example of the latter lower cost countermeasures. To deal with this
RAfSYYlIZ SIOK OKFLIWGSNI O2yialtAya (o2 aCGBRAONAERZES | W
scenario.

Vulnerabilities Defined

2 KSy az2vyS2yS alreéea (GKFG az2YSOGKAy3 Aa || aRAAlF&AGSNI ¢
vulnerability. All that may be needed is a tiny disturbance to cause major problems. Sometimes the
vulnerability is asimple as the predominant construction material. More complex factogotien

work in even the simplest of situations. Some vulnerabilities are unique to a particular hazard. Others

can be thought of as constants that are common to all hazards.

ThisdodzY Sy & ARSYGATASA QDdzf YSNI oAt AGASA NBEIGSR G2 {S
Sometimes it is not possible to reduce vulnerability to all hazards, and sometimes there are unintended
consequences. For example, the Great Seattle Fireof 1888w I RA alF A SNJ 6 SOl dza S {
0dzAf RAy3da ¢SNB YIRS 2F g22R® 526y i26Yy 61 a NBOdzAf
@dzft yYSNIoAfAGe G2 FANB® !'G GKS &alyYS GAYSZ AldG AyON
unrecognized hazard ahé time.
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Physical Vulnerability

Physical factors include weaknesses in the built environment, lack of redundancies in critical facilities
and proximity to hazardous areased@use many of these vulnerabilities depend on specific hazards,
they are covered in the hazard chapters.

Social Vulnerability

The notion of social vulnerability is thide overall vulnerability of @ommunity depends on who lives in

it.° The concept ofacial@dzf Y SNI o0 Af AGé SEGSYR&E 0Sé&2yR ARSYGATFTFeAy
included in disaster plans.

Vulnerability to hazards is often thought of as directly related to the mechanics or proximity of the

hazard itself, such as knowing that woodanltiings are more vulnerable to fire or that it is risky to live

downwind from a facility that stores major amounts of hazardous chemi€his concept of social
vulnerability also expands on this thinking.
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Research is showing that the extent of a disasfégn closely aligns with certain soesg@onomic

indicators present in a community. The University of South Carolina has developed a model called the
Social Index of Vulnerability that analyzes 42 variables. This index has been empirically checked in
sevaal case studies. The University of South Carolina has produced a map for Seattle that is based on
their Social Index of Vulnerability. It is included in the Community Profile onZ¥23Je

Concentration

Ly 1SSLIAY3I gAGK RBRSIZNI ISEAET AGieAABd popkidbipnSlarehiore O
vulnerable than dispersed populations because one event can affect more people. Urban centkes are
mostvulnerableareasbecause their population density makes them dependent on a sophisticated
infrastructure. This concentration is not solely a liability. Dense population centers have more resources
than rural or suburban areas. If not rendered totally inoperable, these resources become valuable assets
during a response and recovery. Hospitaks elear examples of this type of resour&attle has the

densest concentration of people and resources between San Francisco, California and Vancouver,
Canada.

Interdependence

While interdependence is one of the things that makes a community resiliealso means that

members of the community can be affected even when they are not direct victims. Indirect effects can
ripple through a community and are often more costly than the direct damélge biggest economic
effect of the collapse of the 0ldd0 bridge was the added transportation costs to commuters and
businessemot the loss of the bridge itselfrban areas ar¢he mosthighly interdependentypes of
communities

Complexity

Hidden connections in complex systems lie dormant until exposeddigaster. Charles Perrow, one of

the committee members who analyzed the cause of the Three Mile Island accident, identified

O2YL)X SEAGE a4 GKS KIffYFIN)] 2F &deaidSYAO FIAfdNBa K
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In complex systems, things interact in ways never anticipatesimply have more components that can

fail. A laundry service that supplied hospitals with clean knemerged as a critical vulnerability in 2006

when Seattle experienced widespread power outages. Complexity also influences our ability to predict

the behavior of the system. Sometimes efforts to mitigate hazards add to the complexity of a system

and actudly make it more prone to failure.

Speed of Interconnections

Perrow also identified the speed with which changes propagate through a system as a key determinant
of vulnerability. The faster change propagates, the quicker failures propagate and the qurmiems

can escalate. A fast rate of change becomes even more dangerous in complex systems where hidden
connections abound. After Hurricane Katrina, the health of hospital patients became critical within
hours of power failure. The resiliency of citiekeady places of rapid change, grows weakean era of
just-in-time inventories.

The Local Economy

'a |y | NB bandpopufativd gi@vaid shrinkhe distribution of wealth changes the loda of

vulnerable populationsnfrastructure gets bilt and then starts to decay;dzardous areas are
NERS@St2LISR 2NJ ol yR2ySRd ¢KSasS OKFy3aSa OldasS + O
spots to shift geographically overtime.K S GNBYR& Ay | OAGe&Qa INRGSGGIK 2 NJ
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disagers. A declining city will decline more quickly after a disaster, while growth in a booming city can
accelerate if new capital enters the city éhg reconstructiot?

State of Knowledge, the Ability to Predict and the Ability to Act on the Prediction

Theability to accurately predict the occurrence of a hazard has the potential to greatly reduce
vulnerability to it. It is the ability to act on a prediction, though, that actually reduces vulnerability. The
state of knowledge varies widely from hazard to dvalz The ability to predict ranges from:

e Deterministic.¢ KS KI T FNRQa t20FGA2y> YF3aAyAddzRS FyR GAY
within narrow limits in advance. Pure deterministic examples of hazard prediction are rare.

e ForecastSome of the featwrs of an impending hazard occurrence can be predicted, usually on
the basis of the observation of a precursory signal. The prediction would still be based on
probabilities. The precise magnitude, time and location might not be given but theoenie
phystal connection above the level of chance between the observation of a precursor and the
subsequent event. Forecasting would also have to include a precise statement of the
probabilities. Volcanic eruptions and weather forecasts fall into this category.

¢ Time independent.Assumes that hazards occur randomly within a block of time and uses past
hazard locations to constrain the future lotgrm hazard. Calculate the likely occurrence of a
hazard mechanism from a combination of source magnitude probabilitexample is an
earthquake with an estimated 500 year recurrence rate. A future earthquake could happen at
any time in this 500 year span. Locations are estimated based on known faults and past events.

e Time/Location dependentThe hazard varies with time. Seasonality is a good example. Major
storms tend to occur in the late fall and winter. Seismic hazards are greater along known faults.

Summary of Document Updates

CtKA& GSNRERA2Y 27F {SI (Gt SQaty Andlysis (SHRVA)LiRtSeymidst ekterndiveld A 2y |
update the document has received ib fears. Althouglit was updated in the intervening years, the

updates were mostly to incremental updates to key chapters. For this update every section was

reviewed, evaluate@dnd updated where necessary. As a result, this SHIVA update is more

comprehensive and methodologically sound than previous versions. It is the best synthesis of the

hazards that affect Seattle under one cover.

This document meets the requirements okbtkederal Emergency Management Agency (FEMA) and the
Emergency Management Accreditation Program (EMAP), both of which publish standards to guide this

work and provide quality and consistency across jurisdistion LG ' f a2 YSSda GKS { G G
legal requirement that local governments identify and evaluate their hazards, as specified in WAC 118

30-070.

Major changes are as follows:

e Grouped information about hazards into five categories:
0 geophysical hazards
0 disease/pandemic influenza hazards
0 intentional hazards
0 transportation and infrastructure hazards, and
0 weather hazards
e Addressed FEMA, EMAP and Washington State requirements for hazard identification that were
not in existence when the last majogwrite occurred in 1995.



SeattldHazard Identification and Vulnerability Analysis

¢ Followed standard begiractices by using well regarded examples as guides. These include the
hazard identification sections of the State of lowa and San Diego County Hazard Mitigation
Plans.

e Revamped the hazandnking criteria to focus on factors found to be important in ssad
literature, afteraction reviews and FEMA, EMAP and Washington State standards. For the first
time, this analysis defines criteria used.

e Totally revised the Executive Summary.

e DNBI Gfé& SELIYRSR R20dzySy il GA2y sahatagp@lodlli f SQa ad.
KETFENRa YR NB RA&aOdzaaSR Ay GKS a/2YYdzyAide tN
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community qualities.

e Added chapters on Climate Change, Bss=Outbreaks (including Pandemic InfluenAajive
Shooter Incidentsinfrastructure Failures, Power Outages and Excessive Heat Events.

e Expanded Aircraft Accidents to include all Transportation Incidents.

e Addressed urban flooding in the Flooding chapter.

e LYOfdzZRSR I d[A1StEAK22R 2F CdzidzZNB hOOdzNNBy OS4&¢é
projection of historical data would not capture. In many cases, hazard occurrence is so rare that
it is impossible to predict how often a hazard will occua aisastrous level.

e Added two scenariasa most likely and a maximum credible scenario the Assessment
section. These scenarios are used in developing hazard rankings.

Future Directions

All of the hazards addressed in this analysis have long been reed@gszisks to safety. Future work

can examine departmental planning and plans that may change risk and consider other types of crises,
such as a governmental financial emergency or a severe economic recession. Changes to conditions in
Seattle that affectulnerability should continue to be monitored as the city grows in population and
economic importance. The emergency management system must continue to be well supported to
ensure it can adapt to the new challenges the city will face.
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Analysis and Evaluation

This section lays out the evaluation and ranking of the all hazards as well as the methodology used. It
NBLINSASYGa F adzYYFENEB 2F |ff GKS AYyTF2NXIGA2Yy O2yil
to articulate succinctly and clearly how the City regards its hazards. The rankings are the weight Seattle
places on the hazard for the purposes of developing strategies to mitigate, plan, and prepare for the

various hazards that can affect it. They are not intehtiebe precise prediction of the probability of a

hazard occurrence. Like all models it is a highly simplified abstraction of highly complex phenomena that
cannot be predicted far in advance.

Structure of the Ranking Model

Each hazard has been evaluatadits Most Likely and Maximum Credible Scenarios. Both scenarios are
evaluated using twelve parameters developed from EMAP and FEMA standards. Ten of these twelve

LI NF YSGSNE INB a6l asS LI NFYSGSNEE GKIF GEaéhoNfelGt & | T
ten base parameters was assigned a score of one through five. The result of the ten base parameters

gla FYSNFYraISR F2NJ I a.1asS {O02NB¢ F2NI SIOK 2F (GKS
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parameters were also assigned a score of one through five. The two scores were added to get a
G/ 2YOAYSR adzf (ALK ASNWE
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parameter to get a Combined Ranking. The equation is written below.

Scenario Ranking = Average(Base Parameters) * Sum(Multipliers)
Combined Ranking = (Scenario RankiMpst Likely) + (Scenario Rankigylaximum Credible) + Future Emphasis

Draft scores were assigned by Office of Emergency Management staff with suggestions from the Office
of Emergency Management Strategic Working Group.

