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The ShakeAlert Earthquake Early Warning Rz

System and the Federal Role o

Portions of all 50 states, as well as U.S. territories and the District of Columbia, are vulteera Analyst in Natural
earthquake hazards and associated tskarying degreesfAmong thecostliestU.S. earthquake  Resources Policy
disastes was the 1994nagritude 6.7 Northridge eartjuakein California whichcaused0

fatalitiesandmore than 7,000 injurie¢eft about 20,00(homelessdamagednore than 40,000

buildings andcausedan estimate$13-$20 billionin economic losse&arthquake early

warning (EEW) is meway to reducesarthquakeisks (i.e., fatalitiesandinjuries as well as

damage tetructures andperationy EEW refers to senidg a warning to areas that meyperience the ghest intensity
shaking the EEW is serafter an earthquake is detectbdt before damaging grad-shaking reaches tteeasAn EEW
received inens of seconds to minutbsfore shakin@llows institutions and individuals to take protective acti¢ag.,an
institution can automatically staptrain to prevent derailmeat an individual can avoidetting intoan elevator to avoid

harn).

June 1, 2022

EEW is among the most challenging of emergency communicaianthquakesamot be predicted angccur suddenly,
andmass notification to highisk areasnust occur within seconds earthquake detectido be effectiveCongress directed
theU.S. Geological SurveflJSGS to establish EW capabilities irR018 (42 U.SC. §7704(a)(2)(D)), as part of the
reauthorization of th&lational Earthquake Hazards Retiloc Program (NEHRR)Under the Stafford Act (42 U.S.C.
85132), he USGS has authority throudtetPresident to provide alegbout earthqualseusing federal and other
communication servicee states and civiliapopulations in endangered areas.

Developnent of Earthquake Early Warninig the United States
An EEW sysem consists of the followingpmponents

An understandingf earthquakes and faults to know wheyédcate an earthqualsensinghetwork
An earthquakesensing network that can detect thetstan earthquake in retine

Robust and rapid telemet(iye., continuougransmission oinstrument reading® data centejs
Data analysis and alatecisionmaking

= =4 =4 =4 =4

A targeted and clear alert message

1 Rapid mass notificatiothroughcommunication service® areast risk

TheUSGS with various federal, state, acadenand private partnerdegan public EEV@n the West Coasia the
ShakeAlerttarthquake Early Warning Systd®hakeAlert)in Californiain 2019andin Oregon andVashington in 2021
ShakeAlert started as a prototype EEW system in 2&b2n FY2006 through FY202the USGSspent an estimated $132
million for EEW activities includingShakeAlert othernonfederal partnersontributed$84 million for ShakeAlertbetween
2012 and 2021in 2018, the USGS estimatadnual operation and maintenance costSfakeAlertstarting at about4D
million. The USGS aims to expand ShakeAlert into Alaska, Hawaii, and Nevada. In FYXG@&ess appropriated $88
million to the USGSfor ShakeAlerand$1 million for ShakeAert implementatioplanning in Alaska

ShakeAlert sent 51 public alefts earthquakes that caused light shaking and little datneiyeeen October 2019 and
Decembe 2021.EEWssentvia the Fedeal Emergencyanagement Agenc§FEMA) communicatiorpathwaysoftendid

not arrive before intense shaking; these warnfregpuentlywere delayednore than five seconds or were not delivered due
to technical glitchesEEWssent viacell phoneapplicationsover WiFi or cellular networks were fast (i.e., with delivery
delays of less thafive seconds)giving cell phoneowners enough timi most case® take protective actions before
ground shaking arrived.

Oversight and Policy Considerations

Congress may considproviding direction on policy priorities related to the authorities and mandates of the NEHRP
Reauthorization Act of 201@°.L. 115307) and the Stafford Act to expand,rtcact or change EEW capabilities in the
United StatesCongress may seek additional information to asSdssa k e Apertonrmandesand effectiveness.addition,
Congress may seek more information aktbatability of FEMA communicatiorp at hwvay & wviacgpe d and
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mass notifiation for earthquakefelatedly,Congress may explore policy options for improving FEMA communication
pathways.

If Congress chooses to continmvidingfunding for EEW generally and ShakeAlert specificallynay considera range of

options todo sq such ashroughannual appropriations or shared costs that are a mix of fedachbtatdunded initiatives.

Other funding options for consideration may include funding aspects of ShakeAlert through establisheNatiamal
ScienceFoundationor FEMA federal grants, contracts, or cooperative agreements. In addition, Congress may consider policy
options that would enabtbe National Oceanic and Atmospheric Administratanthe National Aeronautics and Space
Administrationto contribute funds foEEW capabilities. Congresdésomay consider providing appropriations for NEHRP

and allowing the program to establish priorities for ShakeAlerdvis other NEHRP priorities.
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An earthquake starts by the suBadnhsmovemental ofn gr
pl anwe ackfness (EBi e mjecsaavhigautled )autSward from t he st at

earthquake, much | ike radial wawnweenmevigm@uaut war
shaking from the seitsmecfwabVesshngd mbat oneé&cbaeas
damgpeeopl e amddp ormgesormmer ci al, government, educat
cultural, and®nearotnteghussakyd ¢ s s@ger ot her hazards,

| andghama

and many

reduce ea
f

i. n ga keeasr tmhagyu i mpact | ocal, regional|, na:
overnments establish and direct progr e
thquake ri skRGongr s ot wrcav it dheadd dicroenamtuinad
r earthquake research to understand esc¢
understand geologic structure below the surface,
ot her purposes.

An i mportantr te@olt htga akemiiatddgdut i6tHRtUNMER TIXIDNH HD U O\
ZzbuQLEBW) 4SdAmtEEW requires detecting the start of
eart bmuarkiegi n ti me)i ashdawaasi ngahi damagi ng groun
within secoffdsettei mi mgine E&EWNwayBst . comei sts of
earqualeensi ng network, data communications, data
message distributierensy ntge ns.é tswhse loef & ratmh gaurarkaey o f
sensing stations that continuously and autonomou
station consists of seismic and/ or geodetic inst
to protect the intruments and electronics.

o~ ®@

Sei smic iwbhsitcchu memctisuyude sei smometers &AWUREDAIcel ero
JURXQG PRWLRQ drV WHIRRMQURFPUHRXIDWBY PR W L & © t LeQeviW UaXrPdH QrideVa s u r ¢
properties of earthquakes, especially the arrive
esti mated | ocat(iMh & h@&A esaeg nsintounteet er near an eartt
be capabl er etdil nper odvaitdai nfgor .|4)r geea rniehgonusat knegse a ( M&E | ay
in deteteadamnse the instguonewmdli cannisat oeeiogidnbthedg
sei smomet ers.o mes sa& i rsanmoubedt ,eur sde EiMafychreo t i pssutcrhu me nt s

lFor more details, see the U.S. Geological Survery (USGS),
https://www.usgs.gowaturathazard®arthquakéazardsgciencebhatare effectseartiguakesat-
science_center_objec@#qgtscience_center_objects

2 See theAppendix for more information about earthquake hazards.
3Richard M. Allenet al . , AfThe Status of Earthquake Early Warning Ar
Seismological Research Lettevsl. 80, no. 5 (September/October 2009htgis://doi.org/10.1785/gssrD&h.682

4Jessica A. Strauss and Richard M. Al | eSeismological Resdaich s and Co s
Letters vol. 87, no. 3 (May/June 2016), pp. ¥B6B2, athttps://doi.orgl0.17850220150149hereinafter Strauss,

AfBenefits,o 2016) .

SUSGS, fAEarthqualOow ek ai lettps;/Mawasgs.gogrogramsgarthquakehazardsicience/
earthquakeearly-warningoverview

6 Telemetry is the automated recording and transmission of data from stations to processing centers.

7 For earthquake early warning (EEW), location and magnitude (amount of energiza of the earthquake) are
estimated rapidly to determine if and where damaging ground shaking might occur. Ground shaking intensity is
described using the Modified Mercalli Intensity Scale (MMI), where MMI 1 is the lowest intensity and MMI X is the
highest intensity. Se&ppendix for more information about magnitude, shaking intensity, and hazards.
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8 Geodesys the science of accurately measuingd under standing the Eartho6s geome
and gravity field andgeodetids anything related to geodesy.

9 Geodetic instruments provide positions that are accurate to a few millimeters to centimeters in optimal conditions, and
this accuracy is important for earthquake measurementsGlbikal Navigation Satellite SystertGNSS) receivers are
similar to AGPS receiverso found in mobile devices in t
signals from the GNSS, wdh includes the U.Soperated Global Positioning System (GPS) constellation of satellites,

and determine their position in space and time. GPS receivers in mobile devices are miniaturized and not fixed (or

stably mounted in one position) and are thereliese accurate in defining their position than geodetic instruments in
earthquakesensing networks.

10 Jeffrey J. McGuire et alExpected Warning Times from the ShakeAlert® Earthquake Early Warning System for
Earthquakes in the Pacific NorthwebtSGS, USG Open File Report No 2021026, 2021 (hereinafter USGS,
Expected Warning Time2021).
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“Richard M. Allen and Diego Melgar, fAEarthquake Early Warni

N e e dAsnudl Review of Earth and Planetary Scieneet 47 (2019), pp. 36888, athttps://doi.orgl0.1146/

annurevearth053018060457( her ei nafter Al l en and Mel gar, AEEW Advances, 0

12 SeeCRS Report R4314The National Earthquake Hazards Reduction Program (NEHRP): Issues in Brieinda
R. Rowan for more on NEHRP.
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e wingnaki ng softwheettmasspgepar Ehe alert messag
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haking in an esti matse d eteinmed epveerliogpde.d Sahnadk e Aelset retd
perated, amaiinmai aeeld based on past and current
dmhqgusaeknes i ng t ec hn oS hoagkye Adleevretl obpengeant .oper ati ons i
d expandetooPeeWohhiamgt ¢S hiark elAi@dststued 51 publ i
ts by tthbeeb8G68fl 2ads.the ShakeAlert project
r federal and nonfeder al partners. ShakeAl er
sy®xtsemod eliminate all riskebpeaetti gseone ced
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The USGS and FEMA assess earthguake hazards and
Stagaesdirected andnfendedtbytedN ErHRPBye treimte ks may
established where the EhetU§GSkEaribfgfsakeeHahar ¢
(EHP9ONnducts earjtshquadles rasmgde arad lajlnmagss garutlhgguake ¢
assesses earamuoruapkaer ebsll peaarrd shigfui cati ons t hat i ncl
eart hguaéted shmaagse dve Inlf oa sna taimoanr tatbcpwa k e® and its f at

FEM&BRI sk ManPargoegpeamtv i des resouvasessd oriigdlesitfifgogman
hazamdls consi denri mvazyes fthoesne r i sks.

13 Hazard is not the same as riblazardis a source of danger, where#sk is the possibility of loss or injury.
Earthquakenhazard are related to an earthquake causing intense ground shaking and other damaging effects. The
degree of earthquake hazards is related to the probability of certain damaging effects caused by an earthquake
occurring within a certain periodhe degree ofarthquakeisksis the combination of the degree of earthquake
hazards and the extent of the affected population (which includes the infrastructure supporting that population).
Therefore, in general, large population centers may be atriigke¢han small population centers for the same degree
of earthquake hazards. S&ppendix for more information about earthquake hazards.

4ShakeA ert, fiShakeAlert: An Earthquake Early Warning System
https://www.shakealert.org/ USGS, fi S hhtpls:BeArthquake.ysgs.gdmteshakealert/and Douglas D.

Given et al. Revised Implementation Plan for the ShakeAlert System: An Earthquake Early Warning System for the
West Coast of the United StatelSGS, Opeifile Report 20181155, 2018 (heirafter USGSShakeAlert Plan

2018).

’ShakeAl ert, iPost Sh ak ettpk:/évvw.shakeaters.cagdueatiddautneacbéventeiew o  a t
files/.

¥See USGS, fiEar t hqu alttps:/éhetmumkedisgs.gpw o gr am, 0 at

7See Federal Emergency Management httpg/evwefgmagdebmdigency A Ri sk Man .
managersisk-management
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The USGS National EarmhgontbheniCompr matinemn véektet |
Cat al og ,4d €oanCeehairvteh gqoufa ne 4 eida 1sdlilrgreidf i cant eart hqgue
g mab¥GomCat earthquake sumfmarimasji owht ohapsesgssdeh
ri sks from each eventsunamae iccspuaalei oomseis asr po®.s sTH
arvemtd mapdéeved t prmgi de t he most accurate infor
eart hqu dloep.dadn®lo nCat data are used to test EEW sy
scenamidoomCat posts summaries of ShakeAlert pel
California, Ore®on, and Washington.

