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ABSTRACT: An Earthquake Engineering Research Institute (EERI) report entitled 

“Scenario for a magnitude 6.7 earthquake on the Seattle Fault” was released in late 2005. 

This report represents more than three years of effort by professionals in the Seattle 

region in conjunction with EERI. It was initiated to assist engineers, architects, building 

owners, emergency managers, government agencies, and elected officials to plan for 

response to such an event, and to serve as a basis for reducing earthquake risks. The 

scenario document describes the scenario earthquake, ground failure, possible effects on 

lifeline structures, transportation facilities, buildings and critical facilities as well as the 

economic impact. Response and recovery issues are also described. The key object of the 

scenario is a “call to action” for regional preparation and mitigation. The tool “HAZUS” 

was used to quantify some of the expected losses. This paper describes the background to 

the document, methods which have been used to communicate technical details to non-

technical people, and the impact of the document since its recent release.   

1 INTRODUCTION 

Decisions to design, or make modifications to, structures or facilities for earthquake risk are carried 

out through a relatively simple process. Petak (2001) describes three steps and these are expanded 

below. Firstly, stake holders must be made aware that there is a risk. This is usually the result of an 

experience which has involved some loss. Secondly, they must be made aware that there is a means 

for mitigating the risk. This may be the result of experience, or models (physical, analytical, 

sophisticated or simple) which are consistent with experience. Thirdly, the stakeholders/responsible 

officials must choose to allocate resources which could be used for some other purpose to provide 

some risk mitigation. The degree of mitigation that stakeholders choose for their facility is affected by 

recent disasters, other competing needs, as well as pressure from the media, technical experts and 

stakeholders. Scenario studies can also provide an impetus for decisions affecting seismic risk. 

A scenario study is a story made up about something which has not yet happened. It identifies a likely 

future event and examines the probable course of that event on infrastructure, people, and systems 

currently in place. In the crisis management field, some scenario studies, such as this Seattle Fault 

project, are analytic, while others involve physical manipulations, such as a full-scale response 

exercise to a hazard event. Scenario studies highlight strengths and weaknesses pertinent to likely 

futures. Because they are vivid, these studies help decision makers to think through the ramifications 

of events they might not have yet considered in detail (Stewart et al., 2006), and they may provide fuel 

for stakeholders wanting change. 
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The Seattle Fault Scenario was developed by experts from a wide range of different fields related to 

earthquake loss mitigation, response and recovery. It was developed in order to inform owners and 

public officials responsible for public or private organizations, of the risks they faced so that steps may 

be taken to consider those risks and manage them appropriately.  

The Seattle Fault Scenario was built on the success of the Hayward Fault Scenario (EERI 1996), in 

which the likely effect of rupture on the Hayward fault was described with graphic photos and short 

descriptions in language that non-specialists could understand. Various agencies around the 

Berkeley/Oakland area found the document very useful and it formed the basis for initiation of 

mitigation plans.   

Since the Hayward Fault Scenario document was written, technical knowledge has improved and new 

earthquake loss evaluation tools have become available. In particular, much more is now known about 

the Seattle Fault and the loss-estimation software HAZUS has been developed.  

2 ORGANISATION 

The Seattle Fault Scenario project was initiated by the EERI. Their initial aim was to write a scenario 

development procedure. It made sense to write this in conjunction with an actual scenario and Don 

Ballantyne suggested Seattle as the location. Seattle region has an interesting geography for a scenario 

as shown in Figure 1. A small amount of money was made available. Some of this was used to 

perform the HAZUS runs, some was used for the scenario development procedure, and some was for 

final report production.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. The Seattle Region and Scenario Peak Ground Accelerations 

The project team that coordinated the study consisted of 12 members. These were volunteers who 

believed that the development of a scenario was worthwhile. Expertise of the members included 

assessment and retrofit, earthquake risk, emergency preparedness, lifelines, geotechnical engineering, 

management and decision making, planning, seismology, and structural engineering. All of these 

people hold key positions in national professional committees in their fields and they have been 

involved with post-earthquake site investigations. They were employed as consulting engineers, 

consulting planners, or as public servants with the University of Washington, National Science 

Foundation, Fire Department, City of Seattle Emergency Management, Washington Military 

Department Emergency Management or the United States Geological Survey (USGS).  
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Different chapter teams were set-up to look at different parts of the study as shown in Table 1. Where 

local expertise was not available, out-of-state expertise was used. Chapter team leaders were from the 

Project Team. In general, chapter contributors were responsible for different parts of the chapter 

depending on their expertise. For example, in the transportation chapter different people were 

responsible for Airports, Ferries, Sea Ports, Rail, and Roads and Highways. Many other people 

provided assistance with information, or served as part of the review.  

