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Executive Summary  
Earthquake early warning refers  to the rapid detection of earthquakes, real -time assessment of the 
shaking hazard, and notification of people prior to shaking. Appli cations date to the 1980s Japan  and 
several countries now have active systems . But earthquake early warning is young in the United 
States. A notable example: the California Earthquake Early Warning System  (CEEWS) debuted on 
October 17, 2019. CEEWS marr ies a smartphone application with traditional alert and warning delivery 
methods suc h as Wireless Emergency Alerts (WEA). It uses ground motion sensors across the state 
to detect earthquakes before people can feel them and notif ies Californians so that they ca n drop, 
cover , and hold on before earthquake  shaking reaches them . The present document aims to help 
emergency managers and other executives learn about earthquake early warning and to decide  
whether to implement it . This document present s a set of stand -alone 2- to 4-page documents that 
explain one application, one use. A non-technic al reader can read them in a few minutes with little 
prior knowledge of earthquake early warning. Each briefly explains  the following:  

¶ Essence of the practice  
¶ Context in which the use case would work  
¶ Realistic expectations for degree of success  
¶ Clear behav ior required from people who would use it  
¶ Potential vulnerabilities that might cause the system to fail  
¶ Implementation costs, on an order -of-magnitude basis  
¶ Hardware and softwa re requirements  
¶ Training, education, and outreach requirements  
¶ Maintenance requirements  
¶ Examples of past use  
¶ References cited  

Seven use cases are offered here  

1. Public warning for self -protective action  
2. Audible warning for selected personnel  
3. Medical activity  alert  
4. Elevator recall  
5. Slow or stop a train  
6. Open fire station b ay doors  
7. Protect utility or industrial activities  

Several vendors offer hardware, software, and support for earthquake early warning . Government s 
are also involved , which raises concerns about equity between vendors and the appearance of a 
commercialism. T o ensure a reasonable degree of equity, the author has attempted to speak with 
and name most current vendors active in the earthquake early warning market  in the United States . 
New vendors may enter the market in the next few years and existing ones may ex it. This document 
may quickly become obsolete or require frequent updates. But it seems better to provide valuable 
data with a short life than to omit short -term information and risk being useless.  
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COVID-19 Coronavirus Disease 2019 
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km kilometers  
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M magnitude  
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sec seconds  
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U.S. United States  

USGS United States Ge ological Survey  
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1. Introduction  
1.1 Earthquake Early Warning  
Electronic signals travel near the speed of light, 300,000 km/sec, fast enough to go to the moon and 
back in about two seconds. Seismic waves travel 75,000 times slower, up to about 4 km/sec. The 
difference means that once an earthquake occurs, it c an be detected by instruments in the epicentral 
region, which can send an advance warning that hugely outpaces the seismic waves and can be 
received by people just a few kilometers or tens of kilometers from the epicent er. That advanced 
warning gives the p eople a few seconds to protect themselves before strong earthquake shaking 
reaches them.  

Xjui b gfx tfdpoetǮ xbsojohǬcalled earthquake early warning Ǭtens of thousands of people can 
drop, cover, and hold on before the floor starts to shake beneath their feet and the furniture starts to 
fall on their unprotected bod ies. Thousands of elevators full of passengers can stop at the nearest 
floor and open their doors. Dozens of surgeon s can withdraw sharp instruments from patient s. 
Several fast-moving train s can slow to a stop. Numerous other uses exist, and still more will certainly 
be invented.  

Earthquake early warning in the United States can prevent deaths and injuries, reduce urban search 
and rescue demands, and prevent property losses . The risk-mitigation be nefits of earthquake early 
warning in just one large metropolitan earthquake can reach hundreds of millions of dollars, perhaps 
billions , and avoid thousands of injuries or more . At least, that opportunity is one of its many potential 
benefits w hen earthqu ake earmz xbsojoh jt joufhsbufe joup qfpqmfǮt homes, workplaces, and public 
spaces.  

The earthquake early warning system s addressed include the multi -tubuf V0%0 Ifpmphjdbm %vswfzǮt 
ShakeAlert ® (2019) and California Earthquake Early Warning System (CEEWS, Cbmjgpsojb IpwfsopsǮt 
Office of Emergency Services 2019), among others . The systems comprise sensors, field telemetry, 
computers and software that process the telemetry to issue alert messages. They also include the 
messages that are sent to devices and end users and the software that displays on acts on those 
messages. One form of the end -user display software, called ShakeAlertLA, was released on 
December 31, 2018 (City of Los Angeles 2019a) to users within Los Angeles County .  

But if earthquake early warn ing were the telephone system, the situation in the United States would 
be like having the telecommunications satellites in orbit, thousands of central offices with millions of 
switching computers installed in  major cities, and cell towers distributed acro ss the countryside, but 
few people have cellphone s, there are no Apple stores, and almost everybody communicates via 
postal mail. Well, not quite so bad as that. Seven countries are farther along: Japan, Mexico, Turkey, 
Romania, China, Italy, and Taiwan. They have solved the second half of the problem  and are already 
well up the learning and adoption curve. The United States is still near the bottom, beginning the 
climb , under the leadership of Cal OES, the Moore Foundation, UC Berkeley, and other s. This short 
document aims to serve as a guide to the top, summarizing  best practices of how to adopt and use 
earthquake early warning, drawing on the lessons of past use in other counties and the advice of U.S. 
and foreign experts.  

1.2 Objectives 
This project g ives current and future end users of earthquake early warning  a best-practices guide to 
implementing solutions . It draw s on a survey and follow -up conversations with  a broad stakeholder 
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 ̀ group to identify use cases for each of many user sectors, documenting suswfz sftqpoefoutǮ 

proposed best practices as applied to that use case. These use cases are compiled for further 
evaluation by a small working group of advanced us ers and facilitators . The working group has 
edit ed the sftqpoefoutǮ recommendations, technical  requirements , estimated implementation costs , 
and recommendations for implementation .  

1.3 Organization 
This section introduced the problem addressed by this compendium. Section 2 presents notable 
literature on the promise and practice of earthquake early  warning , organized under a framework for 
best practice s as recommended by management science . Section 3 presents the resea rch plan. 
Section 4 documents use cases including costs and outreach opportunities. Section 5 documents 
references cited.  
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2. Literat ure Review  
2.1 Scholarly Literature  
This chapter is intended for seismologists, engineers, emergency planners, and software developers, 
so it seems worthwhile to begin by reviewing exactly what is meant by ǰbest practice ,Ǳ when the term 
is used by the peop le who invented it or most commonly use it.  

2.1.1 What Does ǰBest PracticeǱ Mean and What are its Elements ? 
In the field of business administration, and particularly strategic management, best practice mean s ǰC 
method or technique that has consistently sh own results superior to those achieved with other 
means, and that  jt vtfe bt b cfodinbsl0Ǳ *XfcHjobodf. Kod0. 423;+0 Bardach (2004) offers a theoretical 
framework for establishing best practices, including five steps :  

(1) Realistic expectations. Develop reali stic expectations , because the practice may not actually 
solve the problem it is supposed to address. Good research does not necessarily produce good 
outcomes.  

(2) Clear behavior. Specify clear and concrete behavior that solves the problem or achieves the goal 
under considera tion while taking advantage of an idle opportunity at a low cost and little risk .  

(3) Essence of the practice. Identify the essence  of the practice while allowing flexibility for how it is 
implemented so it remains sensitive to local conditio ns.  

(4) Vulnerabilit ies. Describe potential vulnerabilities that could lead the practice to fail  either through 
poor management or inherent weakness in the practice itself . And  

(5) Context.  Ensure that the context from which the practice is derived is comparable  to the context 
in which it will be applied .  

What does the scholarly literature on earthquake early warning recommend on these five heads? 
The scholarly literature is vast, so for convenience and practicality , let us consider a few large 
compilations, and  simply filter pr pnjofou btqfdut pg uifjs dpoufout uispvhi DbsebdiǮt gsbnfxpsl0 A 
few large or recent works were examined for this literature review. By necessity, approaching the 
literature review this way will almost certainly overlook many seminal or ot herwise important  works.  

Wenzel and Zschau (2014) offer a recent compilation of 19 works on various aspects of early warning 
systems and for earthquakes, tsunamis, landslides, and volcanos. Allen et al. (2009) offer a wide -
ranging literature review as par t of their introd uction to a special issue in Seismological Research 
Letters on earthquake early warning. Gasparini et al. (2007) compiled 17 international works focused 
on earthquake early warning, covering mitigation, seismology, automated decision -making, and 
specifics of several systems . Zschau and Kuppers (2003) compiled 100 works on various aspects of 
early warning systems, including organization, communication, various use cases, several different 
perils (earthquake early warning one of many), issues  of economic deve lopment and nation size, and 
future technology needs. A few other convenient or relevant works that fall outside the scope of the 
foregoing references were also considered.  

2.1.2 Realistic Expectations  
Different target groups have differ ent information nee ds. Xbdiufs boe Vtmboefs *4236+< ǰGggfdujwf 
targeted warning dissemination depends on a detailed description of the information needs of 
qpufoujbm ubshfu hspvqt0 Hjobmmz. uijt qsfqbsfe jogpsnbujpo jt ejttfnjobufe wjb efejdbufe diboofmt0Ǳ 
Waciufs boe Vtmboefs *4236+< ǰUif tqfdjgjdbujpot \pg b xbsojoh tztufn^ uzqjdbmmz ibwf up tbujtgz 
fyqfdubujpot pg sfbefst xjui ejggfsfou dpnqfufodft boe ufdiojdbm cbdlhspvoet0Ǳ Kfswpmjoo (2014): 



 

May 2020  SPA Risk LLC     4 

Best Practices for Earthquake Early Warning  
A Compendium  

 
 ̀ Frequency of false alarms should be allowed to vary by applic ation, e.g., DCHO can tolerate more 

false alarms than shutting down power plants.  

Woo and Marzocchi (2014)  consider but dismiss the possibility that earthquake early warning can be 
used for evacuation purposes:  ǰTfbmjtujdbmmz. fwjefodf pg bo jnnjofou fbsuhquake will never be 
vobncjhvpvt fopvhi up xbssbou uif fwbdvbujpo pg fwfo b tnbmm upxo0Ǳ Wyss et al. (2014) make an 
pqqptjuf dmbjn bcpvu tdippmt< ǰCmuipvhi ju jt hfofsbmmz opu sfdpnnfoefe up svo pvutjef pg cvjmejoht 
in a city in case of earthquakes because  of falling debris, schools may be successfully evacuated 
because they are surrounded by open areas for recreation and sports. Also, in some earthquake 
prone regions, like in Lima, Peru, most schools have only two floors, which allows evacuation in 5 ǫ15 
sec0Ǳ However, anyone who has seen busy classroom s and school hallway s at the beginning of 
recess may reasonably doubt that any activities start  in a classroom and finishes 15 seconds later in 
the playground .   

Training must be adequately funded.  Cuellar et al. *4236+< ǰKg ejttfnjobujpo boe usbjojoh dbnqbjhot 
launched among the population exposed to natural hazards continue to be insufficiently funded, any 
early warning system will be exposed to failure to comply with its main objective for which it was 
desig ned.Ǳ  

There is a zone too close to the earthquake source for people to receive a warning before shaking 
reaches them . Earthquake early warning can provide up to tens of seconds of warning.  Allen et al. 
(2009) point out that regional earthquake early warni ng dbo qspwjef ǰufot pg tfdpoet pg xbsojoh up 
areas that can expect damage, [with  a no-warn ing] zone around the epicenter where no warning is 
available [because of] the time lost transmitting data to a p rocessing center, processing the data, and 
sending ouu b xbsojoh0Ǳ  

There will be m issed events and false alarms.  Allen et al. (2009) point out that the first operational 
earthquake early warning tztufn. OfyjdpǮt %C% tztufn. njttfe uxp fwfout boe ibe pof galse alarm 
among 65 public and preventative warnings (a public warning alerts users to a strong earthquake, 
meaning M ȫ 6; a preventative warning to a moderate earthquake, 5 Ȫ M < 6). Bose et al . (2014) offer 
statistics of ElarmS between March and December  2011: 77% success rate (message sent in a real 
earthquake) and 25% false alert rate. Strauss (project manager of the present project, written 
commun., Oct 16, 2019) advises that improved station distribution should improve message sensitivity 
and specificity, that is, increase probabilities of sending a mes sage when earthquake shaking is 
coming and reduce probabilities of sending false a larms.  

