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Overview 
These notes, organized by the topics in the breakout sessions, record the response of the 
attendees to the plans we discussed, and will guide our direction as we undertake the 
project.  Please direct further comments to John Vidale (vidale@uw.edu). 

Powerpoints from presentations given by the M9 project team and by attending 
collaborators may be accessed on the M9 website at m9.ess.washington.edu along with 
other relevant documents such as the project overview provided to workshop attendees.  
We thank the NSF for funding our Hazard SEES project Magnitude 9 Earthquake 
Scenarios, under award number EAR-1331412. Any opinions, findings, and conclusions 
or recommendations expressed in this material are those of the authors and do not 
necessarily reflect the views of the National Science Foundation. 
A draft of this report was distributed to meeting attendees 28 May 2014. The final report 
was posted 4 June 2014. 

Subproject summaries 
Ground motions and fault rupture 
The engineers who attended the breakout session were very supportive of the M9 effort 
and expressed a need to have broadband synthetic seismograms for M9 earthquakes.  
Their major advice was, in the words of Andrew Taylor, to "bring the engineering 
community along in the process."  This involves briefing engineering groups on the 
methodology and results of the M9 simulations, so that the engineering community is 
involved in the process. 

In particular, M9 personnel were invited to attend upcoming meetings of the earthquake 
engineering committee of the Structural Engineering Association of Washington (SEAW) 
and to give a presentation on the M9 simulations.  We accepted this invitation.  We also 
stressed that we wanted the input of the engineering community when deciding the set of 
scenarios to be simulated with the 3D model.  
There was discussion about the products to be delivered by M9, in terms of broadband 
strong motion synthetic time histories.  Art Frankel explained that the synthetics were 
calculated over a grid of sites, which could be adjusted to best address the needs of the 
users.  The idea of a user-customized set of waveforms was discussed.  The user could 
supply a site-specific shear-wave velocity profile and this would be used to produce a 
site-specific high-frequency seismogram (> 1 Hz) that would then be combined with the 
low-frequency synthetics from the 3D simulations, to produce site-specific broadband 
synthetic seismograms. 
Frankel described the development of the methodology and its validation with the 
modeling of the strong motion records of the 2010 M8.8 Maule, Chile and 2011 M9.0 
Tohoku earthquakes.  He showed how the type of rupture model that explains the Maule 
records is being used in the Cascadia M9 simulations.  Frankel described the 
development and validation of the 3D velocity model used in the Cascadia simulations. 
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Harold Magistrale emphasized the need to combine geologic information, such as the 
southern border of the Seattle basin, with velocities determined using inversion of surface 
wave data.  He stressed that these inversions can smooth out important interfaces along 
the edge of the Seattle basin.  Frankel noted that the latest version of the velocity model 
takes into account the geology at the southern edge of the Seattle basin, as did earlier 
models.  

Susan Chang from Seattle DPD stressed that we will need to consider how the research 
from this and other subprojects can be incorporated into the building code because that is 
the only way they can make people do things. Building code updates are a longer-term 
process than the duration of the M9 project, stressing the need for a more sustained long-
term research effort. 

Buildings and Bridges 
The workshop participants expressed the need to model representative archetypes that 
could be affected by large magnitude subduction quakes.  
The three newer structures that should be considered are (1) tall concrete core walls with 
steel framing (typical office),  (2) tall concrete core walls with post-tensioned slabs 
(typical residential), and  (3) 5-story wood structures on 2-story concrete podiums. 

Older structures that should be considered include  (1) moment frame buildings built in 
the 70s and 80s and  (2) unreinforced masonry buildings. 

Participants and M9 team members also agreed to create a task force to assist in the 
validation of structural models and bridge engineering practice to M9 research, which 
will be done in collaboration with SEAW. 
Participants identified common non-linear modeling issues that arise with long duration 
events that should be addressed in the M9 research such as low-cycle fatigue, structural 
softening and period elongation, and damage from aftershocks. 