Comparing Hazards

Ranking and comparirtazards is a subjective but useful exercise to stimulate discussion and develop
priorities. Standard criteria applied throughout rank hazards and provide a basis for comparing them.
Each criterion is ranked on a scale of one to five with one being lovinantdeing high. Some criteria
GFrNE 6AGK YIF3IyAiddzZRS YR FNBE GKSNBF2NB C)QYaA F“zéN
/| NEBRAOGE Shy OS5yt NHz2 dvBlSE 9YLIKI aAaé Aa | O2yadlyd o
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A Final Reminder: Even Minétazards Can Have Serious Consequences

For some people, a minor snow fall is an excuse to stay home from work and play, but for others, even a
FSs AYyOKSaA 2F ayz2g Oy o6S ftAFTS GKNBFISyAy3ao 9@gSy
effects throudn our communities. Understanding our hazards, our vulnerabilities and their

consequences is one of the components necessary to build a resilient community.

Summary of Hazard Metrics, Scenario Ranking Chart and Relationships between hazards

Table 1 exg@ins the metrics by which hazards were compared and ranked. No single set of metrics can
capture the complexity of disaster, but the use of metrics allows a discussion to occur. These hazards
are given an overall risk assessment (Taplé=inally, sme hazards induce secdary, tertiary or more
hazards as shown ifable3.
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Tablel. Hazard Metrics
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Table 1 continued
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Table 1 continued
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Table2. HazardRanking.
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SeattldHazard Identification and Vulnerability Analysis

Table3. Relationships Between Primary and Secondary Hazards
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Earthquakes
Landslides

Volcano Hazards

Tsunamis and Seiche

Disease Outbreaks

Civil Disorder

Terrorism

Mass Shootings
Transportation
Incidents

Fires

HazMat Incidents
Infrastructure
Failures

Power Outages

Excessive Heat Even|

Flooding
Snow, Ice and
Extreme Cold

Water Shortages

Windstorms

This table shows the relationships between primary hazards and secondary hazards. A secondary hazarq
that can be triggered by the primary hazard. A triggered hazard has its own secondary hazards. These a
tertiary hazards. For example, aosv storm occurs. This is the primary hazard. Then it rapidly melts trigget
urban flooding and landslides. These are the secondary hazards. The landslides knock out the supports
bridge that also carries power, water and gas lines. These ositgethe tertiary hazards. These cascading
effects can have a huge multiplier effect and make the effects of hazards hard to predict. They are one of
major reasons it is a mistake to equate hazard vulnerability with disaster vulnerability.

Terrorign is a special case. It is a motivation rather that a physical phenomenon. It uses hazards to creatq
impacts. The boxes shown are the means by which terrorism occurs.

26



Seattle Hazard Identification and Vulnerability Analysis

Community Profile

Seattle is the hub of the Pacific Northwest. With 602,100 resider209and over496,000 jobsn

2008, Seattle is the largest municipality in the region. It is the center of cultural, governmental and
economic activity. Paradoxically, Seattle is botityof neighborhoods that looks inward and one of the
most trade dependent cities in the U, &ith 1 in 3 jobs dependent on international tradgeattleis

famous for rainy weather, proximity to nature, coffee, software, and airplanes, but as is bterase

with things a place is famous for, the truth is more complex and interesting. This chapter builds a picture
of Seattle that embraces this complexity while at the same time making it easier to understand how its
response to hazards is uniquely Séatt

Understanding a community is essential if you want to understand how hazards affdusit.

community profile does three things: explains whatis atstakBl2  Rf @ RSY2yaidN} 6Sa GK:
GRSTFSyasSa¢ 3FAayald KIT I NboEthe obrRmuitd g dvoid répatitiof i thél KS O 2
hazard sections.

The topics covered are climate, environment, geography, infrastructure and a brief history. Because raw
adladratadoa oe KSY{& SEi@c&&mpar?@wtﬂh‘erc@?é%hbﬁuth\édaﬁae(Z {SFOGf
population The table below lists teked NEFSNBYy OS OAGASaé¢ o

Table4. Reference Cities.

land

area (sq | Pop 2006 | person/
Name miles) (estimate) | sq mile
Seattle 83 582,454 7,018
Atlanta 131 486,411 3,713
Boston 48 590,763 12,308
Denver 153 566,974 3,706
Nashville 473 552,120 1,167
Portland 134 537,081 4,008
San Francisco 46 744,041 16,175
Vancouver 44 578,000 13,136

Physical Geography

From the Aurora Bridge, commuters can look east to watch the sun rise over the Cascade Mountains

then turn their heads and see the morning light falling on Puget Sound and the Olympic Mountains. The

view evokes astrongsense of placand appreciation fohow water and mountains have guided

{SFGGlf SQa RSOSt2LIYSyiliod ¢K24S 6AGK  NRfS thy LINRGS
same geographynderlies our vulnerability to disasters.

Location

Seattle is located in the extreme upper nontestern portion of the lower 48 states in Washington State
along the shores of Puget Sound. At a latitude above 47.5 degrees north, it is the northernmost major
city in the lower 48. For perspective, both Fargo, North Dakota and the northern border of sz

south of Seattle. Even the major cities of eastern Canada are south of Seattle.

Seattle sits midway between Vancouver, Canada and Portland, Oregon. Afteigplase, it is a
considerable distanc® get to cities of comparable size. If Seattlengbimes feels far the rest of the
U.S., it feels close to Alaska and Asia. As the closest major U.S. city to Alaska, Seattle has deep ties to
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SeattldHazard Identification and Vulnerability Analysis

that statestarting with the Alask&’ukon Gold Rush in 1897. Seattle is also one of the closest U.S. ports

to Asia The proximity has lead to strong trade and immigration relationships with northeastern Asia,
SALISOALtte /KAYEFS WHLIYZ YR Y2NBF® h@SNIttx {SIi
much to the north and west as it does to the east.

WS a i SNY 2 I PudetSgundirgégiomisia large, nesibuth oriented basin bordered by the

Olympic Mountains on the west and the Cascade Mountains on the east. Puget Sound itself is a narrow
extension of the Pacific Ocean that runs down the middle 6ftho  a Ay ® { SF GGt S aada | f
eastern edge.

Land Forms

Seattle is an isthmus sitting on the 84 square miles between Puget Sound to the west and Lake
Washington to the east. Right in the middle, Seattle is pinched by Elliott Bay, an extefiBiaget
Sound. This pinch gives Seattle an hour glass sEbapetown is located in this narrow sectipwhich
results inmany major transportation routes and services compgfor land where we have the least
space.

Twowaterways the Duwamish River aritie Washington Ship Canatlivide the city into clearly
defined sectionsThe Duwamish River rgmorth-& 2 dzii K { K NB dz3 KanddKiSes tBek ( & Q &
southern third of the city into eastest halves as it runs from the southern border into Elliott Bag.
Lake Washington Ship Canal, which connBciget Sound to Lake Washingthnough a series of cuts
and locks separates the northern third of Seattle from the rest of the city.

O

(s}
<

C

Hills are the other major defining feature in Seattle. During the ice ag@sers pushed down from the

north over the area that is now Seattlee 3000 feet thick scoured the larehd leftnorth to south

running ridges and troughs. The troughs filled with water to become Puget Sound and Lake Washington.

The ridges are ouhills with theirsteep eastern and western sidebhe highest hills reach over 500 feet.

Like the water barriers, the hills have guided development in Seattle. Roads are forced to jog around
20a0NHzOGA2ya 2N RSHFR Sy R adzRiBIiS ydrks ppojedtd rdgbled many” { S| G
areas in an effort to improve transportation.

The importance of these water and slope barriers on emergency response cannot be overstated. The
arrangement of hills and water has dictated where transportation routeslarge facilities can be

located. The resulting patterns create a relationship between the natural and built environments that
I NB ¥Fdzy Rl Y S yhatafd vufn@rabifins I G G f SQ&

Many government services and employers are located in or near the downtéwmajority of the

hospital beds in the City of Seattiee on First Hillincluding the only Level 1 Trauma Center serving four
states (Harborview)In addition, here are four hospitals located north of the Ship Canal Bridge, one of
which includes nearlgll ofthe pediatric hospital capacity in King County. The Veterans Administration
hospital is on Beacon Hill and there is a psychiatric hospital in West Seattle that houses most of the
involuntarily committed patients in King County, including thosé fitese a threat to public safety. The
locations of hospitals provide broad geographic coverage across Seattle, yet impacts to transportation
infrastructure during disasters can isolate these facilities and render them only capable of providing
medical serices to their immediate communities.

¢tKS CANB 5SLINIYSyiQa KFTFNR2dzA YFGSNRFE&A GSFY Aa
centralization is the most efficient distribution of resources, but during an emergency some

neighborhoods could be cut off fino these downtown servicedVest Seattle and Magnolia depend on
just three bridges each for their direct connections with the rest of the ditya major crisis, casualties
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would have to be transported downtown because there are no hospitals in thoses .dféhe bridges

were down, there would be no way to get medical treatment to the neighborhood quickly. Even after

the immediate crisis, isolation could remain an iss8an Francisco Bay commuters were confronted

with longterm delays after the Cypresreeway collapse in the 1989 earthquakeS | G i f SQa RSLISYF
on bridges could easily lead to similar transportation problems.

Geology

The movement of earth and ice created Seattle. Tectonic activity (the movement of large plates of the

9F NIKQa ONMHzalGuv KI @S aSyid oK2tS AatlyR OKIFAya ONI
creating the Cascade and Olympic Mountains and&hiiu dzLJ 2 I a KAy 3d2y Qa FAGBS I O
ice, at least seven times the Cordilleran Ice Sheet ground down from British Columbia covering the Puget
Sound basin in ice up to 3000 feet thick. Each time, the surface geology was massively altered. The

current shape of the city is almost exactly as the glacier left it.

i QX

Nature has not been the only shaper of the city. People have undertaken massive alterations of the
landforms. Whole hills have been removed. The tide flats in the Duwamish Valley wekeAfitat was

made in Beacon Hill. Massive amounts of garbage were dumped in Union Bay near University Village. In
all, nearly 20% of the surface of Seattle is covered with modified l&nding earthquakes, shakiog

modified land is amplified and is pre to failure. The earthquake chapter has more on the effects of

these solls.

