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Shakeélertm Because seconds matter.

Topics Covered During USGS Update:

- Magnitude Overestimation for 10/18/23 M4.2 Isleton
Earthquake (Doug)

- High Latencies and other issues around ShakeAlert-
powered WEA Alert Deliveries for 8/20/23 M5.1 Ojai
Earthquake (Bob)
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Shﬂk&&lerf Because seconds matter.

ShakeAlert Estimate

M 4.2 - 5 km SW of Isleton, CA ,
« 2023-10-18 16:29:14 (UTC) S Chico ; E;‘r‘fh'g:mf;:;(ew S—
¢ 38 1 270N 121 643°W Mendocino . On. Protect Yourself. .USGS'. Shakc'Alcrt

Fort/Bragg, National Forest

8.5 km depth
Post-ShakeAlert® Message Summary

& CRITICAL 2m ag
-, Earthquake - Drop, cover, hold o...
{; " Mag 5.7 eq in Sacramento County, 5
CA, USA on 10-18-2023 at 9:29AM

PDT
ShakeAlert Messages Issued (after origin time): -
Initial: 5.0 sec Sacramento Natiizclacriw%rlaFdoorest
Peak magnitude: 5.0 sec Santa Ros R
Final: 21.0 sec i 180,
ShakeAlert System Magnitude Estimates: Stanislaus
Inltlal M 5 7 1 5 t t h h A4 tO’.(.‘Dkton National Forest
' ' -2 UNIts too hig i MMI 5 Y.osemite
Peak: M 5.7 San Franmsco 7 Naional, Pz
Final: M 4.4 MMI 4 v
ShakeAlert System Location Accuracy: N3 San Jnse Sl
Initial: 3.5 km (2.2 mi) N 5 Fol
At peak mag.: 3.5 km (2.2 mi) N
Final: 1.0 km (0.6 mi) S Apps alert MMI 3 area = S
EARTHQUAKE WEA alerts MMI 4 area N
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System Location and Magnitude Evolution
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Distance to . . .
Data initial EPIC Pd'f"_a B Using I . MI Correction PdMagUs.lng
) ) ) Initial EPIC ANSS PdMag Using ) ANSS Location +
Network.Station.Channel | Available logPd location ~ i X Factor (if -
. Location Epicenter | ANSS Location . MI Correction
(sec) estimate - available)
Estimate (km) Factor
(km):
BK.TWIT.HHZ 4.73 -4.02E-01 8.4 6.17 4.8 5.84 -0.652 5.18
BK.TWIT.HNZ 4.72 -4,53E-01 8.4 6.11 4.8 5.77 -0.652 5.12
NC.NHM.HNZ 4.7 -1.77E+00 155 4.86 14.5 4.82 N/A
CE.67215.HNZ 4.55 -1.91E+00 18.5 4.79 15 4.67 N/A
CE.67615.HNZ 3.99 -1.48E+00 22.2 5.43 18.7 5.33 N/A
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5 sec window

Shaking is amplified in sedimentary basins

a. BK.TWIT was 4.8 km from the epicenter. EPIC’s 15t
location estimate had a 3.4 km location error, this
accounts for a 0.33 magnitude unit increase.

b. Ground motion was amplified by soft sediments of the
Sacramento Delta at all close stations. This accounts for
a 0.65 magnitude unit increase.

c. Because BK.TWIT was so close, the S-wave was inside
EPIC’s 5-second long Pd calculation window, driving up

with more data, i.e. closer stations.
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Alert Pause Feature (Alert Limit)

The “Alert Pause” feature limits the area of the
first alert to a radius of 100km. (Blue polygon)
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After-action and Mitigation

Immediate After-action

* Began analysis of the issue « Deeper analysis by System Performance
« Consultation between USGS and BSL WG, two event reports

» Removed BK.TWIT from station list » Created a short-term working group to
recommend steps to prevent future

, occurrences. Will report before next
 Posted explanation on USGS Event Page update cycle in Feb.

