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Earthquake Hazards in
the Pacific Northwest
— 3 earthquake threats

— Intensity of shaking

The Pacific Northwest
Seismic Network
— Operated by UW and UO

— Monitors earthquakes
and volcanoes

West Coast earthquake
warning

— Public warning system
being developed by
USGS, Caltech, UC
Berkeley, UW and UO
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Cascadia subduction

zone and regional

threats not recognized

until a few decades
ago
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Today: Apparently we’re
toast.

The Really Big One
The New Yorker

An earthquake will destroy a sizable
portion of the coastal Northwest. The
question is when.

BY KATHRYN SCHULZ

The truth lies between these two
extremes, and science is required
to find out where.



http://www.newyorker.com/contributors/kathryn-schulz
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Three earthquake threats — yellow, magenta, and red



Q Crustal eart

Depth generally <20 km

Occur throughout PNW

Duration of shaking can be
seconds to tens of seconds

If large enough, local damage

Scott’s Mills (M5.2) and Klamath
Falls (M6.0) earthquakes (1993)
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July 4, 2015 Walterville earthquake (M4.2)
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Known faults

A medium-sized earthquake occurred on Jul;y 4, 2015 at 8:42 AM. The earthquake was located
about 6 miles est of Springfield and has a preliminary Magnitude of 4.2.
| 439 people in the area reported feeling the earthquake in the first 20 minutes after the event.
Aftershocks from this event may be large enough to be felt.

There have been several small clusters of earthquakes in the area in the past. Although there
are numerous minor faults mapped in the area, none are known to be active.




‘ Deep earthquakes
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 Depth>40 km
— Mainly under Puget Sound

— M7 events in 1949 & 1965,
plus 2001 Nisqually event

— Duration of shaking can be
tens of seconds

— Can be large, local damage
can be severe
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‘ Subduction zone earthquakes

* Locked portion of fault:

M9 event in 1700
Lies primarily offshore

Extends from N. California
to Vancouver Island

Duration of shaking can be
up 4 to 5 minutes

Downdip
seismic limit

Seismogenic

Near coastal cities
closest approach
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Fault slip, up to
about 30m

M9 fault rupture (UO model)



50-year probabilities

Cascadia M9: 10-20%
Southern Cascadia M8-9: 25-40%

Deep M = 6.5: 84%
—(similar to 1949, 1965, 2001)

Q Shallow Puget Sound and I-5 corridor M =2 6.5

—Shallow In entire area: 15%

Nortn American
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2014 National Seismic Hazard Maps

—— o

EXPLANATION
Peak acceleration, expressed as
a fraction of standard gravity (g)
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Peak acceleration, 2% probability of exceedance in 50 years

http://earthquake.usgs.gov/hazards



http://earthquake.usgs.gov/hazards

At 2% probability of
exceedence in 50 years

Portland-to-Eugene region is in the
Modified Mercalli Intensity (MMI) of
Vil

* VIl (very strong): Damage
negligible in buildings of good
design and construction; slight to
moderate in well-built ordinary
structures; considerable damage in
poorly built or badly designed
structures; some chimneys broken

* VIl (severe): Damage slight in
specially designed structures;
considerable damage in ordinary
substantial buildings with partial
collapse. Damage great in poorly
built structures. Fall of chimneys,
factory stacks, columns,
monuments, walls.

2% probability of exceedance in 50 years




The Oregon Resilience Plan
Oregon Seismic Safety Policy Advisory Commissioin (OSSPAC)

The Tsunami Zone, where severe
shaking and tsunami inundation Earthauake S .
would cause near total damage, and arthquake scenario

threaten the lives of thousands of

h Msl'ﬂdeu P o Kermewick

residents
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? Cascadia Scenario Impact Zones

The Coastal Zone, where severe
shaking and damage to transportation
systems would severely disrupt and
isolate communities and where the
major challenge after the earthquake
would be to keep the population
sheltered, fed and healthy.

