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SUBJECT

A briefing on earthquakes in the Northwest reviewing the scientific research regarding the Cascadian Subduction Zone and information regarding an earthquake early warning system that is being developed and tested.

SUMMARY

Recent articles in The New Yorker magazine[footnoteRef:1] and local press reminded northwesterners (and informed many who were not familiar with the terrain and geology of the west coast) of the potential impacts of the Cascadian Subduction Zone (CSZ) and related faults that are largely responsible for earthquakes in the northwest[footnoteRef:2].  This subduction zone running approximately 800 miles from the north end of Vancouver Island to northern California is part of the infamous volcanic “Pacific Ring of Fire” where several massive tectonic plates collide. In this case, a slab of the Pacific Ocean floor called the Juan de Fuca plate slides eastward and downward, “subducting” underneath the continental plate of North America. [1:  The Really Big One, By Kathryn Schulz, July 20, 2015
http://www.newyorker.com/magazine/2015/07/20/the-really-big-one

How to Stay Safe When the Big One Comes, Kathryn Schulz, July 28, 2015
http://www.newyorker.com/tech/elements/how-to-stay-safe-when-the-big-one-comes
]  [2:  Other localized events are tied sometimes to activity in Cascade range volcanoes in Oregon and Washington, though these volcanoes is also a result of the subduction process.
] 


This briefing will introduce the committee to the research that has documented the history of this subduction zone and past earthquakes, current scientific activities and monitoring of seismic events, and studies/projections regarding anticipated impacts of future earthquakes and “megaquakes”.  

This briefing is not intended to address emergency management response plans for local earthquakes, but will make note of the “Great Shakeout” drill scheduled for October 15th and on-going planning for the 2016 “Cascadia Rising” exercise being coordinated between Washington and Oregon.  

BACKGROUND 

The Pacific Northwest Seismic Network provides the following brief summary of Cascadian Subduction zone and earthquakes in our region.  

Earthquake Sources in the Pacific Northwest
Seismologists categorize Cascadia region earthquakes into 4 different types, depending on where they occur, (their "source zones").  Three types, Cascadia Megathrust, Deep Intraplate, and Crustal Faulting earthquakes, may occasionally produce strong shaking that can threaten life and property. The fourth type, volcanic earthquakes, are generally too small and remote to cause damage directly, but they provide strong clues about potential volcanic eruptions.

While only one type (Cascadia Megathrust) actually ruptures a plate boundary, all of these earthquakes can be understood to result from Plate Tectonics.

Cascadia Subduction Zone 
The Cascadia Subduction Zone (CSZ) "megathrust" fault is a 1,000 Km long dipping fault that stretches from Northern Vancouver Island to Cape Mendocino California. It separates the Juan de Fuca and North America plates. New Juan de Fuca plate is created offshore along the Juan de Fuca ridge. The Juan de Fuca plate moves toward, and eventually is shoved beneath, the continent (North American plate).

At depths shallower than 30 km or so, the CSZ is locked by friction while strain slowly builds up as the subduction forces act, until the fault's frictional strength is exceeded and the rocks slip past each other along the fault in a "megathrust" earthquake. The fault's frictional properties change with depth, such that immediately below the locked part is a strip (the "Transition Zone") that slides in "slow slip events" that slip a few centimeters every dozen months or so. This relieves the plate boundary stresses there, but adds to the stress on the locked part of the fault. Below the transition zone geodetic evidence suggests that the fault slides continuously and silently at long term plate slip rate. From its surface trace offshore to a depth of possibly 5 km, all remote from land, observations are few and it remains unknown whether the fault is stuck or slipping silently.

Great Subduction Zone earthquakes are the largest earthquakes in the world, and are the only source zones that can produce earthquakes greater than M8.5. The CSZ has produced magnitude 9.0 (M9) or greater earthquakes in the past, and undoubtedly will in the future.

The last known megathrust earthquake in the northwest was in January, 1700, just over 300 years ago. Geological evidence indicates that such great earthquakes have occurred at least seven times in the last 3,500 years, a return interval of 400 to 600 years.