A key way to ensure the results of the M9 project are useful to collaborators would be to 
provide an online database containing M9 ground motions sampled through a regional 
grid for future research and design consideration in practice. 

Landslides 
The topics of landslides and liquefaction were discussed in a single breakout group. 

The landslide discussion focused on understanding the current efforts of the state 
agencies represented at the meeting (DNR, DOGAMI, WSDOT, city of Seattle) in terms 
of landslides and slope stability in Cascadia in general as well as how our groups can 
enhance further collaboration and complement individual efforts.  All parties expressed 
interest in sharing data and transferring knowledge.  It was noted that resources are 
limited in the public agencies, emphasizing a need to provide them output that is readily 
implementable (e.g., in GIS-ready form) that can be used in existing hazard models (e.g., 
predicted deformations that could be brought into HAZUS).  Ian Madin (OR DOGAMI) 
underscored the need for high quality LiDAR data in this work by sharing that 22-45% of 
the coast range has been involved in past deep-seated landsliding, and that only 30% of 
the largest slides can be identified using traditional photogrammetry.  In particular, he 
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mentioned that an ongoing LiDAR project in Oregon may provide a rich source of high 
quality data across the full range of landscapes of interest to the project. 

Liquefaction 
The proposed liquefaction work was considered to be useful and well directed.  
Discussion focused on the effects of long duration on liquefaction and lateral spreading 
hazards.  The potential for liquefaction to be triggered relatively early in a long-duration 
motion, in which case the soil could be subjected to significant shaking in its liquefied 
state, was discussed.  The workshop participants were particularly interested in the effects 
of this situation on lateral spreading displacements, which led to a discussion of the 
significance of displacements/deformations as measures of liquefaction and landsliding 
hazards.  Participating organizations (e.g., Washington DNR, DOGAMI) offered access 
to data and expressed willingness to help identify sites of potential interest; DOGAMI 
has data on investigated sites where no evidence of liquefaction was found, even though 
liquefaction should have been expected in historical earthquakes.  Such sites could help 
put bounds on duration effects for liquefaction. 

Tsunamis 

All workshop participant input was relevant and valuable.  The three main themes of 
feedback were regarding fragility curves, landslide-generated tsunamis, and probabilistic 
products.  Each are discussed in turn below. 
WA DNR’s Tim Walsh expressed a need for tsunami forces fragility curves.  This is 
welcome input; although not explicitly listed as a deliverable in the M9 proposal, the 
Tsunami and Buildings & Bridges teams had previously discussed this as a good goal to 
pursue.  Since the 2004 Sumatra and 2011 Tohoku events, tsunami fragility curves has 
been a very active area of research, especially by Japanese scientists, and some progress 
has been made.  As an end product, fragility curves would rely on and integrate the 
results of both the Tsunami team and the Buildings & Bridges team.  We will pursue the 
development of tsunami forces fragility curves as an explicit goal of our research. 
There was high interest by many in landslide-generated tsunamis, including slides in 
Puget Sound and lakes in Washington.  Susan Chang expressed a specific interest in 
tsunamigenic landslides in Lake Washington and Lake Union, as well as the phenomenon 
of seiching.  If more interest were expressed in lake seiching, the team would consider 
modeling this process.TJ McDonald, Seattle OEM, placed a high priority on knowing 
more about landslide-induced tsunamis.  He noted that, although surveys are expensive 
and might be outside the scope of project, they might possibly be conducted for a 
particular site in one or two areas where the city already knows the geology.  The tsunami 
team is actively investigating methods for modeling landslides and debris flow, in 
collaboration with M9 project team members, USGS Cascadia Volcano Observatory 
modelers, and others.   