= Cascadia_Subduction Zone
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The Valley Zone, where widespread
moderate damage would severely
disrupt daily life and commerce and
where restoring services to business
and residents would be the main
priority.

Impact zones for the magnitude 9.0 Cascadia
earthquake scenario
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Damage Potential

Site response is important

Light: felt by all; windows crack;
dishes, glassware, books fall off
shelves; pictures fall off walls;
furniture moved; weak plaster, adobe
building and poorly built masonry
cracked.

Moderate: difficult to stand or walk;
furniture broken; damage to poorly
built masonry buildings; weak
chimneys break; plaster, loose bricks,
cornices, unbraced parapets and
porches fall; some cracks in better
masonry buildings:

Moderate/Heavy: steering of cars
affected; extensive damage to
unreinforced masonry buildings,
including partial collapse; fall of some
masonry walls; twisting and falling of
chimneys and monuments;
unseecured wood frame house move
on foundation.

Oregon Resilience Plan Earthquake Scenario
Simulated Cascadia M 9 Earthquake and Tsunami
Damage Potential

o -
. '?., “Damage Potential
’ 1

Very Light: feit outdoors, sleepers wakened; liquids disturbed or spilled; small
unstable objects upset; doors swing, pictures move.

Light: felt by all; windows crack: dishes, glassware, books fall off shelves
plctures fall off walls; furniture moved; weak plaster, adobe buildings and poorly
built masonry cracked.

Moderate: difficult to stand or walk; furniture broken; damage to poorly built
masonry buildings; weak chimneys break; plaster, loose bricks, cornices,
unbraced parapets and porches fall, some cracks in better masonry buildings.

Moderate/Heavy : steering of cars affected; extensive damage to unreinforced masonry
bulldings, le partial collapse; fall of some masonry walls; twiating and falling of

wocd frame houses move on foundation.

Heavy: general panic; serious damage to com in old masonry buildings; wood
frame structures rack and shift off pipes

Very Heavy: poorly bull bridges and
well-built wooden Mm heavily damaged lml ln nnd of replacement.




PNSN: Pacific Northwest Seismic Network
( http://pnsn.org )

The University of Washington and
the University of Oregon
cooperatively operate the PNSN

Monitors earthquakes and
volcanoes

~400 seismometers of varying
types and vintages

— State of Oregon recently purchased
15 high quality sites from NSF
(S670K)

Communicates earthquake
information to the public



http://pnsn.org

Near-realtime information products
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Near-realtime information products
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Near-realtime information products
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Near-realtime information products

fee®
File View Layers Event To Hel ‘Settings

ols  Help i
Pacific Northwest Seismograph Network MMW’
Pariner with the Advanced National Seismic System

Broadcast
notification of
earthquakes

Notice: E uake data may be preliminary and subject to change.

Connected to QuakeWatch?2 :39977 (|



Near-realtime information products

PNSN Rapid Instrumental Intensity Map Epicenter: 17.0 km NE of Olympia, WA
Wed Feb 28, 2001 10:54:00 AM PST M 6.8 N47.15W122.73 Depth: 51.9km 1D:0102281854
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Broadcast
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Near-realtime information products

N Otl fl Ca tl O n /I‘ % http://earthquake.usgs.gov/eqcenter/ens/7page=help v ~ interplate
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science for a changing world

'Home Earthquake Center g | Infor bout Earthgual ch & Monitoring Other ces
You are here: Home » Earthquake Center
E arthquakes

. Earthquake Notification Service Documentation

E Table of Contents

Introduction

Subscribe

Navigating the ENS Webpages
Managing Your ENS Profiles
Managing Your ENS Account

ENS Glossary of Terms
Disclaimer

otification Service
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arthquakes
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Earthquake timeline

Pacific Northwest Seismic Network

2-4 minutes

Good Auto

Location, Mag [0 minut
~ minutes 13-16 minutes
Crude locatio Human Review, V2.0 products (FPS,
No Magnitude ’ Phone contact ShakeMap, Mw started)
(Nobody sees) with OES; Press interviews started.