[image: Cascadia Earthquake Sources]

The CSZ may be unique among the world’s subduction zones in that it produces very few (if any) earthquakes unambiguously on the plate interface. Coupled with evident occurrence of great megathrust earthquakes, the CSZ must be much more strongly locked than other subduction faults. The geological evidence has led to different interpretations, moreover, about whether the entire CSZ always ruptures in great M9 earthquakes, or whether smaller M8 or M8.5-sized events also can break parts of the zone in between the full rupture events. 

The most recent earthquake of note in the northwest was the “Nisqually” Earthquake which occurred in 2001.  Its epicenter was approximately 30 miles below the Nisqually River delta, a point 11 miles north of Olympia.  This was considered a deep “intraplate” earthquake that lasted about 40-seconds and was calibrated at a magnitude of 6.8 on the revised Richter scale.  The depth of the quake helped to blunt its impact on the surface, although it was felt as far away as Vancouver, B.C. and Salt Lake City. 



USGS Earthquake Hazards Program
The United States Geological Survey’s (USGS) Earthquake Hazards Program is a component of the congressionally established, multi-agency National Earthquake Hazards Reduction Program (NEHRP). The USGS participates in the NEHRP with the Federal Emergency Management Agency (FEMA), the  National Institute of Standards and Technology (NIST), and the National Science Foundation (NSF). 
The USGS maps of earthquake shaking hazards provide information essential to creating and updating the seismic design provisions of building codes and insurance rates used in the United States. Buildings, bridges, highways, and utilities built to meet modern seismic design provisions are better able to withstand earthquakes, saving lives and enabling critical activities to continue with less disruption. 
The USGS is the only federal agency with responsibility for recording and reporting earthquake activity nationwide. Citizens, emergency responders, and engineers rely on the USGS for accurate and timely information on where an earthquake occurred, how much the ground shook in different locations, and what the likelihood is of future significant ground shaking. 
The agency is working to improve its earthquake monitoring and reporting capabilities through the Advanced National Seismic System (ANSS). Full implementation of ANSS would result in 6000 new instruments on the ground and in structures in at-risk urban areas.  Once in place, the ANSS will provide emergency response personnel with real-time (within 5-10 minutes of an event) information on the intensity and distribution of ground shaking that can be used to guide emergency response efforts. Similarly, information on building "shaking" will equip engineers with the data they need to improve building designs in the future.

Earthquake Early Warning Systems
Earthquake early warning (EEW) systems use earthquake science and the technology of monitoring systems to alert devices and people when shaking waves generated by an earthquake are expected to arrive at their location. The seconds to minutes of advance warning can allow people and systems to take actions to protect life and property from destructive shaking.

Even a few seconds of warning can enable protective actions such as:

· Public: Citizens, including schoolchildren, drop, cover, and hold on; turn off stoves, safely stop vehicles.
· Businesses: Personnel move to safe locations, automated systems ensure elevators doors open, production lines are shut down, sensitive equipment is placed in a safe mode.
· Medical services: Surgeons, dentists, and others stop delicate procedures.
· Emergency responders: Open firehouse doors, personnel prepare and prioritize response decisions.
· Transportation systems: Trains can be halted or access restricted to earthquake sensitive structures

Early warning systems are currently operating in several countries and others are developing and building them. The USGS has been working to develop EEW for the United States since 2006 with the help of several cooperating organizations including the California Geological Survey, the California Institute of Technology (Caltech), the California Office of Emergency Services, the Moore Foundation, the Southern California Earthquake Center, the Swiss Federal Institute of Technology, Zürich, the University of California, Berkeley, and the University of Washington (UW).  The goal is to create and operate an EEW system for the highest risk areas of the United States beginning with the West Coast states: California, Washington, and Oregon.

A demonstration EEW system called Shake Alert began sending test notifications to selected users in California in January 2012. The system detects earthquakes using the California Integrated Seismic Network (CISN), an existing network of about 400 high-quality ground motion sensors. CISN is a partnership between the USGS, State of California, Caltech, and University of California, Berkeley, and is one of seven regional networks that make up the Advanced National Seismic System (ANSS).