WA DNR’s Tim Walsh and WA EMD’s John Schelling expressed cautious interest in 
probabilistic products.  Primary concerns were the ultimate validity and utility of the 
products; these are, of course, major concerns of the M9 Project team, as well.  John 
stressed that we need to make sure scenarios are ground-truthed with tsunami evidence.  
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John also expressed a major concern that, “if we start looking at 100,000-yr events, it will 
lead to presumptions by local communities that they should design to worst case scenario, 
and life safety provisions through vertical evacuation might not even seem achievable.” 
Beyond this, John urged close collaboration with DNR and EMD and, especially, to make 
sure that the constraints on scenarios are based on coordination with DNR, DOGAMI, 
and other experts.  Finally, both Tim and John warned against rapid introduction of 
probabilistic products to the public. 
DOGAMI’s Ian Madin expressed concern that if detailed tsunami hazard maps for 
Oregon were developed and publicized this would create confusion with the existing 
Oregon maps that have been developed at great expense.  He was reassured that, in fact, 
the tsunami team will concentrate on the needs of Washington and that, in addition to our 
reliance on guidance from Art Frankel regarding source specification, we have been in 
close contact with Oregon scientists George Priest and Chris Goldfinger, whose turbidite 
work has had a strong influence on the 2014 update of the National Seismic Hazard Maps. 

Susan Chang, Seattle DPD, expressed an interest in probabilistic inundation maps that 
would be similar to ground motion maps, in that they would not be based on single 
scenarios. 
We will work closely with DNR and EMD as outlined in the M9 proposal – we will 
continue to provide non-probabilistic products, and we plan to provide them with 
probabilistic products as supplementary information that may be of use in decision-
making.  We will also continue to work closely with DOGAMI and OSU on common 
research interests and goals associated with PTHA. 

Although we plan to publish in the peer-reviewed literature, we are also sensitive to 
issues of public release in the context of providing products directly to community 
residents and/or community officials.  An important related issue is risk communication, 
and we will work closely to improve our products with the M9 team conducting R&D on 
this and other community outreach and education issues. 

Earthquake Early Warning 
A perceived issue was that Earthquake Early Warning (EEW) might give people a false 
sense of security, undermining other earthquake mitigation funding and public response.  
The group tended to think, however, that while EEW would absorb resources, it would 
remind the public of earthquake dangers and help, rather than interfere, with existing 
efforts.  They were generally enthusiastic at the potential usefulness, and most 
acknowledged that EEW is inevitable and to be desired.   
But it was also clear, especially to the emergency managers, that educating the public 
how to respond to EEW will take resources not currently in their budgets. Improving our 
understanding of how EEW would be perceived and acted on is a specific goal of M9. 

The group identified a number of impediments to rapid EEW notification through the 
many communication systems available (smartphones, internet, twitter, weather radio and 
others); these are issues M9 would like to investigate.  
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Several people noted the growing convergence of EEW and tsunami warning, and the 
importance of making sure they are integrated; the M9 effort would like to facilitate this 
integration. 
Pilot survey responses from workshop participants were shared and discussed briefly, and 
Mike Lindell compared these with recent survey results from Japan and New Zealand 
collected by him, David Johnston and others. We will work closely with them as we 
develop the public survey.   

Planning and Resilience 
Probabilistic scenarios help people to understand the range of hazards for which they can 
take action, and to understand that certain actions and plans are more or less likely to help 
the community prepare for a range of possible events.  Relatively rare events such as 
Cascadia Subduction Zone earthquakes (which current research estimates recur between 
240 and 530 years) can be interpreted as very low risk since so few if any people have 
experienced them. People may discount the risk they face, and be disinclined to take 
action. 

However, this attitude varies from community to community. Communities in Hawai’i 
seem pretty comfortable with the idea of taking action on the basis of low-frequency, 
high-impact events.  The utility of maps as an engagement and communication tool was 
discussed in our group, noting some potential opportunities and some challenges.  Maps 
have been useful helping people to understand that earthquakes and tsunamis don’t just 
happen in one spot. 