Table 1. Scenario Report Organisation 
 

CHAPTERS                                          TITLES                       Number of Contributors 
Executive Summary         

Introduction 

Prologue 

Chapter 1:    Scenario Earthquake and Ground Motions           (6) 

Chapter 2:    Ground Failure                   (4) 

Chapter 3:     Lifelines                     (5) 

Chapter 4:    Transportation                    (6) 

Chapter 5:    Buildings                     (6) 

Chapter 6:    Essential Facilities                  (5) 

Chapter 7:    Economic and Business Impact              (5) 

Chapter 8:    Individual and Community Impacts, Response and Recovery     (3) 

Chapter 9:    Call-to-Action                    (Project team -12) 

 

Initial meetings involved developing a focus for the study, determining the layout of the scenario 

document, selecting team leaders and members, developing ground motion records and HAZUS runs, 

and obtaining necessary data for the scenario. Later stages involved writing the chapters, revising 

them, and making presentations regarding them. 

It had been initially envisioned that the scenario would be developed totally with volunteers. However, 

after presentations were made to city and emergency management groups about 2 years from the 

initiation of the study group, writing of the report languished due to the effort required to put the 

whole document together. Fortunately, the Washington Military Department Emergency Management 

Division (EMD), volunteered to provide resources, both in terms of staff time and funds for 

publication of the document. Mark Stewart, with both an emergency management and a technical 

writing background, spent several months full time coordinating the completion of the document. 

Without the assistance of the EMD, the scenario document would have been completed later, and the 

quality would likely have been less. 

3 SCENARIO STUDY CONSIDERATIONS AND INFORMATION USED 

A scenario needs to be specific, it needs to be limited in scope, and the data, as well as the methods to 

interpret the data, must be seen to be reasonable if it is to have credibility. Some of these 

considerations are given below. 

Three types of earthquake threaten Seattle. These include a major subduction fault which can generate 

an earthquake with a magnitude as great as 9.0, deep earthquakes below the Puget Sound, and shallow 

earthquakes. The Seattle Fault was first discovered in 1965, but it was found to be active in 1992. The 

Seattle fault zone was responsible for a magnitude 7 or larger earthquake about 1100 years ago. The 

scenario magnitude (M6.7) was based on a more likely event corresponding to a fault offset at the 

surface of about 2m which is a similar displacement to that seen during recent fault mapping in 

Bellevue. The Seattle fault source dominates the Seattle hazard maps, mainly because it is closer to 

Seattle than the subduction, or deep Benioff earthquakes. Approximate probabilities associated with 

the different earthquakes are given in Table 2. The team used an earthquake that occurs at midday to 

maximize human casualties. 
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Table 2. Accelerations on Stiff-Soil Near-Fault Seattle Sites for Various Earthquakes/Scenarios 
(Compiled by MacRae, University of Washington, 2/2005) 

Approximate Accelerations Event Approximate 

Probability of 

Occurrence 

In 50 years
1
 

Ground 

 

(PGA) g 

Short 

Structure 

(Sa,0.3s) g 

Tall 

Structure 

(Sa,1.0s) g 

Deep (Benioff): 
  Nisqually, 2001M6.8 

 

Subduction: 

  Cascadia M9.0
1,7

 

 

Crustal: 
  Seattle Fault M6.5

3 

  Seattle Fault M6.7
3
 

  Seattle Fault M7.0
3
 

  Puget Sound Crustal   

        Event M6.5 

 

Design Levels: 

IBC Building Level
4
 

  (2/3 * 2%in50 years from USGS) 

 

Typical Bridge Level
6
 

(2%in50 years -USGS) 

 

84%
2
 

 

 

12% 

 

 