The UBGS hdNoakkiSgat(eboNisr)ove ahrgis ke i ntor madi endual s
and i ngthioitgttioopse cei ve®ENGSt ipfoii matsi dros t he ComCat s
for an event as soon as informatoomasesomivatsd abl ¢
emergency respantdkekgsakedsposvedegnti fies regions
dama.ged

ComCat technical data are a resource for researc
earthqualkathanogsde®f past earthquakes identify ai
chamgiwi th time, and where earthquakes may be |
assessment, current earthgqguake monitoring, and r
faults and their associated earthqguake hazards.

Many earthguakkPe bououndaries betwee& Icarugd .secti o
These areass8OPWHeWRERFWRAURBHR 4QIGBDULIY t he | argest
and most damaging earthquakes in the geologic re
maj or tectonic plates. Twagogswmajdjowctitgpesdomwmps candis
zoneafemost conkkeaause «foctited ypot entMahyf or dama
subduction zoJ/bmed oavc ¢ thre .dufaftshmew waearfs ®as® ear t hquake
occurs on a submarithe sesabdbquiaalLMHd tri gger a t

8See USGS, fdANational Ear t hqg uhags#wwiv.ash.govpnogranistarthquekent er ( NEI C) , |
hazardgiationatearthquakenformationcenterneic

19 ShakeAlert performance metrics for earthquake detections are posted with the event summary on ComcCat for
earthquakes of magnitude 4.0 or larger. Performance metrics &ardifuake detections (i.e., magnitude greater than
3.5) that lead to the preparation and distribution of alert messages are posted on the ShakeAlert website: ShakeAlert,
AfPost ShakeAl ert NMips:/svang shakS&alemomducatianaitreachéeentreviewiles/.

%See USGS, #AEart hqu ak bttpsheattigiakeuisgs.gemsin System, 0 at

21 Subductin zonesire where tectonic plates converge, such that one plate is forced to bend and dive underneath

another plate in a process called subduction by geoscienti
Events i n Sub dttps/mivvausgs.gospea@attopicssubductiorzonesciencedciencehtroduction
subductiorzonesamazingevents Strikeslip zanes are where tectonic plates laterally slide past each other and create a

zone of faults where the twoSli at Eldtpsidvonwdreamnicacoffsee Bri tanni
sciencegtrike-slip-fault).
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Figure 1. Plate Tectonics

Furasian

Pacific
Plate

- : ; Scotia
= m Antarctic Plate \ J\( Dlais X HJVP”“
; "Teeth" on ] N
Divergent \ Convergent Overriding(Plate Transform \

Source: 86*6 ~3TeOIMits Mappingt DtWs://pubs.usgs.g@ipP9/pdfigip99_ppt.pdf

Notes: Divergent boundaries (red lines) denote rift zones or primarily normal fault type of motion (plates are
pullingapart). Convergent boundaries (green saw tooth lines) denote subduction zones or primarily thrust fault
types of motion (plates are pushing together). Transform boundaries (blue lines) denote primarily latielialy
plate boundaries or primarily strékslip fault type of motion (plates are sliding past each other). The lines
generalize and approximate the surface trace of more complicated geologic straittateconsist of many fault
branches, and most plate boundaries reach the surface under waersfibmarine surface trace; shown by the
colored lines in the blue ocean water on this figure). Major plate collisions expressed on the surface of major
continents (shown by the lines on the tan continents on this figure) include the San Andreas Biauit Sy
(primarily strikeslip faulting) in California, the Great African Rift System (primarily normal faulting) and the
continentcontinent collision of the Inddustralian Plate with the Eurasian Plate (primarily thrust and ssiike
faulting), creatinghe highest mountain range, the Himalayas.

The collisional boundaries that present the gres
its territories are three different s;abducti on 2z
Puert ond®iacrmes |satpr izkoen e )iLAXEMh é f mo 91 aa¢ti ve (i . e.,
most frequent earthquakes) andedagmageginhg ad ult du dtai
magnitu#®dp eWM&nts and may trigger tsunamis) that

infrastructure in the United States are
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f the Al eutian Arc Subductin Zone bordering s
T the Cascadi a bSubddeucitnigon hZzome st ern coastlines
California, Oreldaomd and Washington
M the Puerto Rico Trench Subduction Zone near |
Il sl &nds
Te San Andreags whauwlht s$yetterhes abouitf 0®i ani | es f
through the state of California)X)yHahen off shor
strsilkiep fawudeatsgd eleypdtaitbeast ar e sl i di.mhge against e
Paci fic Pl at e hies Nolritdi doneadjguaia msl atuavitfdapy l@tr e a of
including the.T®ha&n chddriesdsonFaoul tt he p,J ates produc
primanitalld oswsh crust and because these earthquake
i ntense graonudn/do rs hgarkoiunngd dihseBlsa@d merett he f aul ts ar
ext emaqni weaktthgquay sl ip ovepr @adl@ae glearmnge amagmni mage
(M790) . California is a high earthquake risk stat
active and extensive faults near popul ated ar eas:s
pi pelines, roamnd,adpuedygetss) dams

22 The Pacific Plate subducts beneath the North America Plate along the Aleutian Arc Subduction Zone offshore of
southern Alaska and the Aleutian Islands. The Aleutian Arc Subduction Zone has generated multiple M8.0+ earthquak
and tsunami sequences and these sequences may recur in the future. Six great earthquakes have occurred along the
Aleutian Arc Subduction Zone since 1900: 1906 M8.4 Rat Islands, 1938 M8.6 Shumagin Islands, 1946 M8.6 Unimak
Island, 1957 M8.6 Andreanof Islds, 1964 M9.2 Prince William Sound, and 1965 M8.7 Rat Islands, Harley M. Benz

et al.,Seismicity of the Earth 19€@010 Aleutian Arc and ViciniffJSGS, OpeifFile Report 20141083 B, at
https://pubs.er.usgs.gg@ublication6fr20101083B The small population and sparse built environment limit the

damage from these events and account for the lower earthquake risk in Alaska compared with some other states. Large
Alaskan earthquakes may caugeater damage further away because of the tsunamis they trigger. Hawaii in particular
has suffered significant losses from tsunamis triggered by Alaskan earthquakes. The 1946 M8.6 Aleutian Islands
earthquake generated a tsunami, and the tsunami causidit®es in Alaska and 129 fatalities plus $26 million in

1946 dollars in damage in Hawaii.

23The Juan de Fuca Plate subducts beneath the North America Plate along the Cascadia Subduction Zone (CSZ)

offshore of Northern California, the Pacific Northwest, and parts of British Columbia, Canada. M8.0+ earthquakes,

many with tsunamis occur on the C8wery 570590 years, on average. There is evidence of at least 12 M8.0+

earthquakes on the Cascadia Subduction Zone over the past 6,700 years. Robert C. Witter, Harvey M. Kelsey, and

Eileen HemphilHa | ey, A Gr eat Cascadi a E &tr6700 Years, Canuille RivedEstlasyu nami s of
Sout her n Co &esobgichl Saieteof Amerjca Bulletwol. 115, no. 10 (October 1, 2003), pp. 125D6.

The last large magnitude earthquake (between M8.7 and M9.2) that triggered a large tsunaminuasyiri 280,

more than 500 years ago, Brian F. Atwaldre Orphan Tsunami of 17@QReston, VA: University of Washington

Press/USGS, 2005). Earthquake probability forecasts estimate a 14% chance of a M8.0+ earthquake on the CSZ over

the next 50 years, AldBo y | e, fiEart hquake Experts Lay Out Latest Outl ook
S e a t Gekk&Vired-ebruary 15, 2020.

24 For more details about earthquake hazards and risks to Puerto Rico and the U.S. Virgin IslafadimregeOceanic

and Atmosper i ¢ Admini stration (NOAA) Ocean Explorer, AfThe Puert
and Eart hqgu ak e shttpa:fodeanéxplarer.noaE.gexplaratiangd3trenchtrenchtrench.html
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The ShakeAlert Earthquake Early Warning System and the Federal Role

Figure 2. Major Faults on the West Coast of North America

Explorer—
ridge
CANADA
Juan - == _|
de Fuca
ridge
o miles200
Blanco ->\ I km
fracture 0 400

Zone

Mendocino
fracture zone

Relative motion of

San Francisco gy North America Plate
Murray 2

W\

Relative motion Los
of Pacific Plate “n9eles

———_ Molokgi

ﬁ'acture Zone

Source: 8 6 *HRORJLFDO 6XUYH)u TRYESYW@.Ggs-ynédjadnageanandreasault3.

Notes: The West Coast of the United States is vulnerable to earthquakes because of the major collisions
between tectonic plates. California is most vulnerable to earthgsiakethe San Andreas Fault and many parallel
and branching faults (these other faudire not shown on the figure). The San Andreas Fault is caused by the
collision of the Pacific Plate with the North America Plate (see the relative directions of motions of these plates
noted by the red arrows on the fige). The San Andreas Faatintinues into Mexico causing earthquake risks

for Mexico. Northern California, Oregon, Washington, and British Columbia, Careadasusceptible to
earthquakes on the Cascadia Subduction Zone (labeled Subduction Zone on the figure). The Cascadia
Subduction Zones caused by the Juan de Fuca Plate (not labeled on the figure but |beatezkbnthe labeled
subduction zone and the Juan De Fuca ridge) collalmgbending beneathe North America Plate.

The USGS maintains an inté&natedv&tmapsohndct heel
Subduction Sl ab Model maps ®Thed WSGSogenenas ear alt
regularly updates its Seismic Hamzadreds Magdsngf arh etst
maps Cam@at®Tchaet eh.azar dt mape poobabslity of an ear
a given area over )aJXdydr tAalians kpae,r iad ioffortniinae, (Hawa
Washington face the highest pr ohbianbg lai tsyh aokfi nag d ar
i ntensiftey tofbty¥lag Il i gvht d aoma gteh et dWkogdid ref dii detidu 1 end e nsi t
Scale)[ dMler the?mbrselb6O0ayetréacehgquagkefhaaards

%See t he US Glatpsit\waviudgs.goprayramstarthquakehazardsfaults Se e t h eSlahPSAGS i
Comprehensive Subductid@ione Geometry Model 0 httpst//www.sciencebase.geatalogitem/
.5aalb00ee4b0b1c392e8646nd Gavin P. Hayes et al., fASlab2deh, oomprehen
Sciencevol. 362, no. 6410 (October 5, 2018), pp-@8https://doi.orgl0.1126science.aat4723

%See the USGS fiSei smic Ha zh#ps:bwwMaspsgonatmwathaZmpsachqiakec Dat a, 0 at
hazardsgeismichazardmapsandsite-specificdata

2TUSGS, AfThe Modi fi ed Mudtpsehanwlusgs.goptagramssaithgquakendzarddhadified a t
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Figure 3.USGS Seismic Hazard Map
(probability of a ModifiedMercalli Intensity VI earthquake in 100 years, expressed as a percentage)
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Source: GAO presentation of U.S. Geological Survey data. | GAO-21-120

Source: U.S. Government Accountability Offi¢g&AO), Earthquakes?rogress Made to Implement Early Warning
SystenmBut Actions Needed to Improve Program Managéién1-129, Mach 2019.

Notes: Alaska, California, Oregoand Washington have high earthquake probabilti%)because they are
near major plate tectonic collisional boundariegwaii has higearthquakeprobabilities because of its active
volcanoes. The Commonwkh of Puerto Ricohas high earthquake probabilitiescause it is near a collisional
plate boundary. Idaho, Montana, Utaind Wyoming have mediurto highearthquake probabilitie€20%95%)
because of the Yellowstone volcano and the Intermountain Seismic Belt (including the Wrsdtebhetween

the Basin and Range Province and the Rocky Mountains. The New Madrid seismic zone, at the intersection of
Arkansas, lllinois, Kentucky, Missquarid Tennessee, and parts of South Carolina surrounding Estarh have
medium earthquake probabilities @350%)because of past largeagnitude (M0+) earthquakes that occurred
in the early to late 1800s. Little is known about the faults that causeskttaege earthquake®ecause there is
not enough information to decipher the structure below the surfaG¢her states with low earthquake
probabilities (2620%)are vulnerable to earthquakeBarthquakes cannot be predictedr canthe potential for
an eathquake to occur in areas with some seismic histbeyruled out For more details about New Madrid and
South Carolina, see USGShe New Madrdl Seismic Zonguat https://www.usgs.ggwogramseéarthquake

mercallrintensityscale See thé\ppendix for more information about the Modified Mercalli Intensity Scale.