But mapped features such as tsunami inundation zones and landslide run-outs also have a 
spatial specificity that belies the complexity of the event and the evolving science that 
anticipates it.  Despite preferences for simple information, hazard areas mapped with 
clear lines representing absolute boundaries may raise questions about the science that 
produced them. 
If maps are used for public engagement, one proposed method includes mapping the 
impacts as part of whole scenarios, with scenarios functioning as stories that can be 
communicated via a range of “media” such as story narratives, statistics, maps, and 
images.  Such scenarios should illustrate the impacts of events as people would 
experience them in all their complexity.  To incorporate probabilistic results, probabilities 
could be assigned to various outcomes within scenarios and connect these to 
consequences and personal impacts.  In terms of using probabilities to communicate risk, 
health and weather warnings provide some successful examples of probabilistic forms of 
information leading to increased understanding and individual action. 

Engaging the community and allowing them to tell the project team what matters to them, 
as opposed to the project team telling them what matters, is very important.  We will ask 
communities what they appreciate and what they believe would happen as a result of a 
disaster and use this conversation to discuss the opportunity to change. The newest 
research indicates that social capital is very important to how people respond to disasters. 
Social capital is a measure of an individual’s or group’s networks, personal connections, 
and involvement, usually contributing to enhanced trust, cooperation, and collective 
decision-making efficacy among members of a network or community. More research 
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could be done on how social capital relates to how people perceive risk and act in the 
face of hazards. 

Finally, more time needs to be spent testing public responses to information, in addition 
to time spent on generating the information itself.  Fast, informative and actionable 
communication is essential and while such communication can be a challenge, the public 
will expect to be informed.  Shorter messages are better, all else equal.  The project team 
will need to distinguish and communicate the outcomes and value of this research 
differently for experts vs. for the public.  Each scenario could be tested with a different 
group of people for their responses/input/outcomes.  Thus, outcomes, as well as the 
hazards themselves, can be assigned probabilities.  

A theme mentioned several times, and in line with current brainstorming at the UW, is 
how to make the earthquake resilience effort more long-term and broaden the range of 
hazards considered, while keeping in close contact with stakeholders.  
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Workshop Schedule 
 

Kate Allstadt, with help from Ann Bostrom, Jeff Berman, and Bill Steele arranged the 
meeting, Steve Charvat secured the meeting space, and John Vidale presided.  Kate and 
John merged the summaries and applied light editing.  90% of the people invited attended, 
completely filling the room at times.  The weather and view were splendid. 

 
April 25th, 2014 

UW Tower, Ravenna Room, 22nd floor 
 
 
8:30 – 9:00   Check-in (UW Tower Lobby), Coffee and Tea (Ravenna Room) 
 
9:00 – 9:05   Welcome and Introduction – UW Provost Ana Mari Cauce 
 
9:05 – 9:30  Overview of M9 

Introduction of M9 project personnel and workshop attendees  
Overview of M9 research plans  

! John Vidale – M9 PI, Earth and Space Sciences 
! Jeff Berman – M9 PI, Civil and Environmental Engineering 
! Ann Bostrom – M9 PI, Evans School of Public Affairs 

 
9:30 – 10:30   Individual Presentations by Collaborators and End-user 
Organizations  

5 min presentations followed by time for additional 
contributions/discussion 

! Tim Walsh – Washington DNR 
! Ian Madin – Oregon DOGAMI 
! James Struthers – WSDOT 
! Susan Chang – Seattle Department of Planning and 

Development 
! Heidi Kandathil – CREW  
! Vasily Titov – NOAA 
! Richard Allen – UC Berkeley 

 
10:30 – 10:40   Coffee Break 
 
10:40 – 11:10   Emergency Management Organization Panel Discussion 

! John Schelling – WA EMD 
! Tamra Biasco – FEMA 
! Althea Rizzo – Oregon OEM 
! TJ McDonald – Seattle EM 
! Steve Charvat – UW EM 

