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ShakeAlert® Messages have three components

Technical Partners can subscribe to one or more components

®

Event ONLY
ActiveMQ “"topic”: eew.dm.data

@

EvenT + CONTOUR

ActiveMQ “topic”: eew.gm-contour.data

O,

EVeNnT + GRID

ActiveMQ "topic”: eew.gm-map.data

Provides estimated earthquake
magnitude and location, along with
uncertainty. For earthquakes M6.0+,
fault geometry is included.

Technical Partner must calculate shaking
effects and affected areas.

Contains Event CompoNEeNT plus data for
contours of shaking intensity.

Polygons enclose areas according to
estimated Modified Mercali Intensity
(MMI), Peak Ground Acceleration (PGA),
and Peak Ground Velocity (PGV).

Contains Event ComponenT plus data for a
grid map of shaking intensities.

Grid cells are 0.2 x 0.2 degree (~20 x 20
km) identified by latitude and longitude.

System Overview

Earthquake point-source integrated code
Finite-Fault Rupture Detector
G-FAST PGD magnitude (soon)

Solution Aggregator combines the
source estimates

eqlnfo2GM takes source information
from the SA then uses a GMM and
GMICE to determine GM contours and
a 0.2° x 0.2° GM grid map
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Figures derived from: Given, DD. et al,“Revised technical implementa-
tion plan for the ShakeAlert system—An earthquake early warning
system for the West Coast of the United Stafes” (2018),
https://doi.org/10.3133/0fr20181155
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Shake&lerf Because seconds matter.

Al

ert Thresholds

To Alert People
Wireless Emergency 1IN
Alert (WEA) —/
N

Cell Phone Apps

Automated Alerts through Public
Address Systems, Lights, Sirens,
In-House Apps, etc.

To Alert Systems and Machines

Sh

&/ "Machine-to-Machine” Alerts
N
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Android Operating _(T‘l//
System — L

/
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Automated — 1IN

—/

Who is Alerted

General public with
WEA-capable devices

People who have downloaded a
cell phone app

Android cell phone users through
push notifications

Android cell phone users through
full-screen takeover

Institutions that use ShakeAlert to
alert people to take a protective
action

Institutions that use ShakeAlert
to automate actions to mitigate
damage to vital equipment,
systems, and infrastructure

Magnitude
Threshold

Intensity
Threshold

MMI IV+

MMI i+
(user selectable)

MMI Il -
MMI IV

MMI V+

MMI 1+

MMI i+

We
evaluated
the
accuracy
of the
ground
motion
contour
product

As of June 2021
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Shake&lerf Because seconds matter.

Cascadia earthquake sources The same _
performance is

expected as in
Norih American California for crustal
S events (e.g., Hartog
¢ et al., 2016)

CANRDA

e T3 B ansineton
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25 8- Fault Crustal

AN earthquakes

5/:, (900AD, 1872)

w earthquakes
(1949, 1965,
2001)

Subduction zone
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48°N

Intraslab Events
How bad is it that we assume a
fixed shallow depth?

5 PNW and 32 Chilean events

Play data through the ShakeAlert
algorithms EPIC, SA, eqlnfo2GM
(GMPE: Zhao, 2006) in two ways:

1. Assume 8 km earthquake depth

46°N

44°N

2. Assume catalog earthquake
depth

Compare the performance of the
MMI [l and IV contours

42°N

Juan de
Fuca
plate

@ M45

.MG

126°W 124°wW

24°S

26°S

28°S

30°S

32°S

34°S

36°S

38°S

75°W

120

100

80

-60

40

20

~4PNSN-—

Pacific Northwest Seismic Network

Thompson et al., Effect of Fixipg Earthquake Depth in ShakeAlert Algorithms hake/A\lert
on Performance for Intraslab Earthquakes, SRL 2022 Shake/\le

Earthquake depth (km)
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(@)

16°S

17°S

18°S

19°S

20°S

21°S

22°S

23°S

24°S

Alert threshold: ‘;IIMI 1]

Depth: 119 km

Catalog magnitude: 5.6

EPIC magnitude: 5. 355 5.34, 5.45, 5.7
Number of alert statlons 4,5,9, 14
AIeRt time (s): 22, 24, 25, 27

TP 7\12

72°W 70°W 68°W 66°W

(b)

16°S

17°S

18°S

19°S

20°S

21°S

22°S

23°S

24°S

Alert threshold: {VIMI {11
Depth: 8 km
Catalog magnitude: 5.6’

EPIC magnitude: 5. 1955 26, 6.15, 6.15

Number of alert statlons 6,9, 10, 12
Alert time (s): 22, 23, 24, 26

Bolivia

72°W 70°W 68°W

66°W

Bad location
errors when the
event is on the
edge or outside
of the network

Station density for
the Chilean
events is low
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Alert Accuracy by MMI level

Desired number of alerts: all stations
where the MMI level was exceeded

True Positive rate: fraction of sites
for which a timely alert was issued
for this MMI level

False Positive rate: fraction of sites
for which an alert was not needed for
this MMI level