28 Hawaii is not near a collisional plate boundary but has very high earthquake probabilities according to the USGS
Seismic Hazard Map. Hawaii experiencestiequakes generated by the growth and activity of several volcanoes that
make up the big island of Hawaii. In addition, Hawaii is the most tsupamnie state. Tsunamis that impact the state
can be triggered by earthquakes, landslides, or volcanic gdtigit occur in Hawaii or by earthquakes or volcanic
activity originating from any of the major subduction zones that form a coastal ring around the Pacific Ocean Basin.
Hawaii has experienced 135 confirmed tsunamis since 1812. Since 1923, nine tsunseci64 fatalities and an
estimated $703 million in damage. I nt er n ahttp:/btin.iad
unesco.qg/index.php®ption=com_content&iew=category&d=1436&Itemid=1436

Tsunami
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The ShakeAlert Earthquake Early Warning System and the Federal Role

hazardsiewmadridseismiezone and Martin C. Chapman et alModern Seismicity and the Fault Responsible
for the 1886 Charleston, South Carolina, EarthqualBylletin of the Seismological Society of Amudrid@6, no.

2 (February 16, 20163t https://doi.orgl0.17850120150221SeeAppendix for more information about the
Modified Mercalli Intensity Scale.

FEMA uses etalrd higgS@i&aeb i | ittoy efsarientaa set set ahret hUonu a keed 1 i
St aFEMA esanmmaéadsbuil di pagt devdsristalldquuea kted hgzar ds
hazard model()LdXxyHBeud | Hlainsgpsradoaxys f or rel ative earth
Calrinfioa, ,aQrde gWans hitnlgd oght daiceek $ he | argest annwual i z
|l osses based ot hpdore elfagz®meds modat are harder to es
damage to roads, bridges, uts)]imiees dadsqaadrr e
ot her sitm uaddiimtedisodni stroupti eduocfhtcompemdivalr nment
nongovernmenhntin QCREMAIrtdGmdIhEBd annual ilzeds e(aAHE Lh)g utak e
buil di ng$6&.tbcki lwlaison and that California, Oregon
AElduet heaar t hfgrueadkieency, bdeéehsi @mae ulrsaitzimmemtn t hese
t &®tFeEsMAas an énhhiend&datoohal Risk dtnidetwad®si Nat ur
he risks for uwdifrfereaits dhephe adr @sn t yit'mione erviesrky st at
ndex erRpekatewal i zed | osasred,c smmu milPtAr orpeasditlsige nc e
0 t hiCsaliinfdoerxn,a aWla sOrierggptng n hhghies tohrr iesak tihmdieaxk efs
cross a | arger artéhamnamd haerl asrtggerespopul ati on

QJH—'FPU)

PXFor more information about Hazus models and FEMAO6s Hazus
https://www.fema.goWlood-mapsproductstoolshazus

30 These estimates were prepared in 2017. See Federal Emergency Management AgencyHaElsA} stimated
Annualized Earthquake Losses for the United St2@E7, ahttps://www.fema.gowitesfiefaultfiles/202607/
fema_earthquakes_hazestimateeannualizeeearthquakdossesfor-the-unitedstates_20170401.pdThe calculated
annual losses may be different in 2022.

31See FEMA, AiNat i ohtipa:VhazRrdsdekna.dowi/d e x , 0 a't

2FEMAOGs expected annualized |loss is based on exposure of bl
hazard times the expected annual frequency of the hazard (in this case, annual expected frequency of an earthquake,

whi ch i s b as erbbability forebasts) fie<3lg distoric loss ratio (i.e., the expected loss of buildings,
agriculture, and popul ation per earthquake). For more i
https://hazards.fema.gawi/expecteeannualloss FEMAG6s national ri sk index for ea
risk of a community compared with the rest of the United States for building and population losses due to an

earthquake. FEM compiles data regarding past earthquake locations, previous occurrences, and future probabilities

from the USGS National Seismic Hazard AssessnteeatGlobal Significant Earthquake Database producetidy

National Oceanic and Atmospheric AdministratthO A A; s e e NOEIDMDS Glokil Significant Earthquake

Database, 2150 BC to Present httpst//www.ncei.noaa.goatcesshetadatdanding-pagebinfisodd=
gov.noaa.ngdc.mgg.hazards:G0121 5®d Carl W. Stover and Jerry L. Coffm&wgismicity of the United States,

15681989 (revised)USGS Professional Paper 1527, 1993, p#18,at https://doi.orgl0.3133pp1527

nfo
rt h
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The ShakeAlert Earthquake Early Warning System and the Federal Role

Figure 4. FEMA Annualized Earthquake Losses
(estimates in 2017 dollays

Annualized Earthquake Losses, $6.1B
61% in California, 73% on West Coast ($4.5B)
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Sources: ShakeAlert,'ShakeAlert: An Earthquake Eavijarning System for the West Coast of the United
Statespat https://www.shakealert.org(ShakeAlert addedetails about the total loss)Vest Coast lossesand
population) Original figure and calculations fraiime Federal Emergency Management Agency (FENBEZuS
Estimated Annualized Earthquake Losses for the Unite20Siasedttps://www.fema.gositestiefaultfiles2026
07fema_earthquakes_hazestimatedannualizegbarthquakedossesfor-the-united-states_20170401.pdf
(hereinafter FEMA{azus 2017).

Note s: In the United States, FEM&stimdes the total building and building content economic exposure to
earthquake hazards is $59 trilli¢all estimates presented here are based on calculations completed and
published in 2017)These earthquake losses are estimates for buildings only andtdmnsider the loss of life,
other property, other infrastructure, business, government, and other lossesFEb#) Hazus2017. Also e
FEMA, What Is Hazus3at https://www.fema.goftbod-mapstools-resourcesflood-mapproductshazusabout

Total 50M

~

|l EEOT UBO®WE UUT OUbUawlUOw( UUUI ws
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Since 1989, h&9nguehori zed programs and appropri a
(or seismology) tdTheduearcthaguhbhgeaketseéaaskd. | ed
understanding of Earth processes, impkroved eartt
reduction that has |l ed to the devel opment of EEV
1960s; the expansion focused on detecting underc
instruments and finding waybkntsoeeda eadoypcr eo pe a ratt h gounask
al most $30 pAi96lIL odnol(liar s1)9 59N nual ly between 1959
Def @ésnskRr oj ect VELA Uniform (VELA) for seismic in
underground nucl earcerpkbkoatbns amdngonatuppaostto

33U.S. Government Accountability Office (GAQYeed for a National Earthquake Research Progreri76621,
September 11, 1972, pp8l, athttps://www.gao.godssetdi-176621.pd{hereinafter, GAONational Earthquake
Research1972).

Congressional Research Service 10



The ShakeAlert Earthquake Early Warning System and the Federal Role

weapons testing. VELA |l ed to improved seismic i
accelerated the sharing and standardization of
wor#Tdh.ese advanceisnsir umeetaattchomnhbenefitted EEW

In the t1BE60ENhEGs were damagi ngl eSaaattdecgtulak es i n

potential for eart haqgfipnkddepvteendi.c tTihcen 1PabBsAe dAM9a 2 Ame

earthqguake onSuthceudtieaun i AodanAyr ct he | argest event
St at es, caused 9 fatalities, many injuries, and

tsunami that caused 122 fatalities, many injuri e

Oregnd, Cal®Tfhoer nli9a7.1 M6 . 6 San Fernando earthquake
injuries, and extensive damage (includin
CourChina evacuated peoplbgebefomet heéb®BMZidByagi ngailé
Hai cheng earthquake struck on Febrwuary 4, 1975,

g damage

eart hipuekeatt itome ti me. Subsequent evalwuation and
such an earthquake preld@meci amm @0 elcdrrmsotr Ipdyrse gad

coubled used to predithoeght hgsekhesh continues to

cause an earthquake and whether ary physical che
During thferameme €Comgress conducted hearings that
workshops from other groups, call dde)drotrhcuaker di
hazamdlbaksessy@antt hquakengr waif olidfdnPg@HQW & qu a k

and( yar t hrqausaiket a n t.¥Ceoomgirreesesthipmm@@ aetdhquake Hazards
Act ofP. LII72BI5whi ch codified a coskdi Myt ednph aemra
theadheee researictavadlhoe®ic z e d nfaoprp rtohper ipartoigomasm, t he
NSHECongr es sHDUM K TiXeDAN B nSEUHGW K WX RDHh Z D b @d_®idbruts e

accompanying thefAk9 de&fa ate taasnnfedallrléeohwgsu ak e pr e

di ct
predi cdefoinni tien or probabilistic tanmearbhqubket.
whereas an earthquake warhmitngromemars |d free a mmmda mae

changetdi me rbaeac aeuasret hquake 0¥ believed i mmi nent

34 GAO, National Earthquake Research972.

For more details about the earthgqguake and tsunami, see t
27, 1 %8ps://earthquake.usgs.geafthquakesientsalaskal964/

%For more details about the earthqguake, see the USGS, 50
https://www.usgs.gomewsfeaturedstorydisastethelpednationpreparefuture-earthquakesememberingsar
fernando

37 For an overview of the 19787.3 Haicheng earthquake prediction, see USGS, Earthquake Hazards Program,
AfRepeati ng Ehipsi/darthquakk.esgs,gddrnparkfieldieq_predict.php

38 GAO, National Earthquake Research972; Robert E. Wallac&oals, Strategies, and Tasks of the Earthquake
Hazards Reduction PrograySGS, USGS Circular 701, 1974; and U.S. Congress, Senate Committee on Commerce,
Subcommittee on Oceans and AtmosphEegthquake Disasr Mitigation Act of 197594" Cong., 29 sess., February

19, 1976, No. 9464, S2613. Congressional deliberations on earthquake research for risk reduction are recorded in
many other hearings after the 1964 M9.2 Anchorage earthquake and before pbdsmagadhquake Hazards

Reduction Act of 1977R.L. 95124). The particular hearing referenced above covered most aspects of the
deliberations, featured witnesses and vamestimony from federal agencies, and included copies of relevant reports.

39 For more on NEHRP, s€&RS Report R4314The National Earthquake Hazards Reduction Program (NEHRP):
Issues in Briefby LindaR. Rowan

40The House report that accompanied. 95124is U.S. Congress, House Committee on Science and Technology,
Earthquake Hazards Reduction Act of 19R@port toAccompany H.R. 66835" Cong., ® sess., H. Rept. 9886, pt.
1, May 11, 1977.
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Earhquake prweadrirg b 0 o bP Raln@dd @ W hagruea kreo tb apsoeddshiebnl e
current under ptandbBegeflbHBRI{aht sBEWoObegi nni ng
in the€ohy8®kss directed the ,USBKGERMEW Yydewen op an a
protot ey @2aut horfi NEWPIREPn4 YLIAONBut omat iseni ¢ hazard
war nisngvasrykd KLVN RSHURBWLRQGYV pubdai canh rheaass ibhegeuna k e
detecttéddhdamadi ngs shatgi n@ it Bleo opteifdan s owarni ng al |
the operaautoomat @ed taktei ons,t csurcehdsakse st opping a t

I n NEhHERRRreaut hori zat Pobnh.-3ALb0fr emMd8ed statutory | a
requiring the USGS to develop procedures for mak
| anguagei ri ngd eNEeHRPR tpor o EeEdMsr Eset b mGBEE@e hat t he
USGS simowmltd nue t het ldee vied vogpnmeeend Sbafs f eimmd | Seii sgni ¢
earthqguake ear | YP.wla.r3nliriesy st ragealbS &3 ,t iies t he event
earthquake, ta wasuengn whent naepondssary and feasi
state and | ocal of ficials.

Congress aut hor i z e de dtahued hRorrei stw aeesn tat bhoad ti plsiiap deticet r

i hhe Disaster Rel®&B34RCIASANIVMiMAse@ut hori zed and
renam®kRaebtehe T. Stafford Disasteri nRel®it8a/f f and Emer
AcP. L.-7ANVD0 Congrteds tdiqr 8o esageemei es are able to i
di savatrenri ngs t o st at e &taodfed deradl gaogveetraitmes tiso dansds i
|l ocal official s*Ww2Yh maikeaatvarn |wddrei mgs, vilian d
provide disaster warningsi hoestdangeau(d&diodat basci vi
cooperate with privatoen osrytectgemmevri cdiea Id i cscamsmuerri owaatr i
states and the civilia@Qompgmpadatawnhomi zadamnierkr
the WSGHProvide warniwmgisng@ghoutmneaerff legasnek etsor ni ng
enter i nttoo apgrsieveambeentor commer ci al communi cati on
warnings to statess nard daindi€loiean epe@dli alt inmrnt spec
earthquake early waThmd nigSSiSiwa rtnhien gSst adEBEWsr,d tAocc tc. |l a
thaye not earthquake predictions or forecasts bt
eart hgrud ktehen prowi dhng &tewsar cfomgstacssiegemm e weat h
warnings provi dree fhaoruatsi dro amd?Psprfotrept i ve actions

31 PWEOI w@luud O

ShakeAlert iBEWhesbDhimrathi phkel UMAAt pdbIStat EEW syst e
uses FEMA or other communication pathways to prc
ShakeAl esretn dharggahegluearbtesmmu ni c at ifoonr pgEMEMNaIdicErss s

the puwblCiad i fornia in Octobean@Oila, WashiOngigom i m

202SlhakeAl er tonilsp atvhaei sl ea Bthlerk e eAd s fitshees .fool | owi ng
component s

41 Disasterrefers to natural hazards, such as earthquake, flood, hurricane, tornado, landslide, Rrid §8288).

42 Robert E. WallaceGoals, Strategies and Tasks of the Earthquake Hazards Reduction Prads&s, USGS

Circular 701, 1974.