There will be i mperfect success in safety systems. Continuing the topic of realistic expectations, Allen 
fu bm0 *422;+ ejtdvtt LbqboǮt gspou-detection earthquake earl y warning system and its use to shut off 
power to Shinkansen bullet trains. The sy stem successfully shut power and triggered automatic 
braking of four trains during the 2004 Niigata Ken Chuetsu earthquake, but one train still derailed, 
although only one of  its carriages came  off the tracks.   

People will imperfectly respond to warnings . Uxjhh *4225+ xbsot uibu ǰfwfo xifsf GX tztufnt ep 
deliver timely and accurate warnings, people at risk may not respond as desired or expected. This 
indicates that there is a third key element of success in [early warning] systems, that is often missing: 
appropriate communication of warnings, based on an understanding of communities' perceptions 
boe offet0Ǳ Ku bmtp tvhhftut uibu efwfmpqfst tipvme opu fyqfdu qfpqmf up sftqpoe bt desired even 
after warnings have been appropriately communicated. Behavioral econ omic theories such as Von 
Pfvnboo boe OpshfotufsoǮt vujmjuz uifpsz boe Mbiofnbo boe UwfstlzǮt qsptqfdu uifpsz sfqfbufemz 
diverge systematically from what actual people do , in part because they treat people using relatively 
simple, homogeneous, and unrealis tic caricatures, not as the infinitely diverse, changeable, 
unpredictable, messy beings we are.   
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warnings.  Segreda (2003) warns that in Costa Rica, political for ces caused public distrust of 
government statements about floods. The public had come to perceive that the government and 
opohpwfsonfoubm pshboj{bujpot xfsf opu hjwjoh ǰevf buufoujpo up uifjs offet.Ǳ xijdi jogmvfodft uifjs 
behaviors and perceptions of risk . Not long ago, public distrust of government might not have been 
an issue in the United States. But the Trump White House has been lying about science warnings. On 
September  4, 2019, the White House released a video in which President Trump displayed a NO AA 
map of the forecast track and intensity of Hurricane Dorian, which the president had altered with a 
black Sharpie , apparently in an effort to justify an earlier, erroneous  tweet ( Cappucci  and Freedman  
2019). He then coerced NOAA officials into endorsing the falsified track forecast (Baker et al. 2019). 
Politicized science has infected FEMA (Gonzalez 2018) and the US Geological Survey  as well  
(Waldman, 2019), with the Trump administration successfully editing  the FEMA strategic plan and 
USGS news releases to remove mentions of climate change . Politically -stoked skepticism about 
science in general could bleed over into earthquake early warning. Association with these agencies 
and simple confusion could reduce pub lic trust in Cal  OES, CGS, and UC Berkeley. Developers of U.S. 
earthquake early warning may have to work to counter increasingly justifiable suspicion of 
government warnings.  

2.1.3 Clear and Concrete Behavior  
Drop, cover, and hold on , and variations . Allen et al. (2009) recap the individual actions that the Japan 
Ofufpspmphjdbm Chfodz vshf qfpqmf up ublf. jodmvejoh espq. dpwfs. boe ipme po= tmpxjoh pofǮt 
automobile, and holding on to straps and handrails in trains. Porter and Jones (2018) estimate the 
number of nonfatal injuries that can be avoided in a particular, large metropolitan earthquake 
through the combination of earthquake early warning and drop, cover, and hold on (about 1,500 as an 
upper bound given a hypo thetical Mw 7.0 Hayward Fault earthquake on a workday afternoon) . The 
study considers the clear and concrete actions shown in training materials that Earthquake Country 
Alliance and ShakeOut.org disseminate.  

Step away from hazards at the workplace.  Allen et bm0 *422;+ sfdbq ipx uif ǰMbkjnb Corporation uses 
the warnings at its  facilitiesǶ. On construction sites, workers  move away from or out of hazardous 
locations.Ǳ Allen and Melgar (2019) suggest that individuals receiving an earthquake early warning 
could  ǰstep away from hazards at the workplace 0Ǳ  

Automated shutdown of hazardous chemical systems.  Allen et al. (2009) mention that the OKI 
tfnjdpoevdups gbdupsz jotubmmfe ǰbo bvupnbufe earthquake early warning response system that shuts 
down hazardous chemica l sztufnt boe npwft tfotjujwf frvjqnfou up b tbgf qptjujpo0Ǳ 

Automated actuation of shut -off valves in natural -gas pipelines. Allen et al. (2009) describe a 
dpouspm tztufn gps obuvsbm hbt ejtusjcvujpo< ǰuif Ktubocvm Pbuvsbm Ibt Fjtusjcvujpo PfuxpslǶ qmbot to 
use the system to actuate shut -pgg wbmwft0Ǳ 

Automating braking and cut -off of power for rail systems.  Cuellar et al. (2014) list behaviors of 
Mexican rail operators Ǭthe Public Electric Transportation System and the METRO Ǭusing the Seismic 
Alert System o f Mfyjdp Ejuz *dbmmfe %C%+0 ǰIn case of a seismic warning, the manager  of the control 
center gives proper instructions for the train operators to stop in the  nearest station or  delay their 
tubsu boe lffq uif eppst pqfo gps qbttfohfstǮ tbgfuz0Ǳ Several authors  mention Japanese rail actions: 
electric power shutdown and emergency brake activation  (e.g., Nakamura and Tucker 1988, 
Nakamura 2004 , Allen et al. 2009 ) 

Insert control rods  in nuclear reactors . In Bucharest, Romania, Allen et al. (2009) note that an 
earthquake early warning tztufn ǰhjwft xbsojoh up uif Jpsjb Jvmvcfj Pbujpobm Kotujuvuf pg Riztjdt 
and Nuclear Engineering, where it is used to place a nuclear source in a safe po tjujpo0Ǳ Gasparini and 
Manfredi (2014) mention how the Ingalina nuclear power plant  in Lithuania used earthquake early 
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 ̀ xbsojoh< ǰThe system generated an alert when the ground acceleration at one station exceeded a  

threshold value of 0.025 g. The alarm was meant to be used to stop nuclear reactions  by the insertion 
of control rods. Ǳ 

Stop elevators . Allen et al. (2009) describe earthquake early warning tztufnt up dpouspm fmfwbupst< ǰCu 
Kogakuin University in Tokyo, elevators currently open at the nearest floo r and alert systems are 
cfjoh jotubmmfe jo bmm uif dmbttsppnt0Ǳ Uif Mbkjnb Epsqpsbuion has a similar system in its office 
building elevators.  

Initiate active control systems.  Rjdp{{j fu bm0 *4236+ tvhhftu uibu ǰearly warning information should be 
exploited through active or semi -active  control systems .Ǳ boe Kfsvolino et al. (2007) sugge st that 
fbsuirvblf fbsmz xbsojoh tztufnt ǰmay be used for the real time set -up of active or  semi-active 
structural control 0Ǳ  

Public -information campaigns. Allen et bm0 *422;+ qpjou up LbqboǮt qvcmjd-fevdbujpo dbnqbjho ǰup 
provide information about the pur pose and limitations of [earthquake early warning] and the proper 
actions to be taken. This included distributing leaflets, short informational videos broadcast on 
television, posters, conducting seminars, and posting information on the JMA Web site Ƕ0Ǳ Uify 
eftdsjcf ipx ǰUif qvcmjd xbsojoht gspn LOC bsf dpnnvojdbufe up uif qvcmjd wjb wbsjpvt nfbotǶǱ 
including television and radio, public loud -speaker system, via cellp hone, and as messages that 
service providers incorporate into a variety of systems, such as  a wall -mounted device that issues an 
audible warning and countdown. Uifz eftdsjcf b Uplzp tdippm jo xijdi ǰUif tuvefout dpnqmfuf 
three earthquake drills each school  year. In the first drill, students are warned when the drill will 
occur; in the second, th fz lopx uif xffl evsjoh xijdi ju xjmm pddvs= boe uif uijse dbo cf bu boz ujnf0Ǳ 
Uif tdippm ejtusjdu jo Ojzbhj Rsfgfduvsf ǰefwfmpqfe boe jotubmmfe jut pxo xbsojoh tzttem in the 
classrooms of four schools. Training programs and videos were prepared and imple mented, and the 
tuvefout esjmm sfhvmbsmz0Ǳ  

2.1.4 Essence of the Practice  
The essence of earthquake early warning seems to require:  

1. Training and education.  Repeated training of people to take particular actions when they 
receive a warning.  Allen et al. (202;+< ǰKnqmfnfoubujpo pg \fbsuirvblf fbsmz xbsojoh^ epft 
sfrvjsf b cspbe qvcmjd fevdbujpo dbnqbjho bt xbt dbssjfe pvu jo Lbqbo.Ǳ boe uif mbdl pg 
which caused serious problems in Taiwan and Mexico.  

2. Automated systems. Some uses of earthquake early warning req uire the installation of 
automated systems to take particular actions  upon receipt of a warning, such as the 
equipment that shuts off power and applies braking in el ectric rail systems , equipment that 
moves elevators to the nearest floor and opens doors, e tc. 

3. Detection and notification . This is the part of earthquake early warning system that 
seismologists and engineers tend to focus on.  Some authors suggest that a g eneral 
jotusvdujpo up ǰqsfqbsf gps tuspoh tibljohǱ nbz cf tvggjdjfou. cvu BardachǮt (2004) thrust 
seems to be that people need instructions to take clear and concrete actions.  

4. Individual actions . A variety of individual actions can follow receipt of a war ning. The 
Gbsuirvblf Epvousz Cmmjbodf boe %iblfQvu0pshǮt jotusvdujpot gps espq. dpwfs. boe hold on in 
various situations seem to cover most of the territory.  

Nakamura and Saita (2007) list the essential elements of an early warning system in a different wa y: 

1. Fully automated:  As the time margin is limited, the facility should be directly controll ed 
without human judgment.  

2. Quick and reliable : As there is limited time to respond to earthquake motion, this kind of 
system is required to be quick and reliable.  
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 ̀ 3. Small and cheap : To install easily, the system must be small and cheap.  

4. Independence : To issue fail -safe alarms, the system must be independent of other systems.  
5. Easy to connect network : To deliver the earthquake information, the system must be easy to 

connect network.  
6. Accuracy is better:  For the alarm, accuracy of the information is not such a se rious problem.  

2.1.5 Potential Vulnerabilities  
Inadequate funding and outreach. On the subject of potential vulnerabilities, Allen et al.  (2009) warn 
thbu uif Ofyjdbo %C% tztufn tvggfst gspn gvoejoh boe pvusfbdi tipsudpnjoht uibu ǰxjmm mjlfmz sftvmu 
in faimvsf pg uif tztufn up sfevdf uif jnqbdut pg fbsuirvblft po uif qpqvmbujpo.Ǳ boe uibu OfyjdpǮt 
%C% tztufn ibt ofwfs ibe bo jnqmfnfoubujpo tusbufhz ǰup jeentify institutions and critical facilities 
boe mjgfmjoft uibu dpvme cfofgju gspn uif %C% tztufnǶ0Ǳ 

Negl ect of socioeconomic status, language, and culture. Fothergill and Peek (2004) offer an 
important caution  about the failure of warning systems to protec t disadvantaged populations : 
ǰRfpqmf xip bsf pg b mpxfs tpdjpfdpopnjd tubuvt bsf npsf mjlfmz up cf jowpmved in higher risk or more 
ib{bsepvt pddvqbujpotǶ0 \N^pxfs tpdjpfdpopnjd tubuvt ibt cffo bttpdjbufe xjui efojbm ps 
njojnj{bujpo pg dispojd sjtltǶ0 [G]roups of people with lower socioeconomic status were especially 
likely not to receive, understand, or beli eve earthquake warnings Ǳ boe uibu uifsfgpsf. ǰtpdjpfdpopnjd 
status should be considered as a possible contributor to, and predictor of, how risks are pe rceived 
boe joufsqsfufe0Ǳ They also stress the importance of language and culture in the receipt and 
com prehension of warnings.  

