


Mexlco's
Earthquake Early Warning

System IS WORKING

By Richard M" Allen, Elizabeth S. Cochran,

Thomas J. Huggins, Scott Miies, and Diego Otegui
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reconnaissance research was to understand performance

and public perception of the early warning system in the

immediate aftermath of a devastating earthquake to draw

initial lessons for early warning systems around the world'

The lessons learned from observing Mexico's earthquake

early warning system, public attitudes, and responses to

earthquake alerts are informing similar efforts in the

United States, including implementation of the ShakeAlert

early warning system, which began its public rollout in Los

Angeles, California last month.

History of Early Warning Systefns in.Mexieo City

Mexico City started to receive earthquake alerts from the

earthquake early warning system in t99t lEspinosa-Aranda

et aI.' lgg 5; G oltz and Flor es, Lg 97 l' At the time, the system

was set up to detect earthquakes occgrring along the Guer-

rero Gap portion of the subduction zone located 3oo kilo-

meterslrom the city. The Guerrero Gap was considered to

be the source most likely to generate future events with

the potential to affect Mexico Ciry.

The system works Iike this: Special radio receivers in

schools, government offices, and fi and radio stations

receive radio broadcast alerts that provide warning of

imminent shaking lsuarezetal,zoogl' The systemwas ini-
tially designed to issue an alert that would provide about

r minute of warning before residents of Mexico City would

begin to feel an earthquake (corresponding to about mag-

nituae 5 or larger in the Guerrero Gap portion of the sub-

duction zone [Espinoso -Arando et oI.,t9g5])'

From its inception through September 2oL7 , the system

issued a total of 33 alerts about earthquakes with estimated

magnitudes of 6 or larger and 70 alerts for earthquakes

with estimated magnitudes between 5 and 6lCentro de

Instrumentacilny Registro Sismico, zor8l' In one case, an

alert was issued because of a technical error and was not

associated with any known earthquake. A more detailed

evaluation of the system performance is given by Sucrez

et al. lzoogl.
Since its implementation, CIRES has deployed additional

sensors inland and along much of the subduction zone

along the western coast of Mexico lEspinosa-Aranda et al',

zoog;Cudllar et al.,zot7l' With a larger seismic network'

the system-currently called the Mexican Seismic Alert

System (SASMEX)-is now able to provide alerts in other

cities across Mexico.
SASMEX's alert message indicates only that an earth-

quake likely to be felt has been detected. The alert does not

provide an estimate of the time until shaking starts or

shaking intensity, which can vary widely.

At piesent, several channels provide SASMEX alerts in

Mexico City: Specially adapted National Oceanic and Atmo-

spheric Administration weather radios provide alerts in

thousands of schools and critical facilities; 1z,ooo pole-

mounted speakers can sound a characteristic siren and

verbal notice that is intended to be heard across the city'

SASMEX also posts alerts to a dedicated Twitter account

(@SASMEX).

A Busy Month for Earthquakes in Mexico City

September 2017 was a trying month for the population of

Mexico City-the city's 12,ooo sirens signaled a total of

five earthquake alerts. A technician working on the sirens

accidentally triggered the first alert on 6 September, but

this alert was not associated with an earthquake'

On 7 September, the magnitude B.z Chiapas main

shock triggered the system. Sirens sounded actoss Mexico

City z minutes before the start of the shaking' Although

people across the city felt the shaking, it caused relatively

iittle damage because of the large distance (more than

zoo kilometers) between the source and the city' On

19 September at 11:oo a.m., the anniversary of the 1985

Michoacin earthquake' the sirens sounded for the annual

Thisaportmentbui|dinginMexicoCitywosdomogedduringtheMT.lPueb|oeofthquokeon19septem.

ber 2017 One of the 12,OOO pole-mounted sfens used to issue SASMEX wornings is visible in front of

the building. Credit: Elizobeth Cochron

earthquake drill. About 2 hours

later, the sirens sounded again,

triggered by the M7.1 Puebla

earthquake. This earthquake was

relatively close to Mexico City
(12o kilometers awaY), so the

SASMEX alert was issued onlY

about 5 seconds after the Pri-
mary (P) wave arrival and

approximately zo seconds before

the secondary (S) wave arrival.
The P waves caused strong

shaking across the citY that ren-
dered the alert somewhat redun-
dant: Residents began initiating
responses when theY felt the

Pwave arrival. In resPonse to the

shaking, some PeoPle evacuated

structures while others sheltered

in place. We visited a school

where students and Personnel
had regularly Practiced evacuat-

ing to designated safe areas out-
side ofbuildings as the Planned
response to earthquake shaking

or an alert. However, during the
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Emergency plocords from severol buildings in Mexico City provide d wide arroy of suggestions for toking protective octions during an earthquoke

Credit: Elizobeth Cochron

detection and warning systems in Mexico, with the goal of
pushing alerts to Internet-connected devices.

However, it remains unclear how quickly an alert can be

pushed to millions of smartphones running an app. This

uncertainty creates a potential mismatch between how
people want to receive earthquake warnings and the tech-
nical challenges associated with push notifications to
smartphone apps.

CeII broadcast is one possible solution for getting alerts

to cell phones. This approach has been implemented for
distributing earthquake alerts in Japan, but it has yet to be

implemented in Mexico.

Effective Warnings, Prompt Responses
From our reconnaissance, we have drawn several initial
conclusions. First, an earthquake early warning system

should provide an initial alert that is as simple as possi-
ble for technological and protective action purposes.

The alert should simply indicate "earthquake" to
prompt immediate protective actions. More complex
alert information is not necessarily helpful for public
warnings.

Second, follow-up information is needed in the sec-

onds and minutes after an alert is issued. The immediate
follow-up information can be as simple as indicating
that an earthquake did occur and possibly an estimate of
its size. This information may help people take further
mitigating action, such as safe sheltering, or may avoid

frustrating individuals who did not feel shaking. Follow-
up information should be delivered through a large

range of media channels to ensure that it reaches the

maximum number of people. In Mexico City, social
media served as an important source of postwarning
information for people.

Third, it is important that the warning information and

messaging provided by early warning systems be consis-
tent and distributed as widely as possible.

Last, any warning system is only as good as the action
taken by users to reduce harm to themselves and others.
In Mexico City, we realized that there is considerable con-
fusion about what action to take when an earthquake alert
is issued. The official recommendation from Civil Protec-
tion, Mexico's federal emergency management agency, is

to move to a safe space, such as near a structural column,
which is often designated to be within a building.

Signage indicating the recommendation is required
for many categories of building occupancy, but most
people we talked to said they had been told to evacuate
and did actually evacuate after receiving an alert. This
highlights how messages from an earthquake early
warning system can match the capacity for recom-
mended protective actions. Nonetheless, making sure

that these protective actions are both feasible and effec-
tive means closely pairing earthquake early warning sys-
tems with disaster preparedness research, education,
planning, and policy.

ShakeAlert and Early Warning in the United States
The public's perception of Mexico's earthquake early
warning system may help inform the strategy for the

United States'earthquake earlywarning system. This sys-

tem, called ShakeAlert, recently released its first app, in

zz ll Eos February zorg
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