{ St (diebpSifsire composed ofnainlyglacial till(mix of grain sizesind sandwith frequent layers

of clay. When the weather is wet, water seeps down through till aaddsonly to stop at clay layers. The

till and sand becomes saturated, heavier and less coh&sie many areas human activity has

RS&aGFoAf AT SR at21L3Sad Ly FyltelAy3a + OSyiddz2NEQa 42N
calculated that 84%f all landslides had some degree of human influetice

In 2006, deposits of volcanic ash were found along Hamm Creek, a tiny tributary of the Duwamish
located just south of the city limit§.Usually the prevailing winds carry ash from nearby volcanods eas
but the layer suggesthat Seattle imot immune to ash fall.

Climate

{SFGGt SQa Ot AYIF(GS Ol y 23Sy Siuvehthoughdgsts &sSanddlFaido SR | & a
than Nashville, Atlanta, Boston, and Vancouver and hi@s summers thamnly onereference ciy, San
FranciscoSeattlecan also receive hurricane force winds and even the rare tornBwlanderstand

these complexities, one must first understakd2 4 G KS t F OAFAO hOSIy |yR 2Sai:
mountain rangesnfluence{ S I (vt &

Influence of thdacific Ocean

Prevailingwindd NA y3 (1 KS ftoin thé wst ovér$he dc&as. Bécauaie temperature over
water does not vary as much as it does over lahd air that reache$eattledoes not vary widely in
temperature gving Seattlecoolsummers andemperatewinters.On average each year there are just
2.7 days over 90 degrees and just 2.7 days where the temperature never gets above freezing.

The ocean also accounts for the seasonality of our precipitation. Weather systems tend to follow the jet
stream, a narrow band of high, strong winds. During the winter the jet stream frequently passes over

Seattle, bringing wet, stormy weather. As temperas rise over the Pacific in the summer, the jet

A0NBIFY A& LHMzZAKSR y2NIKXZ GF1Ay3 GdKS Of 2dzRa FyR NI A
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Figurel. Topography
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Figure2. TemperatureSummary(Seattle Tacoma Airport 194&009)13
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between October and March 31; just under half falls between Novembet dnd the end of

February.

Influence of the Olympic and Cascidieuntains
2 SAGSNY 21aKAy3dGz2yQa

many cities.

Y 2 dzydi ds bayriarg to @&plciSiihantalair gut ofi K S
the region and moist Pacific air in it. Continental air is hot in the summer and cold in the voutehe
mountain barriers mean thatmperate marine aiis the maimk y ¥ f dzSy O S tepgratfir&SITB G f S Q&
marine air carries a lot of moisture, especially in the winter. The mountains block this air as it moves
east. It must move up to get over the mountains. As it does so it cools and condenses creating clouds
and moderate rainAs a resultSeattle hagnore rainy and overcast days bless total rain per year than

Figure3. Precipitation SummarySeattle Tacoma Airport 194@009)*
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The snowiest places on earth are less than 100 miles from Seattle. Mt. Baker hadhtlie&/(nearly
100 feet) of snow during the winter of 199Bbreaking a record set at Mt. Rainier of 1,122 inches.
During the same winter, Seattle got only a few inches. On average, Seattle gets 12 inches of snow per
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year. That is almost twice what PortRn | Yy R+ yO2 dzOSNJ NEOSA @S odzi y2
aAyySILRtAZQA pc AYyOKSAS 2NJ 58y@PSNDRa py AyOKSaod
(KS /1 a0l RSa L a KSF@e ayz2¢ Flitao {8 &ito2Qd 2y 5

inches. Seattle record snowfalls far exceed the averdgest snowfallshappen when cold continental
air breaks through the mountairendcollides with an incoming Pacific storm. The reasons for the
occasional heavy snow are covered in the chaptesnow storms.

Figure4. Snowfall SummarySeattle Tacoma Airport 194&009)"
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dilemma most starkly: Seattle is neither a low snow city like Atlanta or San Francisco nor a heavy snow
city like Denver. Stuck in the middle, the governmdnisinesses, and residents face difficult choices
Fo2dzi K2g¢ YdzOK LINBLI NFGA2y (2 YI1S® ! RRAy3a (2
multiplies the effects of heavy rain, mud, and snow.

The weather can complicate response to rerather energenciesOne of the biggest dangers is a

major disaster striking when snow is on the groufichnsporting the injured to hospitals, many of which
are located on hills, would be difficult and the fire department could be delayed in responding to
emergencés. Even rain can be an unforeseen complication. After the Northridge Earthqub®@4in

many people moved out of their damaged houses and into local parks. The good weather allowed them
to do this. In Seattle, they might not be so fortunate.

Natural Enwronment

This section discussésS | G G f SQa y I (acdhtdtwio m&of IEahithtRrgupsS tifelurban forest
and aquatic environmentd.he Pacific Northwest is famous for its mountains, forests, and waterways.
Despite being a major urban are@eattleis a functional ecosystem integrated into the larger
environment. Seattle still has vestiges of its original forest, wetlands, streams, and marine
environments, but they are all fragile and endangered. In recent years, citizens, government, and
businessefiave become aware that environmental resources are not just found in wild lands, but also
in our urban areas.

32
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Urban Forest

The land on which Seattle sits wasginallyheavily forestedlike the rest of the Puget Lowlantdsfore
European settlementn 1972, 40% of the city was covered by tredsw trees covebetween18%and
23%of the city’® New York Citjn comparison i21% tree covered { S I (i ilebsSvdtshealvy tree
canopy defined aver 50% of an area is covered by tregeclined from 5,400@es in 1972 to 2,800
acres in 1996°

The type of trees is important, too. Native species are declining. In 1999, less than 293 acres of Seattle

gl a O20SNBR gA0GK GKS O2yATSNI F2NBadta GKIFG 2y0S R2
declining*® Remaining natives, mostly big leaf maple and red alder, replaced the original big conifers

when they were logged. Now they are aging. A natural cycle would see them replaced by conifers, but

this is not happening.

To reverse the trend of tree canopy losise City of Seattle adopted an Urban Forestry Management

tfry AY TLNAREZ wnntod LGa 3J21ft A& G2 AyONBFasS {SIi
increased density. The effectiveness of implementation has been mixed. A May, 2009 City ikpditor

found that a comprehensive tree inventory is needed to gauge success and better management

structures are needed to ensutkat succes$’

Trees reduce stormwater runoff and reduce flooding. The City of Seattle Urban Forest Management Plan
estimates the loss of tree canopy from 1972 to 1996 costs Seattle $1,300,000 per year by leading to an
additional 7.5 million cubic feet of additional stormwater rungfi factor in urban flooding. Trees also
remove thousands of pounds of pollutants from the asphere improving urban air quality.

It must also be recognized that trees can also be a hazard. During storms they can tiansee

power and telephone linegnd their roots can pull up underground pipelindrtheastSeattle has the
densest tree covein the city, followed by areas in West Seattle. It is likely that the greatest amount of
debris, fallen treesand the associated service disruptions could be expected in these dteas.

potential damage caused by falling trees can be mitigated by trimming the weak limbs and removing
weakened trees near buildings and infrastructure.

Aquatic Environments

Seattle is a city defined by water. Seattle contains lakes, rivers, streams, wetlands, and extensive salt
and fresh water shorelines. Puget Sound borders Seattle on the west and Lake Washington lies to the
east. In all Seattle has 146 miles of shorelidepBwhich border Puget Sound. The city contains four

small lakes: Haller Lake, Bitter Lake, Green Lake and Lake Union. The single river is the Duwamish. It
enters Seattle in the middle of its southern border and flows north into Elliott Bay. The Shig<ana
man-made structure connecting Salmon Bay, Lake Union, and Lake Washington through a series of cuts.
It divides the city into nortksouth halves. In addition to these large channels, Seattle supports five

major creeks: Piper, Thorton, Longfelldwauntleroy, and Taylor. Many of these water bodies support
wetlands. The largest are found at Union Bay, Warren Magnuson Park, North Seattle Community
College, and the Fauntleroy area. Seattle also has many former wetlands and bogs that are now covered
by dewelopment.

[ A1S {SIHGdltSQa dzaNBly F2NBad GKSaAS 41 GSNI SYygaANRYyYS
sources of hazasd The quality of these environments varies but all have impacted by urbanization. The

most severely compromised is the DuwamisteRigix miles of which was designated as an

Environmental Protection Agency (EPA) Superfund site in 2001. A largaipleffort is now underway,

but it will continue for up to 40 years depending on the options cho&en.

3¢
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{SIGGf SQa &K 2 Niied. anfy 30%hisinatidd! | (A f 2F Y2R GGt SQ&d om YAf Sz
shoreline is listed as a coastal flood hazard by the Federal Emergency Management Agency (FEMA). The
most productive habitats in Seattle are some of these shoreline areas: Seward RarkBay, West

Point, and Magnolia Bluffs and Lincoln Park to Fauntleroy Cove.

Seattle still has Combined Sewer Overflows (CSO) that send untreated sewage into local waters during
periods of heavy rain. The City of Seattle Shoreline CharacterizationtReyot decreased water
quality near these locations after storffis

alye 2F {SIddtSQa aK2NBfAySa NS NAYy3ISR o6& ofdFTa
material for beaches and shoreline environment below them. In Seattle, much ohtnelse has been

armored in an effort to prevent beach erosion and landsli@&woreline armoring has a detrimental

effect on the shoreline habitat. Increased wave speeds scour beds and reduce the amount of fine

sediment that is the environment in whiché microorganisms that form the bottom of the food chain

live. One geologist concluded that wave action rarely causes slides, but it can steepen the slope making

them more susceptible to groundwater induced faild®n the other hand, when starved of sewint

at their base some bluffsecede faster. During the 199 landslides many landslides occurred on

slopes where a bulkhead had protected the toe for decades.

Population and Economy

¢CKS ! yAGSR {GFrGSa Aa adzy RS NHEe doyigrable insaAan@ R 2F Rey |
complexity to the latter part of the T9century,d F OO2 NRAY 3 (2 & KBepopultidr Ay 3a L
is gaining and diversity is increasing due to the most significant immigration in 100 years. Household size

is shrinking a birthrates fall and the population ages. The economy is shifting from manufacturing to

services and knowledgeased industriesTherecent,severeeconomic recession has profoundly altered

the U.S. economy and with it the population of the Seattle abedthe full extent of these changes is

not yet fully understood.

{SFGGES GBLAFASAE ! YSNAOFIQa a20Alf YR S02y2YA0 OK
century. Like most cities at the center of urban areas, Seattle declined throughtheQ196 | YR T 1 Q& 2
G2 aGF NI 3INRgAY3I 3IALAY FOGSNImpynd 2KAES AGa INRS
share of regional jobs and residents has declined steadily. The local economy echoes the national

economy. While Seattle used to bentered around Boeing (manufacturing) it has diversified to include

the technology and health sectors as key components.