SNSN. USGS web (EIDS): PNSN Team Telecon
G’agers, e-mail (ens) ) T

Late arrivinP data incorporated, human analyst gets
best possible location, magnitude, "Finalizes” event

v v v v
8 10 12 14 16

5 to 10 seconds )
EQ early warning minutes after earthquake



1 min
'.I‘.los Angeles

: . 2mins  9%g with 2% prob
exceed in 50 yrs

)

= San Francisco 0 20 40 60 80 100

§

{""&»

1 min 2 minS

ShakeAlert:

Societal application of scientific data

W

0 UNIVERSITY OF
UNIVERSITY of WASHINGTON OREGON

Cal OES anNSF+USGSceer FOUNDAT 1 O N

aUSGS caltech EELOE

science for a changing world




ShakeA|ert Major System Components
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Sensor

Field telemetr ) Processing
Networks 4

; - . User Actions
Alert Creation Al (D vEn)
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Good Friday, April 18, 2014
Mexico established an EEW system over 20 years ago
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trains

Automatically slow and stop trains — takes 24 SeC

why?
Rush-hour:
« 10 car train: 1000 passengers
« 64 trains operating
« 40-45 traveling at 70 mph
« How many might derail?
- Automatic deceleration reduces risk

One 10-car train
= $33 million

Post-earthquake recovery:
« $2.1B retrofit so BART remains operational

« Evacuate people + Bring in supplies
- Only if derailed trains are not blocking the tracks



Reducing
Falling hazards

mi g

Northridge
>500/0 injuries

Loma Prieta >509%0 injuries were non-structural

were linked to falls (falling) hazards

if everyone received a few seconds warning

if everyone dropped, took cover, and held on
then early warning could reduce injuries by 500/0

Cost of injuries in NOorthridge: $2'3 bi"ion

Shoaf et al, 1998; Porter et al, 2006



JMA Survey of the Public .
Is earthquake early warning useful? 2%

on balance, 0“‘0
useful

Tohoku

90%

Useful, or, On
balance, useful

82%

Nationwide

50%
100%

Nationwide
® Tohoku

Being ready for shaking

Trigger actions

Why is early
warning
useful?

Protect oneself

50
100

Data provided by Hoshiba
http://www.jma.go.jp/jma/press/1203/22c/manzokudo201203.html



JMA Survey of the Public

How have you received warnings?

Other

Cell phone

From Radio

From TV

0

One third were sleeping
when their strongest
earthquake occurred

Of those sleeping

Horizental {Value) Axis

Nationwide
" Tohoku

100

62% in the Tohoku region, and

75% nationwide were

woken by cell phone warning
http://www.jma.go.jp/jma/press/1203/22c/manzokudo201203.html

| 3 ARTET AN S LHEEOY — A

Most useful cell phone app
Email 58%

Earthquake alerts 25%
TV 23%

Twitter, Blog 17%
Transportation info 11%

A WNE

Asahi Shinbun Newspaper
— June 2011

)
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Data provided by Hoshiba



What facilitie§ are needed? _
Dense seismic and geodetic networks

Seismic Risk

Deeper quakes (30-50km)
= want ~30km spacing

Shallow quakes (8km)
= want 10-20km spacing

Current goal: Onshore
Ultimate goal: Offshore also




Opportunities for Partnership

« Sensors & data * Implementation
— Buy & install sensors — Make, install, service receivers
— Host ANSS sensors & actuators
— Make EEW compliant devices — Develop user-specific decision
logic
. Telemetry J

— Integrate EEW with current

— Provide bandwidth hazard education

— Host ANSS equipment

« Alert delivery

— Integrate with mass 'S
notification systems PARTNER_ ) SHiP

— Integrate with apps

2 L




Summary

1. Earthquake Hazards in
the Pacific Northwest

— 3 earthquake threats

2. The Pacific Northwest
Seismic Network
— Operated by UW and UO

— Monitors earthquakes
and volcanoes

3. West Coast earthquake
warning provides
— Alert of event

— Earthquake location and
magnitude

— Time to shaking
— Intensity of shaking
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What is earthquake early warning?