5% 

4% 

2-3% 

15% 

 

 

 

 

 

 

 

 

 

0.06g-0.25g
1
 

 

 

0.18g 

 

 

0.50g 

0.65g 

0.70g
 

Depends  

On Location 

 

 

0.35-0.40g 

 

 

 

0.56g 

 

0.13-0.55g
1
 

 

 

0.45g 

 

 

1.1g
 

1.4g 

1.5g 

Depends on 

Location 

 

 

0.90-1.0g 

 

 

 

1.43g 

 

0.04-0.40g
5
 

 

 

0.30g 

 

 

0.65g
 

0.72g 

0.80g 

Depends on 

Location 

 

 

0.39-0.44g 

 

 

 

0.62g 

1 
Courtesy of Art Frankel, USGS 

2 
There is a similar probability for similar event with M > 6.5 

3 
Values obtained by Art Frankel for Site Category C. 

4 
Courtesy of Susan Chang, Shannon and Wilson, modified 

for Site Category C 
5 
Computed based on information from George Thomas and    

     http://www.pnsn.org/shake/0102281854/intensity.html 
6 
Developed in discussion with Duane Wilson, WSDOT 

7 
Courtesy of Art Frankel, USGS, and Bob Freitag, CREW  

The study region was limited to Pierce, Snohomish, and King counties which contain six of the ten 

largest cities in the state - Seattle, Tacoma, Bellevue, Everett, Federal Way and Kent. The western side 

of Puget Sound, which contains the western part of the Seattle Fault, the town of Bremerton as well as 

some naval shipyards and facilities, was not considered in the study region.  

Standard USGS methods were used to generate bedrock ground motions from the scenario rupture, 

and further modifications were carried out to determine the peak ground accelerations, and 

accelerations for elastic oscillators with periods of 0.3s and 1.0s, on top of the soil.  

The Seattle Fault project team used existing studies, information developed by regional and national 

experts in engineering, earthquake science and emergency management, current knowledge of local 

structures and regional development trends, and information in the HAZUS (1999) database. The 

database contained locations of schools, hospitals, highways and lifelines, etc. but a lot of information 

was missing. For example, the multi-storey structures in downtown Seattle were not included. 

Furthermore, the fragility models for the structures given were not always appropriate. In many cases 

the damage information from the loss estimation program, HAZUS, was obtained and then modified 

according to the expert opinion of the section contributor. Because there are a limited number of 

hospitals in the region, information about each hospital was used to develop revised fragility curves. 

Overall loss estimates in the scenario were obtained from the HAZUS (Level 1) analysis using the 

USGS accelerations on top of the soil with the basic infrastructure details contained in the default 

database, because better information was not readily available.  

 

 

E E E 
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Information related some major organizations was requested, but it was forthcoming in only some 

instances. For example, the Washington State Department of Transportation is well aware of its 

seismic vulnerability. It describes this on its website, as well as regional consequences of the collapse 

of some bridge structures. By making this information public, it can obtain support from different 

groups as it lobbies for more retrofit funding. Washington State Ferries has traditionally not 

considered earthquake specifically, and they say so. However, they have contingency plans for other 

types of disaster which they would implement if need be. One port, which is one of the largest 

employers in the region, was less than forthcoming regarding their earthquake preparedness. Their 

lawyers advised that no comment be given. This may be because any adverse publicity regarding 

earthquake vulnerability may reduce their market share relative to other ports in the region. Informal 

contacts with the engineers in this port indicate that no earthquake mitigation has been, or is being, 

carried out. They have been asked only to think about responding to an earthquake disaster when it 

occurs. Any failure of this particular port will not only affect the port itself, but it will also have a 

major effect on the whole region. Staff from other ports in the region, which also had relatively little 

preparedness, were happy to discuss their vulnerabilities and wanted to use the findings of the scenario 

project as a lever to initiate disaster mitigation steps within their own organisations. Other large 

organisations, like Boeing, were not willing to disclose their vulnerability. When information was not 

readily available, or even when it was available but there were not enough resources to process it 

properly, expert opinion was used. In general, because a full study of a particular structure (building or 

bridge) was not generally carried out, comments about specific structures could not be made.  