There are signs that Seattle, like Manhattan and San Francisco, is losing its middle class and becoming

less diverse than their surrofA Y3 A dzodzZNb ad 2 KAE S {SI{idf SQa YSRAIY
remain. The income gap in Seattle is growing and as the cost of living rises, those with lower income are
finding it harder to get by.

Population and Demographics

Ly H nn dgspopildionivastp@siied over 600,000 for the first im&he climbing population is a

good first order indicator that Seattle is fundamentally healthy despite the recession. Most of the more
detailed statistics were gathered in 2008 before the economkt@aharp downturn, but they still

LINEGARS | 3I22R olFaAa F2NJ dzyRSNBEUOIYRAY3 GKS aidNHOG
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Figure5. Estimated Residential Population Density 2008
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The overall picture painted by the 2008 statistics is of community in which most people have been doing
well but also sizable chunk of its population has not been able to share in the general prosperity and is
experiencing challenges with housing. The dapan is now dominated by people in their 20s, 30s and

50s who live alone or with one other adult.

[A1S 20KSNI!' YSNAOIY OAGASaAX { S expelidnceaslowietlogt | GA 2y
through 1980 and then began to rise again. Todaytleelaas passed its earlier peak and continues to

grow.TKS NBIF ad2ya FT2NJ 02RIF&Qa 3INERg(KThenide popubatich RA F TSNS
increase was the result a high birth raffae largest age group was childréy contrast{ S| G G f SQa

recent growth has been fueled by-4migration from younger, single, well educated and relatively

affluent people during the 1990s.

As a result2008 data comparing the largest 100 U.S. cities showSbattle has:

¢ The lowest average household size (2.@Wer 40% of Seattleites living alane

e The 2" highest proportion of residents with college degrees (53éhttle is in first place
among cities over 500,000

e The second lowest share (20%) of people under 20 (only San Francisco If4d less)

¢ Many new residentsespecially around the downtown and University Distiigt2000, three in
ten residents had lived in Seattle for less tHime years® There are signs the-imigration is
slowing, however. In 2008, Seattle ranked' Hnong the top 100 among-imigration from out
of state and 58 on in-state migration.

Seattle is a comparatively affluent city. Median household income grew in the 1990s and 2000s. By 2008
Seattle ranked 183among the 100 largest cities, but wa% @mong cities with a population over

500,00G°. Like many other cities, household income is less evenly divided than in thecasra whole

and less evenly divided than it is in King County as a whole. A comparison of income distailmatian

the nine eference cities about the same population as Sedttiend that three hada measurable

difference. Atlanta, Pittsburg, and New Orleans had a more uneven distribution of income.

In 2000, poverty rates fell to some of the lowest of any large city, espef@atiyildren. In 2008, after
the DotCom bust, but before the late 2000s recession, Seattle ranKdav@est in overall poverty
among cities over 500,000.

Running counter to this trend was a rise in poverty amprfg | (i a@lderlg fén 1990 throug008.

This can possibly be explained by an-ougration of youngr seniors with more resourcekaving

poorer and older seniors in the city. This claim is supported by data showing that poverty among the
elderly has been declining statgide for many yees*".

While theoveralldecrease in poverty was good, it obscured difficulties with affordable housing. Rates of
homeownership stagnated in the 1990s and rose only slightly during the housing bubble. At the same
time, lower to middle income renters were ing) squeezed. In 2000, over half of this group reported
paying over 30% of their income on rent. This rate is among the highest in the United States.

During the 1990s Seattle also grew more diverse, but the rate of diversification in Seattle was exceeded
by that of the suburbs. As of 2008, Bellevue, Tacoma, and King County as a whole were more racially
diverse than Seattle. Immigration has followed the same patteith rapid increases in Seattle

exceeded by even greater increases in the suburbs. Kingt{oow has a slightly higher share of

foreign born(19%) than Seattle (18.4%)d Bellevue has a much greater share (29°8%)migrants

are now migrating straight to the suburbs in contrast with past pattefiagle5 Demographic
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Table5. Demographic Summary
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SeattldHazard Identification and Vulnerability Analysis

SummaryThese demographics refer to Seattle residents. Less is known about the demographics of the
daytimepopulation that swellas people commute into the city to warkensus figures estimate the

total number of people entering the ciguring the day, but not much beyond total numbefsie 2000
census found that 74% of employed Seattle residents worked within the city liAdiditional, nodeled
estimates are constructed for transportation planning, but they are educated guesses.

{SIGGf SQa RSY23INILIKAOE adzZ33Sa0 HocatlayidinptirstutliésT 1 NR @ dz
linked respondent demographic characteristic 2 LISNE 2yl f LINBLI NBRySaao / 2)
demographic profile with these studies can hint at the level of preparedness in a community and

possible vulnerabilities.

hyS 2F (GKS Y2ad AyTFTtdzSydAlrf &dzNIDSe areppriwa9a! Qa t SN.
released in August 2009. It connected demographic profiles to levels of preparedness, barriers to

LINS LI NBRyYySaa> YR LISNOSLIGAZ2Y 2F NRA&a|{® LG F2dzyR (K
prepared, and confident in the benefitFo RA &l a4 SNJ LINBLI NBRyS&aaodé ¢KAA &«
high level of educational attainment, is as a population that is, on average, better prepared than

comparable cities.

Social Vulnerability

Hazards do not affect a populati@gually It is wel known that @rtain groups of people suffer more

than othersand that this inequityy {1 Sa | RA &l aGdSNJ ¢oAIISNIDE G$s
map of disaster impact§. S+ GG f SQa Yz2aild @dzZ ySNIo6ftS LIS2 LJf TS
IncontrastY 2 & i 2 T inffaStrudiufe teSd®aibe centally located This infrastructure and its
vulnerability to hazards often receive more attention than the peapiehe outskirts

y uK:
YR

Many physical vulnerabilities pertain tmly one type of lazard. Social vulnerability affects all hazards.
While mitigating all vulnerabilities is extremely important, one of the most effective ways to reduce a
O2YYdzyAlledQa 20SNIff Odz ySNIoAfAdGe Aa G2 GFNBSG a2

The Hazard and Vulnerability Resgalnstitute and the University of South Carolina have developed an
index to measure social vulnerabilifihis index ithe most comprehensive and methodologically
rigorousone available. It synthesizes 42 socioeconomic and-eaiironment variableshen maps

them to the census bloegrouplevel.Error! Reference source not foundummarizesSeattle's Social

ndex of VulnerabilityThis data is ten years aldiew data will be available in 2011 or 2012.

While the Saocial Index of Vulnerability is a valuable tool, it is a national model. Each community is a bit
different. Public Health Seattle & King County recently completed a project to develop an index for the
medcal community. Tis indexincludes the following

e Physically Disabled

e Blind

e Deaf, DeaBlind, Hard of Hearing

e Seniors

e Limited English or Neknglish Proficient
e Children

e Homeless and Shelter Dependent
e Impoverished

e Immigrant Communities

e Undocumented Persons

e Mentally IlI
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Figure6. Social Index of Vulnerability
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¢ Developmentally Disabled

e Medically Dependent, Medically Compromised
¢ Chemically Dependent

¢ Clients of Criminal Justice System

e Emerging or Transient Special Needs.

Economy

Seatle isthe centerof the Puget Sound economy and a leading hub of the Western United States.

Historically, the regional economy was centered around the timber, shipping, and aerospace industries
combined with the military. In the last several decadesiSéd SQa SO02y2Yeé KIFa 3INRGY
diverse. The healthcare, biotechnology, software, communications, tourism and transportation
AYRAZAGNRASAE IINBE y26 ONRGAOIET O2YLRySyida 2F {Srdadats
been above average, bitthasalsobeen strongly cyclical due to the historically large influence of the

aerospace industry.

Seattle supported 496,000 employees 2008, 49% of whom worked idotlvatown area. The

University of Washingtois{ S| G f S$Q&a o, with280a0iemBoyde¥. SetviSeNhccount for

82% of jobsmanufacturing and constructioaccount for the othel8%. These percentages reflect

national trends away from manufacturing and into the service sector. The 2009 recession struck Seattle
like most other arts of the country. In 2009, unemployment ranged between 8.5 and 9% in the Seattle
area.

¢tKS SNRaLI} OS AyRdzaiNER KlFIa&a f2y3 0SSy 1Se& (2 {SIidd
the Puget Sound region, its influence is decreasing. Wlst#l spends billions in the Seattle area. It

has dramatically cut employment in Seattle proper. The aerospace industry is very cyclical and the
agAy3da 2F {SFHdGfSQa SO2y2Yeée KI @S 0SSy @SNE RNI YL
andKS RS@OSt2LIySyid 2F 2G6KSNJ aSOG2Nmx {SIadfSQa dzZLd

{SFGGEtSQAa YIydzFlI OGdzZNAy 3 NBYFAya OSYGSNBR Ff2y3 (K
a much lower concentration of manufacturing than the rest of KingnBoand Washington State, but

some manufacturing subsectors remain in higher concentrations in Seattle. These include construction,
freight, printing, seafood processing, food and beverage, metal fabrication and stone prodtets.

geographic concentrat2 y 2 ¥ mparbfactutinfp8sesia riskMost of its industry sits in a

liquefaction zoneon top of the Seattle FaulMany of these companies are smalisinesses that may

not be able to survive prolonged downtime.

¢KS INRBgGK 27F {nlustyadckedby 8&Univdisky®t WaBhington and the Fred

Hutchinson Cancer Research Center, has made it a base industry in $tstltbcareemploys 96,400

people in the City of Seattle and produced $6.37 billion in output value in 2002. One jobivin

{SIrGatsS Aa GASR G2 KSFHfEGKOIFINB® ¢KS . Aff FYyR aSta
properties in the South Lake Union area are driving further growth in this sector. This sector is

concentrated in First Hill (hospitals), Soutlké.&nion (biotech and Fred Hutchinson) and thBistrict

(University of Washington).

The software and internet services industries centered around Microsoft and AnraSmattleemploy
191,000 people regionally and 18,250 jobs in Seattle. While thisrsglower after the 199Qst
continues to be a core industry. There are many linkages between the healthcare and software
industries.
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CKS t2NI 2F {SHddtS Aa 2yS 2F {SIaGdtsSQa oA3aasad S
Terminal epansions such as the opening of Terminal 30 are increasing the scope of operatichsof
which involve intermodal operations. This industry centers around the mouth of the Duwamish River.

Seattle has become a major destination for touri§gending on the artby tourists and Seattleites

among the highest in the country. As a result tourism, the arts, music and sports are major contributors
to the local economy generating revenues in the billions and employing thousands. The musiy indust
alone contributes $1.3 billion and supports 8,700 workers.