“See National Weather Service (NWS), #fAHurricane and Tropic.

Ou t | o dtkps:/Bvwvavteather.gosafetyhurricaneww; N WS, AfUnder st aabd Tornado Al erts,
https://www.weather.gosafetytornadeww; and NWS, i St or mhtips/fenwn.spctnoaa.gov/Cent er , 0 at

“ShakeAlert, fAShakEadley tWarAmi E@ar$hqtuearkef or t he West Coast ¢
https://www.shakealert.org/ and USGS, intG &/ edrtbghdkeeusgs\gdatashakealert/
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T Aneart hgairakiengofned evioghi ¢c and geodetic station:

T Robust and r(apciednitieneueomuesdi wg and transmitting
i nstrumentdat e@a ¢ ircoegnst sesrisn g

1 Datpa oc ecsesnithegi sneat e eart hquake characteristics

T Decisionmha&king deter mine if the earthquake ma
meets shaking iamtdpnes@idpgethmessalges)

T Coordination and o diaecyammwrei @alrdeasmemnt GV i
for rapid mafssEBWs i fication

Previous EEW system prototypes and earlier versi
States were sealeili ment @ l|*SEpEaW isfyisct etme sdteevresl .o p me n' t
United Statesnberanused @h hChgkhi e@atbdquake risks, |
California earthquake hazards, and the establ i st
funcas opmart ofsamsicagEhnpowixment al EEW systems op
Oaklam@ut hern California in 19%8@r mantde slt99D 7qf rEBW.e
prototype EEW system called ShakeAlert began t es
Northwest in 2015. Congresspappracpdiyat dd ofugid g hf
EHPand MNe&dFearchcgopatatawn® agreement s.

The eaeastehngsuiankg ned eviog ki dlewevce sdi ate outward fr
point of amde ®mamilddgamakkiesd rument proaes i ndhe d
cen()adXVUHUT heet W0 mKk e nuts ei st hPew afgaesttoerdet ect t he st
eagubhke and pbefptamrieo semor & | & mSwaagsienagr r i ve at | ocat.i
further frof telpdiceatitepravakiel e t o pocatde® nEEWI 0@ ¢
to t he ,beepdawesna etrher e tios croonp | en eu b €toiEENt hberpoces s
shaki ngDaatrar ipvressc essi ng centers analGyzlkotati dat a
andagnidaudweehle as ea t hat nmaey sridcoeiguleumidghs haki ng.
processi ng cleenrtte rnse ssseamgge st hotosrdt iam fmonuma tciaa m o n

pr ovi.der s

(0]
a
a

t

“For a timeline of the development of EEW and ShakeAlert i
War ni ng Mi |l est o nlhtps;/rallelb&keldyedudseatci®EWmilestones.htmbnd Sara K. McBride

et al . ,Bag&wddeéuicedel ines for Protective Adedphysicsvoland Eart hqu
87, no. 1 (Januaflfebruary 2022), pp. WA?WAL102, athttps://doi.orgl0.1190¢e020210222.], Figure 2

(hereinafter McBride, AiProtective Actions, o0 2022).

46 USGS,ShakeAlert Plan2018, p. 6.

““Body waves are seismic wayve s.Thehwavesisedrfon aaghiqguake detectiongidtr t he Ear t |
EEW arethe primary or compression (P) waves and the secondary or shear (S) waaeesRvhich travel faster

than Swaves, are the first seismic waves to be sensed by instruments deployed at the surface and tanates tios

arrive at a given location.-®aves arrive later than®aves but carry more energy and cause more intense shaking for

a longer time than#aves. Swaves cause the most damaging ground shaking in most earthquakes that impact

communities. An efictive EEW system detects thev@ves and determines the earthquake characteristics. This allows

an EEW system to provide a warning of higkensity shaking before thevg@aves arrive at locations further away

from the earthquake sensing instruments. Serf@avesre seismic waves that travel along the surface of the crust;

these waves arrive later than the body waves and can contribute to damaging ground shaking, especially for structures

that may have been damaged to some extent by the eaviaves.
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Figure 5. Schematic of the ShakeAlert System

__ Sensors positioned
about 6-12 miles apart

|
Earthquake
e Sensors alert center

Epicenter : A b g '

N\S-wave NP-wave

Source: ShakeAlert,'ShakeAlert: An Earthquake Early Warning System for the West Coast of the United
Statespat https://www.shakalert.org/

Notes: Once an earthquake starts (star labelegicenteandfaulton the figure), theShakeAlert earthquake

sensing networkgensorsn figure) detecs the P-waves (yellow curve shows th@-waveradiating away from the
epicenter and arrow indicates the general direction of the waaesensors closest to the epicenteFhe
sensorstransmit these data to data processing centers (only one is shown on the fidabeledEarthquake alert

cente). The centers process the data grfithe earthquake may be damaging, prepare alert messaties
LQIRUPDWLRQ DERXW W K HandlbcHtidhkamdXvib i Hrells Ray J€géiw Xtenide shaking from the
later-arriving more damagin@waves (red curve ad arrow). Public and private communication pathways

convert the alert messages into EEWs and send them to individuals and institutions in endangered areas. On the
figure, the nearby city is in the path of the seismic wathesgoal is for everyone in theity to receive an EEW

before theSwaves reach the city and cause intense shaking.

I nstit utoimomssi iijpanmv ude Sbhhé&kedére mMatsaesthge o mpt

prot acttii walsi ch r educe ceoasrttsh q(uea.kgel orsi$sokosf raenpdai asi 0
by preventing damagpLIX0¥8Peme | ien satnidt ptriopres ttyake a
achsobased on ShahkeedIWeRPtDWhieCs BEVYWER QWO Tr med wit hout

human intervention; t he ShakeAl ert messages ar e
ma ¢ mteomachi ne communicati omsdt aatdi pe ot i aug omad é
me s s a g eAuwted reddltessdons may include stopping or sl ow
doors, stopping el evators patevavnéthibpnogr eanflr omean e

bridges ,omrd tatnmédd rss

addommwmi, c at iuosieh pkleggréetaler at ed omeesdages eart hqua
s ko atyd BEWMLIXYHmMer gency communi cation provider
mmu n ipcaatthisong $ | EfENO Mm@l i ¢ apperfescei ve t he ShakeAl e
ssages and send EHWSss kt caTiermdsiev IEEW=| 3 nicth uldieg h

commended p:Dobe@c¢ tatedy erhocltd oIVDEOKB HQ@)s. some ot her

ﬂgoﬁ—
® ® O — 3>

8Strauss, iBenefits,o 2016.

49 For example, automatically slowing or stopping a train is one of the most common protective actions to take for an
EEW, because the potential to avoid a derailment outweighs the minimal delays caused by stopping a train. EEW
systems continue to develop automated or semiautomated alerting for critical structural systems where the application
is relatively simple and the celsenefit calculations and rigieduction potential are significant.

50 Drop, Cover, and Hold On (DCHO) ise recommended protective action for an individual on the West Coast
because (1) most injuries and fatalities are caused by falling on structures (e.g., stairs), tripping on damaged structures
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examples of adtutamapedtectibédi ®makeononaftbhatrmagi vi
to reduce risks.

Figure 6.ShakeAlert System from Detection to Protection

Source: ShakeAlert,'Graphics Librarypat https://www.shakealert.orgiessaging_toolkigraphicdibrary!.

Table 1. Examples of Protective Actions That May Be Taken After Receiving an
Earthquake Early Warning

Sector Sample Protective Action(s)

Construction Placing craes and lifts in safe positions ambving peoplewayfrom hazardous
construction sites.

Emergency Alertingfirst-responders in the field to temporarily retreat to safe spaagsening doors for

Management emergency vehicles, astartinggenerators

General Alerting the public to prepare physically and psychologically for the impending shaking

Industrial Closing valves, slowing or stopping production lines and sensitive procassesioving
people away from hazardous industrial processes.

Medical Halting dental operations, surgeries, laser procedures, and other medical procedures.

Office Stopping elevators at the neast floor and opening their doors, allowing peoplertmve

away from windows to interior/safer spaces

Restaurants Turning off heat sources and securingawoiding areawith potentially dangerous
equipment, such adeep fryers

or fallen objects, and/or being hit by falling objects durimgmse shaking, and DCHO reduces these risks; (2) many
structures are built to earthquatesistant standards in higisk regions on the West Coast, so the structures should not
collapse, making DCHO more effective than evacuation; and (3) individuaisostdikely to be inside a structure

when an earthquake occurs (i.e., Americans spend most of their time indoors), so DCHO is the most likely situational
reaction. Most injuries and fatalities from earthquake hazards occur when people are harmed hy stancages

and infrastructure |ifelines. See McBride, fAProtective Act
after an earthquake, including a desc htpa/Miwareadygbv/ DCHO, see
earthquakesandOc cupat i onal Safety and Heal t hhttpS:dwwiv.oshasgpwf at i on, AEar

emergencypreparednesgliideséarthquakes
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Sector Sample Protective Action(s)
Schools Warning students and staff to take a protective action such as Drop, Cover, and Hald C
Transportation Slowing or $opping trains, stopping aircrattkeoffs and landisgclosingvulnerable bridges,

andslowing or stopping traffic by turnindl &raffic signalgo red.

Utilities Openingor closirg critical valves in pipelines, shutting down systems, rerouting power
supplies, and movirfgeld personnel ito safe positions(i.e., places not exposed to power
lines or other hazardous conditions).

Vehicles Instructngalerted drivers to turn on emergency flasisdto warn others) and to slow
down.

Source: 6 KD NH$ O H U Wttps)/fvvyistiak€alert.ortdgl/ Modified by CRS.

The ShaskyesAtleemnti s a cooper atwivteh pmanteltcgrae tenemy t h
responsi oy rdaensre atrhcen and devel opmenand/ooprer ati ons
educati on (AhEQ.Ahsdpracacnter s a el aidees sdmdiever sities
nonprofit organNSFatfiaotnhsk ittisca@Ss. o per at & hlak efAd retr t o f
t he Advanced National Sek dBiihe NSGtSe pr(eHpMS R)d vai trk
i mpl ementation pl an VimDummBddbkzdbee €ehigaladi@y 8

i mpl emeonBhmak et rhow the USGSE&MWnyss tteom.i mprove th

FEMA M3IEKIndi seppbyt SahsapkeecAtlserotf (i .e., Congress do
funds to these federal agenties) spEEMAIipadtViydésr
communi cat itoon dpeatihvweary s B Wslo 1t e a rthteh qpwabkl & cr i s k
assessmemt &dbdigtaieacsrhji ZEMAO alwazar d mi tigation gr an:
i mpr®hveek el eat tslkeqnwsd kngg.Sepet wonk1233 of the Disaste
Ref or m2Ad4&mBi wifsi on D of t he FedReraallt hdowiiaztaita no nA dAeit
201 L .-254&t horized FEMA to provide hazard mitig:a
Mitigation Grant Program and the Building Resili
for asttilvdttireeduce earthquaRkREEMAskagnduppblrtd EEW
i mprovements to seismic and geodetic networks ttF
installation of seismometers, GCMNSSmeelcegi apds, ar
signal processtildhpkedhetfeame part of

NSF supports earthgaslkeea sringe snred hwoa rkd ogeaerrtahhq ons
It doé@dsosgh research grants to universities and

51 The Advanced National Seismic System (ANSS) supports basic and applied research to understand and define the
structure of the Earth beneath the surface, including mapping faults and understanding earthquakes. ANSS activities
contribute to the research adevelopment of EEW. ANSS consists of a backbone network of almost 100 seismic
stations distributed throughout the United States, the USGS National Earthquake Information Center, the National
Strong Ground Motion network, and 15 regional seismic netwSrkse t h e U S @G&anced Natichd

Sei smi ¢ dyps:/twewmysgs.gapitogramstarthquakeérazardsinssadvanceehationatseismiesystem

52 USGS,ShakeAlert Plan2018.

SEFEMA, fAHazard Miti ga thitps:iwwafersa.gedraatehitigatioGaadt § EMAat ABui |l di ng
Resilient | nfr ast r unhtps:twwe.fermagdygrabtemiigatiombuildingrasiliedtinmastructure
communities

54 FEMA mitigation grants may not support any operations and maintenance estieitShakeAlert. FEMA may

support only improvements to ShakeAlert, because the authorization requires FEMA to support EEW capabilities that

enable endiser notification. FEMA consulted with the USGS and determined that ShakeAlert is the only system that

enablesendl s e r notificati on. F EMA, fiDi saster Recovery Reform Ac
sheet, September 30, 2020h#ps://www.fema.gowitesfiefaultfiles/2020-09fema_drraearthquakesarly-warning
systems_faesheet_Septemb@020.pdf
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geodeti q ef.gci, | itthieesSei smol ogi cal Facjolpietriagd se df or
by the I ncorporated Resgaéairec hGelomdsettiitcu tFiaccn d iftdre sSe
Advancement ,o0peGabvedi bpabhMAMVMOG nlSGca.t heor ni a
EarthquatpeCanedrby the Uni vy@iTdhiet Wadfi oadt hern C
Aeronautics and BNAS8)Sa phdmitrsi & threatuisen of geodetic
and tsunami research and or hazards warning anc

Table 2. ShakeAlert Non federal Partners

Institutional Partners Involved in ~ ShakeAlert Research and Development, Operations and
Maintenance , and/or Education and Outreach

California Geological SurvéZGS)

& D OLIRUQL DOffRey dfl Enigigéhcy Services (Cal OES)
California Institute of TechnologiCaltech)

Central Washington UniversitfCWU)

Incorporated Research Institutions for Seismology (IRIS)

Oregon Department of Geology and Mineral Industries (DOGAMI)
Oregon Military Department, Office of Emergency Managem(@&M)
Southern California Earthquake Center (SCEC)

Swiss Seismological Service of ETH Zurich

UNAVCO Inc.