Privacy concerns  and smartphone power usage . When it was released, the smartphone app 
ShakeAlertLA raised some privacy concerns : passwords accidentally leaked by the software, and the 
requirement that the smartphone provide continu ous location information  (Lin 2019a). Giving an app 
access to location information may require that the geographic positioning system (GPS) sensor be 
powered on, which many users might disable to preserve battery life.  

2.1.6 ContextǬWill it Work Here? 
To answer the question of how context may affect the effectiveness of earthquake early warning in 
California, the author searched the reference works for mentions of culture, history, politics, 
economics, and experience. Leading lessons follow. Spahn et al . (2014) discuss how culture has 
impacted earthquake early warning in Indonesia. They point out that the majority religion, Islam, 
engenders a certain amount of fatalism among the population, which hints that non -fatalistic cultures 
might take earthquake e arly warning more seriously. They also mention how traditional culture in 
Aceh prepared the residents to recognize a tsunami threat and retreat to higher ground. The authors 
partly credit the high survival rate of the 2004 tsunami to traditional culture, w hich passed on its 
lessons through songs and lullabies. The Indonesian Institute of Sciences took culture seriously, 
making a deliberate effort to disseminate preparedness lessons through guidebooks, minimum 
requirements and checklists, interactive games a nd exercises, comics, art, and music to develop a 
preparedness culture in a very rich, broad sense. In the same work, Gos eberg et al. (2014) and 
Wachter and Uslander (2014) similarly the developers of warning systems consider cultural norms 
and beliefs. The implication is that earthquake early warning systems might benefit from a deliberate 
effort to promote awareness of earthquakes and earthquake early warning into popular culture.  

Spahn et al. (2014) also mention how politics and economics matter to the success of an earthquake 
fbsmz xbsojoh tztufn< ǰRfpqmfǮt gvmm qpufoujbm \up sfevdf ejtbtufs sjtlt^ dbo pomz cf vujmj{fe jg 
government and civil society build partnerships, based not only on local participation and ownership 
but also on political and econom ic tvqqpsu gspn obujpobm jotujuvujpot0Ǳ Ct bo fybnqmf. uifz djuf ipx b 
national institution with the United Nations support adapted existing awareness, preparedness and 
educational materials to the context, culture, and languages of three other southeast A sian countries.  
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 ̀ On the topic of experience, Bonn et al. (2014) describe how German trains use earthquake early 

warning systems to slow or stop trains based on experience rather than from derailment criteria, 
suggesting that earthquake early warning on US rail lines might take time Ǭmeaning, earthquake 
experienceǬbefore settling  on train-control decision criteria.  

2.2 Influential or Notable Press Coverage  
The Los Angeles Times reported on the perceived failure of ShakeAlertLA to alert Angel enos to the 
magni tud e-6.4, Ridgecrest California foreshock of July 4, 2019 (Lin 2019b). The system did not 
ufdiojdbmmz gbjm up qfsgpsn bt eftjhofe< ju xbt pomz tvqqptfe ǰto alert users of cellphones physically 
located in Los Angeles County if there was a decent chance of d estruction0Ǳ Uif tibljoh jo Npt 
Cohfmft. ǰwhile seemingly scary, was actually not that bad. It was forecast by the earthquake early 
warning system as bringing shaking too weak to cause significant damage in Los Angeles County 0Ǳ 
The city seems to be re -thinking uif uisftipme< ǰOfficials with the city of Los Angeles, who manage 
the ShakeAlertLA app, suggested they would consider lowering the threshold for alerts. ǭWe hear 
you and will lower the alert threshold, Ǯ uif djuzǮt Uxjuufs bddpvou tbje0Ǳ Strauss (project  manager of 
the present project, written commun., October 16, 2019) advises that the threshold has been lowered 
to modified Mercalli intensity III. A variety of other press coverage is presented in the use cases.  

2.3 Developer Literature  
Yurekuru Call (Google Play 2019) claims 5 million users in Japan, and offers an intensity estimate at 
uif vtfsǮt mpdbujpo. a countdown to arrival of strong motion, maximum intensity estimate, epicentral 
location, and a few features that will be useful prim arily after the ce ssation of strong motion. It does 
not offer instructions about actions  up ublf cfzpoe ǰcf qsfqbsfe gps tuspoh usfnpst0Ǳ  

%iblfCmfsuNCǮt xfc mjufsbuvsf *Ejuz pg Npt Cohfmft 423;c+ shows an app whose alert resembles an 
Amber alert: a simple  text -based messagf *ǰCo fbsuirvblf jt ibqqfojoh0 Zpv nbz gffm tibljohǱ+. b 
claxon that sounds three times in about 1 second, and no instruction as to what action to take.  

Early Warning Labs (2019) offers its app, QuakeAlert. Its web literature highlights  the information t he 
app provides: expected arrival time, expected intensity, epicentral distance, magnitude, and 
suggested safety measures , especially to drop, cover, and hold on.  

The MyShake app, developed by UC Berkeley  with funding by Cal OES , serves the dual purposes o f 
delivering alerts and providing a sensor network. The public alert debuted on October 17, 2019 after 
California Governor Newsom  announced it . Ku efmjwfst bo bvejp nfttbhf up qfpqmfǮt dfmmqipoft, 
telling them, ǰGbsuirvblf! Fspq. dpwfs, and hold on. Shakinh fyqfdufeǱ (Sanders 2019).  
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3. Research Plan  
3.1 Outline of Use Cases 
Uif vtf dbtf pvumjof jt cbtfe po DbsebdiǮt *4226+ uifpsfujdbm gsbnfxpsl gps ftubcmjtijoh cftu 
practices, rearranged for easier reading and supplemented with additional information that readers 
of this document will probably want: c osts, hardware and software requirements, education and 
outreach materials, maintenance requirements, examples of past use, and references to relevant 
publications. The sections are as follows . Note the emphasi s on brevity.  

Essence of the Practice  
In perhaps one paragraph (but taking as much space as required ), identify the essence of the practice 
while allowing flexibility for how it is implemented so it remains sensitive to local conditions. Describe 
in the mo st general terms that still constrain the use case.   

Context in Which the Use Case Would Work  
In 1-2 sentences, explain the setting where the use case would work. Ensure that the context from 
which the practice is derived is comparable to the context in wh ich it will be applied.  

Realistic Expectations  
In 2-4 sentences, explain to users what they can real istically expect in terms of degree and likelihood 
of success. In some instances, actions taken may not completely alleviate all negative impacts 
caused by shaking. 

Clear Behavior  
Specify clear and concrete behavior that solves the problem or achieves the goal under 
consideration.  

Potential Vulnerabilities  
Describe potential vulnerabilities that could lead the practice to fail either through poor management 
or inherent weakness in the practice itself.  

Implementation Costs  
What resources are required to impl ement the use case, in monetary or labor terms?  

Hardware and Software Requirements  
What equipment and software are needed?  

Training, Education, and Outreach  Materials  
What training materials must be developed or acquired? How are they to be distributed to users? 
How are users to be trained, by whom, with what frequency? Who will update the training materials, 
and how frequently?  

Maintenance Requirements  
Who m ust maintain the hardware and software? How shall they be reminded, who will check that 
maintenance has been carried out, and how shall everybody involved remember to do maintenance?  
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Examples of Past Use  
What organization serves as an example? Have they wr itten or spoken about actual use? Can they 
claim successes that would inspire a new user to implemen t the use case?  

References  
Provide bibliographic citations with a URL  in a standard format  such as that of the American 
Psychological Association , commonly used in the social sciences.  

3.2 Web Survey  
The web survey is intended as a purposive, critical -case sample to gather insight into similar cases. 
The survey focuses on a subset of the elements of the use -case outline, those that seem most 
general and high est value. The survey asked respondents to re flect on their own use cases for 
earthquake early warning. From their responses, we draw insight into a broader set of cases. For 
example, one respondent is a phlebotomist. Her story provides insight into using earthquake early 
warning for other medical tr eatments such as surgery, where one seeks to avoid harm by 
withdrawing sharp objects before shaking occurs. Purposive sampling is different from probability 
sampling. The sample is not intended to provide quanti tative insight into attributes of a populatio n, so 
representativeness is not an issue.  

A web -based survey was administered between October  and December  2019, to a group of people 
known by the research team and an informal advisory group to have developed or used earthquake 
early warning . The survey fmjdjut fttbz botxfst up DbsebdiǮt rvftujpot. qmvt jefoujgzjoh jogpsnbujpo 
for possible follow -up. Each survey response addresses one use case.  Box 3-1 shows the draft 
survey  instrument, administered using the Q ualtrics software, with responses by invitati on only.   

Respondents were sent advanced notice , with the survey arriv ing the next day. The request was 
worded roughly as follows:  

Dear X, In light of your experience with earthquake early warning (EEW), I am  wr iting to 
request your advice about EEW best practices, via a brief web survey that  you will receive 
within a day or so. The survey supports an effort by the  Ebmjgpsojb IpwfsopsǮt Qggjdf of 
Emergency Services, the UC Berkeley Seismolog y Laboratory, and the Gordon  and Betty 
Moore Foundation. The survey aims to give current and  future end users of EEW, particularly 
as embodied in ShakeAlert  and related applications, a best -practices guide to  implementing 
EEW solutions. Please watch for an email from Dr. Keith Porter of SPA Risk LLC (cc'd here). Dr. 
Porter is helping us  to compile the best -practices guide. His email will direct you to the web 
survey. Thanks in advance for helping Californians and others benefit from your experience.   

SPA Risk LLC emailed the invitation to participate in the survey with the following message:  

Dear X, I hope you saw an email within the last day or so from the  Ebmjgpsojb IpwfsopsǮt Qggjdf 
of Emergency  Services (Cal OES) or the UC Berkeley Seismolog y Laboratory  (BSL), alerting 
you to  this request. I am writing to ask for your advice to Cal OES, BSL, and the Gordon and 
Betty Moore Foundation on best practices for earthquake early warning. At the end of t his 
email is a link to an anonymous web -based survey that asks 8 questions and will  take 5-10 
minutes to complete. Your response will contribute to the public good. In thanks for your 
time, you will also be entered in a drawing for one of three $50 debit c ards and one of three 
$50 cash gifts in your honor to a nonprofit that serves tradi tionally disadvantaged groups in 
California. Kindly click on the following link to respond to the survey. 
https://cuboulder.qualtrics.com/jfe/form/SV_5stZncnronOimwJ   

https://cuboulder.qualtrics.com/jfe/form/SV_5stZncnronOimwJ
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Box 3-1 Draft  survey instrument  

This survey elicits your advice for best practices to use earthquake early warning systems such as 
ShakeAlert. The survey is part of an applied research e ggpsu cz Ebmjgpsojb IpwfsopsǮt Qggjdf pg 
Emergency Services ( Cal OES) to maximize t he safety and economic benefits of earthquake early 
warning. It asks 8 questions and will take you 5 to 10 minutes to complete. Your response will 
contribute to the public g ood. In thanks for your time, you will also be entered in a drawing for one of 
three $50 debit cards and one of three $50 cash gifts in your honor to a nonprofit of your choice that 
serves traditionally disadvantaged groups in California. Your identity wil l be held confidential by the 
research team, but we ask for your contact informatio n for possible follow -up questions and to enter 
you in the raffle. Your name and other contact information will not be shared with anyone without 
your express written permis sion. You do not have to allow us to share that information to be entered 
in the dr awing. 

