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World population has grown from 1.5 billion to over 7 billion in the last century and migration to
urban areas is at its highest. As a result, human and economic loss associated with earthquakes
has increased substantially. Past catastrophic events in Japan, Chile, and Mexico have prompted
government officials, citizen groups and non-governmental organizations to work together to
establish a systemic culture of preparedness, resilience and education which have become
international models.
One aspect of hazard mitigation has been the implementation of a public earthquake earlywarning systems. This system requires both the capability to alert all citizens as well as to
solidify competent population response. In order for these systems to succeed, it is required that
the technology of early notification is sound and accurate and that is combined with a wellestablished and well-practiced response (movement plan). Preparedness of citizens to respond
appropriately is paramount. Therefore, drills and education of residents are necessary
components for a successful process. The timing of the warnings is directly related to the
proximity of the epicenter and, thus, the public is directed to evacuate to appropriate safe areas
(Espinosa-Aranda, Lee, 2003).
Structural collapse is the primary cause of casualties in an earthquake, accounting for 75% of all
deaths – with 25% of casualties due to non-structural causes (refer to pie chart below).
Additionally, the time of day that an earthquake occurs has long been known to affect the
number of people killed (Coburn, AW, et al. 1992, Coburn, AW 1994). For example, during the
Great Tokyo earthquake of 1923, 447,000 people died because it occurred during lunch time
when people were using their stoves. Moving to a safe area prior to building damage prevents
human loss and reduces injury. Although fear is a natural emotion at this time, emotional
reaction does not result in panic behavior (Bourque, et al. 1992, Prati et al. 2012). Furthermore,
selfish behaviors are practically non-existent, while helpful behavior and cooperation are
frequent (Bourque, et al. 1993, Drury and Cocking 2007, Ohta and Ohashi 1985, Prati et al.
2012). Mawson (2005), in his Social Attachment Model of human behavior in disasters,
concludes that affiliation and cooperation are typical responses in the event of a disaster.
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(*Note that fatalities due to earthquakes from 1993-2011 totals 1,154,630 - USGS. But,
according to a publication by USGS Geological Survey engineering geologist, Thomas L. Hozer
(March 2013), it is estimated that, ‘A total of between 2.6 and 3.1 million people are estimated to
die in quakes in the (21st) century…The number of quakes with a death toll over 50,000 may
climb to 25 from a total of only seven in the 20th century. Those numbers assume the global
population will climb to 10.1 billion by the year 2100.’)
Coburn, et al. (1992) further explains occupant survival and building collapse by stating,
“…it is clear that not all the occupants that are inside a building when an earthquake
occurs are trapped if it collapses. People escape before collapse, or the collapse of the
structure is not total, or they are able to free themselves relatively easily by their own
efforts….A large magnitude earthquake can have a minute or more of strong ground
motion but the strongest amplitude shaking often occurs during the early part of the
earthquake. A ductile building may collapse over a period of several tens of seconds. A
brittle building may collapse more quickly. In the epicentral areas of large earthquakes
there are reports of weak buildings collapsing almost instantaneously. Tests of
evacuation times show that people cannot get out of a building from anywhere above the
first floor in less than thirty seconds, even if they are capable of walking during the violent
shaking (Georgescu 1988). “
Mexico is a leader in terms of earthquake preparedness and resilience. The most extensive
research found in publication on these two subjects have been written about Mexico’s approach
to preparedness and resilience. The program for rapid response for public and private schools for
children in Mexico City started after the September 1985 earthquakes which killed more than
10,000 people and injured 30,000. The Mexican Secretariat of Public Education proposed the
practice of preventive actions and, since 1992, response plans in the schools have been drawn up
as part of the earthquake hazard reduction program. Evacuation drills at schools are held
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monthly and at times with even greater frequency. Officially, the education program for rapid
response has become a part of the Mexico City public school program. Children in secondary
schools leave the classroom and the ensuing evacuations are orderly and well-coordinated.
Children unable to evacuate, due to location, move to pre-designated safe places (EspinosaAranda, Lee, 2003).
In the Mexico City community of H. Rosario, towers broadcast a clearly audible signal when the
SAS is activated. This system functions without difficulty, affording residents of the community
sufficient time to evacuate their apartments. A community organization had been created after
the 1985 earthquake disaster that has conducted consistent training in appropriate response
actions, including those which should be taken in a warning situation. Residents indicated that
they and others around them were frightened when the signal sounded but responded by turning
off gas and lights and evacuating their buildings according to established procedures. The group
of residents and bystanders were able to direct people to the pre-designated evacuation routes
and outdoor assembly locations. No one reported witnessing behavior such as running, shoving,
or other actions associated with extreme fear and flight reactions (Flores, P.J., Goltz, D. 1997).
In March of 2012, a 7.4M earthquake rumbled in Mexico City and, in one Montessori school,
students aged 6 months to 6 years were already evacuated, gathered in the front lobby of the
school, a location city engineers had earlier indicated as a safe spot (Miller, L. 2012).
In Japan, most people travel by train and there is an average daily commute of three hours. In
the event of an earthquake, passengers are trained to exit stations immediately. Commuters
evacuate because, in past history, many have died from either smoke inhalation or drowning after
a tsunami has flooded the subway.
The implication is clear. With an early warning system, evacuation plans in place and regular
drill education for the public, people can and do move to safe areas or even exit buildings prior
to and/or during earthquakes.
With no warning system in place and no system of evacuation to a safe area, people react
instinctually. Although fear in these situations are inherent, behavior remains cooperative and
movement is orderly. Following is a video depicting a typical scenario of unpreparedness in
regard to drill education - even the teacher reacts by running. Note that this is in California
where students are taught to duck, cover and hold on. Other videos depict Japanese students who
are alarmed but instinctually run out of the room. Students in Mexico and China (April 2013)
and the adults in a legislative session in Mexico City calmly follow systemic training. When
evaluating each scenario, one can observe consistent order and cooperation. None of the persons
moving during the earthquakes listed above were injured or killed.