University of California, BerkelejCB)

University of California, San Diego

University ofNevada, Reno

University of Oregon(UO)

University of WashingtofUW)

Washington Military Department, Emergency Management Div{$viD)

Washington State Department of Natural Resources

Sources: USGSShakeAlert Pla2018 USGS, Earthquake EarlWarning 2 Overview,pat https://www.usgs.gov/
programséarthquakehazardsgcience¢arthquakeearlywarningoverview#partnersand ShkeAlert,

‘ShakeAlert: An Earthquake Early Warning System for the West Coast of the United,$tes
https://www.shakealert.org/

Notes: ETH Zurich stands forEidgendssische Technische Hocti&itichein German Swiss Federal Institute of
Technology in Zirichin English).

%] RI' S, fASeismological Facility f ohtpst/Wwev.irisediasagee ment of Geos:
UNAVCO, i GA GE htips/tvink.undavgo.orgvhatwe-do/gagefacility/; and Southern California

Earthquake Centle C6&ChHEES) wwiv.Badombout t

56 National Research CouncRyecise Geodetic Infrastructure: National Requirements for a Shared Resource

(Washington, DC: National Academies Press, 2010)ttps://doi.orgl0.1722612954(hereinafter NRCPrecise

Geodetic Infrastructure 2010) ; and NASA, Earth Science, Applied Science
R e c o v e httys://@ppliedsciences.nasa.gelatwe-do/disaster&arthquakes

Congressional Research Service 17



The ShakeAlert Earthquake Early Warning System and the Federal Role

$EVOT @UEDIPOT w-1 UPOUO

Th®hakeedretrtgunuakeg net wor ks ed smd ics tssth aduit o1rl, 5310090 d
geodetic stationandnW&shiLhhxguHop dK)Y#sr egfonFebruary
O2Motf these seismic and geodetic sdsatpamts exi
regionateseawohkshéamard assessmandt herat ur al r
rpo®EPBoOome st atinenwobiwst hesan adddiettieocntalngpur pc
e start of an edmteh db&HBKKe atnd PBhakiedde eEEWpart ne.
[
a

smic stations asmtdatuipagmsa dteo momper awe deearitchquake
%t

akeAl ert ustersy dtievcehrnsoel otgeyl,emencl udand caetlal ar
transmit data from seismic oY hgedddteimetgtyat i c
clhmgpy depends ocmtti b @nadrit ee hanvwad iolggblaen dt el e me't
ystems. I n Ca,lsiofmer mitatameisOmnuesgon heir respecti v
systems to transmit data. I n Cal ief otrenlieame ttrhye US(
syst ems Ndrett weSem tshred n  hadl a If iofr onri miésa TG of vi ecren oorf

Emer gencyl Cedr PQHSe)is cC ocSnamuentiyc ati ons system and the
Cal i fBerrnki&Gh alkte Al ert dcatnareprocesscnhgd with a dedi
sysiTéearm USGS adnedr tShpaakrépe oy ea amtde logpfhe tmhi {1z lee

ear t hgaimkien gt e es wpp &rrt a pliab a s therbohnd eerhye s ei smi ¢ ano
geodetic stati dmg tceemttéeers sdbt a%Tpheee c ms B o tee $ der s

i nvest i gtadgli emmp toit hreg ,whientchleurd innegws u elc Haisr Isdlge e s
Responder Net(wiorrkt Maitt blosae gl datt@® transfer systen
St armaiymkprove % el emetry.

2
of
pu
t h
s e
Co
Sh
t o
t e
S

57 Correspondence between CRS and USGS, April 18, 2022.

58 The USGS aims to add 366 more seismic stations and upgrade 176 geodetic stations to provide adequate coverage
and station density to detect earthquakes rapidly and accurately in California, Oregon, and Was§tiagé#iert
Plan, 2018; and correspondenisetween CRS and the USGS, April 18, 2022.

59 USGS,ShakeAlert Plan2018.
60 USGS,ShakeAlert Plan2018; and correspondence between CRS and the USGS, January 12, 2022.

61 USGS,ShakeAlert Plan2018. FirstNets an independent authority within the U.S. Déypent of Commerce

National Telecommunications and Information Administration, that provides a dedicated communications network for
emergency responders and the public safety comm@ityar t er ed i n mi8bDrii’to ensuiethe t Net 6 s
building, depbyment, and operation of the nationwide broadband network that equips first responders to save lives and
protect U.S. communiteS ee Fi r st Net , i Fttps:/AvivviNfiestnet.gou/Sele alstCiRS Repod a t
R45179,The First Responder Network (FirstNet) and Nerheration Communications for Public Safety: Issues for
Congresshy Jill C. GallagherStarlink is a commercial company that supports high dde activities using low Earth
orbit satel |l it es. https//ewwsStadink.tomn Kk , isStarlink, o at
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Table 3. Regional Networks That Contr

ibute to ShakeAlert

Network Name :

Number of Stations
Contributing to

Location Partners Funding Sources ShakeAlert
California Integrated California Institute of USGS and Cal OES >832
Seismic NetworkCAa TechnologyUniversity of

California, Berkeley

California Geological

Survey Cal OESand

USGS
Pacific NorthwestSeismic  University of Oregon, USGS, Department of >283
Network: OR and WA Universty of Washington, Energy State of

IRIS, UNAVCOInc.,and  Washingtonand Stateof

USGS Oregon
Network of the Americas UNAVCO Inc. NSF, NASA, and USGS >500
(Geodetic) CA, OR and
WAe
Pacific Northwest Central Washintpn NSF, NASA, and USGS >100
Geodetic Array OR and  University
WA
Bay Area Regional University of California, USGS 33
Deformation Network Berkeley California
(Geodetic) Northern Institute of Technology
CAe University of Washington

Central Washington

University Lawrence

Berkeley National

Laboratory and USGS
USGS Pasadena Office  USGS USGS 140
(Geodetic) Southern CA
USGS Menlo Park Office USGS USGS 8

(Geodetic) Northern CAf

Source: USGSShakeAlert Pla2018.

Notes: CalOES= &DOLIRUQLD *RYHUQRU -V 2I1LIRIS RhtoffortdtedIReQBICh6 HUY LFHV
Institutions for SeismologY§ASA = National Aeronautics and Space Administration; NSF = National Science
FoundationUSGS= U.S. Geological Survey.

a. &DOLIRUQLD ,QWHJUDWHG 6 hitip&//viwir.clsH.BvgZ R U N
Pacific Northwest SeismnF 1HWZRUN h@gs8/fingn.dgV
"IHWZRUN R W Kntipst/Rvidw @ o/ ongt dedtsmajor-projectshotahota.itml,
&HQWUDO :DVKLQJIJWRQ 8QLYHUVLW\
%HUNHOH\ 6HLVPRORJ\ /DE

81%$9&2

-0 oo00o

86*6

"&,61 u DW

" 3 DHthg: VAL GeDdasK. Al ¢/ *HRGHWLF $UU

"% D\ $UHD 5 Htps:RWiEN0.beikeryddiadid/ LRQ 1HWZRUN

"86*6-BIHDHD 'HIRUPDWLRQ tRQ/wivvsbthl@eddetidovy/
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Figure 7. Seismic Stations Contributing to  ShakeAlert as of February 2022
(established and planned seismic statjons

Source: USGS, April 18, 2022.

Notes: 6 KDNH$OHUW -3énsiry damisricohBidistbf 1,308eismic stations (blue dotsjhe USGS and
ShakeAlert partners aim to ad?b6 seismic stationto the ShakeAlert networkyellow square¥ Theseadded
stations will be either new stations or upgradeseristingstations in regional network3:he map is from the
USGSCorrespondence between CRS and USGS on April 18, 2022.
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Figure 8.Geodetic Stations Contributing to ShakeAlert as of February 2022

Source: USGS, April 18, 2022.

Notes: 6 KDNH$OHUW -3énbiry daidrk duNddaut 1,100 geodetic station$he red dots indicate
gedletic stations thatvere not transmitting datavhenthe figure was prepareth February2022 The USGS and
Shakedert partners aim to upgrade 17@eodetic stations (not shown on the figure) and add them to the
earthquakesensing networkMapped faults ardelineated bylacklines excluding the state boundari€Ehe

map is from the USG&orrespondence between CRS and USGS on April 18, 2022.
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62 USGS,ShakeAlert Plan2018, p. 7. The geodetic stations add more spatial coverage by adding rirayecte

sensing stations to the system. The geodetic data may help detect the largest magnitude (M7+) earthquakes on

subduction zones more accurately and more rapidly than the seismic data alone. For @xangpgn 6 s EEW syst em
underestimated th2011 M91 Tohoku earthquakas an M8.0 partly because of a lack of seismic data near the event

and because the system did not use the geodeti¢i.@atéhe underestimate was significant because an M8.0 is a far

less energetic event then an M9.1; Appendix for more information about magnitude and earthquake energy). A

postevent analysis indicated that usitg realtime geodetic data would hapeoduceda more accurate and higher

magnitude eentestimateleading to a larger tsunami estimate and a larger area toAvarh e n  an BEWMe | gar , i
Advances 0 2 0 1 9 ; PrexisedGedd&icCInfrastructur2010, p. 48.

63 Based on research, developmeamid testingthe data analysis may be improvedauging the raw geodetic data and
the Geodetic First Approximation of Size and TindnBeak Ground Displacement algorithm into the operational data
analysis systenSeeJessica R. Murray et afiDevelopment of a Geodetic Component for the U.S. West Coast
Earthquake Early Warning Systengeismological Research Lettevsl. 89, no. 6 (October 3, 2018)p. 23222336,
athttps://doi.orgl0.17850220180162

64 USGS,ShakeAlert Plan2018.
65 USGS,ShakeAlerPlan, 2018, pp. 1&0.

66 See National Academies of Sciences, Engineering, and Medirimergency Alert and Warning Systems: Current
Knowledge and Future Resear@018, atttps://doi.orgl0.1722624935
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5For more details about the Integrated Public Alert Warnin
War ni ng Shitssit/ivevm.feda.gadmergencymanagergractitionershtegratedpublic-alertwarningsystem
8Some individuals or institutions that are close to the ea

times of less than 10 seconds, which is not enough tim&eatdion. Other individuals or institutions that are far from

the earthquakeds epicenter may receive one to two minutes
damaging earthquakes in Mexico start on the offshore subduction zone near the egestttine and are hundreds of

miles away from large cities. When a subduction zone earthquake is detected on the west coast, Mexico City receives

an EEW before the seismic waves travel hundreds of miles to the city, so that people in the city hatweoone to

minutes to prepare for intense shaking to arrive. UExBected Warning Timgs 202 1; Sar ah E. Mi nson et
Limits of Earthquake Early War ni rBgenceAdvaneckol. 4 B0s3s(2008f, Gr ound M
athttps://doi.orgl0.1126%ciadv.aaq0504 her ei naft er Mi nson, ALimits of EEW, 0 201
Dedi cated Seismic Early Warning Net wor ISeismdidgieal Rémrchi can Sei sm
Letters vol. 89, no. 2A (March/April 2018), pp. 3891, athttps://doi.orgl0.17850220170184hereinafter

SASMEX, 2018).

69 USGS,Expected Warning Timg2021, p. 3.

“ShakeAlert, ABec ot mS&yat ehhps:Revw. shakealert.adighpkermentatiorpartners/
1USGS,ShakeAlert Plan2018.