1. Use case name. Think of one use case of ShakeAlert or other earthquake early warning system, 
that is, one situation in which you have implemented or used earthquake e arly warning in your 
personal or work life. Feel free to complete separate forms fo r additional use cases. Please name 
your use case . [Required text box response]  

2. Realistic expectations.  What problem is the system supposed to address ? To what extent has it 
produced the desired outcomes?  [Required essay box response]  

3. Clear behavior.  Describe clear , concrete behavior that the system is supposed to trigger. 
[Required essay box response]  

4. Essence of the practice.  What is the core essence of the practice that o ther people in other 
conditions can imitate?  [Required essay box response]  

5. Vulnerabil ities.  What potential vulnerabilities in the system could lead it to fail either through 
poor management or inherent weakness in the practice itself?  [Required essay box response]  

6. Context.  In what situations will your use case work? Please consider time of  day, physical 
tfuujoht. qfpqmfǮt mbohvbhf. dvmuvsf. bhf. boe ejtbcjmjujft0 [Required essay box response]  

7. How many times have you actually exercised the system?  Never, a few times (1 -3), several times 
(4-10), many times (11+) 

8. Any clarifying advise or comme ntary?  [Optional essay text box]  
9. Contact information . Name, title, organization, phone, email, and preferred mode of contact.  

In collaboration with University of California Berkeley and an advisory group  of facilitators , we sent 36 
invitations to people wi th practical recent experience with earthquake early warning. All but three 
invitations included advanced notice, the invitati on, and two reminders. We received eight responses, 
a response rate of 22%. However, this was a non -probability sample, the low re sponse rate in no way 
invalidates the responses we did receive. Appendix 1 presents detailed responses  regarding eight 
use cases: 

1. Public warning for self -protective action  
2. Securing industrial and nuclear processes  
3. Securing industrial processes and trains  
4. Structural analysis and self -protective actions in a university building  
5. A regional or national general -purpose warning system  
6. Power down a reservoir pump station  
7. Suspending a medical procedure  
8. Automated shut -off valves for water supply reservoirs and tanks  
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3.3 Facilitators and Advanced Users  
3.3.1 Workshops 
The research began before the COVID -19 pandemic and envisioned a series of four half -day 
workshops in which facilitators would convene a working group of advanced users and developers . 
The workshops wer e scheduled to take place near Caltech, UC Berkeley, University of Oregon, and 
University of Washington in March and April 202 0. Invitees to the stakeholder workshop were to 
include at least the following:  

¶ California Earthquake Early Warning Advisory Board  
¶ USGS External Advisory Committee  
¶ Mutual Aid Regional Coordination Committees  
¶ Statewide or regional associations, e.g.,  Association of Contingency Planners ; SoCal Critical 

Lifelines Workgroup  and their northern California colleagues ; the Building Owners an d 
Managers Association ; and the National Institute of Building Sciences Academy for 
Healthcare Infrastructure  

¶ Possibly others, e.g., FEMA National Advisory Council, FEMA Mitigation Directorate, and 
sfqsftfoubujwft pg puifs tubuftǮ pggjdft pg fnfshfodz tfswices 

3.3.2 Facilitator Discussions 
Considering  the pandemic, the project team instead held two series of confe rence calls: one with 
facilitators and a second with users and developers. The facilitator series included everyone listed in 
the project particip ants pages of this document. Facilitators were first sent an in-progress draft 
version of this document for re view and commentary. The draft contain ed the literature review, 
research plan, and draft use cases from survey responses. Participants reviewed an d commented on 
the report, identified use case themes to examine in detail, and recommended expert users and 
developers to contact for information about each use case.   

3.3.3 User and Developer Discussions 
In the user and developer series, SPA Risk LLC held one -on-one conversations with users and 
developer s for each use case . Conversations took place in a telephon e call or web meeting that 
lasted between 30 minutes and 2 hours. In each discussion , the author briefly introduced himself and 
the project, expla ined the purpose, intended audience, length, and outline of the use cases, and then 
asked the discussant for i nsight on any or all sections of the use case, focusing on those that the 
discussant would know best. See the project participants list for users and developers with whom the 
author spoke . A few users declined to respond to emailed inquiries.  

3.4 Budget D ata 
Budget data were acquired from vendors and users who sold or adopted earthquake early warning 
systems. Note that the market for earthquake earl y warning in the United States is young and costs 
are volatile . Costs for new system could rise relative to early users who received a low price from 
vendors to e stablish market presence. Or they could fall as the market becomes more competitive or 
as vendors are more able to take advantage of economies of scale .  
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4. Use Cases 
Earthquakes threaten 1 in 4 Americans . Earthquakes currently  cannot be predicted , but people can 
act beforehand to reduce the harm when earthquakes occur. One way to do that is to imp lement 
earthquake early warning , which refers to a system that rapid ly detect s earthquakes  just after they 
have begun , quickly calculat es how strongly the ground will shake , and notifi es people or systems 
just a few kilometers or tens of kilometers from th e epicenter before the shaking arrives . With a few 
tfdpoetǮ xbsojoh, people and systems can take useful protective actions . Different organizations can 
use earthquake early warning in different ways . These pages briefly explain best practices for seven 
leading applications, called use cases:  

1. Public warning for self -protective action  
2. Audible warning for selected personnel  
3. Medical activity alert  
4. Elevator recall  
5. Slow or stop a train  
6. Open fire station bay doors  
7. Protect utility of industrial activities  

The next  few pages answer key questions for people who need to decid e whether and how to adopt 
earthquake early warning  for their organization  and their use case. They may have one, two, or more 
uses, but nobo dy has all seven, so the following use cases are writte n as stand-alone documents 
that address one use case . Each use case answers the same key questions:  

¶ Essence of the practice: How would early warning work for me or my organization ?  
¶ Context : Under what conditions would it work?  
¶ Realistic expectations: What degree of success can I expect?  
¶ Clear behavior: What should one do when a warning  arrives?  
¶ Vulnerabilities: What can go wrong, and how can I prevent it ?  
¶ Implementation cost: What will it cost in time and money?   
¶ Hardware and software requirements: W hat equipment or apps do I need ?  
¶ Training, education, and outreach: How do I make people aware of the system ?  
¶ Maintenance requirements: What should I do to ma ke sure it will work when needed ?  
¶ Examples of past use: Which of my peers has implemented it and what was their experience?  
¶ References : Where can one get mor e written information about earthquake early warning?   

This compendium of best practices for earthquake early warning was prepared by some of the 
dpvouszǮt mfbejoh fbsuirvblf fohjoffst. tfjtnpmphists, emergency managers, and other pioneers of 
earthquake early warning, including the people who developed, implemented, and actually use 
earthquake early warning systems in real life.  
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Public Warning for Self -Protective Action  
Earthquakes threaten 1 in 4 Americans. Earthquakes currently cannot be predicted, but people can 
act beforehand to reduce the harm when earthquakes occur. One way to do that is to implement 
earthquake early warning , which refers to a system that rapid ly detect s earthquakes  just aft er they 
begin , quickly calculates how strongly the ground will shake , and notifi es people or systems just a 
few kilometers or tens of kilometers from the epicenter before the shaking arrives . With a few 
tfdpoetǮ xbsojoh. qfpqmf boe tztufnt dbo ublf vtfgvm protective actions. The next few pages 
answer key questions for people deciding wh ether and how to adopt earthquake early warning  to 
issue public warning for self -protective action. This material was written by leading earthquake 
engineers, seismologists, emergency managers, and other pioneers  of earthquake early warning, 
including peop le who developed, implemented, and use earthquake early warning in real life.  

Essence of the Practice  
An audible warning, visible warning, or both are announced by a mobile a pp, by a public address 
system with speakers or sign -speakers, IP telephone, or de dicated appliance. The warning alerts 
people to imminent shaking and may instruct them to take immediate self -protective action such as 
drop, cover, and hold on.   

A B  

C  D  
Figure 1. Public warning can be delivered by (A) MyShake mobile app, (B) public-address system, (C) IP telephones, 
or (D) a dedicated appliance. (Images: A,B: author, C: Geek2003 Creative Commons Attribution-Share Alike 3.0 
Unported, D: A. Cantu, 2020, with permission.) 

Context in Which the Use Case Would Work  
Works in places with Internet connectivity and (except for mobile app) electric power. Audible -only 
warnings may not work in places with ambient noise that is so loud that an  alarm cannot be heard.   
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 ̀ Realistic Expectations  

Some fraction of users will be so close to the rupture that strong shaking arrives before the alert can 
reach them. Some fraction of users will take self -protective action. In Japan during the 2011 Tohoku 
earthquake, approximately 75% of people  successfully took self -protective actions. Comparable U.S. 
tubujtujdt bsf opu zfu bwbjmbcmf0 %ff ǰqpufoujbm wvmofsbcjmjujftǱ cfmpx gps sfbtpot xiz qfpqmf njhiu opu 
successfully take self -protective actions. Expect injur ies to be reduced but probably not e liminated 
through successful self -protective action; efficacy statistics for injury avoidance are unavailable.  

Clear Behavior  
Drop, cover, and hold on, and its alternative context -dependent actions are described in 
https://www.earthquakecountry.org/step5/ . These include instructions for people with disabilities, 
in bed, in a highrise, in a store, outdoors, driving, in a stadium or theater, near a shore, or below a d am. 
In settings with a lot of warnin g time, such as Mexico City, users may evacuate buildings.   

Potential Vulnerabilities  
The system may fail to send an alarm because of   

¶ Vofyqfdufe dibohft up uif vqtusfbn xbsojoh tztufnǮt bqqmjdbujpo qsphsbnnjoh joufsgbdf 
(API) or insufficient time to accom modate the API change. At least one vendor is less 
susceptible to such changes.   

¶ Electric power or Internet connectivity is lost or cut off before the message is received or 
announced. This potentiality can be somewhat m itigated by the vendor monitoring po wer 
and Internet connectivity and alerting end users to loss of power and by providing backup 
power to the alerting system.  

¶ Prior unnoticed or uncorrected damage to hardware. Constant monitoring by the vendor and 
followi ng a frequent testing protocol can m itigate this problem.  

¶ Failure to start software. The same monitoring and testing protocols can mitigate this 
problem.  

The warning may or may not arrive long enough in advance of strong shaking because of proximity 
to the  rupture and because of the time it takes for successful self -protective action. If the warning 
arrives before strong shaking, people may still fail to take self -protective action for any of several 
reasons. Users may be unable to hear or understand the al arm because of:  

¶ Sleep  
¶ Ambient noise (a crowd, a loud television, etc.)  
¶ Hearing or vision impairment  
¶ Language   
¶ Ambiguous message. All  these possibilities can be mitigated to some extent.  

Users may be slow to react appropriately because of:  

¶ Unfamiliarity wit h earthquake early warning  
¶ Lack of drilling or experience  
¶ Checking first to see what everyone else is doing  
¶ Waiting for an authority figure to confirm the message  
¶ Bravado  
¶ Belief that the alarm is a mistake, false alarm, or meant for others   

Physical constr aints may prevent effective se lf-protective action because of:  

¶ Mobility impairment  
¶ Crowded or enclosed space (e.g., movie theater lobby, jail cell, toilet stall)  

https://www.earthquakecountry.org/step5/
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 ̀ ¶ Prevented or injured by others taking inappropriate action  

Users may take inappropriate action s because of   

¶ Misinformation ( believing in the triangle of life)  
¶ Obsolete advice (standing in a doorway)  
¶ Panic (such as attempting to run out of the building). Panic can be reduced by greater 

preparation, such as through regular drills, and possibly throug h occupants' confidence in the  
strength of their building.  

Implementation Costs  
Uif vtfsǮt dptu pg b npcjmf app such as MyShake is negligible. Cost to implement an audible or 
visible alarm through a public address system: $10,000s if done through a vendor,  potentially $1,000s 
if the earthquake early warning is added to an existing IP -controlled system. Unknown cost to 
develop in -house. Drilling can involve 1 hour of staff preparation per drill, perhaps annually . In 2018, 
Los Angeles Unified School District estimated a cost of approxim ately $450,000 to implement an 
earthquake early warning system to issue public audible warning for its 724,000 students, plus 
faculty and staff  (Los Angeles Unified School District 2018, p 5-28), (). 

Hardware and Software Requir emen ts 
In the case of a mobile app such as MyShake, the user must have an Android or iOS mobile device 
with Internet connectivity. In the case of public address (PA) systems, the user must have a public 
address system that is capable of receiving and relay ing messages. Systems are available for both 
digital and analog public -address systems.  