A large number of specialists were consulted during the scenario development to ensure that the 

scenario was credible. External reviews of the document from a wide range of key entities (e.g. 

government departments and businesses) were used as a final quality control check before publication. 

Requesting these reviews increased the project visibility, the quality of the final document, and it 

minimized the possibility of criticism of the project outcome. 

4 FINDINGS FROM THE SCENARIO STUDY 

The major findings of the magnitude 6.7 scenario earthquake on the Seattle Fault are given below 

(EERI, 2005). “It will disrupt for weeks and months individuals, families, businesses and governments 
throughout the region. The disruption will be much, much greater than the February 2001 magnitude 
6.8 Nisqually earthquake. Collapsed buildings or falling debris will kill or injure thousands of people, 
and trap hundreds of others. Hospitals closest to the fault may be unable to provide care to the injured 
because of damage to their facilities. Damage to the transportation system will impede emergency 
responders, prevent many commuters from returning home, and impede traffic and commerce for 
months. Shelter space for people made homeless because of the quake will be limited in the immediate 
area because of damage to schools and community centers. Water for drinking and firefighting will be 
scarce because of pipeline breaks. Power and natural gas service will be out, and telephone and radio 
communications will be difficult for days. Untreated wastewater will pollute soils and waterways near 
sewer line breaks. Losses will be similar in magnitude to those of the 1994 M6.7 Northridge 
earthquake in California, at $40 billion, the nation’s most costly natural disaster to date. 
…. 
Scenario earthquake losses include: 
■  Property damage and economic loss – About $33 billion. 
■  Deaths – More than 1,600. 
■  Injuries – More than 24,000. 
■  Buildings destroyed – About 9,700. 
■  Buildings severely damaged and unsafe to occupy – More than 29,000. 
■  Buildings moderately damaged whose use is restricted – About 154,500. 
■  Fires – About 130, causing nearly a half billion dollars in property damage. 

 
The economic impact of the scenario earthquake on the region and the State of Washington primarily 
depends upon how quickly the heavily damaged transportation system is placed back into service.” 
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Further details of the region, the vulnerabilities, likely damage and the rationale for predicting damage 

are available in the scenario report.  

While the scenario project was originally aimed to raise concerns so that groups likely to be affected 

would make the decision to consciously think about their best course of action, the scenario authors 

saw some obvious steps that needed to be taken to immediately mitigate risks. A Call-to-Action 

chapter was developed containing nine recommendations. For each of these, the rationale for the 

recommendation was stated, and the consequences of not following the recommendation were 

highlighted. 

Priority recommendations were to: 

• Establish an Independent State Seismic Safety Board or Commission 

• Implement Risk Reduction Plan for Critical Public Facilities 

• Retrofit of High Risk Buildings 

• Protect the Transportation Infrastructure 

General recommendations were to: i) Accelerate Earthquake Hazard Assessments, Geological 

Mapping and the Use of these Studies, ii) Develop Incentives for Increased Seismic Safety, iii) 

Expand Public Education Programs with Emphasis on Self-Sufficiency; iv) Enhance the Pacific 

Northwest Seismographic Network; v) Establish an Earthquake Information Clearinghouse. 

5 METHODS OF COMMUNICATION 

The scenario document uses a number of techniques to communicate to the intended audience – 

planners and stakeholders. 

As much as possible, descriptions were removed of technical jargon to make them readily 

understandable. An executive summary (from which the excerpt above was obtained) provides a 

summary of the document in 11 pages. Glossy paper with many good quality colour photographs, and 

figures was used to make it attractive to read. Photographs of damage were taken from the region after 

past earthquakes, or from other locations in the world with similar construction. General information is 

given in text boxes which are shaded in blue relating to a previous submarine landslide, general 

information on mitigation of ground failure, impact of damage to warehouses, etc. 