Besides its direct contribution, the cultural seccmmbineswith the outdoor and coffee industriet®
O2Y(NROdzGS (2 {sé&nlatfractivéSpiade toNil laitkivorki Altholgsléffect is hard to

jdzt yGATFTEeY GKAA FGONX OGA@PSySaa Aa OAGSR Fa | Yl 22N
WoNFYRQ A& 2tifiePercfioniothe comBunify 2syhéluded in this study.

h@SNIft> (G§KS 02 NiBstréng de§plelthe Setb&ckdi theS€d@ssich.YThe economy is
broadening with the long term outlook for many key industries strong.

Table6. Total Employment'

Year Seattle King County Greater Seattle Area*
1980 386,684 697,401 1,033,407
1990 469,802 972,567 1,445,243
2000 536,471 1,188,577 1,748,243
2006 470,698 1,125,197 1,615,507
Number of full -time and part -time positions (not including resource or construction)

Land Use

Seattle is a mature city at the core of the Pu§etund metropolitan region. It is approximately 53,500

acres or 84 square miles in sineaking it nearly twice as large physically as Boston, San Francisco or
Vancouver BC and quite a bit smaller than Portland or Denver. Like other core cities, tehas lit

dzy RS@St 21LISR flIYyR YR | fFNBS akKINBE 2F G0KS NB3IA2YyQ
industry. Even somany areas of the city are covered with smaller single family homes built in the 1920s,

30s, and 40that give much of Seattle the atmosre of an older suburb. This atmosphere is changing,
howeverl & { SF (Gt SQ&sdZRREEARAIBESAYONBEBERA DNRgGK al yl3aSYSs
are being encouraged within urban villages clustered around transportation hubs.

Over onethird of Sedtle is covered in single family lots (35%) and just overaumter in right of way
(26%). Seattle has 10% of its area as open dpaicdoes not have a large urban pafRortland and
Denver, both of which are smaller than Seattle, have large regianksp

¢CKS YIFI22NJ SYLX 28YSyl dzaSa 6O02YYSNODAIFf X AYyRdzAGNRI f
area. MUltiF F YAf & dzaSa FFNB 2dzad p» 2F {SIFiGtSQa | NBIF Sg:¢
dzyAdad ¢KS NBI a2y A FamiyKiitdiareYo2aked in Rrger dpdtméntiahdIendo Y dzf G A
complexes rather that smaller 2, 3, angexesTable7O2 YSa FTNRBY (KS /AdéQa O2YL
showsthebB I { R2g6y 2F (KS OAdleéQa flyR dzaSa Ay wWnnno

Land use drives population shifts on all time scales, from daily commutes to weekly recreation and long
GSNY NBAARSYGAIt LI GGSNyaod ¢KS wnnn OSyadza F2dz/R
every weeklay. In 2002, the Puget Sound Regional Council found Seattle contained 502,000 jobs and

GKFG GKS& gSNB O2yOSYdN}GSR 2y 2dzad dz 2F GKS OAd
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Figure7. Current Land Use
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Table7. Land Use2004

Category Acres % of total
Single Family 18,893 35%
Multi-Family 2631 5%
Mixed-Use / Commercial 2850 5%
Industrial 2077 4%
Major Institutions, Public Facilities &

Utilities 4203 8%
Parks and Open Space 5514 10%
Water 349 1%
Right of Way 14108 26%
Vacant & Unknown 2888 5%
Total 53,513 100%

Seattlehas a majority of th&\J5 3 AbRygesisports and entertainment venuess well asruise ship
terminals The activitie$ocated on this land use contributeK 2 dz& | Y R&a 2 F LIS2L)X S (G2 { S
tourist, entertainment and stadium areas at all times of day

With over 7,000 people per square mile, Seattle seems to be in transition from a lower density city like
Portland or Denver, dominated by singlenfidy neighborhoodsto a higher density cit like Vancouver

BC, San Francisco, and Bostaortland and Denver have between 3,700 and 4,000 people per square
mile; the later cities have between 12,000 and 16,000e highest residential densities occupider
sections north of the-90 Freeway and on Capitol Hill. Other dense areas include portions of the Denny
Regrade, the south slope of Queen Anne Hill and parts of the University District.

/ 2 YLI NRy 3 {-f8nilyiaiebsSMprathode aktBaston aSan Francisco reveals diffeten
development patternsMore people living in multfamily residences in Seattle live in big complexes
than inBoston and San Francisaghichhave whole neighborhoods gfmaller,3 and 4unit buildings.
This development giweSeattle a steep density gradient from mifidtimily to singlefamily areas. The
implication for emergency management is that the number of residents who may be affected by a
particular disaster can vamore over short distances.

2 AKAYy G2y {Matage®entPlaDidlEaving & huge effectioe City of Seattle. The Plan
stresses putting growth in already developed areas to prevent urban sprawl. Seattle has responded to
the Plan with a Comprehensive Plan that stresses development in urban centeitlagds. These are
areas built around current commercial, mefdimily residential and transport hubs. The major goal is to
locate housing, jobs and stores near each other to reduce the necessity of car use.

Transportation

Seattle isthe hub of WesternWa KAy 3G 2y Q& GNI yALRNIFGAZ2Y ySig2N] O
GKS NB3IA2Y |yR O2ydGrAyAy3d GAildlt tAyla G2 | NBlFa 2dz
surface, air, and marine modes moving people and freight within the regiomésrdregionally.This

systemmust balance the needs of many different user groups. Contention between passenger and

freight transport (eg., freight trains crossing busy streets) and between passenger transport modes

(eg., between car and bicycle) is onéthe major challenges facing Seattle today.

Ly GKS t1F3GS wnnna { Ssawhigiclhtpas. o Ny 30891SauNdiTradsh Iyt raii & 2 4 S Y
entered service and a mulgiear debate about the replacement of the Alaskan Way Viaduct seemed to
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berd OKAy 3 I 02y Of dzAA2y® aStygKAtST {SIFIGGft SQa dzaNbI Yy
travel by promoting the development of mixed use hubs near transit centers, started to see results with

large new developments coming online. Finally, thet BbSeattleexpandedo capture increasing cargo

volumes.

The transportation system directly affects the ability of essential city stdfétable to report for duty in
the first few hours after a major disaster strikéssignificant number of emploge face long commutes
or must cross vulnerable bridges. In major disasters, statefederakssistances important, but it may
be difficult to bring in outside help if the transportation system is heavily damaged.

Passenger Transport

Like most America®@A G A S&a> {SIGGf SQa 3ANRdzyR a2aiGSy Kra o6SSy
dominance, while still strong, may be decreasing slightly as measures designed to reign in urban sprawl

begin to take effect. Because Seattle is a major business and entertalinmdéadzo > Y dzOK 2F { SI i
ground transportation system centers around moving large numbers of people into and out of the

downtown core on a daily basis.

While much of the transportation system is centered on direct economic activity, 75% of trips taken in
Seattle are not work relatedihe average King County household takes 12 trips peradayhichsixare

less tharthree miles. Although hard data for trip purpose is more difficult to obtain than total volumes,
it seems that transit trips are proportiorigimore work related than car or nemotorized trips.

YT A1S Yrye 2G06KSNI OAGASAT YIENRYS GNIYyaLRNI LX I e&a
2 aKAYy3id2y {d1QGSQa CSNNE aeaidSy Aa GKS FerieNBSad Ay
connect Seattle with Vashon Island, Southworth, Bremerton, and Bainbridge Island. The Egmonds

Kingston run operating north of the city also serves Seattle residents and workers. These routes have an
annual combined ridership of over 16,000,600

Most passenger air transport is through Seattle Tacoma International Airport (SeaTac) located south of
Seattle. Over 32 million passengers use SeaTac anfiuBlbeing Field, located just outside the city
limits handles a smaller number of passengers fesnall carriers, charters, and general aviation.

Freight Transport

2 aKAYy3d2y {GFGS5SQa SO2y2Yeée Aa (GKS Y2ad GdN¥Xr RS RSLIS
center of this econonmy. Large quantities of goods move through Seattle on a daily hadithe freight

system reflects these movements. Freight systems require complex intermodal integragorsii@ to

truck to rail to air) that, in turn, depend on the type of commodity being transportegl, (@ircraft parts

vs. grain). Seattle has built intermodal networks around the container, bulk cargo and grain terminals of

GKS t 2Nl 2F {SIdGtSQa alNAYyS 5A0AaAiA2y YR | NRdzyR

{SIGGt SQa YINRYS Ol N&lgatdd Slosd'th goiritodwn. FhgyRnuidontdnd viith NRa |
20KSNJ f I YyR dzaS& FyR LI &daSy3ISNI GNYyaLR2NIIFGA2Yyd al N
whistles. While train whistles during ball gammeay bewhimsical, the lack of grade separation is not.

Traihs must go slowly in the many areas of the city where rail lines must cross streets and vehicles must

wait for them to pass. Similar contention problems face trucks on crowded city streets. A series of docks,
terminals, intermodal rail yards operated byuBington Northern Santa Fe (BNSF) and Union Pacific and

a large number of designated truck streseyve the marine business.

The air cargo business operates under a different modet tharine shipments. Time plays a bigger role
and the type of goods ghped via air are different than marine transport. This business depends on
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timely ground access to the air terminals for trucks hauling cargo to and from the airports. SeaTac
handled 290,653 metric tons of cargo in 2007.

Infrastructure: Streets and Highwes

Streets are the backbone of Seattle ground transportation system. The public right of way accounts for
2O0SN) 2yS ljdzZr NISNI 2F {SlIGaidtSQa t1yR INBFE® . SOFdza$s
the construction of new roadways. WhilWve most often associate streets as passageways for motor

vehicles, streets have many other important uses. Pedestrians and bicycles use them. They are home to

- YF22NJ LI NGO 2F {SFGdtSQa dz2Nbly F2NBadda, ¢KSe&2 LINRO
RN} AylF3aSs FyR (StS02YYdzyAOFrGA2ya NHzyz aSNBAyYy3A | a
are where much of the public life of the community happens.

[A1S Y2aid ! YSNROFY ORAGASa s Dfe$olhisioiichl Siouinstandedld@Hhily |+ NB
terrain, Seattle has many gridSreets jog where these grids meet. Many areas of the city were

independently platted or started as separate towns like Ballard and Georgetown. Steep terrain causes
streets to meander around obaties. Other streets follow old paths, like Madison Street, or natural
FSEGdzZNB&a | & LI Nldesygied pakk lsySténd, [k ake askidgidrSBoltevard.

Seattle uses several classification systems for its streets. The most fundamental is ginatitmsiof a
roadway as an Interstate Freeway, arterial or access street. The system is designed to funnel vehicular
traffic from lowvolume access streets through progressive biggterials (collector, minor and

principal) and finally to the Interstatereeways.