Training Materials, Requirements, and Frequency of Training  
Earthquake Country Alliance provides ample training materials and requirements. See 
https://www.earthquakecountry.org/step5/ . In the US, annual training on ShakeOut day seems to 
represent the consens us on appropriate frequency. See https://www.shakeout.org/  for inf ormation 
about ShakeOut day. Beaverton School District performs monthly evacuation drills with annual 
training and hands out 1 -2 pages of written ma terials with the annual training.   

Maintenance Requirements  
Maintain the public address system, perform annu al testing, and ensure remote monitoring and 
system updates from the vendor or in -house developer.  

Examples of Past Use  
Hoshiba (2014) summarizes a mail and web survey of 817 Tohoku District residents who received 
warnings by television , radio, cellphone, or other, prior to the 201 Tohoku earthquake. Most Tohoku 
District respondents (74.3%) successfully acted. Of this group, 61.6% had decided on the a ctions to 
take before the earthquake, and most of those (66.0%) succeeded or mostly succeeded in taking 
thei r pre-planned self -protective action. The survey does not quantify the efficacy of injury 
avoidance.  

A condominium building in Marina del Rey, Calif ornia, Regatta Seaside Residences, installed such a 
system in 2017. The alert is sent through the fire contr ol system, causing it to emit an audible alarm 
uispvhi fbdi pg uif cvjmejohǮt 446 dpoepnjojvn vojut jo uif fwfou pg bo jnnjofou fbsuirvblf 
expected to cause shaking above a specified intensity. The building demonstrates that earthquake 
early warning has sihojgjdbou nbslfu wbmvf= b tbmft bhfou bttfsufe uibu ǰtpnfpof dpvme qbz vq up 32 
qfsdfou npsf kvtu up ibwf uibu tvswjwbm dpngpsu0Ǳ (Zhao 2017). 

Biola University, in La Miranda, California, implemented a campus -wide audible alert system 
(Loumagne 2019), alongside seismic assessment and retrofits of campus buildings, new emergency 

https://www.earthquakecountry.org/step5/
https://www.shakeout.org/
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 ̀ response teams, awareness initiatives, guidebooks, a campus public address  system, and a full 

functional emergency operations center with an emergency generator. For information, con tact Biola 
University Office of University Communications, 1 -562-903-6000.   

People with a smart device in Los Angeles, California, can use ShakeAler tLA, an app for users 
physically in Los Angeles County (City of Los Angeles 2020, Lin 2020). People with a s mart device 
anywhere in California can use the QuakeAlertUSA app, currently available for Android and iPhone.     

Other facilities with such systems include Los Angeles City Hall and Los Angeles School District. Los 
Angeles School District implemented earth quake early warning at Eagle Rock High School in 2019 
(Lara 2019). For information, contact Jill Barnes, Los Angeles Unified School District Emergen cy 
Services, jill.barnes@lausd.net , 1-213-241-3889. 

Beaverton School District in Oregon is trying to implement a pilot program for drop, cover, and hold 
on, but it is also considering earthquake early warning fo r evacuation purposes. It is considering 
evacuation because of its inventory of about 50 highly vulnerable b uildings and its unusual seismic 
setting: in the event of a rupture of the Cascadia Subduction Zone, schools could have up to 3 
minutes of warning. Children exercise monthly in fire evacuation, and the school district has found 
that it can evacuate up to 9 0 percent of 40,000 building occupants within 90 seconds.   

Vendors as of spring 2020 include at least the following, although more may currently exi st and new 
vendors may enter the market after this writing:  
Early Warning Labs, 1-424-238-0060, Info@EarlyWarningLabs.com  
RH2, 1-541-326-4437, rballard@rh2.com  
SkyAlertUSA, 1-415-374-1214, contact@skyalertusa.com    
Valcom, 1-352-359-0579, rsteinberg@valcom.com    

References  
City of Los Angeles (2020). Download the ShakeAler tLA Early Earthquake Warning App. 
https://earthquake.laci ty.org/shakealertla  [accessed April 28, 2020]  

Hoshiba, M. (2014). Review of nationwide earthquake early warning in Japan during its first fi ve years. 
In Wyss, M., and Shroder, J.F., eds., Earthquake Hazard, Risk, and Disasters. Elsevier, Waltham MA, p. 
505-528 

Lara, J. (2019). Eagle Rock High School becomes 1st in CA with earthquake warning system. 
Eyewitness News ABC 7, July 10, 2019, Los Angeles, California, https://abc7.com/earthqu ake-
warning -lausd -school/5387518/  [accessed April 28, 2020]  

Lin, R.G. II (2020). EbmjgpsojbǮt ofx fbsmz xbsojoh fbsuirvblf bqq gfbuvsft b tiaking countdown. Los 
Angeles Times, February 12, 2020. https://www.latimes.com/california/story/2020 -02-
12/califor nias-new -early -warning -earthquake -app-features -a-shaking-countdown  [accessed April 
28, 2020] 

Loumagne, J . (2019). Biola University to Host 2019 Great ShakeOut SoCal Full -Scale Exercise. Biola 
University, La Miranda California, https://www.biola.edu/events/2019/southern -california -2019-
great -shakeout  [accessed April 28, 2020]   

Zhao, H. (2017). Quake alert system takes crack at condo tower. Los Angeles Business Journal June 9, 
2017. https://labusinessjournal.com/news/2017/jun/09/quake -alert -system -takes-crack -condo -
tower  [accessed April 28, 2020]

mailto:jill.barnes@lausd.net
mailto:Info@EarlyWarningLabs.com
mailto:Info@EarlyWarningLabs.com
mailto:rballard@rh2.com
mailto:contact@skyalertusa.com
mailto:rsteinberg@valcom.com
https://earthquake.lacity.org/shakealertla
https://abc7.com/earthquake-warning-lausd-school/5387518/
https://abc7.com/earthquake-warning-lausd-school/5387518/
https://www.latimes.com/california/story/2020-02-12/californias-new-early-warning-earthquake-app-features-a-shaking-countdown
https://www.latimes.com/california/story/2020-02-12/californias-new-early-warning-earthquake-app-features-a-shaking-countdown
https://www.biola.edu/events/2019/southern-california-2019-great-shakeout
https://www.biola.edu/events/2019/southern-california-2019-great-shakeout
https://labusinessjournal.com/news/2017/jun/09/quake-alert-system-takes-crack-condo-tower
https://labusinessjournal.com/news/2017/jun/09/quake-alert-system-takes-crack-condo-tower


 

May 2020  SPA Risk LLC     18 

SPA Risk LLC  
Best Practices for Earthquake Early Warning  

 ̀

Audible Warning for Selected Personnel  
Earthquakes threaten 1 in 4 Americans. Earthquakes currently cannot be predicted, but people can 
act beforehand to reduce the harm when earthquakes occur. One way to do that is to implement 
earthquake early warning , which refers to a system that rapid ly detect s earthquakes  just after they 
begin , quickly calculates how strongly the ground will shake , and notifi es people or systems just a 
few kilometers or ten s of kilometers from the epicenter before the shaking arrives . With a few 
tfdpoetǮ xbsojoh. qfpqmf boe tztufnt dbo ublf vtfgvm qspufdujwf bdujpot0 Uif ofyu gfx qbhft 
answer key questions for people deciding whether and how to adopt earthquake early warning  to 
issue audible warnings to sele cted personnel . This material was written by leading earthquake 
engineers, seismologists, emergency managers, and other pioneers of earthquake early warning, 
includ ing people who developed, implemented, and use earthquake early warning in real life.  

Essence of the Practice  
An audible warning is announced either through a radio system to select people carrying a two -way 
radio, or through the telephone system to select  extensions. The warning instructs people to take 
immediat e self -protective action against imminent ground shaking such as drop, cover, and hold on.   

A B  
Figure 2. Audible warning for selected personnel can be delivered by ( A) IP telephones or (B) two-way radios. 
(Images: A: Geek2003 Creative Commons Attribution-Share Alike 3.0 Unported, B: Evan Forester, public domain)  

Context in Which the Use Case Would Work  
This use case is intended for workplaces. During working hours, the warn ing triggers actions to take 
self -protective a ction.  

Realistic Expectations  
Some fraction of users will be so close to the rupture that strong shaking arrives before the alert can 
reach them. Some fraction of users will take self -protective action. In Jap an during the 2011 Tohoku 
earthquake, approximately 75% of people successfully took self -protective actions. Comparable 
statistics for the U.S. are not yet availa cmf0 %ff ǰqpufoujbm wvmofsbcjmjujftǱ cfmpx gps sfbtpot tpnf 
people might not take self -protect ive action. Expect injuries to be reduced but probably not 
eliminated through successful self -protective action; efficacy statistics are unavailable.  

Clear Behavior 
Drop, cover, and hold on, and its alternative context -dependent actions are described in 
https://www.earthquakecountry.org/step5/ . These include instructions for people with disabilities, 
in bed, in a highrise, in a store, outdoors, driving, in a stadium or theater, near a shore, or below a dam. 

https://www.earthquakecountry.org/step5/
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 ̀ Potential Vulnerabilities  

The system will not work if radio repeaters have lost power and battery backup has run down. It will 
not wo rk on telephones without power or telephone connectivity.   

The system may fail to send an alarm because of   

¶ An IP phone system can suffer from added latency (longer time to transmit the message) and 
potential failure of software integration.    

¶ Electric pow er or Internet connectivity is lost or cut off before the message is received or 
announced. This potentiality can be  somewhat mitigated by the vendor monitoring power 
and Internet connectivity and alerting end users to loss of power and by providing backup  
power to the alerting system.  

¶ Prior unnoticed or uncorrected damage to hardware. Constant monitoring by the vendor and 
following a frequent testing protocol can mitigate this problem.  

¶ Failure to start software. The same monitoring and testing protocols ca n mitigate this 
problem.  

The warning may or may not arrive long enough in advance of strong shaking because of proxi mity 
to the rupture and because of the time it takes for successful self -protective action. If the warning 
arrives before strong shaking, pe ople may still fail to take self -protective action for any of several 
reasons. Users may be unable to hear or unders tand the alarm because of:  

¶ Sleep  
¶ Ambient noise (a crowd, a loud television, etc.)  
¶ Hearing impairment  
¶ Language   
¶ Ambiguous message. All these possibilities can be mitigated to some extent.  

Users may be slow to react appropriately because of:  

¶ Unfamiliarity wi th earthquake early warning  
¶ Lack of drilling or experience  
¶ Checking first to see what everyone else is doing  
¶ Waiting for an authority figure  to confirm the message  
¶ Bravado  
¶ Belief that the alarm is a mistake, false alarm, or meant for others   

Physical const raints may prevent effective self -protective action because of:  

¶ Mobility impairment  
¶ Crowded or enclosed space (e.g., movie theater lobby, jail cell, toilet stall)  
¶ Prevented or injured by others taking inappropriate action  

Users may take inappropriate actio ns because of   

¶ Misinformation (believing in the triangle of life)  
¶ Obsolete advice (standing in a doorway)  
¶ Panic (such as attempting  to run out of the building). Panic can be reduced by greater 

preparation, such as through regular drills, and possibly throu gh occupants' confidence in the 
strength of their building.  
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 ̀ Implementation Costs  

Cost to implement an audible alarm through a radio  system: low $10,000s. For an IP phone system, 
$1,000s. Drilling can involve 1 hour of staff preparation per drill, perhaps a nnually. Costs to develop a 
system in -house are unknown.  

Hardware and Software Requirements  
For a two -way radio system, the user mu st have such a system, and new hardware is added. For 
address through an IP phone system, only new software is required.   

Training Materials, Requirements, and Frequency of Training  
Earthquake Country Alliance provides ample training materials and requirem ents. See 
https://www.earthquakecountry.org/step5/ . In the US, annual training on ShakeOut day seems to 
represent the consensus  on appropriate frequency. See https://www.shakeout.org/  for information 
about ShakeOut day.  

Maintenance Requirements  
Maintain the radio or IP telephone sy stem, perform annual testing, and ensure remote monitoring and 
system updates from the vendor.  