The UW-based Pacific Northwest Seismic Network has now developed software based on the California ShakeAlert system.  A prototype of the software was shared people and organizations/businesses outside the research community in February 2015.  The trial group initially experimenting with the software includes Boeing, Microsoft, Sound Transit, and Providence Hospital along with other hospitals, transportation agencies, utilities and emergency managers.

Approximately 240 seismometers installed in Washington and Oregon (with the Oregon governor proposing more in their state) currently detect vibrations and transmit the data to a computer at the UW, where the regional seismic network creates an automated report within about 10 minutes after any seismic event.

The new early warning system being tested will create an automated alert as quickly as four seconds after a quake’s fast-moving but harmless P wave[footnoteRef:3] is first detected. Depending on the geography, earthquake size, and distance to the user, detection of and reporting on the P wave could provide seconds to minutes warning before people would start to feel the ground-shaking S waves[footnoteRef:4].   The software being tested opens a program on users’ computers that shows the earthquake epicenter, its magnitude, and the time before shaking is expected to begin. [3:  P waves are compressive waves that do not produce much damage.  They can move through any type of material and travel at almost twice the speed of S waves. High frequency P waves do not weaken or attenuate as rapidly as S waves so they retain higher frequencies when they arrive at seismic stations.]  [4:  S waves are shear waves that deform the ground perpendicular to their direction of travel.  Unlike P waves, S waves are unable to pass through air and liquids such as water and magma.  When S waves deform the ground, it causes lateral or shear (back and forth) forces on structures.] 


The software testing is anticipated to reveal kinks in the system (such as missed events or multiple alerts for a single event) but is also hoped to allow the testers to start thinking about how they might integrate the alerts into their emergency planning. 

In July, $5 million in federal funding was received for FY 2015 to upgrade and expand the network.  But USGS and scientists in California, Oregon and Washington were asking for $16.1 million per year over the next two to three years to make the system fully operational.  Those investments would be used to create a more reliable system by potentially doubling the current number of seismometers (to address gaps), replacing older seismometers, updating telecom equipment to speed data transfer and hiring more staff to maintain the equipment.  The goal is to have the technology and users ready, with a merged, single earthquake-alert system that operates for the entire west coast of the United States.  But ideally this type of alert system would be available to other earth-quake prone regions including Nevada, Utah, Alaska and Hawaii. 


INVITED:
1. Art Frankel, Research Geophysicist, U.S. Geological Survey (USGS)
2. Craig Weaver, Research Geophysicist, USGS, Pacific Northwest Coordinator for the USGS Earthquake Hazards Program 
3. John Vidal, Pacific Northwest Seismic Network Director, UW Professor and Washington State Seismologist


LINKS:   

For more information, please see:

The United States Geological Survey (USGS) – Earthquake Hazards Program
http://earthquake.usgs.gov/aboutus/

USGS - Pacific Northwest Geologic Mapping and Urban Hazards
http://geomaps.wr.usgs.gov/pacnw/index.html

Pacific Northwest Seismic Network
http://pnsn.org/

[bookmark: _GoBack]Recent press:

Earthquake early warning begins testing in Pacific Northwest, UW News http://www.washington.edu/news/2015/02/11/earthquake-early-warning-begins-testing-in-pacific-northwest/

Federal Funding Firms Up Earthquake Warning System’s Short-Term Future
http://www.govtech.com/public-safety/Federal-Funding-Firms-Up-Earthquake-Warning-Systems-Short-Term-Future.html

If you think New Yorker’s earthquake story is scary, better read this http://www.seattletimes.com/seattle-news/environment/if-you-think-new-yorkers-earthquake-story-is-scary-better-read-this/

image1.jpeg
Subduction zone

°

Source
‘Subduction Zone

Deep Juan do Fuca plate
Crustalfaults

| earthquakes (1700)|

Affected area  Max. Size
WWAOR.CA M9
W.WA, OR, M7+

WA, OR, CA M7e

Recurrence
S00600yr
3050yr
Hundrods of yr?





image2.png
kil

King County