2USGS,ShakeAlert Plan2018,pp.22 1; and Mi nson ,2018Li mits of EEW, 0o
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Figure 9.Alert Communication Pathways and Minimum Threshold s

Source: USGS, Earthquake Early Warnir@verview,pat https://www.usgs.gopfogramsgarthquakehazards/
sciencegarthquakeearlywarningoverview

Notes: ShakeAlert sets minimum magnitude anddified Mercalli Intensity Scale (MMI; shaking intenséygls

for sending alerts from communication providexs EEWd0 people or machines (magnitude threshold and
shakingntensity threshold listed above in the right columns). If the earthquake is sign#éitangh to meet

these minimum thresholds and thus may cause damage, alerts can las &tV viafive main communication
pathways (listed in the left columnlhe wireless emergency alert (WEA) is a FEMA technology and the USGS
sends EEW using this techogy.SeeAppendix for more information abotimagnitude anthe MMI shaking
intensity levels
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73 EEWs distributed via WiFi or cellular networks commonly arrive-ih0lseconds, but various apps are still testing

the scaling to large numbers of users. WiFi technology uses radiofrequency waves to transmit information wirelessly.
WiFi networks wak only within a limited distance and require a modem connected to a wireless router or wireless
gateway. Cellular networks use cellular signals to transmit information. Cellular networks work over larger distances
where there are enough cellular towergamsmit the cellular signals from towers to devices. The WEA system can
deliver EEWs as fast as 4 seconds based on recent tests, but many individuals receive the EEWs after more than 10
seconds or not at all. USGShakeAlert Plan2018; and USGExpeced Warning Time2021, p.3.

74USGS,Expected Warning Timg2021, p. 3.

“See FEMA, i Wi r el es shitpE/mew.fgneargaeymerdehcgmarnagergtactitobershtegrated
public-alertwarningsystempublicvirelessemergencyalerts See FEMAS® s | HapSWSvw.femdgew t e a't
emergencymanagergractitionershtegrategpublic-alertwarningsystem

76 USGS,ShakeAlert Plan2018.
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Figure 10. FEMA Communication Pathways

Source: USGS$ShakeAlert Plez018 and FEMA, ,QWHJUDWHG 3XEOLF $OHUW DQG :DUQLQJ 6\VW
https://www.fema.goemergencymanagergractitionersintegratedpublicalertwarningsystem

Notes : The FEMA Integrated Pubkdert andWarning System (IPAWS) OPEN gateway delivers alerts in two
main directions. To the left, IPAWS deliveaE®mmon Alerting ProtocolCAP)compliant messages to the
authorities listedTo the right, IPAWS deliverseits to the publicvia the communication pathways listedder
alert dissenmnators. People receive these alerts on the devices listed in the far right col@IhQ D GD-V 0XOWL
Agency Situational AwareneSystem(MASAS) is interoperable with IPAWS and otlemmunication pathways
VHH &D QVele@me b the MASAS Exchanggf https://www.canops.orgiasag Canada and the United
States aim to cooperate on EEWSs that impact both countries.

UT @ 000U Ob E/ERIBEROUU
The USGHr ehemmsemt s wibhdehswvetuEE®WeBsuUusi nghde he Shak
USGS has License to Opfddrcetne e(dL tt @) umse@ew d¢tmheed sS htahkaetA

“7The more advanced geotargeted alerts require providers that participate in the WEA program to send alerts to the
targeted area with no more than a 0.1 mile overshoot. Federal Communications ComRéegsion,August 11, 2021,
Nationwide WEA TestWirelessEmergency AleridDecember 2021, attps://www.fcc.gowdocumenticc-releases
reportnationwideweatest p.5 (hereinafter FCGVEA Test2021).

78 FCC,WEA Test2021.

79 USGS,ShakeAlert Plan2018, pp. 224.

Congressional Research Service 26



The ShakeAlert Earthquake Early Warning System and the Federal Role

alert messages, foll owing %Tuhlee sp aarsde BEFEWIscealni nes ¢
onfgr earthquakes that meet or exceed the mini mt
threshol ds sete)dXYiBhm keeddd ietriton(, the partners mus
EEWs rapeflbwiahl w e aygfsitsheacndrLd ©. p auirstenedrhse ShakeAl e
messages t o creEe€alWse vdamd ccil dt rpihbountees , i nternet, r a
systmaxshtim&c hd memu nifcoart icooni t i,aald op be/dEPBAss (
As Doefcember ShaXlkAlL¢e Ohphadpdeduct s a@ndog er tihaams
50 | o&Appoaoxsi2m@atodlhyer organi zati onsmaagrees wlutr siun ng
Lt &s .
Table 4. ShakeAlert License to Operate Partners , as of 2021
License to Operate ShakeAlert -Powered Alerts Sector (s) of Operation
Partner Communication Services
Early Warning LabkLC EEW& delivered to individuatell phones  Education, Emergency Managemen
via the QuakeAlertUSApplication§pp HealthCare,Mass Notification,
in Californiaand Oregon EEW Municipal andResidentiaBuildings
deliveredwith machineto-machine andTransportation
automated systemsgia public address
systems, automated opening of parking
garages and firehouse dooend other
services
Everbridge Situational awareness notification that ¢ Public Safety and Response
earthquake has occurred on the West
Coast (not an EEW) sent to staff in
Public Safety Answering Point facilities
California and Oregon.
Global Security EEWSsencoded in commercial FM radio Mass Natification
Systems/ALERT FM to purposebuilt devices
Google EEWs delivered to individuaindroid Mass Notification
cell phona via the Android Earthquake
Alerts appin Californig Oregon and
W ashington.
MetroLink/Rail Pros? Los EEWSs delivered with machire- Transportation
AngelesMetropolitan Area machine automated systems via
Transit integration with positive train antrol
systems
RH2 Engineering EEWSs delivered with machire- Utilities (water)

machine automated sysns integrated
with water and sewage system controls

8%ShakeAl ert, fAShakeAl er t htps/vemshakealeroongpleraentatiordo/. Par t ner s, 0 at
81 SeeAppendix for a description of the magnitude and shaking intensity scales used for EEW.

82ShakeAlert, fBecome a Shpakwenwishakealert. Sgipementatiodaatmetsin er , 0 at
8ShakeAl ert, fAShakeAl er t htps/vemshakealeroorgipleraentatioréo/. Par t ner s, 0 at

84 The major transportation companies that doehse tdOperate(LtO) partners using ShakeAlert are San Francisco
Bay Area Rapid Transit (BART), with 411,000 average weekday passenge@Jpi®); Los Angeles Metropolitan
Transit Authority (LA Metro), with an average weekday ridership of 344,4é the Southern California Regional
Rail Authority (Metrolink), which averages about 40,000 boarslimig a typical weekday. Correspondence between
CRS an the USGS, January 12, 2022.

85 Correspondence between CRS and the USGS, January 12, 2022.
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San Francisco Bay Area EEWs delivered with machirte- Transportation

Rapid Transit District machine automated systems integrated

(BART) with positive train ontrol systems

SkyAlert EEWSs delivered with machire- Emergency Management

machine automated systems piablic
address systems ar@kyAlert wireless
devices for audio and visual EEWSs.

University of California, EEWSs delivered to individual cell phane Mass Notification
BerkeleyMyShake via theMyShake app in California,
Oregon, andW ashington.

Valcom EEWs delivered with machirte- Education
machine automated systems integrated
with public address systems

Varius Inc. EEWSs delivered with machirte- Utilities (water), Education
machine automatic respongetegrated
with water and sewage system controls

Sources: USGS, January 12, 2022; ShakeAlert.org; and (8@kegAlert Pla2018.Modified by CRS.

At thiel pbopppsecorWi-eocedl ubar networks are the r
eff ecdfnede o emmuni cati on pathways to warn individu:
ground shaking with enoufhhrldetegOme Din@® atna ket p romtse @atni
one state agedegyH dageped aspeprdo -5 b & & e Adit enEr EdWbguhr
apps
1. Gooél &dndroid Earthquake Alerts (based on the
which sendpwé&hatdstEoE 8iritda ve phoelels i n
California, Ore(@amqgutand5 Wa)¥hii Inlgit@m devi ces
2. MyShakeai |l abl e Grre gébantl i Wa s dniidbegvteolnoped by t he
University of Cabotorhia, mBelrk#hegownl oads t

3. QuakeAl,avaUsAabl e i n Cgaleivfedromigad &aryd E@rrd g on
War ni n@blohti&, 000 downh®ads to devices

4. ShakeRedawy&sIDoped obyolawlyiDé egr at es t he
Shakepd weatleaddrt maesbda gé&S&SDntEyner gency
preparedmadbossta@®, 000 d®B®wnloads to devices

86 Google developed the Android Earthquake Alerts app, which works in two ways. In California, Oregon, and

Washington, the app uses ShakeAlert messages to prepaerahBEWS to Androithased cell phones. Google is a

ShakeAlert LtO partner and follows the guidelines set by the license agreement in those states. Beyond the ShakeAlert
system, Go o g | e ébassedicpliphoneddatasto semd EEVsiindtherceusti See Googl eds overvi
Android Earthquake Alerts at Google, fAEarthquake Detection
post, April 11, 2020, atttpsi/blog.googleproductsandroidéarthquakeletectionandalerts/ For more information

about how the app works, sBasinessWorld fiGoogl e Launches Android Earthquake Al
at https://'www.bworldonline.cont#chnology202106/17/376367¢jooglelaunchesandroidearthquakealertssystem/

87See University of Cal i htps/imyshake.b&leleykedw ey, A MyShake, 0 at
8See Early Warning Labs, i N o wttpd//eavlyevarninglab€eimbbifeapp/ni a and Or ego

89 See ReadySariDe g 0 , i SD E mehttgs:@vmwev.yeadspruiegd.o&DEmergencyApp/The number of
downloads for the different apps and the estimate of Andrasd devices are from corresponderatesben CRS and
the USGS, January 12, 2022.
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adequate to ared exdeatt e alvent ) hgu&aenement .
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ShakeAl ert messages for the 51 earthquakes detec
were delivered as EEWsvia imoditvipdealkos mawmdiicasiiot
OLIXYH Matctha mmlei ne communi cation pat hways, many o

ShakeAhdr pahbwayhwwitFioucseel | ul arf i metl wadi kg many cel l
appse)lnedalrieyde t he alert messhgpegemweddin B few sec
communication Pa@E@IoWwWaestmete toie getting EEWs to i
i nstitutidennsousgoh tthienye htao t ake protectivde actions
at tohetiiron®.

The USGS issued 11 EEWs via FEKAtWEAN Ochmdled g2 (
and Decerbere.202hatedt eedardtdhqguakes wer.e of M5.0
Ei gohft t hese WEAswwitthhog&ntdhenlwerey i ngs wearuee not sent

YShakeAl ert , iPost Sh ak ettpk/évivw.shakeaters.cagdueatiddautneacbéventeiew o  a t

files/.

91 Thebestcase scenarios occur when there are enough seismic stations that detecavhe ffom an earthquake and

can rapidly and accurately estimate the earthquake characteristics. In other scenarios, where fewer seismic stations

detect an event, there mhg delays in estimating the earthquake characteristics untitwa&s reach other seismic

stations that are further away. USGBakeAlert Plan2018, p. 22; and USGExpected Warning Timg2021, p. 3.

92 Correspondence between CRS and the USGS, Januar2 , 2022; and ShakeAlert, AfiPost Sh
S u mma r ihtps://wivw.shakealert.orgducatioroutreachéventreviewfiles/.

93 Correspondence between CRS and the USGS, January 12, 2022.
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95 USGS,ShakeAlert Plan2018; USGSExpected Warning Timg2021, p.3 and FEMA National Advisory Council,
ORGHUQL]LQJ WKH 1DWLRQYV 3XERebrbiary 0312019, BHQsG/ wwidvh €L agddiesnddidH P
826793

9% FEMA National Advisory CounclORGHUQL]LQJ WKH 1DWLRQYV 3XERehrBay 03120¥9, DQG :DUQLQJ
athttps://www.hsdl.orgview& did=826793 p. 7.

97 USGS,ShakeAlert Plan2018; and USGExpected Warning Timg2021, p. 3.

98 FEMA National Advisory CounclORGHUQL]LQJ WKH 1DWLRQYV 3XERehrBay 03120¥9, DQG :DUQLQJ
at https://'www.hsdl.orgview&did=826793 p. 7.

99 USGS,ShakeAlert Plan2018.

100 ySGS,ShakeAlert Plan2018; and correspondence between CRS and the USGS, January 12, 2022.
1Al I en and Mel gar2019 p.B®&W Advances, 0

102 Correspondence between CRS and the USGS, January 12, 2022.
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BCorrespondence between CRS and the USGS, January 12, 2022
operating systems in the hitps/iwewstatSta.eommfatisticsP66572marketstiae t o 2022, 0
held-by-smartphonelatformsin-the-united states/ According to the website, Aybe iOSbased cell phones account for

about half of the cell phones used in the United States.