Examples of Past Use  
NBC Universal Studios and Cedars -Sinai Medical Center implemented such a system. At Cedars -
Sinai, hospital staff were trained on how to reac t to the alerts and staff have gone through drills (Lin 
2020, Healy 2014). For information, contact Early Warning Labs, 1-424-238-0060, 
Info@EarlyWarningLabs.com . 
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Medical Activit y Alert  
Earthquakes threaten 1 in 4 Americans. Earthquakes currently cannot be predicted, but people can 
act beforehand to reduce the harm when earthquakes occur. One way to do that is to implement 
earthquake early warning , which refers to a system that rapid ly detect s earthquakes  just after they 
begin , quickly calculates how strongly the ground will shake , and notifi es people or systems just a 
few kilometers or tens of kilometers from the epicenter before the shaking arrives . With a few 
tfdpoetǮ xbsojoh. qeople and systems can take useful protective actions. The next few pages 
answer key questions for people deciding whether and how to adopt earthquake early warning for 
people engaged in medical activities. This material was written by leading earthquake en gineers, 
seismologists, emergency managers, and other pioneers of earthquake early warning, including 
people who developed, implemented, and use earthquake early warning in real life.  

Essence of the Practice  
A public address system sounds an audible alert in a medical setting ( Figure 3). Medical professionals 
hear the alert, secure sharp instruments, and take action to prote ct themselves, patients, or both. 
These actions can vary widely by setting: in a phlebotomy lab, withdraw need les and activate the 
safety feature; in a surgery, protect a patient from dust and prepare the patient for a delay in the 
continuance of the opera tion; secure dangerous equipment such as cauterizers; in a nuclear medical 
laboratory, shut down hazardous equ ipment; in other settings, warn patients to take a safe seat or 
lock wheelchair brakes.   

A B  

Figure 3. Earthquake early warning could help to avoid injuries in medical settings such as (A) phlebotomy labs. (B) 
Cedars-Sinai Medical Center in Los Angeles has implemented such a system (images: A: U.S. Air Force Senior Airman 
Ciara Wymbs, public domain; B: Jorobeq, 2006, Creative Commons Attribution 2.5 Generic) 

Context in Which the Use Case Would Work  
The use case works in a medical s etting in which medical professionals are using potentially 
dangerous equipment on patients and it is practical to secure the equipment and the pa tient quickly 
to prevent harm before strong shaking arrives.  

Realistic Expectations  
Some fraction of users wil l be so close to the rupture that strong shaking arrives before the alert can 
reach them. With regular training, one can expect a reduction in staff and patient injuries and 
infection resulting from shaken or falling objects and hazardous materials. Do not  expec t complete 
success. Securing machinery and initiating protective actions can accelerate the resumption of 
patient care after the earthquake.  
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 ̀ Clear Behavior  

Varies by setting. Different behaviors apply to clinical, non -clinical, and surgical settings.   

Potential Vulnerabilities  
High turn -over rates for medical staff may make it difficult to maintain awareness for all staff. The 
ivnbo ufoefodz up ǰkvtu dpnqmfuf uijt pof uijohǱ *f0h0. gjojti gjmmjoh uvcft+ qsjps up ubljoh jnnfejbuf 
action could allow avoidable harm. Challenges with directing patients to take defensive action due to 
language barriers and disabilities, although this is addressed in employee training.  

Implementation Costs  
Cost to implement an audible alarm through a radio system  can cost in the  low $10,000s. For an IP 
phone system, $1,000s. Drilling can involve 1 hour of staff preparation per drill, perhaps once or twice 
annually. Can exceed $100,000 for a large medical complex because of the number of facilities in the 
complex and becaus e of significantly greater regulation in medical facilities as opposed to others. 
System testing and certification and staff training and drills can take a few days. In some settings, 
staff might review emergency actions for a few minutes just prior to eac h operation.   

Implementation costs vary by the products selected. The Cedars-Sinai Medical Center  found that 
their early warning system hardware cost on the order of $20,000  per unit , with one unit required per 
fire panel. They found that fire panels can be i nterconnected  for audio announcements, in which case 
only one unit is required for each such group of interconnected panels. A large hospital campus can 
require several units.  

A hospital complex can provide hand -held radios to security pers onnel, plant op erators, and others 
as a backup to announcements over the fire alarm system. In such a case, the hospital complex can 
connect the early warning system hardware to a two -way radio transmitter . Cedars-Sinai found that 
the equipment required to  connect the ea rly warning hardware to the two -way radio system cost on 
the order of $800 . 

Permits and engineering  can cost $10,000 for a hospital building regulated by the California Office of 
Statewide Health Planning and Development  (OSHPD). For a building not under O SHPD jurisdiction, 
local permitting can cost about $1,500 for mechanical and electrical diagrams of the fire -panel 
solution.  

Hardware and Software Requirements  
For a two -way radio system, the user must have such a system, and new hardware is added. For 
address through an IP phone system, only new software is required. Fire marshal and manufacturer 
certifi ed interfaces are required. Installation requires approval and inspections by the fire department 
and possibly by state hospital regulators.    

Training Materials, Requirements, and Frequency  
State and federally compliant standard operating procedures must be prepared. Handouts and 
presentations must be prepared. The Center for Medicare and Medicaid Services accreditation 
requires end users to perform traini ng and drills at least twice a year. Providence Health and Services 
posts signs in common spaces to in form visitors how to react in case of an alert. It also distributes an 
instructional video as part of ongoing education.   

Maintenance Requirements  
Typical ly, a vendor will perform the maintenance and test equipment annually and whenever 
attached equipment such as fire panels are changed or added. Code requirements and testing may 
vary by region: local fire departments and state regulators may each have thei r own requirements. 
This work may already be part of existing maintenance activities.  
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Cedars-Sinai Medical Center implemented such a system. Hospital staff were trained on how to react 
to the alerts and staff have gone through drills (L in 2020). For information, contact Early Warning 
Labs, 1-424-238-0060, Info@EarlyWarningLabs.com  or the Cedars-Sinai Emergency Management 
Department, 1 -310-423-4336, disaster@cshs.org.  

Providence Health and Services in the Oregon region (eight acute -care hospitals) will begin using 
such a system by the end of 2020. For more information, contact the Providence Health and Services 
Oregon Region Emergency Management, 1 -503-893-7543.  

References  
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Elevator Recall  
Earthquakes threaten 1 in 4 Americans. Earthquakes currently cannot be predicted, but people can 
act beforehand to reduce the harm when earthquakes occur. One way to do that is to implem ent 
earthquake early warning , which refers to a system that rapid ly detect s earthquakes  just after they 
begin , quickly calculates how strongly the ground will shake , and notifi es people or systems just a 
few kilometers or tens of kilometers from the epicen ter before the shaking arrives . With a few 
tfdpoetǮ xbsojoh. qfpqmf boe tztufnt dbo ublf vtfgvm qspufdujwf bdujpot0 Uif ofyu gfx qbhft 
answer key questions for people deciding whether and how to adopt earthquake early warning to 
recall elevators befo re strong shaking arrives . This material was written by leading earthquake 
engineers, seismologists, emergency managers, and other pioneers of earthquake early warning, 
including people who developed, implemented, and use earthquake early warning in real l ife. 

Essence of the Practice  
In a large urban daytime earthquake, it is plausible that more than 20,000 people would be riding in 
elevators with the doors closed and the elevator in motion between floors when power is lost, 
trapping them until power is res tored or until firefighters can extricate them, which could be days in 
either case (Porter 2018; Figure 4). To reduce this problem, elevator cars connected to the 
earthquake early warning system receive a warning signal, automatically st op at the closest floor, 
and open the doors, enabling passengers to safely exit the elevator before shaking occurs or power 
is lost. If desired, the elevator can be returned to normal ope ration after a temporary hold, e.g., after a 
few minutes.   

A  B  

Figure 4. A. Elevators can lose power in earthquakes, trapping occupants. Automated elevator recall can move 
elevators to a nearby floor and open doors. B. In a large urban earthquake, it may take days or more before urban 
search and rescue personnel can extricate all occupants trapped in stalled elevators (Image credit: A. Raysonho @ 
Open Grid Scheduler / Grid Engine, 2015, Creative Commons CC0 1.0 Universal Public Domain Dedication ; B. Public 
domain). 

Context in Which the Use Case Wo uld Work  
In elevators over 10 floor s, the system has worked with virtually every traction elevator that complies 
with current fire code. In elevators under 10 floors, earthquake early warning seems to be cost 
prohibitive because of current code requirement s, permitting, and mechanical integ ration.   
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For the best system, and elevators with emergency power, if the elevator successfully receives 
earthquake early warning alert, the user can expect successful recall for most elevators, eve n if the 
elevator is close to the e picenter.   

Clear Behavior  
No human behavior is involved. Elevators automatically move to a nearby floor and open their doors.   

Potential Vulnerabilities  
Power could be lost before the signal can reach the elevator or befo re the elevator can reach the 
nearetu gmpps boe pqfo uif eppst0 Uif vqtusfbn bmfsujoh tztufnǮt bqqmjdbujpo qsphsbnnjoh joufsgbdf 
(API) can change and the earthquake occurs before the elevator warning system is adapted to the 
new API. Some vendors are more sensitive to API changes than other s.   

Implementation Costs  
Cost is on the order of $10,000s for the first elevator, with an incremental cost of $1,000s per 
additional elevator.   

Hardware and Software Requirements  
In some cases, the elevator control softw are in the building is updated to r eceive earthquake early 
warning messages via the Internet and through application programming interface (API) in the control 
tpguxbsf0 Ko puifs dbtft. b ofx ibsexbsf joufsgbdf uibu jt dpoofdufe up b wfoepsǮt fbsuirvblf fbrly 
warning system is added to the elevator control equipment in the building and  activates elevator 
recall. At least one vendor requires that elevator recall be paired with audible notification within the 
building and within the elevator to instruct occup ants how to behave, e.g., to drop, cover, and hold 
on, and to leave the elevator.    

Training Materials, Requirements, and Frequency of Training  
At least one vendor suggests distributing a brief handout to every occupant and employee 
explaining the nature o f the earthquake early warning syst em and adding signage for visitors 
similarly explaining the system.  

Maintenance Requirements  
At least one vendor requires the building operator to perform annual testing. The vendor performs all 
software updates.    

Examples of Past Use 
Seismic Warning Systems installed elevator recall to four elevators at the San Francisco 
headquarters office of Pacific Gas & Electric (PG&E) Co. See Business Wire (2017) for details. Early 
Warning Labs is updating that system for PG&E. For more information, c ontact 
info@earlywarninglabs.com , 1-424-238-0060.   
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Slow or Stop a Train  
Earthquakes threaten 1 in 4 Americans. Earthquakes currently cannot be predicted, but people can 
act beforehand to reduce the harm when earthquakes occur. One way to do that is to implement 
earthquake early warning , which refers to a system that rapid ly detect s earthquakes  just after they 
begin , quickly calculates how strongly the ground will shake , and notifi es people or systems just a 
few kilometers or tens of kilometers from the epicenter before the shaking arrives . With a few 
tfdpoetǮ xbsojoh. qfpqmf boe tztufnt dbo ublf vtfgvm qspufdujwf bdujpot0 Uif ofyu gfx qbhft 
answer key questions for people deciding whether and how to adopt earthquake early warning to 
slow or stop trains before strong shaking arrives. This material was written by leading earthquake 
engineers, seismologists, emergency managers, and other pioneers of earthquake early warning, 
including people who developed, implemented, and use earthquake early warning in re al life. 

Essence of the Practice  
An earthquake early warning alert automatically causes trains to slow or stop, reducing the potential 
for derailment and injury. In the case of trains operated by a supervisory control and data acquisition 
(SCADA) system such as the Bay Area Rapid Transit (BART) system, an alert causes automatic 
braking to slow or stop the train ( Figure 5). In the case of the Shinkansen, the alert causes power to 
be shut off at the substation, triggering emergency bra kes on all moving trains. On BART, train control 
is switched from automatic (SCADA control) to manual (engineer control) mode. In the case of a train 
controlled by the engineer but equipped wi th positive train control, the alert will bring the train to a 
stop.  

A B  
Figure 5. Bay Area Rapid Transit implemented earthquake early warning in 2012. (A) Pittsburg/Bay Point -bound train 
approaching MacArthur station in June 201 8. (B) BART Operations Control Center at the Lake Merritt station, 2016. 
(Image credits: A: Pi.1415926535 [2018] Creative Commons Attribution-Share Alike 3.0 Unported; B: public domain.) 