The backbone of motorized transport are the two Interstate Freewiysand 190) and three principal
arterials(SR99, SK520, and the West Seattle Freevdlgat have large limited access portions. These
five roadways handle by far the highesiffic volumes.6 and SF9 run northsouth and move much
of the traffic within the city. SI820, 190, and the West Seattle Freeway run easist. They feed into
SR99 and 15 and serve to move vehicles into and out of the city and West SeRitlé, the highest
volumes in the city are found orblaround the Ship Canal Bridge. On an averageaday 279,000
vehicles travel over the bridgBycontrast, SP9 handles about 109,000 vehicles per weekday.

The transportation data company, INRiXhked Seattle ©in the nation for traffic congestion. This

finding suggests that Seattle possesses little reserve capacity. A prolonged outage of a major roadway
would shift traffic onto already overloaded infrastructure; however there is some evideitede

shift.

Infrastructure: Bridges

Seattle depends on bridges. Seattle is an isthmus divided by waterways. To the west, is Puget Sound. No
bridges cross it and transport depends on ships. To the east is Lake Washington, 22 miles long. Seattle is
divided in the middle by the Lake Washington Ship Canal. West Seattle is separated from the rest of the
city by the Duwamish Waterway.

Two floating bridges, the S820 Bridge and-90 Bridge (running over Mercer Island) cross Lake
Washington. Together they Ioig over 212,000 vehicles into Seattle on an average weekday.

Washington State is seeking to replace the Evergreen Point Floating Bridge. It currently handles 96,000
vehicles per weekday, but was designed for 65,000. It also has hollow support columaethat

vulnerable to damage in earthquakés.
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Figure8. 2006 Traffic Flow Map
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The Ship Canal is spanned by seven bridges (six roadways and one rail). By far the most important is the
I-5 Ship Canal Bridge, which at nearly P80, vehicles per day is the busiest roadway in the state. It

would be catastrophic for transportatiofthis bridge went out of commission. The next busiest, the

Aurora Bridge, handles just a fraction at approximately 68,000 vehicles per weekday. The four remaining
bridges are bascule (draw) bridges that were built between 1914 and 1919.

The Duwamish is assed by two bridges inside the city limits and three more just outsideity limits

The two inside the city limits combined handle nearly 200,000 vehicles per day. The South Park Bridge
which isoutside the city limitdut surrounded by Seattldhandes 20,000 vehicles per day. It is in poor
condition and is being replaced. Finalkp, &nd East Marginal Way both cross the Duwamish just south

of the city.

Systems: Transit

¢CNF YAAG A& | @AGEHE LI NI 27F { S| (td visBosandivoilteng.a LI2 NI | G A
Nearly 18% of Seattle residents use transit to get to work compared to fewer than 5% nationally. Seattle

is even more dependent on transit to bring workers into the key central employment areas. 35% of all
downtown workers use tnasit to get to work. People are more likely to use transit for commuting than

personal trips.

Transit modes in Seattle are a mix of bus, vanpool, rail and ferry systems. Buses have the largest
NARSNEKALID ¢KS Gg2 0A33Sa iosybtend(Sparating whih KiINgIg6uniy)e Y A y 3
and Sound Transit (operating between Pierce, King, and Snohomish Counties).v@danietro had

over 118 million passenger boardings Trips involving Seattle make up the biggest share of this

number. Sound Trartdhad 3,885,000 boardings in 2009. In July, 2009 Sound Transit began light rail

service in Seattle, which will boost overall transit ridership.

Paratransit (mostly vanpools) is gaining popularity in the Seattle area. Total boardingssattean for
bus ®rvices (2,300,000 boardings in 20@nd growing quicklyp 18% from 2006 to 2007).

Washington State has the largest ferry system in the United States. Especially in Seattle, many of the

people using the system are commuters. In 2005, about 18,00Csridere carried per day on the
adaidtsSyQa o0dzaASaid NdHzy FNBY . FAYONARRAS LatlyR (G2 R2
have a capacity equal to 60 buses that ardeél long. The routes that serve Seattle carry over 16

million passengers eachye

Systems: Air

¢KS /SYiNYrf tdz3SG {2dzyR I NBF A& dzydzidzr f oSOl dzaS A
key aircraft manufacturing areas. Seatflacoma International Airport (SeaTac) and King County

International Airport (Boeing Field)s&v / SY G N} f t dzaASd {2dzyR® { Sk ¢l O A&
and Boeing Field is one of the busiest #imub airports in the country. Regionally, three other airports

can handle large aircraft that could be required for logistical support in the eventegfi@nal disaster.

They are Payne Field in Everett, Renton Municipal Airport, and Joint BaseMcfVisrd.

SeaTac is a vital link for residents of Western Washington who lack another major commercial hub
nearby. The next closest are in Portland and Vawmeq BC. Overall, SeaTac is th® hisiest airport in
the country with 345,242 air operations in 2007. Boeing Field serves small carriers, general aviation
(non-commercial), cargo carriers and Boeing.

SeaTac handles 65% of the regional air cargodraffid Boeing Field takes the r&sfThe biggest
constraints on air cargo capacity are access to ground transportation and facilities to park aircraft. In
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Figure9. Major Transportation Infrastructure

/!
i
!

/!
!
i |
I
|
\ !
Al
.\\
\\‘j»\,~
Legend

@ Link Light Rail
=== F|oating_Bridge
ssmmm | ink Route
==== Railroad

~-—-— Ferry Route

0 05 1 2

[ M 5

Copyright. THE CITY OF SEATTLE. all rights
reserved. No warranties of any sort. including
accuracy. fitness or merchantability accompany
this product. Produced September. 2010

s
¢ Wi l””A’l‘o,l

48




Seattle Hazard Identification and Vulnerability Analysis

2004, SeaTac handled 285,008s of freight. By comparison, Los Angeles International Airport handled
nearly 2 million tons.

Systems: Marine

Seattle has a strong maritime history. Travel by water is important for both passenger and freight traffic.
Seattle isthe centerof th®2 dzy G NE Q& f I NHSaid FSNNER a&2adaSy FyR GKS
container traffic, bulk cargo, a major grain terminal, and a large fishing fleet. Cruise ship operations are a

new and growing part of the economy that also creates demand farairground transport.

The Port of Seattle is the largest port in Washingthe Port of Tacom#s a close second. Most of the

incoming goods are loaded onto trains and shipped to Chicago. While Seattle hasradarggport, it

handles less than a quait of the volume of the Port of Los Angeles. There is some indication that

{SFGGt SQa OFNH2 @2fdzyS YI& 3INBg la OFLIOAGE i [ 2
emerging issue for many ports. In many cases the ground and intermodal transpoitgtiastructure

surrounding the port is the biggest issue.

Systems: Rail

Seattle is a rail center. Both passengers and freight travel by rail in Seattle. Two major freight carriers
operate in SeattleBNSF and Union Pacific. Passengers use Amtrak fpdiktance travel and Sound
Transit commuter rail for short trips.

Rail isalsoa big component of intermodal freight transport. Both freight carriers operate intermodal rail

yards to support transshipment of goods through the Port of Seattle. Internfoelght makes up most

about threequartersof the commaoditiesfreight. Grain is the next largest commodity shipped through
{SFGGEtSQa ANIAY GSN¥AYIlLE 2y 9ttA2d0G .l&d .b{C 2LIS

The main tracks run along Puget Soundtnarf Seattle, making them vulnerable to landslides and

storms. South of Seattle the tracks head inland until they pass Tacoma where they jBingtSound.

All the yards are in liquefaction zones because of their requirement for large flat areasnésvorbss

the Cascade®ne crosses undeBtevens Pagbrough a long tunnel and the other goes over Stampede
Passsouthofdbn @ 2 | aKAy 32y tfadspoitdidddisaste? vias theRLS1D Wéllidgton

avalanche that killed 96 people on atrainhé R ' f 2y 3 GKS {(GS@SyQa LI} aa N d:

Passenger service in Seattle is centaxethe King Street Station. Both Amtrak and Sounder commuter
trains usehis station. The Sounder is a commuter line running on BNSF track on the weekdays between
Tacoma and Everett. Amtrak operates three routes in Seattle. Most significant is the Amtrak Cascades
route serving the corridor between Vancouy&C. and EugengeORPasenger volume is measured by
station onoffs. In 2007, Seattle had 438,845-offs. Ridership on the whole line has grown ffad

between 1994 and 200B1% ofriders are travelling for leisufé The other wo routesoperating

between Seattle and Chicagnd Seattle and Los Angekerved 158,232 passengers in 2008.

Systems: Pipelines

Pipelines are part of the transportation system. Seattle has one significant pipeline: the Seattle lateral of
the British Petroleum (BP) line running from Ferndale to Padtl& he Seattle lateral runs from Renton

north to Harbor Island along the Seattle City Light right of wais fipeline transports gasoline and

diesel fuel to a tank farm on Harbor Island that is a regional distribution center for Washington. About 9
million gallons of fuel are transported annually through the pipeline. In 1999, the pipstpieded in
Bellinghamkilling three childrenThen operated by the Olympic Pipeline Compahg pipeline has
sincebeen taken over by BP.



SeattldHazard Identification and Vulnerability Analysis

Utilities

While urban lié€ would be impossible without utilitiethey come with their own set of hazards that
must be managedUtility hazards includdowned electrical lingsvater main break&ndgas and steam
pipe explosions. Often these hazards can lead to long duration esitingit can be worse than the
original hazard.

Seattle has a mix of publicly and privately owned utilities. All utilities provide a public s@h@eliffer

from other public servicesuch agolice protection by the amount of infrastructure they neédilities
include power, water, drainage, sewage, solid waste, and telecommunications. In the downtown area,
steam is an important utility.

Electricity

Electricity in Seattle is supplied by Seattle City L(i§61,)a publicly owned utility that is padf City of

Seattle government. Unlikely many other municipal electric utilities, Seattle City Light has its own

generation facilities and transmission system. It produces about half of its own power and purchases the

rest from the Bonneville Power Admimiation (BPA) and other provideminety percenbf Seattle City

[ AAKGQa 3ASYSNIGSR LBRoSNI O02YSa FNRBY GKS {1F3IAdG wig
northeast Washington. The heaviest loasturin the winter when electricity is used/bmany for

heating. Low summer temperatures reduce the demand for air conditioning, allowing Seattle City Light

to sell surplus power.

{SFiGt SQa dzaS 2F Ke@RNRStESOUGUNRO LR6SNI KFa YSIyid (K
mountains. During yars of low snowfall Seattle City Light has to purchase more power from BPA and
other providers. The impact of climate change on snow pack is a concern for Seattle City Light.