No clear advantage by assuming
catalog depth

o
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Effects on Timeliness

(a) (b)
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Conclusmn for PNW intraslab events

PNSN ShakeMap : 16.9 km (10.5 mi) NE of Olympia, WA
Fab 28, 2001 10:54:32 AM PST M 6.8 N47.15W122.73 Depth: 51.9km 1D:10530748

Using a fixed shallow depth
for intraslab earthquakes in
the PNW does not have a
significant impact on alert
accuracy and timing for
alert thresholds of MMI Il
and |V because intraslab

_ My B events occur beneath
=== —  dense parts of the network

Map Version 1 Processed 2019-01-27 04:36:18 PM PST
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50 1

Megathrust events

48

There have been no large Cascadia subduction
interface events in instrumental history

46 1

Latitude (®)

We used 30 M9 simulations for Cascadia (Frankel et
al., 2018; Wirth et al., 2018)

42 |

We evaluated the MMI lII, 1V, and V contours

40 : Y —
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Longitude (°)
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PGAs and Source Estimates
Hypocenter: central OR (csz002)

Final magnitude estimate: 8.8
Final alert time:

206 s (3.4 min.)

Fault rupture ends: 318 s (5.3 min.)

Magnitude
(=4}

5 4
4 52s @ Estimated Magnitude
@ Scenario Magnitude
3 T T T
0 50 100 150 200 250

Alert Time, s

| Pacific Northwest Seismic Network

Latitude

46°N

42°N

csz002

Alert Time (AT) = 16.0 s
Scenario Mag. @ AT = 7.9
ShakeAlert Mag. @ AT = 4.4
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MMI V Contours and Warning Times

Hypocenter: central OR (csz002)

Final magnitude estimate: 8.8

Final alert time:

Fault rupture ends:

Magnitude

206 s (3.4 min.)

318 s (5.3 min.)
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@ Scenario Magnitude
1
50 100 150 200 250
Alert Time, s
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42°N

€sz002

MMI V

Alert Time (AT) = 16.0 s
Scenario Mag. @ AT = 7.9
ShakeAlert Mag. @ AT = 4.4

129°W 126°W
Longitude

00 20 40 6.0 8.0 10.0 12.0 14.0 16.0
slip (m)

= Fault Estimate
¢ Epicenter Estimate
'ij}( Epicenter

SO0 BFREPDRDE>EDRLERRDP DB

WT15s
WT 6-10 s
WT 11-15s
WT 16-20 s
WT 21-25 s
WT 26-30 s
WT 31-35s
WT 36-40 s
WT 41-45 s
WT 46-50 s
WT 51-55s
WT 56-60 s
WT =605
TP

FP

FN

FN (Late Alert)
TN



= MMI 1 MMI IV MMI V
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Using
higher MMI
level
contours
leads to
more late
and missed
alerts
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Population
based
assessment
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Coming soon to ShakeAlert?

M 9.0 Cascadia_sim 203 10
» Megathrust fault-specific templates for FinDer (in testing)
9 peeosatias a8l
* Crowell, B. W., Schmidt, D. A., Bodin, P., Vidale, J. E., Gomberg, J., Renate . 2R # e
Hartog, J., ... & Jamison, D. G. (2016). Demonstration of the Cascadia G-FAST ¢ M o .
geodetic earthquake early warning system for the Nisqually, Washington, ;“37 i £
earthquake. Seismological Research Letters, 87(4), 930-943. =s ¥ = 4
* Murray, J. R., Crowell, B. W., Grapenthin, R., Hodgkinson, K., Langbein, J. O., ’ T ]| = speile
Melbourne, T., ... & Schmidt, D. A. (2018). Development of a geodetic % d s s o wo wo M (e

Seconds after origin

component for the US West Coast earthquake early warning
system. Seismological Research Letters, 89(6), 2322-2336.

« Saunders, J. K., Minson, S. E., Baltay, A. S., Bunn, J. J., Cochran, E. S., Kilb,
D. L., ... & Kodera, Y. (2022). Real-time earthquake detection and alerting
behavior of PLUM ground-motion-based early warning in the United
States. Bulletin of the Seismological Society of America, 112(5), 2668-2688.

* Ghahari, S. F., Baltay, A., Celebi, M., Parker, G. A., McGuire, J. J., & Taciroglu,
E. (2022). Earthquake Early Warning for Estimating Floor Shaking Levels of
Tall Buildings. Bulletin of the Seismological Society of America, 112(2), 820-
849.
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Things to kno about ShakeAlert®

74 o
2 ‘ o ‘

You may feel You may get an You may get an
shaking and not  alert after you alert and not feel
get an alert. feel shaking. strong shaking or
any shaking at all.

Shake/\lert  shakeilert
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-
2
n
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DROP! COVER!  HOLD ON!

ShakeA\lert
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Contact Information

Dr. Renate Hartog
irhartog@uw.edu

Q @PNSN1

Www.pnsn.org

www.ShakeAlert.org Q @USGS_ShakeAlert
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