Human behavior before or during an earthquake is more consistent when there are early-warning
systems, organized education in emergency protocol and collective trust in a system invested in
the protection of its citizens. This is especially critical for our children who are mandated to
attend unsafe schools in known earthquake zones. This risk is unacceptable and the urgency in
the U.S. Pacific Northwest is critical.
One of several seismic hotspots in the world is located just 50 miles off of the Pacific Northwest
coast. Subduction zones, like the ones in the Pacific Northwest, Japan, Chile, and the Indian
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Ocean, produce the largest earthquakes in the world. Called mega or super-earthquakes,
geologists estimate the next one to hit Oregon to be about 9.0 in magnitude (Baker 2010, Baker
2011, Chang 2010, Wang 2009) and will occur as Wang contends, “It’s not if, but when” (Baker
2010, 2011).
A seismic risk assessment conducted by Oregon’s Department of Geology and Mineral
Industries (DOGAMI) in 2007, shows that 1,018 of Oregon’s 2,185 school buildings are at “high
or very high risk” of collapse during a major earthquake (Open-File Report O-07-02). Yumei
Wang, DOGAMI engineer and geohazards leader, affirms that, “other states and countries are far
ahead of Oregon on seismic school safety.” She adds that after an earthquake, “Oregon
politicians are going to slam their fists and say we need to do this now,” (Baker, 2009, 2010).
Furthermore, Brian Tucker of Palo Alto, California provides insight into why it is important to
act now rather than later and why people have not acted as of yet. He professes that people do
not pay attention to signs, thinking such a disaster will only happen somewhere else. Tucker
says, “The story is getting boring (to the public)…” when referring to repeated tragedies that
could have been largely averted by being proactive (Showstack 2010).
Scientists, particularly those in the fields of geology, seismology and paleoseismology
unanimously agree about the inevitability of the Cascadia Subduction Zone (CSZ) megaquake.
Wang asserts that “like death and taxes” it’s “gonna happen,” and that “all of Portland will be
shaken hard.” She further conveys that there will be landslides and extensive liquefaction that
will severely affect industry, development, levies, transportation and, emergency management
response. Included in the buildings that will be damaged will be public schools with “a lot of
children,” a vulnerable population that is important to protect. There are about 300,000 children
in the 1000+ at-risk schools and “if the earthquake hits today, we’re in trouble.” Because
children are mandated to go to school and they are sent to schools that are not safe, there is a
huge responsibility to mitigate this issue (Baker 2010).
Previously deemed to be a ‘dormant fault line’ due to lack of written records, it is now known
that Pacific Northwest faults have a volatile past and an earthquake in this region is inevitable.
Chris Goldfinger, an earthquake and tsunami expert and one of the world’s leading experts on
subduction zones at Oregon State University, utilized data to create the earthquake timeline for
the Pacific Northwest coast (Cascadia Winter 2010, p.8, BBC Documentary 2012). These data
note that over the past 12,000 years, Cascadia megaquakes (8.0-9.0) occur on average every 240
years. The last quake of this magnitude in the CSZ occurred in January of 1700 and is the
second largest earthquake in U.S history (USGS 2013). Because the last megaquake was over
312 years ago, the Cascadia region is described to be ‘nine months pregnant and overdue.’
Oregon’s seismic code standards implemented in “1994 did not take into account the extended
duration associated with subduction zone quakes, about 4-5 minutes of continuous
shaking”. Furthermore, the median age of Oregon school buildings is “46 years with almost
1,200 high occupancy school buildings being over 50 years old,” (Tesfamariam & Wang 2010,
Wang & Burns, 2006).
Few individuals will contest the importance of protecting society’s most valuable and vulnerable
members, children; and few will contest the importance of providing compulsory education for
all children. Even fewer people will argue with the fact that earthquakes kill people and damage
property. But these three essential principles are not valid in modern society. In many
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earthquake-prone countries, a surprisingly high number of school buildings are not constructed
to withstand even moderate-sized earthquakes. The fundamental question that we must ask
ourselves is: "Why is it so simple to acknowledge the importance of the education and safety of
our children, yet so difficult to ensure” (OECD 2004, pp. 19-29).
Those at the greatest risk, should the quake occur during school hours are our children. With
300,000 students mandated to attend schools at high-to-very high risk of collapse (DOGAMI
Open file report O-07-02), seismic safety is imperative. Money is scarce however and the cost of
retrofitting is currently beyond our reach. Although ‘duck, cover and hold on’ is still the safest
protocol when unable to leave a building, Yumei Wang, GeoHazards team leader at the Oregon
Department of Geology and Mineral Industries and school safety advocate, also states in Baker’s
2009 article, “The ‘duck, cover and hold’ drill assumes the building is still standing. That kind
of says it all.” Wang further contends that,
“The engineering profession needs to break ‘out of the box’ and start empowering school
administrators. For example, (1) develop very inexpensive mitigation solutions that can
be applied to lots of schools in immediate future, (2) communicate risk in a persuasive,
non- technical and understandable manner, etc…. Let’s hope that the recent tragedy in
China will help spur much needed school safety.” (Revkin 2008).
CoreFirst personnel recommends a two-pronged approach be considered for earthquake drills. In
schools where a full seismic upgrade has been completed, “duck, cover and hold on’ makes
sense. In unreinforced masonry buildings that have not been upgraded, we recommend
evacuation or movement to the areas in the building deemed safest by engineers. The risk to life
is too great to consider “duck, cover and hold on” to be a wise protocol.
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