 
11:10 – 11:40   Engineers and Insurance Industry Panel Discussion 

! Andy Taylor – KPFF Consulting Engineers 
! Harold Magistrale – FM Global 
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! Mark Pierepiekarz – MRP Engineering 
! C. B. Crouse – URS 
! Hans-Erik Blomgren – Arup 

 
11:40 – 12:00   Open Discussion 
 
12:00 – 1:40   Catered luncheon – Parrington Forum 
 
1:40 – 3:00  Breakout with Sub-project Groups (Ravenna Room and adjacent 

rooms) 
Participants may float between tables, formal switch halfway through 

Breakout groups and attending M9 personnel: 

! Earthquake Early Warning – Ann Bostrom and John Vidale 
! Ground Motions and Fault Rupture – Art Frankel and Joan 

Gomberg 
! Tsunamis – Frank Gonzalez and Randy LeVeque 
! Landslides and Liquefaction – Alison Duvall, Steve Kramer, Joe 

Wartman 
! Planning and Resilience – Dan Abramson and Jamie Mooney 
! Buildings and Bridges – Jeff Berman and Marc Eberhard  

 
3:00 – 3:20   Breakout Group Report-outs (Ravenna Room) 
 
3:20 – 3:30   Concluding Remarks 

 
3:30 – 4:30   Reception, Drinks and Appetizers (Ravenna Room) 
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List of Attendees and Affiliations 
Ana Mari Cauce Provost, UW 
Alex Grant M9 - UW, Civil and Environmental Engineering 
Alicia Ahn M9 - UW Evans School of Public Affairs 
Alison Duvall M9 - UW Earth and Space Sciences 
Althea Rizzo Oregon Office of Emergency Management 
Amy Snover UW College of the Environment 
Andrew W. Taylor KPFF 
Ann Bostrom M9 - UW Evans School of Public Affairs 
Art Frankel M9 - USGS 
Bill Steele M9 - PNSN 
Bob Freitag UW - Institute for Hazards Mitigation Planning and Research 
C.B. Crouse URS 
Craig Weaver M9 - USGS 
Dan Abramson M9 - UW, Urban Design and Planning 
Dave Norman WA DNR 
David Gonzalez Degenkolb 
David Schmidt UW ESS 
Doug Toomey University of Oregon 
Frank Gonzalez M9 - UW, Earth and Space Sciences 
Hans-Erik Blomgren Arup 
Harold Magistrale FM Global 
Heidi Kandathil CREW 
Ian Madin Oregon DOGAMI 
James R. Struthers WSDOT 
Jamie Mooney M9 - UW, Washington SeaGrant 
Jeff Berman M9 - UW, Civil and Environmental Engineering 
Joan Gomberg M9 - USGS 
John Schelling WA Emergency Management Division 
John Vidale M9 - UW, Earth and Space Sciences 
Joseph Wartman M9 - UW, Civil and Environmental Engineering 
Kate Allstadt M9 - UW, Earth and Space Sciences 
Marc Eberhard M9 - UW, Civil and Environmental Engineering 
Mark Pierepiekarz MRP Engineering 
Maximilian Dixon UW, Urban Design and Planning 
Michael K. Lindell Texas A&M  
Nasser Marafi M9 - UW, Civil and Environmental Engineering 
Rachel Aronson UW, School of Marine and Environmental Affairs 
Randy LeVeque M9 - UW, Applied Mathematics 
Richard Allen UC Berkeley 
Robert Winglee M9 - UW, Earth and Space Sciences 
Shelley Chestler M9 - UW, Earth and Space Sciences 
Steve Charvat UW Emergency Management  
Steve Kramer M9 - UW, Civil and Environmental Engineering 
Susan Chang City of Seattle - Department of Planning and Development 
Tamra Biasco FEMA RX 
Thom Dunning Pacific Northwest National Laboratory 
Tim Melbourne Central Washington University 
Tim Walsh WA DNR 
TJ McDonald City of Seattle Office of Emergency Management 
Tom Badger WSDOT 
Vasily Titov NOAA 

 