McBride, AProtective Actions, o 2022.

Jjulia S. Becker et al., fAEarthquake Early Warning in Aote
GuideWarmn ng Sy st em BumantikesapdSecialtSciehces Communicativok 7, no. 138 (2020), at
https://doi.orgl0.1057$641599020006139; and Kazuya Nakayachi EerthquakéEarly AT Resi dent :
War ni ngs RiskAndlysigva. 39, mo. 8 (2019), pp. 172340, atttps://doi.orgl0.1111fisa.13306

106 Correspondence between CRS and the USGS, January 12, 2022.

107USGS,ShakeAlert Plan2018; and correspondence between CRS and the USGS, January 12, 2022. For more

information about ANSS, see footnd&#

108 SeeCRS R@ort R43141The National Earthquake Hazards Reduction Program (NEHRP): Issues inlBrief

Linda R. Rowan

109 NOAA issues tsunami warnings, conducts tsunami research, and conducts geodetic surveyse andgtams

hel p advance EEW capabilities. NOAAds National Weather Ser
AU. S. Tsunami Whattpsadvwwwgsunami.gdy/eoondinate \&ith ShakeAlert and otHeEW
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development to advance their earthquake detection and tsunami warning decisionmaking when an earthquake triggers a
potentially damaging tsunami. (See Tsunami Science and Technology AdvisoryFRepwet,and Recommendations
Concerning Tsunami SciencadaiTechnology Issues for the United StaliBAA, December 8, 2021, at
https://sab.noaa.gonvp-contentliploads202201/TSTAP-Report_Oct2@1_Final_withCoverandLetter.pdff NOAAG s

Nati onal Center for Tsunami Research (see NOAA, fiNati onal
https://nctr.pmel.noaa.gamtiex.htm) focuses on understanding tsomia Because many tsunamis are initiated by
earthquakes, some of NOAAG6s research focuses on understand

risks. NOAA conducts earthquake research in marine environments (see NOAA, Pacific Marine Envilonmenta

Library, iMar i ne hitps/svws dmelmoadkgomnelthemernarinecasystenresearch and

NOAA coordinates with the USGS, other federal agencies, atesstad local entities for some marine research
activities. NOAAG6s National Geodet i c h8psigeagsy.nomzmg®/ NOAA, ANa
provides geodetic data, technology, and developheh may improve EEW capabilities. The National Aeronautics

and Space Administrationdés (NASAOG6s) Earth Sciences Divisio
contribute to EEW capabilities, primarily based on EatiBerving satellite systenjss ee NASA, ASupporting
Eart hqguake Res po rh$pe//apphedscidhecs.masaguavitwedlo/disastergarthquakes . NASAGbGs

Space Geodesy Pr@R:anSpasce GeASHps/Agpaddecdasy.nasagaiioud t

projOverview.htm) operates, maintains, and enhances the Space Geodesy Network and the Global GNSSdxetwork

thedefinition of thelnternational Terstrial Reference Frame, measurement of the Earth orientatiameters, and

satellite precision orbit determinatiohhe program contributes to the research and development of the geodetic

component of ShakeAlert. See also NR@gcise Geodetic Infrastructur@010, pp. 4&0.

110 Earthquake Early Warning SysteBenate Bill No. 135 (SB35, Chapter 342, Statutes of 2Q18alifornia
Government Code Section 8587.8htps://leginfo.legislature.ca.gdatesbillTextClient.xhtmlDill_id=
201320140SB135

111 EarthquakeSafety: StatewideEarthquakeEarly Warning Program andSystem Senate Bill No. 438 (Chapter 803,
Statutes of 2016), California Government Code Section 8587.8, 8587.11, and 8587.12, at
https://leginfo.legislature.ca.gdatesbill TextClient.xhtmldill_id=201520160SB438

20r egon Military Department, Office of Emergency Managemen
https://www.oregon.goeemhazardsprepagesdrshakealert.aspx
WBWashington Military Department, Emergency Management, Al

Eart hqguake Eahtpsymilwagowlertisgo, at
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mi | If ioSophna k edAdaknr tad di tmidniano ©$oln.gOr essi onaf tshedi rect e
USGS abBtdatteheof Al aska to develop atlan to i mple

Table 5. USGS Enacted Appropriations for EEW Activities and ShakeAlert
(amountsin millions of dollarsnot adjusted for inflatioh

Fiscal Year(s) Base Funding Capital Funding

20062014 7.5 4.4
2015 15 5.0
2016 8.2 3
2017 10.2 3
2018 12.9 10.0
2019 16.1 5.0
2020 19.0 6.7
2021 25.7 3
2022 29.6b

Total 130.7 311

Sources: CRS with data fromUSGSShakeAlert Ple&2018andthe USG$ January 12, 2022

Notes: Congress appropriated funds to the USG&rthquake Hazards Progrdor EEW capabilities ahor
ShakeAlert through regular appropriations, except where notgise fundingpvers research and development

114YSGS,ShakeAlert Plan2018.

WRJoint Expl anat or yDefartraentefrthe mterior, EDvireniment, and Refated Agencies
Appropriati ons Al2484, a&dpahying.L. A17108] & HtBs3/www.congress.goldl7trec/
202203/09/168A2/CREG202203-09-bk4.pdf
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and operations and maintenanfoe EEW activities and ShakeAle@apital fundingpvers the costs of hew
equipment andhew infrastructure and the costs fonstallingnew stations or upgrading existing stations.

a. Congress appropriated $140 million to the USGS for operations, maintenance, construction, and repair of
facilities and systems in the American Recovery and Retimeait Act @.L. 1115), and the USGS spent
$4.4 million of that total on new equipment and infrastructure for seismic networks that contribute to EEW
capabilities between 2009 and 2011.

b. This base funding includes $1.0 million in congressionally directed spending for theatkBtB8 State of
Alaska to develop a plan to implement ShakeAlert in Alaska

Ul 1T Uw2T EOI Ol UOw»UOEDOI
No avail abssheaveet amaties of enhaated edpprbdépaiganicoeres
than the U&SHISt srgpaelamdtecodn a ateicuil tyi eog timalti rceict | y s up

NSF, through research grants and cooperative agr
devel opment of EEW capabilities and ShakeAlert c
agreealesmarsve ot her ipudpddésul andoi testi mate what
supported research that advafiomed dEEW i coanp a BFIEIMAt iae
FCC are working with the USGS and ShakeAlert par
for EEWs.

From 802@2Mhk edAll e ced tvieam(dis. e . |, funds not directl
gover nmdamtl)mn gl $ &4 aft regamalc f b u g dlaR Qi Fbhnefswen d s

supported thé&hadadedl epmepmedim@aen emt,eamdl @tuhereach
acti.Nheailesrgest contributor 5i8mbCdli o@E S ,0orwlBihatk eAd

Cal OES funds (1) timef i seindmhigasdiha ti ioaosdniiug gOadd f

(2) i mprioamedme mttsegr ati on of telemetry for ShakeA
comprehensive publiipatadwar @Bemprseispgmalr elardnada devel o
various communication pathways ,gdred g(5) radi o and
admini stration and management of theC&larthqguake
OES estimates <wuwpgporotfi rBdh atklelAd erdsp n Cal i fornia |
yedln additionlLbse BalgeDES/ Lbhg Beach Urban Area
provi dmidl s | vy for newrosei $§mndssgatnoes to the
FEMAS

Or mgspent $8.5 million from 2015 to 2020 for Shal
appropriated funds for 15 new seismic stations,

I ndustries funded 27 new statiowmschasedt eeguk pagner
for two®stations.

116 Although NSF is not officially a ShakeAlert partner, it contributes funding that supports research and infrastructure
that advances aspects of ShakeAlert. It does so through research grants and cooperative agreements to universities,
IRIS, SCEC, and UNAVO. The USGS expects NSF to continue supporting operations and maintenance for some
networks. USGSShakeAlert Plan2018.

117 Cal OES California Earthquake Early Warning Business Plan Updag21, p. 12, dtttps://www.caloes.ca.gov/
EarthquakeTsunamiVolcanoPrograms&iteumentsCEEWS%20Business%20Plan%20Update%20Final.pdf

18 YSGS,ShakeAlert Play2018, p. 41.
119YSGS,Sh&eAlert Plan 2018.
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Table 6. Nonfederal Funding for the ShakeAlert System
(amounts in millions of dollarshot adjusted for inflation

Time Frame Source Amount

20122015 Gordon and Betty Moore 6.5
Foundation

20142016 LA/LB UASI 5.6

20162018 Gordon and Betty Moore 3.6
Foundation

20162021 Cal OES 58.6

20152020 Oregon 8.5

2019 Washington 1.2

20122021 All Sources 84.0

Sources: CRSwith data fromUSGSShakeAlert Ple2018 the USGS, January 12022 and Cal OESCalifornia
Earthquake Early Warning Business Plan,28@4t@t https://www.caloes.ca.gov/
EarthquakeTsunamiVolcanoProgramsBibetmentsCEEWS%20Business%20Plan%20Update%20Final.pdf

Notes: CalOES- &DOLIRUQLD *RYHUQRU -V 21| LLAHBRIASIP S And€les/LoddResIchF H V
Urban Area Security Initiativevhich provided funds fro the Fedeal Emergency Management Agency.

| YWw$ UUDOEUT wOil w" OU0UwU0Ow" 00x01 U1 w2i EOI  OI U
2018, eshiemdtiSsdd capties Floal(eeXipgdrattdi nignt el emet ry)

>

I

Cabrhia, Oregonwouwnti3 a3 (DR Thi si esl uchade
building or upgrading 560 seismic sitations for &
upgrading 475;amao deoctiril adiipsggaat diibenrs net w¥T ke i nfrastr
typical cost to instal$64, @0, sand milte stt wpii oal i c
geodetic st-&86# o' DHNes ERSIiIMG ed annual operations
budfjet Shak®828Be6b6t mwhbki on, without the cost for
tel etfé¢etnr 2018, the USGS esti matttdatthel amat ty onygt
Shakewd elri2206e | | i on and t he annuwdlntcecmnsatn cfeorofo perre:
newl yobtwit ¢l enweoculydl 9shyés tAgiGihlaikem.l ert partners may
of the costs for telemetry, and costs may have ¢
partners have not yet ee@cttovEdmiklbadl enpi tal fundi

120 Since 2018, 194 new/upgraded seismic stations have been installed and 299 geodetic stations have been upgraded
(the costs of these upgrades are shared with other ShakeAlert partners), so the current capital costs are less than $39.4
million. Correspondence between CRS and the USGS, January 12, 2022.

121SGS,ShakeAlert Plan2018, pp. 3681.

122 | pid.

123 An update to the estimated costs for telemetry was not available as of January 2022. The estimated costs for
operations and maintenancayrcover any additional upgrades or repairs for the completed ShakeAlert telemetry
system going forward.
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Table 7.USGS 2018 Estimate of ShakeAlert Costs
(amounts in millions 02018dollarg

Annual Operations and

Component One-Time Capital Costs Maintenance Costs

Seismic Stations 312 17.1
Geodetic Stations 6.2 35
USGS ShakeAlert Office 1.9 3.0
Research and Development 3 3.2
Communication, Education, and 3 18
Outreach '

Telemetry 20.53 9.8
Total 59.8 38.4

Source: CRS, with data frondSGSShakeAlert Pl#2018.

Notes: Figures do not reflect investments made since 2@&e of the estimated costs listed in this table may

be covered by ShakeAlert partners and other federal agensieh as NSF and FEMZar example, the USGS

assumes NSF will continue to fund the operas and maintenance of the Network of the Americas under a

cooperative agreement with UNAVC@ndthat FEMA hazard mitigation grants may cover the costs of new or

upgraded seismic or geodetic statioSeeUSGSShakeAlert Pla2018, pp. 3€82.

a. CRS calcutad that the 194 new seismic stations installed since 2018 at an estimated $52,600 per station
may reduce this estimated cost by $10.2 million. Furthermore, this estimated cost may change, because only
366 new stations are needed as of April 2022 and bse&@hakeAlert partners or FEMA may cover the
costs of some new stations.

b. The remaining onéime capital cost for upgrades may be different than the 2018 estimate shown because
299 geodetic stations have been upgraded (some of the costs of these upgradesowered by other
ShakeAlert partners). Only 176 geodetic stations needed upgrades as of April 2022.

c. The onetime capital costs to complete the telemetry needed for the ShakeAlert system on the West Coast
is an estimate of the USGS costs. The cost mangke if ShakeAlert partners, FEMA, and/or NSF cover
some of the costs of telemetry upgrades. See USB&keAlert Pla2018, p. 42, for full details of this cost
estimate.

d. The annual operations and maintenance cost is for the new telemetry only (i.€s2€hB million of new
telemetry costs estimated in the previous column).