Context in Which the Use Case Would Work  
Earthquake early warning has worked in electrically powered trains where a SCADA system can shut 
off power at the substation and where loss of electric power automatically causes braking to occur 
(as in the case of the Shinkansen). It has also worked in trains under superv isory control (that is, where 
the vehicles are operated by a SCADA system a s in BART). It seems likely to work in engineer -
controlled trains with positive train control, but as of this writing, rail operations staff at the California 
High Speed Rail Author ity are unaware of any transit or rail operator in North America using 
earthquake early warning technology with positive train control (M. Flores, Information Officer, 
California High Speed Rail Authority, written commun., May 6, 2020).   

Realistic Expectat ions 
Earthquake early warning has successfully fully stopped trains in real  earthquakes. However, once an 
alert reaches a train, it can take 10 seconds for the train to decelerate by 30 mph, e.g., from 70 mph to 
40 mph. Alerts can reach trains too late to fully stop. Thus, earthquake early warning will not prevent 
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all damage and injury. But a speed reduction should reduce derailments and injuries and increase the 
chance of keeping the system operational. Expect some false alerts, in which trains stop withou t an 
earthquake occurring. False alerts have not caused significant delays for BART. 

Clear Behavior  
Train braking is automated; no human action is required. In the case of BART, operators can then 
determine whether it is safe to proceed, e.g., at slower sp eed, how far to proceed, and where to stop. 
In other cases, the alert could  trigger preestablished response procedures based on distance, 
shaking, or other earthquake parameters.   

Potential Vulnerabilities  
The potential exists for false alarms and missed a larms from the earthquake early warning system, 
and for a train to be so cl ose to the earthquake that strong shaking arrives before the warning. Even if 
the warning arrives promptly, it takes time to slow trains, so they could still be traveling fast when 
shaking arrives. Train control logic can involve incorrect assumptions abou t soil conditions and the 
tibljoh bu xijdi ebnbhf dbo pddvs0 Uivt. uif sbjmspbe njhiu tfu uif tztufnǮt bdujpo usjhhfst upp ijhi 
or too low. The format of the alert occasionally chan ges (in California, formats have changed as 
frequently as every two months) , and the earthquake could happen while the vendor or railroad is 
upgrading its system to support the changes to the alert format. The potential exists for earthquake 
shaking, groun d failure, or other secondary hazards to damage viaduct, at -grade rail, or tunnels close 
to the train, so that despite slowing, vehicles are still damaged.   

Implementation Costs  
Software development to add modules to train control took BART a few hundred h ours of labor. 
BART also spent some time consulting with experts. The total  cost to BART amounted to less than 
$100,000. Metrolink expects implementation to cost on the order of $5 million.    

Hardware and Software Requirements  
BART required no additional h ardware. BART information technology personnel wrote new control 
modules to  receive and interpret the warning data, estimate ground motion at approximately 10 
locations, and code train control decisions.  

Training, Education, and Outreach  
BART train operato rs and personnel at operations control centers perform quarterly drills rel ated to 
several perils. Earthquake early warning is added to this training.   

Maintenance Requirements  
Minimal system maintenance is required, but the user should maintain an ongoing  relationship with 
the provider of the alert data. The railroad must commit  to long -term maintenance and monitoring to 
ensure that the system continues to operate as expected.  

Examples of Past Use  
Japan Rail introduced the Urgent earthquake Detection and a larm System (UreDaS) to its Shinkansen 
(bullet train) system in 1992. In th e March 11, 2011, Tohoku earthquake, UreDaS triggered the 
emergency brakes on 27 bullet trains ten seconds before shaking reached mainland Japan. None of 
the 19 trains running throu gh the affected area were derailed and no casualties were sustained on 
the trains (Southgate et al. 2013). 

BART adopted earthquake early warning in 2012 (Associated Press 2012, KPIX5 2012). When the alarm 
is triggered, the train control system sends a spee d restriction command to trains.   This system 
removes human response time a nd can even slow trains down before the shaking arrives, depending 
on how far away the earthquake is centered. Trains are converted to manual operation with 
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automatically reduced sp eed. They proceed slowly to the next destination to make sure that no 
track s are damaged. Once tracks are deemed safe, trains resume normal operations. For more 
information, contact Chung -Soo Doo, BART Principal Engineer, Structural Engineering Division 
Maintenance & Engineering Department, CDoo@bart.gov, 1-510-287-4753. 

The author could find no instance of earthquake early warning yet implemented in engineer -
controlled trains with positive train control. Metrolink is in the process of adding earthquake early 
warning to its positive train contr ol technology and expects to be the first such railroad. For more 
information, contact Metrolink, 1 -800 -371-5465. 
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Open Fire Station Bay Doors  
Earthquakes threaten 1 in 4 Americans. Earthquakes currently cannot be predicted, but people can 
act beforehand to reduce the harm when earthquakes occur. One way to do that is to implement 
earthquake early warning , which refers to a system that rapid ly detect s earthquakes  just after  they 
begin , quickly calculates how strongly the ground will shake , and notifi es people or systems just a 
few kilometers or tens of kilometers from the epicenter before the shaking arrives . With a few 
tfdpoetǮ xbsojoh. qfpqmf boe tztufnt dbo ublf vtfgvm qsotective actions. The next few pages 
answer key questions for people deci ding whether and how to adopt earthquake early warning to 
open fire station bay doors before shaking arrives. This material was written by leading earthquake 
engineers, seismologists,  emergency managers, and other pioneers of earthquake early warning, 
including people who developed, implemented, and use earthquake early warning in real life.  

Essence of the Practice  
A device receives an alert via the Internet and through a hardware inte rface to the door controls, 
opens fire station bay doors to reduce the ch ance that doors will be jammed closed by racking 
damage to the station structure ( Figure 6). The device also causes an audible alert to be broadcast 
through t he fire sta tion public address system, two -way radio system, or both.   

 
Figure 6. Earthquake early warning can automatically open fire station bay doors and sound an audible alarm 
through the fire station public address system, tw o-way radio  system, or both (image: anonymous, CC-BY-SA 4.0) 

Context in Which the Use Case Would Work  
The alert works in a facility with electrically operated doors. It will not work in places without power 
or without Internet connectivity.    

Realistic Expectations  
Expect success when the fire station is far enough away from the epicenter that the alert can be 
received before strong shaking arrives with enough time to open fire station bay doors. Overhead 
doors can take less than 10 seconds to open in so me facilities and up to 20 seconds in others. Four -
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fold doors can take 7 seconds or more to open. Thus, when an earthquake occurs in a large 
metropolitan area, many fire stations may be so close to the epicenter that fire station bay doors do 
not completel y open before strong shaking arrives; some fire stations will experience strong shaking 
before the alert arrives and doors begin to open.   

Clear Behavior  
No human action is required. Doors open automatically.  

Potential Vulnerabilities  
The system may fail t o send an alarm because of  

¶ Vofyqfdufe dibohft up uif vqtusfbn xbsojoh tztufnǮt bqqmjdbujpo qsphsbnnjoh joufsgbdf 
(API) or insufficient time to accommodate the API change. At least one vendor is less 
susceptible to such changes.  

¶ Electric power or Internet conn ectivity is lost or cut off before the message is received or the 
doors can fully open. This potentiality can be somewhat mitigated by the vendor monitoring 
power and Internet connectivity and alerting end users to loss of power and by providi ng 
backup pow er to the alerting system and to the doors.  

¶ Prior unnoticed or uncorrected damage to hardware. Constant monitoring by the vendor and 
following a frequent testing protocol can mitigate this problem.  

¶ Failure to start software. The same monitorin g and testing  protocols can mitigate this 
problem.  

¶ The alert may or may not arrive long enough in advance of strong shaking because of 
proximity to the rupture and because of the time it takes to open doors.  

Implementation Costs  
One vendor charges in the l ow $10,000s f or initial installation at a single facility, plus $1,000s per year 
for maintenance, with economies of scale at multiple locations.   

Hardware and Software Requirements  
A proprietary hardware interface contr ols the bay doors. The device a lso includes an audio output 
that announces an alert through the public address system in the fire station, the two -way radios, or 
both.   

Training, Education, and Outreach Materials  
None is required.   

Maintenance Requirements  
Maintain the public address sy stem, perform annual testing, and ensure remote monitoring and 
system updates from the vendor.   

Examples of Past Use  
The Los Angeles County Fire Department installed an early warning system in station 51 that opens 
firehouse doors. A successful test was pe rformed in September 2014 (Xia and Lin 2014). Interested 
readers can contact the Deputy Chief of Special Operations & Hazardous Materials, California 
IpwfsopsǮt Qggjdf pg Gnfshfodz %fswjdft. 3-916-845-8751, or Early Warning Labs, 1-424-238-0060, 
Info@EarlyWarningLabs.com . Menlo Park, California implemented such a system in 2019 (Perry 2019). 
Interested readers can contact Alejandro Cantu, SkyAlert, 1-415-374-1214, 
alejandro@skyalertusa.com . Vendors and user contact people may change in the near term.   

mailto:Info@EarlyWarningLabs.com
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Protect Utility or Industrial Activitie s 
Earthquakes threaten 1 in 4 Americans. Earthquakes currently cannot be predicted, but people can 
act beforehand to reduce the harm when earthquakes occur. One way to do that is to implement 
earthquake early warning , which refers to a system that rapid ly detect s earthquakes  just after  they 
begin , quickly calculates how strongly the ground will shake , and notifi es people or systems just a 
few kilometers or tens of kilometers from the epicenter before the shaking arrives . With a few 
tfdpoetǮ xbsojoh. qfpqmf and systems can take useful pr otective actions. The next few pages 
answer key questions for people deciding whether and how to adopt earthquake early warning to 
protect utility or industrial activities. This material was written by leading earthquake engin eers, 
seismologists, emergency  managers, and other pioneers of earthquake early warning, including 
people who developed, implemented, and use earthquake early warning in real life.  

Essence of the Practice  
An Internet -connected device (sometimes called a mo nitor or control) listens for the earthquake 
early warning message. When the message is received, the software evaluates the alert to 
determine whether it meets the criteria for acting. If so, the device operates an electrical relay, which 
either starts or  stops electric equipment. The  relay could be attached to almost any downstream 
device to cause an automatic action. For example, at a water or wastewater utility, the monitor could 
cause an outlet valve to close at a water supply reservoir, protecting the  reservoir from draining 
throu gh damaged buried pipe lower in the system. Other examples include stopping rotating 
machinery, opening a door, stopping a magnetic resonance imaging machine, sounding an alarm, or 
shutting off power to prevent an electrical f ire.  

 
Figure 7. Earthquake early warning can automatically close or open valves, start or stop electrical equipment, open 
doors, sound alarms, or shut off power to protect water and wastewater systems. (Image: Khepster, 2008, Creative 
Commons Attribution 3.0) 

Context in Which the Use Case Would Work  
The use case works in a facility with power and an Internet connection and where one wants to stop 
or start electrical or hydraulic equipment or operate valves automatically, without h uman 
intervention . It does not appear to be constrained by geographic location, time of day, or culture. The 
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use case does not address the situation where a choice of actions must be made based on additional 
information beyond what is included in the early  warning message.  

Realistic Expectations  
Expect approximately the same reliability as any automated supervisory control and data acquisition  
(SCADA) function, bearing in mind that earthquake shaking can damage equipment and other 
vulnerabilities listed bel ow. Some actions can take several seconds or longer, such as closing a valve 
on a large -diameter pipe. Some locations will be too close to the epicenter to complete the action 
before the arrival of strong motion.  

Clear Behavior  
All the actions are automate d and determined at the time of installation or as the user updates the 
actions that the device initiates. When a warning arrives, the device activates an electrical relay, for 
example one attached to a hydraulic or electrical actuator that positions exist ing isolation val ves. 