Because some readers do not relate well a factual style of information presentation, efforts were made 

to personalize the information.  The prologue introduces a number of (fictitious) people from different 

walks of life, such as a school teacher, a businessman, a shop owner, a tourist, and a mother. At the 

beginning of each chapter, some aspects of what some of these people are doing and feeling as the day 

progresses were presented. For example, one of the stories at the beginning of a chapter is: 

It was apparent to Lisa and Marjorie Bona that they were not going to get home to Bainbridge Island; at this 

point, all they wanted was to escape from the horrors of the Alaskan Way Viaduct, portions of which lay 

amid twisted cars and bodies. Luckily, they at least were at a place they needed to be. It took almost an hour 

to walk to the hospital for Marjorie’s biopsy. The waiting room was packed; the longer they waited the more 

injured people they saw carried into the hospital. After an hour, they heard that the hospital was canceling 

all nonessential procedures until further notice. The sisters huddled in a corner on the floor feeling fortunate 

to be out of the rain. They did not know what to do. 

6 MEASURES OF SUCCESS 

The impact of the scenario is described below in terms of the awareness raised regarding earthquake 

risk, or from any activities initiated to better consider or manage earthquake risk which can be 

attributed in some part to the scenario effort.  

• There have been more than a dozen television and radio interviews and newspaper stories 

regarding the scenario. This includes a big multi-page feature story starting on the front page 

of the Sunday Seattle Times in February 2004.  

• Several presentations were made to interested groups (of up to 100 people including city 
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organisations such as planners, engineers, fire, police, emergency responders, insurance 

underwriters) both during the development of the scenario, as well as after the scenario. At the 

rollout meeting in February 2004, 450 people from different professions attended. The local 

mayor spoke and the state governor’s office was represented. 

• The Seattle Fault Scenario document was produced in 2005. A total of 4,100 books were 

printed and distributed. The scenario has its own web site were the book can be downloaded 

http://seattlescenario.eeri.org. The number of copies downloaded to date is not known.  

• Significant presentations were made to the Washington State Senate Transportation 

Committee and to the Puget Sound Region Freight Mobility Roundtable in Autumn 2004 

regarding the impacts of the scenario earthquake on the transportation infrastructure. 

• Funding for renovation of the University of Washington Seismic Laboratory, the major 

laboratory which collects seismic data in the Washington State, has been given high priority 

for the supplemental budget and it is currently under consideration by the state legislature. 

This renovation was one of the call-to-action items.  

• The State Seismic Safety Committee, which was relatively ineffective, has been reconstituted. 

This change is a result of the recommendation for an independent Washington State Seismic 

Safety Commission directly accountable to the state governor.  Dave Swanson, a structural 

consulting engineer and one of the team members, has agreed to serve as a co-chair of the 

reconstituted State Seismic Safety Committee.  

• The City of Seattle Department of Planning and Development was inspired by the scenario 

study and is currently putting together a proposal with the city to analyze the cost 

effectiveness of retrofit investments on city infrastructure with the goal of lining up people 

and money behind targeted retrofit investments.  

There are also less quantifiable effects impacts of the study. For example, planners were initially 

noticeably uninterested in the scenario.  However this changed after the Hurricane Katrina. Statements 

from a New Orleans resident who stated “They (the authorities) knew there was a problem, they knew 

that it was only a matter of time, and they did nothing!” have echoed around the world media. Planners 

around the US have meet together to evaluate the vulnerability and risks in their own regions to any 

type of natural hazard. Hurricane Katrina has caused a significant increase in understanding why it is 

important to plan for recovery.  A task force is currently being launched through the local American 

Planners Association using this window of awareness.  Representatives of many communities 

including smaller ones without large planning staffs are participating.  

7 SCENARIOS IN NEW ZEALAND 

New Zealand already has carried out vulnerability and scenario studies in many regions over a number 

of years (e.g. CAE 1997; Pegasus 04 General Scenario, 2004). Many of the vulnerability studies have 

been carried out by the regional lifelines groups. These evaluate the infrastructure, and planners have 

used these studies to reduce vulnerabilities. Many scenarios have been conducted in conjunction with 

the Department of Civil Defence and Emergency Management. They are short but detailed, specifying 

the likely damage in specific hospitals, rail lines, etc. Response and recovery practice activities have 

been coordinated around these scenarios. In New Zealand, most organizations explicitly consider 

earthquake risk. Therefore, scenarios are used to enable decision-makers to think through the 

ramifications of events rather than as a tool to pressure organizations to plan for earthquake. In all 

countries, better data, models and communication methods will provide the scenarios with more 

credibility and usefulness as planning tools. 
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