"OO0OxEUDUOOWO!l w2l EOI Ol UUwbPbuUI
SEUOQaw6EUODPOIl w2auul OU
Compa$halgewni mrher EEWayy $eémps smpkeoelbelakdBds er t
system, c oinseodmro nelnttesr yoad ntde cchonoorldoignyat e and coope
advancing EEW t h)lLIXt)kllonuot ttyhpee sw oorélrdeSEW st yosdtaeym

One type usesenmnni rr@rnedtgwarkle consi sting of sei smi
spatially distributed around active faults for
generapigly ancdkcavwaue atanaef fpoy@&EdENVss.e The second t
uses a fisxsedrcedd crpbhwéhek det ect accel erations ¢

C
f

aus
eart hf'Cepdones have mini atGlmd adc Nalve ygame toer Sad rec

124 Most cell phonebased networks cannot detect the first arrivingeRes, but rely on detecting the stronger and later
arriving Swaves. This meansat the EEW is delayed and that the cell phones used to deteetvénge$S provide no
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systtehnast use st amnadmgidn g.améthsgouraikkae, Chi |l e, Cost a Ri

si d
rth

Greece, |l cel and, INiad ayr,adwa,aedl, o Wemw a&,e a3 manidn, an
tessi mMBEWr sy%Camadans t o begi ntatse stoiomg aSh aloenbloeare
are establisWed and operating.

A omparison of ShakeAbkensiwigt hes ivacndduarrtdrsieedsr f h g

c

y help reveal the opti mal |l ocation, depl oyment
ta analysis techniques for earthguake detecti
r BveWsi.co City establ issyhsetde m. W&o d1a%y9slsMexiibd 0 ¢ EE
rt hggaurakien g nfed wahralkh WdDds s d ioomiead <«atnatairerms compar
e area of (anld fWarsmio anfyit @Melfgsoyesot em provi des EEWs
xico City and a f etwe nost hoefr tchiotuiseasnadpss icomia srialad§i ovsi e
rens installedl hhcongih EW, & yehdat@arbalriesghseed i n 200

€es mor esdihamiadhin@l@fe DODBhAemodeti c stations on | an
afdowaring an area compar alplre vti a etsd te5 EeWMiswiad @ f C
rough multiple communication pathways includir

ner al ,t SihakledArigegar and morée sypthemtarcdt emal ham
phisticabedysham. Japan

warning to their owners in advance of intense ground shaki
warning at a fraction oAGUAdhaacesmoh 2 (May 2028, TeR0Z1AV0Q04GY tpplZ,Ri c a, O
https://doi.org/10.1029/2021AV000407.

2Gemma Cremen and Carmine Galasso, fAEarthquaBath Early Warni
Science Reviewsol. 205 (June 2020), pp-15, athttps://doi.orgl0.1016j.earscirev.2020.103184

126 Canada is developing an EEW system at the federal level through Natural Resources Canada. Canada faces

earthquake risks on the west coast beeadfithe Cascadia Subduction Zone (CSZ), which also affects the United

States. Canada is working with ShakeAlert to extend the ShakeAlert system into Canada and to cooperate on

earthquake detection and warning across the CSZ. For the latest informationab&anadadés EEW system, se
Meghomita Das(QJDJLQJ &RPPXQLWLHYVY ZLWK &DQDGD TV, Tenbldv, Oacemerdi6(DUO\ :DUQLQJ
2021, athttps://doi.orgl0.32858kmblor.224

12TSASMEX, 2018.
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Figure 11.Timeline of Publ ic EEW by Country or Region and
Population Size Alerted

Source: Sara K. McBride et al’EvidenceBased Guidelines for Protective Actions and Earthquake Early
Warning SystemgiGeophysiceol. 87, no. 1 (JanuaRebruary 2022)/WA77-WA102, at https://doi.org10.1190/
GE020210222.1

Notes: Limited alerts have been sent in Costa Rica and El Salvador but are not shown on this graphic.
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128UNAV C O Network of the Americas 0 httast//www.unavco.orghojectsmajor-projectshotahota.html
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Spatial Ref®@Trmwshe Slegstwemk of the Ameamdas suppol
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Pl &#According to the USGS, the planned size woul
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ShakeAme®Ott 6ber 2019 sthowBeaeheabear 209Q@udakes were n
mi scal cul ated because of inadequate station coVe
stations plus the integration of the geodetic de
performance of ShaskteAlFurtt loenr ,t hteh Ve8I G oand Shak
i mprove the data algorithms and data processing
alert messages.

Congress may consi dienmt @ xptahsghiengt fBtlhomdr exdiyli eornts (i . e
parts of some st at ekS)GS FSora keexAd neprite ,Pltame aZz Oms8 t o e
into Al aska, Hawnés$s dindedteddaheCOiGRl ansdk at h® ¢
an implementation plan for ShakdAlert in Al aska

Currently, &GnosdmmodniFEaMAI on pat hways are not fast
Congress may consider requesting FEMA to eval uat
suggestions about how FEMA may i mprtolve dhasl ltercdqea
of rapid, targeted ma¥lsnnaddiftiican, oREMArmayrheéd ga

whet her these i mprovements may be applied for re
further developing communit@atgieare dpmatssc mlog i ff o rc ar
tor n&@MAmeoe her potential area for oversight is re
pat hways operate in coordination or in parallel
provide the most af fteoctsitvad edi aangdt e€rn vwdri minngopul .
areas. I n particular, the continued growth of «ce
i ssues regarding security, privacy, accuracy, re
conesri dhow agreements between & edee®Oa] ageéncomrbeds
communication providers address these issues. Tt¥t
|l ead to changes in NEHRP or the Staf ffamdiAgt, wh
priorities.

2°NOAA, fdANational Gtpa/gendesymnoasgiMFO/e/yafWeDoashtml
B0YSGS,ShakeAlert Plan2018.

131 Explanatory Statement, DivisioniGDepartment of the Interior, Environment, and Related Agencies
Appropriations ActFY2022 to accompariy.Rept. 11783 for P.L. 117103

132 For example, see FEMA Nationatlvisory Counci, ORGHUQL]LQJ WKH 1DWLRQTV 3XEOLF $OHUW DQ
February 15, 2019, attps://www.hsdl.orgview&did=826793and the recent contract awarded to AT&T to

moderni ze AWBMAAF &MPCommuni cati ons, AFEMA Awards AT&T 4 EI S
Years to Modernize Its Communications Capabilities, o0 press
https:/mww.prnewswire.coméwsrelease$émaawardsatt-4-eis-contractsvaluedat167m5yearsto-modernizeits-
communicationsapabilities301482531.html

133 See Cliff Mas ,A Ciitical Gap in Tornado Warning Technology: Lessons of the Recent Tornado Outl@fik
Mass Weather Blgdoecember 12, 2021, https://cliffmass.blogsm.com2021/42/a-critical-gapin-tornade
warning.html
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The USGS not e t hat ShakeAlert has not yet recei
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receive appropriations for earthquake hazards ri
devel opment related to hazard mitigation objecti
USGS for EEW, how other agencies used appropriat
because those funds wer e neoAl esrpte.ci fically approrf

134 USGS,ShakeAlert Plan2018, p. 30 32.

I’NOAA, fdANational Geodetic Sur vey htpsli/geededy.Ooaadg@ORSRGd Net wor k (N
USGS, fAUSGS St r e a nhfgps:gwww.gsgshyentissianar&ashater@sourcesciencalisgs
streamgagingetwork
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136.S. Geological Su'ky ( USGS) , i Ma ditps:/iwwwl.esgs. Gopimaranstarthcuakehazards/
magnitudetypes

137 For more information about the 2011 M9.1 Tohoku earthquake and thétugiganderestimate, see Richard M.

Al l en and Diego Melgar, fAEarthquake Early WaAnnuaing: Advance
Review of Earth and Planetary Scienced. 47 (2019), pp 36888 (see p. 374), attps://doi.orgl0.1146Annurev

earth053018060457( her ei nafter, Al |l en and MNatiogehResearchEEBUWRIACE® ances, 0 2
Geodetic Infrastructure: National Requirements for a Shared Res@\fashington, DC: National Academies Press,

2010), athttps://doi.orgl0.1722612954
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Figure A -1. Earthquake Magnitude and Energy Released

Source: The figureisIlURP 6 KDNH$OHUW “6KDN HS$ Ot idvwilsEagdale.ofg/ LE U D U\
messaging_toolkigraphicdibrary/.
Note: For more details about magnitude and the amount of energy released for a given magnitude, see USGS

"(DUWKTXDNH ODJQLWXGH (QHUJ\ |5 Hhhs: Dy ubyd. Gopoliranbsea@iiuaRenN H Q V L W\
hazardgarthquakemagnitudeenergyreleaseandshakingntensity

An earthquake shaking intensity scale, called tfF
used fornEEssmtnkdguake assessments to compare and
on thewistuhface coopsxir aitbe 8T haer aivdt src.al e depicts t
of the shaking based on how intenseltyh@eopl e f ece
shaking causéBEQR$sThaecsauales i(s empirical and i s
observations. For examplleV rlefgehrts sthoa kp enoggp log  iviVH o
shaking. For intensities greater than V, the exp
the shaking on structures. For example, violent
substanti al damage.

BFor more details, see USGS, i Thtips/ whheusgsigopmgtambier cal | i | ntens

earthquakeéhazardghodified-mercallrintensity-scale
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Table A -1. Modified Mercalli Intensity Scale

Intensity Shaking Description
Not felt except by a very few under especially favorable conditions.
Not felt
Felt only by a few persons at rest, especially on ugjmanrs of buildings.
Weak
Felt quite noticeably by persons in doors, especially on upper floors of building
Weak Many people do not recognize it as an earthquake. Standing motor cars may
ea slightly. Vibrations similar to the passing of a trugkration estimated.
Felt indoors by many, outdoors by few during the day. At night, some awaken
Light Dishes, windows, doors disturbed; walls make cracking sound. Sensation like
'9 truck striking building. Standing motor cars rocked noticeably.
Felt by nearly everyone; many awakened. Some dishes, windows broken. Un
objects overturned. Pendulum clocks may stop.
Moderate
Felt by all, many frightened. Some heavy furniture moved; a few instances of
fallen plaster. Damage slight.
Strong P ge sl
Damage negligible in buildings of good design and construction; slight to mod
Very in welkbuild ordinary structures; considerable damage in poorly built or badly
strong designed structures; some chimneys broken.
Damage slight ispecially designed structures; considerable damage in ordinar|
S substantial buildings with partial collapse. Damage great in poorly built structu
evere Fall of chimneys, factory stacks, columns, monuments, walls. Heavy furniture
overturned.
Damageconsiderable in specially designed structures;-designed frame
Violent structures thrown out of plumb. Damage great in substantial buildings, with pa
lolen collapse. Buildings shifted off foundations.
Some welbuilt wooden structures destroyednost masonry and frame structure
Extreme destroyed with foundations. Rails bent.

Source: Douglas D. Given et aRevised Implementation Plan for the ShakeAlert System: An Earthquake Early
Warning System for the West Coast of the United 38E&S, OpeifrileReport 20181155, 2018. Modified by
CRS.
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Earthqguake hazards include ground movement, gr ol
i quef)ddXUWUHpBThe | ocation, depth, type of fault,
determine whether any of these hazards may occur
cause ,dathagwbere the event -maagynidauwse edamageu.a kieisg |

rehse more energy and earthquakes at YhAal |l ow dej
earthquake can trigger other natur al hazards, st
vol canic eruptions. Earthquakethuarzadr dcsr accakns ,d asma ¢
coll apse, fires, expl osi ons, fl oods, | oss of p oV
and other damage. Earthquake hazards can cause |
killed mostly bdunirngpdmagumddshfakilngogor by being
object sdoamaged k¥tSubsteguesnt hazards caused by t he
tsunami waves, fires, and floods, may injure or

t heeart hquake.

139 iquefaction occurs when earthquakeluced ground shaking causes loose, weak, or \gatarated soils or rocky

materials to lose their strength. When liquefaction happens around structures, such as buildings or bridges, these

structures can be damaged or collapse because the foundations of these structures are no longer supported. For more
information about liguefat i on, see t he USGS, htigsWwe.usgs.getdgsivhatliqefadiant i on? 0 at

“Wsee the USGS, fAWhat De p htips:/Bvew.uEgs gotddsiyhataldptrdo-eatioquakes ? 0 a't
occurwhatsignificancedepth

“lsSee Occupational Safety and H#paSwwhoshadoemergerscy r at i on AEart hg
preparednesgtiideséarthquakefor more details.
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Figure A -2. Earthquake Hazards

Source: U.S. Government Accountability Office (GAO), EARTHQUAKES Progress Made to Implement Early
Warning System, But Actions Needed to Improve Program Management,-GAT29,March 2019 (modified by
CRS).
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