August 25, 2014



Number of intervals

Average interval
® 535-575 yr
o Most common interval
200-400 yr
Last event - 309 yr ago
[ o
o o
® | | o _ o @

o O o o O
o O o O
N T O

1000
1200
1400
1600

Inter-event time (200 year bins)




Toward public warning

2012: Started running demonstration system
— delivered alerts for Napa, La Habra, etc.

2013: California’s Earthquake Early Warning Law
— we should have a public system, but no funding

2014: US Congress appropriates $5 million (FY15)
— moving toward a public rollout
— infrastructure upgrades and more users

2015: President requests $5 million (FY16)
Total cost for a west coast system (CA+OR+WA)

+ $16 million per year operation
+ $38 million infrastructure (one time)




Recent tests of EEW system

M3.5 event near Nisqually location,
13 s warning, right magnitude

UWKDK(MJ - 62.32 Xm 25%* (b <. max~blas min-bla )(600960 116656 14 !3 ) Cursor time ©6:25:24.20 counts ~55994 -4 mss

i' 72 T B TR RS [ Strdongshaking * ~ ~ ©~ ©~ " " T T
reaches

| surface

:

M2.6 event 8km east of Redmond,
/s warning

ing shakin ‘
seen above '
UW KDK ENN -- 28.1km hypocenler I |

Current reality




Japan

M,, 9.0, Tohoku-oki

Success: warning issued

'IT"I]ll'l[l"l!']"l'[Il'l[Il"l]IW
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4lllylllllll| e L Ly
0 20 40 60 80 100 120

Time from O.T. [s]

TAIert issued

But, two limitations with point-source,
seismology-based approach

1. Underestimates magnitude
Estimated: M7.1 to 8.0
Actual: M9.0

2. Point source approximation

Estimates shaking by distance from
epicenter
Shaking is function istapce from fault

o —

138" 138.4'138.8'139.2'139.6" 140" 140.4'140.8'141.2'141.6" 142" 142.4'142.8"1432"



Japan

M,,9.0, Tohoku

-0oki

Magnitude

4
Time from O.T. [s]

39°

38°

37

36°

357

41°

0 20 40 60 8w

| ———-
o ——
—
-

1st GPS-based

One solution:
Real-time GPS slip detection

1. GPS-based magnitude

Better (higher) magnitude estimation

from the first estimate

2. GPS-based fault mapping

magnitude:

T =g3; :ec Estimate length if fault ruptured

M = 8.15 Shaking is function of distance from fault
(JMAM = 7.6)

%oint source| .| ,_;,,
bl

M=8.15

N rms=0.19m

Tokyo
shaking __
estimate

Colombelli et al. 2013



Japan

MW9.O, Tohoku-oki One solution:

Real-time GPS slip detection
improves with time

Illllll

9 —_l T T T T 1 ] T T [ T T ‘ [ m“. 'W '“W‘ I | P ) [ GPS_based
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Butlll 360

P-wave based detections
will always be first
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Colombelli et a/. 2013



Example: Cape Mendocino event

|£| PNW ShakeAlert User Display Version 2.4.1p2 (PNSN Build) =B 3
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Notice: Barthquake data’‘may be preliminary andsuhjectto changs
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Example: Newport Event

] PNW ShakeAlert User Display Version 2.4.1p2 (PNSN Build)

Settings Play Event Show Log View News
> ¥
AN
YPortland
P/
PN
PN
P/
N

Intensity Scale

ot feif] Weak | Light | Moderate| Stiong |Vary ston)
| v v

Notice: Earthquake data ma¥*be preliminghy and subject to change
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