Natural Gas

Natural gas is provided to 121,985 customers in the City of SegttRuget Sound Energy (PSE), a
private, regulated utility. No natural gas is extracted in Washington State. It is imported in about equal
amounts from Canada and the Rocky Mountains through the Williams Northwest Pipeline running
through the eastern edge dlfie Puget lowlands. Spur lines take gas through Renton and Lynwood to a
distribution system feeding Seattle from both the south and north. There are no transmission lines
through Seattle.

Most of the distribution system is buried and was built after 850s. Original pipelines were cast iron;

they have all been replaced by more flexible steel or plastic pipes that perform better in earthquakes.
The use of natural gas lagged behind electricity in the Northwest, which still uses less natural gas than in
many parts of the country. This situation developed due to cheap hydroelectric power, lack of access to
cheap U.S. natural gas fields in the 1960s and early 1970s and the high cost of Canadian sources.

The use of natural gas has been slowly expandinggemdth is likely at a moderate rate in Seattle.
According to U.S. census statistics, 41% of Seattle residences were heated by gas Th2dff@wth is
linked to its price, which is driven by complex national factors. Regionally, the most signifitanisfac
the use of gas to power electrically power plants. During the late 1990s and early 2000s, several gas
fired plants were planned then motballed. This development shook up the gas market. This volatility
acted as a brake on the expansion of natgas service in Washington State.

Peak demand is often in the winter. The Jackson Pramaerground storage facility stores reserves
near Chehalis, Washingtoas there is pumped into deep porous sandstone for later retrieval.
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Figurel0. Major Utility Infrastructure
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Water

{SFGGEt SQa o6 SN A& LINHSPW)R &partroedt of{th City of Seattlgeatde t A O | (A
Public Utilitiescontrols supply, transmission and distribution of water within the City of Seattle and
gK2tSalrtSa ¢FdSNI G2 6FGSNI RAAGNROGA Ay YAy3 [ 2dz/i
watersheds in the Cascade Mountains east of Seattle. Almasthirds of the supply comes from the
CedarRiverandone-third comesfrom the ToltRivet Wells provide$a &4 G KIFy 2y S LISNOSy G :
g1 GSN [A1S SEtSOGNRO LIR6SNE {SFHGdfSQa &I G4SN &dzLJLJE
mountains. Unlike power, it imore difficult to obtain water from distant sources.

Per capita water consumption has been dropping throughout King County. Total consumption peaked in
the late 1980s near 160 million gallons per day while population has been growing. Now King County
usesabout 140 million gallons per day despite the population increasing from 1,100,000 to over
1,300,000. The main drivers for the change were the 1992 drought that led to higher water rates, a
revised plumbing code, and improved conservation. Demand formsiewest in the winterat just

over 120 million gallons per dapemandspikes in late summeo nearly 220 million gallons per day.

Drainage and Sewer

The removal of wastewater from buildings and the drainage of water runoff have been closely linked
historically. Drainage systems are necessary in cities because they have large amounts of impermeable
surfaces that cause water to run off them and they have nowhere to store this runoff. Cities also create
large waste streams from indoor plumbing. Onelwd great advances in public health was the creation

of sanitary sewers to reduce disease. In Seattle, Seattle Public Utilities, handles the collection and King
County Department of Natural Resources and P@k¢éRPhandles the treatment.

When constructecarly in the 28 century, sanitary and storm sewensed the same collection system
This desigtis not good for the environment because untreated waste was frequently discharged into
local streams and water bodies when heavy rain overwhelmed treatnegracity. Theedischargesites
are called Combined Sewer Overflows (CSO).

King County is responsible for @&Qocations in the City of Seattl&o update the public when

discharges are occurring,A Y 3/ \2etigifelsBoRsICSO status in réale at
http://www.kingcounty.gov/environment/wastewater/CSO/RealTime/SeattleOverview.aSgattle

Public Utilities maintains another 90 CSO locationsthiatcity uility does not have redaime

monitoring of the sites. Although the City has more CSO sites, King County discharges more wastewater
because they control mainlines.

The amount of overflow has been redutsince the early 1960&0m the 20¢ 30 billion gdbn range to
less than 1.5 billion gallons (during the 2006 storrBs}h King County and Seattle Public Utilities have
programs to reduce the number of overflowsforts include perations improvementscapital intensive
projectsand separaing sewage from surface runoff

Despite the problems caused by C30sy serve a valuable purpose in the combined sydiea
Seattle has now. Urban flooding is a significant problem in Se¥tien hgh intensity storms occur,
the drainage system reacheapacityandbackupscanoccur. The problem would be much worse
without CSOs because the water discharged would have nowhere to go.

Steam / District Energy

District energy systems produce steam, hot water or chilled water at a central plant and then @ipe th
water or steam to buildings in a district for heating, hot water and air conditioning. In Seattle, district
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steam tunnels heat many of the buildings in downtown Seattle and many of the hospitals on First Hill.
Three major Seattle hospitals use steansterilize equipment and provide humidification. Loss of

steam to hospitals can create an infection control emergency and could compromise patient safety if the
outage is lengthyThe Seattle Steam company heats over 200 buildings. The University of Washing

also runs a steam system for many of its buildings.

Seattle Steam generates its steam in a power plant near the Pike Place market along Western Avenue. In
2009, they built a new boiler that will burn wood waste and reduce carbon emissions. Whilet dist

energy systems have many benefits and high reliability, they have to be managed to prevent accidents
like the 2007 New York steam pipe explosion.

Telecommunications

Seattle is widely viewed as athiS OK LJ2 § SNK2 dzaSX odzi Ydatibks 2 F 2 dzNJ OA i ¢
AYFNF a0 NHzOGdzNBE NBYFAya NR2GSR Ay 2t RSNJ GSOKy2f 238
a mix of broadcast media (television and radio), landline phone service, cellular networks, and cable

television. The future of telecommunicatis is based on high speed connectidrath wired and

wireless Washington State ranks f6n the nation in Internet speedshe U.S. as a whole ranks™2®

the world™. Many large organizations, including the City of Seattle, havedpghd connectios and

powerful private networksManylocally, howeverlack access to higspeed connections.

Telephone / Voice

Like everywhere else hpne service in Seattle is undergoing rapid changes as more and more customers
switch to wireless, voicever-Internet Protocol (VOIP) phones asahartphoneswith Internet access

like the iPhoneand others The Center for Disease Control and Prevention foum2007that nearly17%

of Washington residents use only cell phones. This percentage is like to be righier Sattle because

the number of cell phon®nly household$s growing and most metropolitan areas have higher rates of

cell phone usagthan other areas

The number of cell phorenly households becomes more of an issue as the use of automated
emergency notk OF GA2Yy &A2FG gl NBE INRggaD ¢KIF0Qa 06SOI dza$s
directory listings that these notification systems use as their calling databds®.landlines are

important as safety backups during power outages because they requicemmercial power to work

or charge

O
(s}

All of the major U.S. cellular providers (AT &pririNextel, Verizon, and-Mobile) have a strong

presence in Seattle. The hilly topography in the area creates problems for all carriers with dead spots
reported in many locations. Seattle often is one of the first markets to receive new wirelésmotegies
like the 4G network that ClearWire and Verizon plan to introduce in 2010.

Despite the explosion of cell use, traditional wired phone service is still the means by which the majority
of Seattle residents use phone service. In Seattle most basiveptervice and Internet is provided by
Qwest (80% share) anihcreasingly, Comcast (13%5)

Television / Video

Among Seattle residents, 69% subscribedble television11% use satellite systems and the remaining
20% rely on the traditional broadcasystem.ComcasR & y di’z a K theddminamtcatiea A U
provider.Many cable subscribers get higpeed internet connections from their cable provitfeMany
television viewersise their internetbased service tget video contentincluding television.
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Internet / Data

The use of higispeed internet has expanded rapidly in the last decade. In 2069 18% of residents

had highspeed connectiongy 2009, 74%did. Most of these higtspeed connections are over cable

modems using a cable television connectimnDSL lingswhich arephone-based technology. Comcast is

y2g 2FFSNAYI KAIKSNI ALISSR GaLINBYAdzyé 0O2yySOlAz2y> o
Clearwire offers a wireless Wimax higfpeed Internet conngtion, but their market share is low.

The fastest way to connect to the Internet is with a fiber optic connect. There is almost no fiber optic
service to residences and very little to businesses. Large institutions are the biggest users of fiber optics.
The average download speed in Washington State is 5.3 megabits per second. With a fiber connection,
speeds are often over 20 megabits per second.

Gaps remain in access to the internet even as overall usage grows. The biggest barriers to using
technology ae income, education, race/ethnicity, age, disability, and immigrant status.

Highspeed internet has not been viewed as an essential service but this attitude appears to be

changing. In a 2009 survey, the City of Seattle found that nearly half of a#messhid thahigh-speed

internetg I & APBSNE AYLERNIFYGE YR | y2(iK&MNemyimgthisa F AR A G ¢
response is the rapid growth is the number of people who use the internet to take care of essential

business, take classes, and keepouch with family and friends.

Twoway Radio Systems

There are many twavay systems operating in thaty of Seattle. The Seattle Disaster Readiness and

Response PlaigPRRR)Vol. 2 describes these systems in detail. The 800MHz Public Safety Radio has

bSSy GKS ol Olo2yS 2F {SrHulf SQa SabdBtEnysdasedddh NEt Sa a
1980s technologyFEMA plans a new standardia H p ¢ { NHzy | SHat patiitRgreateringr G S Y
operability between agencies and jurisdictiofidnter-operability is a commonly cited problem in

emergency response.

Broadcast Systems

Traditional broadcast systems remain important, especially in emergencies. Broadcast radio is the oldest
of the telecommunications serviced isalsoone of the mosimportant because it requires only a

transmitter and receivers. Broadcast television is used by only 20% of Seattle resideintpdatiantly

reaches communities have lower rates of access to technology.

Media

Media provides informatiomhat residents, bginesses and government need to make effective
decisions. They range from national corporations to individuals writing a blog for their neighborhood.
Before the telecommunications revolution, media were bound to a specific medium of distribution
Now, mostare available through multiple pathways. For example, television statiaisised toonly
broadcast their stories now offénternet content such aganscriptsand other written content, photos
andvideo clips

Traditional broadcast and print media rain critically important because they are the dominate way
that most people get their news. Thexplosion of online medihas not changed this (yet)

Written Media

Traditional media like newspapers are considered here along with newer tools like comimogty
Paper editions are still very important, especially for reackinegelderly, many immigrant and other
communities that are underserved by tihaternet.
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Printnewspapers play a strong role before emergencies by publishing stories on new haeardhes
preparedness and mitigatioWVhen theSeattle Postntelligencerceased publication in March 2009,
Seattle lost some capacity bring these valuable stories to the public.