« The working group will consider:
M £.2 - 5 km SW of Isleton, CA — Recalibration of Pd scaling relationship
T @ metoncovmetoanssn s st s s i — Use of a two-part scaling relationship
e S L e e — Implementing per-station mag corrections

cities and communities in the San Francisco Bay Area. After several minutes and more data from additional seismic stations, the
USGS/ANSS determined that the final magnitude was 4.2.

During this event those receiving alerts on their phones may have felt little or no shaking. Successful earthquake early warning - S_Wave I d e ntlfl Catl O n a n d reJ eCtI O n

is a balance between speed and accuracy with a goal to maximize public safety. The ShakeAlert System is in a constant state of

improvement. Today's earthquake provides critical information on how to optimize rapid processing of earthquake data within _ B iaS CO rre Cti O n based O n azi m uth a | g a p

seconds after detection. ShakeAlert can save lives and reduce injuries by giving people time to take a protective action like

Drop, Cover, and Hold On.
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- M 5.1 Earthquake near Ojai CA 2:41 pm PT
Shakeélert Because seconds matter.  g/20/23

M 5.1 - 7 km SE of Ojai, CA

2023-08-20 21:41:00 (UTC) | 34.409°N 119.188°W | 4.8 km depth

WEA Alert Message Content:

Interactive Map Regional Information Felt Report - Tell Us! Did You Feel t? P shakeMap vI
% T S SEIARARNE Earthquake Detected! Drop, Cover,
Y ITY | | RL 2P Responses Hold On. Protect Yourself. -USGS
B, | | ceenimasonror ShakeAlert
S4an it g L naas experience.
Communty ot Intonsiy Estmated Intensty Map Terremoto detectado! Agachese,
e cubrase, sujetese. Protejase. -USGS

Contributed by C1 4 Contributed by C ¢ Gitizen Scientist Contributions Contributed by US.© Contributad by G4 S h a ke A Ie rt

Moment Tensor Aftershock Forecast Tsunami View Nearby Seismicity, ShakeAlert ®

90-character messages

h
1
i
1

J = /‘ —— Be ready for more
i X earthquakes.
A

. 4 Our model of the expected

numbers and odds of future

Time Range
*
E + Three Weeks

U.8. Tsunami Warning System

To view any current tsunami
advisories for this and other
events please visit

Search Radius

@ 250.0 km

Over 5.6M ShakeAlert-powered alerts

. H H
| canquales e oat Magnitde Range were delivered for this event.
Fault Plane Solution A =20
Coniributed by GI 4 Coniributed by 15 & NOAA ANSS Comeat Contributed by EVY.*
EARTHQUAKE
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Shake&kal‘f Because seconds matter. A Brief Look Under the Hood. . .

ShakeAlert® Message generation via USGS ShakeAlert system Alert delivery via Wireless Emergency Alert system
p
\ Solution | Individual providers send
EPIC Algorithm ~ Aggregator p N ShakeAIert-pQV\(ered alerts_ to
= ShakeAlert® p . hetwork users within alert perimeter
-> > Unif i i r \
Earthquake location Ungz?nf:ttérce Message If the estimated [P IS CEIE IED T Receivers
; C J ; Portal )
[ pp—— | and magnitude J | Earthquake tmhagl\;I];\t/luldl‘\a/> E;?t Telecommunication >
i (EEIninieftiele ]— ( - ) source N the MMIIV+ alert [l o eives and Provider | Receive alert
is detected. FinDer Algorlthm ) EanfOZGM = information %T_n?:e(;etr Itsh distributes A and take
Module and alert published to the ShakeAlert- Telecommunication |  protective
=»| Fault location, length, e MM distribut — region WEA System. powered alert. Provider - actions.
and orientation and istribution information ‘ g g . ),
. computed from \ J
| earthquake magnitude | source estimate J
M5.1 Ojai 8/20/23 (ShakeAlert Modified from McBride et al. (2023)
First ShakeAlert Message system max magnitude = M6.0)
. . . . i st
published 5.5 s after origin time. II\E/IIapsed tltme fhrom_t1 Shgketpftlje? i
Depth = 3 miles. essagg O when It was |.S r! uted 1o
cell carriers = 2.0 sec (preliminary,
non-reviewed)
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- Some factors Impacting ShakeAlert-
Shak&Alert Because seconds matter. powered WEA alert deliveries:

« Settings on end-user phone prevent alert delivery (e.g. WEA is disabled intentionally
or unintentionally)

« Message arrived “broken” and cannot be displayed.