Potential Vulnerabilities  
The potential exists for false alarms and missed alarms from the earthquake early warning system, 
and for the facility in which the device is installed to be so close to the earthquake that strong 
shaking arr ives before the w arning. Even if the warning arrives promptly, slow telemetry or and the 
large number of turns required close large valves could limit the number of actions that can be taken 
before shaking arrives. All mechanical and electrical equipment r equire testing an d maintenance and 
eventually become inoperative. The potential exists for user error as well: the user might accidentally 
tfu uif efwjdfǮt upmfsbodft ps non-fail -safe actions too high or too low and not learn of their error 
until after the  earthquake. The user might accidentally shut off the device prior to the earthquake. 
The format of the alert occasionally changes (to date, on the order of every two months), and the 
earthquake could happen while the vendor is dealing with that change. Th e potential exists for 
earthquake shaking, ground failure, or other secondary hazards such as sloshing or seiche to 
damage the equipment being controlled. The user can manage the potential for such damage by 
having a structural engineer use the Federal Eme rgendz Obobhfnfou ChfodzǮt epdvnfou HGOC G-
74 to examine and seismically secure equipment (Federal Emergency Management Agency 2011).   

Implementation Costs  
For a typical water system with a SCADA system and that has completed state -mandated 
requirements fo r emergency response planning, the systems currently range in total cost from 
$15,000 to $25,000, including design, hardware, software, startup, and training, but excluding valve 
actuators and other water -system hardware. The industry is young. Costs could  vary as new vendors 
and products enter the market. A few large utilities may have the resources to develop and 
implement such a system in house.    

Hardware and Software Requirements  
The system requires the monitor or control, which is connected to the Internet and to the SCADA 
system. Absent a SCADA system, or if required for Internet security, a separate monitor or control can 
be connected to the Internet and to each piece of equipment that will be controlled.  

Training Materials, Requirements, and Freq uency of Training  
At a minimum, the developer (whether a vendor or an in -house engineering team) trains SCADA 
operators on how to use and maintain the hardware and software when the system is first installed 
and again when new SCADA operators start work. A lte rnatively, the vendor or in -house developer 
may provide written documentation and the user can ensure that all SCADA operators read and learn 
the operation. Most users over the course of the first year of use have not requested refresher 
training from o ne vendor, although that might change as more vendors and devices enter the market 
and the length of use in practice grows.    
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The user generally does not have to maintain the device if the vendor or the in -house developer 
does so.   

Examples of Past Use  
Northeast Sammamish Sewer and Water District (2020) in Sammamish, Washington installed such a 
system on its water distribution system (Porter 2018). The system controls water wells, water pump 
stations, and water storage reservoirs. For example, the Crest Reservoir is a buried 0.5 -million -gallon 
reservoir that cannot deliver water by gravity to the water system; water must be pumped. The 
earthquake early warning system shuts down the pumps at the pump station, preserving the pumps 
and the water in the reservoirs. In the event of an emergency, people could fill up jugs, etc. at the 
reservoir.  

Lakewood Water District in Lakewood, Washington, has a similar system, monitoring wells, pump 
stations, and reservoirs (Lakewood Water District 2 020).  

Silverdale Water District in Silverdale, Washington, also monitors wells, pump stations, and reservoirs 
(Silverdale Water District 2020).  

The City of Anacortes, Washington, monitors a water treatment plant. The device will shut off various 
treatment p rocesses: blowers, pumps, chemical injection system, digesters, among other actions. 
(Anacortes City Council 2019).  

Currently, Varius Inc. sells such a device, a commercial product called OmniMonitor . For more 
information, contact the Engineer in Responsi ble Charge Dan Ervin, dan.ervin@variusinc.com, 1-425-
269-8479.  

RH2 sells a commercial product called Advanced Seismic Control (ASC). For more informatio n, 
dpoubdu TJ4Ǯt %fjtnjd Tftjmjfodf Rmboojoh Rspkfdu Oboager, 1-541-665-5233. 
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Appendix 1. Web Survey 
Responses  
Response 1: Public self -protective actions 
such as drop, cover, and hold on  
Use case name: To Secure PfpqmfǮt Life (and Prevent Injury) from Strong Ground Shaking  

Realistic expectations. The system is intended to issue alert to users before strong shaking. The alert 
gives us time to act for  securing safety. In many cases, alerts are successfully issued before strong 
shaking. But we have to remember that in some cases, they are later than strong shaking. In some 
cases, alerts are issued for very weak shaking (excessive alert).  

Clear behavior. Up tfdvsf vtfsǮt tbgfuz voefs eftl ps puifs tbgfuz qmbdft0 Up ipme iboesbjmt gjsnmz po 
trains or buses. To slow down smoothly when driving car. At least, mental preparedness.  

Essence of the practice. Do not panic. Strength of the building is an importan t factor for effective 
earthquake early warning (EEW). Strong building relieves us even during  strong shaking, which 
avoids panic. Regular experience of actual EEW alerts (or drills) is also important to remember dos 
boe epoǮut0  

Vulnerabilities. From syst em side: the system cannot always issue the alert successfully: sometimes it 
is late (or no alert) and sometimes it is excessive alert. From user side: it may cause more confusion if 
users do not know the meaning of the alert (users understanding is import ant for effective EEW).  

Context. In daytime, it triggers actions to secure safety. When sleepi ng, it is wake up call. In both 
cases, at least it helps us for mental preparedness.  

Experience. How many times have you exercised the system? Many times (11+) 

Any clarifying advi ce or commentary? There are variety of actual actions to secure safety depen ding 
on the situations. I believe regular experience of actual EEW alerts (or drills) is a key for effective 
EEW for public.  

Follow-up questions. The author asked  by email: Any sense of how many people have taken self -
protective action as a consequence, even as an order -of-magnitude guess? Do you have any case 
studies in which DCHO actually avoided injury , e.g., with stuff falling where a person had been before 
receiving the warning ? The respondent provided a paper (Hoshiba 2014) summarizing a mail and web 
survey of 817 Tohoku District residents who received warnings by TV, radio, cellphone, or other, prior 
to the 201 Tohoku earthquake. Most Tohoku District responde nts (74.3%) successfully took action. Of 
this group, 61.6% had decided on the actions to take before the earthquake, and most of those 
(66.0%) succeeded or mostly succeeded in taking their pre -planned self -protective action. The 
survey does not quantify th e efficacy of injury avoidance.  
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Response 2: Securing industrial and 
nuclear processes  
Use case name: Earthquake Early Warning for Emergency Situation Departments  

Realistic expectations. To announce the authorities for the production of  an earthquake in the  Vrancea 
Romania area. To block the dangerous infrastructures that can affect the population. In the case of 
Romania, nuclear infrastructures except nuclear power plants.  

Clear behavior. For the earthquakes produced in the Vrancea area  such a system can wa rn the users 
in Bucharest with about 25s -30s before the arrival of the shock caused by the destructive wave "S" 
and for the users from the Cernavoda area or the southern area of Romania the interval can be about 
30s - 35s. This time interval, although shor t, can be successfully used when interlocking dangerous 
installations and activating rescue means.  For the earthquakes produced in the Vrancea area such a 
system can warn the users in Bucharest with about 25s -30s before the arrival of the shock caused by 
the destructive wave "S" and for the users from the Cernavoda area or the southern area of Romania 
the interval can be about 30s - 35s. This time interval, although short, can be successfully used when 
interlocking dangerous installatio ns and activating res cue means.  

Currently the information from REWS is received by the officers located at the command points of 
the inspectorates for emergency situations and they act in accordance with the local procedures. 
Informs the superiors, ensures  that they can be eva cuated after the earthquake ends and sends to 
the intervention teams the reports issued by National Institute for Earth Physics -Romania (NIEP) 
regarding the affected areas. For infrastructures NIEP develops an interface that activates or 
deactivates a proc ess of the installation to make it secure.  

Essence of the practice. There are some systems on the market for gas locking using local locking.  

Vulnerabilities. The main vulnerabilities that can lead to the failure of REWS are:  
- system maintenance  
- updates  made to the software without strong checks.  
- communication between the issuing point and the beneficiary.  

Context. Rapid Earthquake Warning System in Romania has been operational since 2013. So far (2019) 
it has issued only one false  alert due to softwar e changes (2013). Another fake alert that was 
perceived by the population as an alert was generated by a hacker through a mobile application. The 
mobile application is a news application that received alerts from REWS in order to try t o educate the 
populat ion how to behave in the earthquake. The seism alert channel was protected and could not 
be broken by the hacker but it generated an alert through a text message in the application.  

Experience. How many times have you exercised the system? Many times (11+) 

Any clarifying advi ce or commentary? Please read above.  

Follow-up questions. Are any of the actions automated, or do they all require human intervention?  [No 
response as of this writing.]  
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Response 3: Securing industrial processes 
and trains  
Use case name: Lisbon 1755 Earthquake  

Realistic expectations. Early warning in SW Iberia . To stop factory processes such as Huelva (chemical 
industries) . Alert for the high -velocity train (AVE Madrid -Seville and Madrid -Malaga). Alert for tsunami . 
Please note that this is a theoretical objective . Our EEWS is not operative at the present time . 

Clear behavior. The system must give an early warning for the above objectives . 

Essence of the practice. S. Portugal (Algarve and Lisbon region) and the Atlantic coast of Morocco . 

Vulnerabilities. No information.  

Context. Xf epoǮu ibwf bobmz{fe ju0 

Experience. How many times have you exercised the system? Never. 

Any clarifying advi ce or commentary? [No answer]  

Follow-up questions. Do the developers intend automated actions, human int ervention, all of the 
above?  [No response as of this writing.]  
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Response 4: Structural analysis and self -
protective actions in a university building  
Use case name: School of Engineering of the Universi ty of Naples Federico II  

Realistic expectations. The system has embedded a structural model in it and it was connected a 
regional seismic network monitoring the region (100km apart) from which large earthquakes ar e 
expected. When an e arthquake occurs, the system performs real -time probabilistic seismic demand 
analysis based on the information coming from the network about the event.  

Clear behavior. The system could (but actually did not) trigger an alarm to students and personnel 
occupying the building.  

Essence of the practice. Real-time probabilistic demand an d loss assessment to e stablish wh ether the 
impending earthquake requires a security action to be undertaken.  

Vulnerabilities. Large uncertainties in prediction, mostly related to uncertainty  in GMPEs and limited 
warning time in some cases.  

Context. It will  work if recipients are trained so as to respond adequ ately to the alarm.  

Experience. How many times have you exercised the system? Several times (4 -10) 

Any clarifying advi ce or commentary? Earthquakes  detected and structural response estimated before 
the ground motion reached the building. However, earthquakes were always below M4, so no alarm 
was issued. 

Follow-up questions. How accurately did the system predict the actual structural response? What are 
occupants expected or trained to do: drop, cover, and  hold on, or something else, or some 
combination depending on their role?  
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Response 5: A regional or national 
general -purpos e warning system  
Use case name. EEWS-Mexico, SASMEX 

Realistic expectations. Effective dissemination of the seismic warnings ahead of time for the 
population. Mexican early warning system is in constant improvements to reduce the processing 
time to provide the major time of anticipation  

Clear behavior. The seismic warning must be activated considering seismic danger parameters such 
as instrumental intensity, PGA expected, magnitude and epicentral distance. The seismic warning 
trigger can be different for eac h region, according with the seismic risk knowledge for each specific 
region.  

Essence of the practice. Best practices about resilienc e, availability, reliabilit y for early warning system 
focused in provide an effective early warning, mainly in monitoring a nd dissemination subsystems.  

Vulnerabilities. Lack or non -regular investment. Vandalism. To use one technology or simple 
communicatio n channel as the main communication system to monitoring or dissemination.  

Context. The complete EEWS must work continuousl y for the majority of people (with vulnerability 
mainly) as be possible  

Experience. How many times have you exercised the system? Many times (11+) 

Any clarifying advi ce or commentary? My answers were in the context of the Se ismic Early Warning 
System of Me xico. 

Follow-up questions. Is the system intended to deliver a signal to a receiver that then further transmits 
it, or does it send a  message all the way to a human or automated actor at a final destination, or 
some combination, or something else? Can you provide a concrete example of the end use that you 
think in the past has provided or in the future will provide the most value, in te rms of lives saved, 
property loss avoided, etc.?  