Ethnicnewspaperand newsletters are critically important for reachingnedable communities who
may lack access to mainstream medihe vital role played by ethnic publications was emphasifted a
a family of five Viethamesgpeakingpeople tragicallydied heating their home with a charcoal burner.
The strength of the publations varies greatly bihe community servednd the frequency of
publication Many do not publish daily, so response can be slow after emergencies.

Blogs are becoming a popular two way communication tool at the community level and within affiliation
groups (e.g., trade groups). Examples inclugewn.myballard.comandwestseattleblog.comThese

blogs are both current and relevant at the neighborhood level. Most of these blogs offer Twitter feeds
for mobile users.

Broadcast Radio

Broadcast radio remains a powerful medilifd% of Americans listen to the radio evelgy'®. Seattle is

the 13" largest broadcast radio market in the U.8ith 57 stationsin emergenciedjve radio calin

shows can quickly become effective ways to create a community forum and disseminate information.
After an icestorm in SpokanandHurricane Katrinafor exampleJocal radio stations hosted cali

shows to allow members of the community to question officials, businesses and one another about the
best ways to cope with the emergency at hand. As more stations become automated andlylay o
nationally syndicated content, this vital community resource shrinks.

The Emergency Alert System (EAS) is a national warning system based in broadcast radio (although it
now reaches other media, too). National, state, local, and weather alerts casupedi It is used most
commonly for weather emergencies. A summary of the state plan can be foutite Washington State
EAS Plan websit&IRO radi@10 AMis the primary station in the Seattle area and KRLie

secondary station. Alerts would start with these stations and propagate to other radio and television
stations.

Television

Seattle is the 18largesttelevisionmarket in the United Statesoo. Fourteerl4 local television
stationsbroadcastjncluding affiliates of all major U.S. networks. These stations are all available via
broadcast and over cable television. Nationally, local television news is the most prominent news source
for citizens about what is happening in their communitie$elevigon sets are nearly universal, but only

69% of Seattle residents subscribe to cable television and most of these subscriptions are with Comcast.
A smaller percentage of Seattle customers use satellite receivers. Most television news is how available
on theinternet either as a stream or in clips. EAS messages propagate to television.

Emergency Services

Seattle gets its emergency protection from its police departnaemt anall-professional fire
department The fire departmenélsoprovidesemergencymedical servicesAmerican Medical
Response, a private compampntracts with the City of Seattle for ndifie threatening emergency
transport services.

Law Enforcement

The Seattle Police Department (SPD) is the primary law enforcement agency opeititinghe Gty of
Seattle.The department earned accreditation from the Commission on Accreditation for Law
Enforcement Agencies (CALEA) in 2003 and again in 208atleis one ofonly five of the top 25 city
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agencies to have accreditatiowith 1,329 swrn officers and 500 civilian employees, SPD is the largest
law enforcement agency in the State

Other agencies with limited jurisdiction include: King County Sheriff (public transit), Washington State
Patrol (state transportation routes), thdniversity of Waslimgton Police (UW propertydhe Port of
Seattle Police (port propertynd railroad police (Amtrak, BNSF)

SPD uses five precincts as the basis for operations. There is a police station in each precitst. SPD
maintains specialty uts that operate citywide. They include Special Weapons and Tactics (SWAT),
Harbor Patrol, Canine Unit, Mounted Patrol and a Traffic Unit.

Dialing 91-1 in Seattle firsconnecta caller with the Seattle Policel91 Communications Center
Trained employesthere transfercalls concernnga fire or medical issue to the Fire Alarm Centkey
evaluate calls concernirlgw enforcement issugand seml themto dispatch asnecessary. In 2008, the
9-1-1 Center handled 843,414 calls and made 223,976 dispatches.

Overal] major crime has been on the decreadneSeattlebut a disturbing rise in youth violenceatso
presentAy GKS 2@SNIft adlidAaidArOdd tdobéveniabitSodétha? GSNI £ £ C
cities of similar size. In 2003verall cime dropped t03667 incidens, a 40year low In 2008 major

crimes dropped to 3447 incidents, another 4%. The 2008 SPD Annual Report provides summary statistics
for crime and law enforcement actions.

SPDOs the lead agency for responding to civil disardied terrorism investigatioriThe Office of
Emergency Manageme(®EM) the lead office for communitwide disaster coordinations part of the
Seattle Police Department.

King County maintains the two correctional facilities serving Seattle. The Kinty@mprrectional
Facility is the primary detention facility in Seattle. It books over 50,000 people per year; 70% of the adult
population is released within 72 hours.

In Washington State, county superior courts are the court of general jurisdiction.abetteer courts
have been established with limited, concurrent jurisdiction. The most important of these for Seattle is
the Seattle Municipal Court, the largest limitadisdiction court in the State of Washington.

Fire Suppression

The Seattle Fire Depanent (SFD) provides fire suppression services in the City of Seattle and is the lead
agency for most incidents that involve rescue operations, unless a unified command is formed in a large
AYOARSYG®d {C5Qa TF2NOS 27T ™ =ngthof 2a8yTheSe2pbd0MB arklSNAR 2 Y Y S
divided among 33 fire stations, each of which house one engine company. SFD also operates specialized
apparatus.

In 2003, voters approved a levy to improve fire infrastructure throughout the city. This nearly

completed, me-year project has resulted in the upgrading or replacement of 32 fire stations; the
construction of a new training facility, a new Fire Alarm Center and a new Emergency Operation Center;
purchase of a new fire boat and other improvements.

Between 1994nd 2009, Seattle had an average of 503 structural fires and 1,378tnariural fires per
year. Structural fires declined by nearly 50% from 1994 to 2008, from 784 to 387. The national average
for cities of a similar size 841. The trend for nestructural fires, e.g., vehicles, brush, and rubbish fires,
has remained relatively flat.
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Figurell. Critical Facilities
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SeattldHazard Identification and Vulnerability Analysis

Data suggests that deaths and injuries hdeelined; property losses have not dieed. Big fires occur
every couple of years and inflate yearly totals. Large property losses do not correlate to high casualties
rates.

Emergency Medical Services (EMS)
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healthcare facilitiesAll 1,044 Seattle fire fighters are certified EMTs, as well as about 100 police officers.
To provideBasic Life Support (BI.SFD maintains four aid units acahtracts with a private provider,
American Medical Response (RYI AMRnormally operates seven moiLS aid units

To provide Advanced Life Support (ALS) irthifeatening situations, SFD partners with the University of
Washington and Harborview Medical Center to operate the succegsietinationally recognizeedic
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compared with about 5%ationwide*® Medic One ha3g8 paramedics and 7 medic units.

Currently, SFD handles many more EMS calls tharetaiged calls. In 2008, SFD handled over 65,000
rescue and EMS responsasd only 504 fire responses.

Healthcare and Human Services

The healthcare and human services systems of Seattle are tightening intertwipaliéprivate
network provides services rangig from a basic social safety net to advanced medical treatment.

Healthcare

Seattle has the largest concentration of medical facilities and personnel in the Pacific Northtest

hospitals,a public healtldepartment shared witlKing Countynd integral supporting businessasd

services medical laboratories, research institutions, traigicenters, medical suppliers and the tike
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ten hospitalsdominate. Many ofthe hospitalsmanage ancillary healthcare services across Seattle such

as ambulatory care centers, lotgrm care facilities, home health care and other services. Seattle

draws many ptients from outside the city.

Due to theconcentration ofmanyhealthcare services within the city limits, Seattle has a very high
number of healthcare workengithin its residential population. In a regional catastrophic event, Seattle
would havelarge numbers ofieneral medical personnel avdila, especially during business hours
when outpatient clinics are operatin§pecialty medical staff such as pediatricians or obstetriciaag
work in Seattlébut tend to live outside the city.

Public Healtlt Seattle & King Counigthe 10" largest metopolitan health department in the United
Stateslt is a primary provider of local public health services and collaborates with many different
partners through an integrated system of healthcare and public health services.

Public Healtlg Seattle & Kin@Countyfocuses on three major functions:

e Health Protectio ¢ Tracking and preventing disease and other threats; regulating dangerous
environmental and workplace exposures; and ensuring the safety of water, air and food.

e Health Promotiort, Leading effortdo promote health and prevent chronic conditions and
injuries.

e Health Provisiomg Helpingensure access to high quality health care for all populations.
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In Washington Statghe Director of Public HealitySeattle & King County servesths Local Health

Officer. This positiomas wideranging authority to control public health emergenci¢®awers include

the ability to quarantine people, close schools and other public institutions and take other measures to
control health risksThis considerable authity has been used with discretiomhe Washington State
Secretary of Health can act in lieu of local health officer under limited circumstances.

Human Services

The human service sector addresses the basic needs of the most vulnerable members of theitgmm
however it is not known how many people are served in total. After a disaster, basic human needs
expand and the human service sector steps in to help the community recover. The sudden spike in
demand can pose challenges. A community that is welpg@red for emergencies can lessen the

demand for postdisaster human services. Seattle has established a community disaster preparedness
program, in part, to lessen the burden on the human services sector.
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Authority) and private organizations. Téediffer so greatly is size, resources, scope, and capacity that it
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out due to their size and scope of operations. They include the human services departments of Seattle,

King County and Washington Statee Seattle Housing Authorigndlarge nonprofits such as American

Red Cross, SalvatidArmy, and Catholic Community Services. Seattle is also home to a large number of
foundations that do not offer direct services but supply funding to providers.

In general, government agencies do not provide direct services and rely instead on a network o
nonprofit organizations. Funding for these organizations is provided by government grants and contracts
as well as donations from individuals, corporations, and foundations.

The range of services provided by these organizations varies widely. Roadddly gie issues
concerning the sector cluster around providing all members of the community:

¢ Enough food;

e Shelter;

e Personal safety;

e Access to healthcare

e Access to training and education to learn job skills;
e A supportive community environment; and

e Accesgo culturally competent services.

The effectiveness of human service delivery after a disaster depends on strong linkages between the
community and the organizations supplying the services. Often it is the smaller organizations that have

the strongest tiego the community, but many of them are not prepared for major disasters and often

lack viable continuity of operations plans that allow them to remain in business after a disaster.

Following the December 2006 Windstorm, the United Way convened a tagkttbexamine the

NEBaLRyaS 2F y2yLINRFAG KdzYly ASNBAOS | 3SyOASa Ay Y
concludes that the region is not prepared to deal with the impact on vulnerable and special populations

in a major disaster evetitb ¢ C 2 f & r2léadey6fhisiiefort, the City of Seattle and United Way

began a program to assist local nonprofits plan for disasters.

The local United Way report and many national studies question the ability of nonprofits to lead human
service response after a nmjevent. The human service delivery system is so fragmented that sharing
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Figurel2. Human Service Facilities
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