« Message was received but there was an error in processing on the device (factors
include age and type of phone).

« Transmission of data on cellular network is compromised or there was a momentary
drop in service.

 WEA has a resend cycle, phone could have missed first alert and received a later
broadcast (perceived as late alert delivery). Resend interval varies from carrier to
carrier.

 If end-user in motion they could have moved out of an alert area and missed an alert
or moved into an area in between resend cycles.

 WEA Rule: No alert delivery during a data session (not clear what this means), likely
during a phone call. What breaks through may differ carrier to carrier.

EARTHQUAKE

WARNING 12 Shake/\lert
CALIFORNIA




h k AI Oakland Test San Diego County Test
S dKe ert Because seconds matter. — et

N N
| USGS/ShakeAlert > FEMA/IPAWS  >Cell Carriers (WEA) >
s s

Wirslass Emarganey Alert
Sarly Warning Tast

Bay Araa

37.808[0

37.804F Y
37.8
37.796
(@) . (b) 2 i
v R Oakland L B i '
WEA Test Results Technical Test Human Survey Results Lflenty, %) : Teachs?cal 2 4 Latency, 5s ] '?'::hlr):iiglo
All'in IPAWS  #Phones Minimum Median Surveys Minimum  Median g E Test g E Test
seconds Latency Receiving Time Time  Usable Time Time & : & "1 E )
Oakland é ‘ : Median ‘E N | Median »
3/27/19 3.5 15 4 5 481 3 10 3 : Latency = 5 sec : | Latency = 8 sec
San Diego ‘ : 51 E
6/27/19 4.6 46 5 8 1,401 5 11 N }—‘ 0 ! | _
. (McBride, et al., 2022) ’ e " ’ Loty ) ?
Conclusions @ b e b
. . . . . " Median Oakland ' Median | San Di
* Delivery by cell providers in ~4-5 sec is possible o] ‘ A B (EE? oan Dlego
» Delivery time is highly variable, has long “tail” i |} Survey | o ! Survey
« ~25% do not receive the alert Xw Viedian i Vedian
« Total delivery time (IPAWS + Cell Carrier) >8+ sec 5 | Latency = 10 sec § o | Latency = 11 sec
EARTHQUAKE ﬂ ] "1t
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Shake&kal‘f Because seconds matter. A Brief Look Under the Hood. . .

ShakeAlert® Message generation via USGS ShakeAlert system Alert delivery via Wireless Emergency Alert system
p
\ [ Solution | Individual providers send
: | A p N ShakeAlert-powered alerts to
SIS e i i ggregator = ShakeAlert® p . hetwork users within alert perimeter
-> > Unif i i r \
Earthquake location Ungft?n,ls :ttérce Message If the estimated [P DT tower\s. Receivers
[ ep——— | and magnitude J ) | ’ Earthquake mhagl\;I]:\t/luldl‘\a/> 5;-0, Foisl Telecommunication >
o et ]_ ( - ) source W the MMIIV+ alert gl oo oives and Provider ) | Receive alert
is detected. ( FinDer Algorlthm ) EanfOZGM = information %T_n?:e(;etr Itsh distributes - - A and take
Module and alert published to the ShakeAlert- Telecommunication »|  protective
=» Fault location, length, e o — region WEA System. powered alert. Provider actions.
and orientation and MMI distribution information 3 4 g . )
. computed from \ J
| earthquake magnitude | source estimate J
M4.2 Isleton quake 10/18/23 (ShakeAlert Modified from McBride et al. (2023)
First ShakeAlert Message system max magnitude = M5.7)
. . . . i st
published 5 s after origin time. Flapsed _E['me frgmt 1'b tszatkeAll?rt Message
. O wnen It was distributed 1o cell carriers =
Depth = 5 miles. . )
3.7 sec (preliminary, non-reviewed)
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Thank you!

A SHAKFALERT
SUCCEI% SIORY s

Questlons and Dlscus‘l‘n

Con tecnologia de
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