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23.2% WA) reporting having experienced weak shaking (corresponding to an MMI III). Moderate (MMI V), strong (MMI VI), or vio-
lent (MMI VI+) recent shaking experiences were marginally more commonly reported in WA than in OR, or CA (Fig. 8) (MMI V: CA
6.6%, OR 13.4%, WA 17.1%), (MMI VI + CA 10%, OR 14.5%, WA 16.9%). For those with earthquake experience, the average level
of shaking experienced most recently was MMI IV or slightly higher. The average shaking levels experienced differed by state; these
differences were small but statistically significant [F(2, 2777) = 19.4, p < 0.001].

Reported harm experienced, which was not constrained to a specific experience or time frame, nevertheless correlated with the
most recent shaking level experienced; 76% of those who had experienced mild shaking reported having experienced no injury, dam-
age, or loss from earthquakes. Even among those who had experienced strong or violent shaking in their most recent earthquake expe-
rience, only 22% reported injury, damage, or loss to themselves personally, whereas 46% reported no injury, damage, or loss (Fig. 9).

Perceptions of earthquake risks varied somewhat across states. Those in CA were closer to agreeing that a damaging earthquake
would occur in their city or town in their lifetime (3.73) than compared to 3.44 in WA and 3.25 in OR, where agree is coded as 4 and
neutral as 3). This is likely because CA has experienced more damaging recent earthquakes (M6.9 Loma Prieta in 1989 and M6.7
Northridge in 1994), than WA with the 2001 M6.8 Nisqually, or OR, with relatively few damaging earthquakes. Notably the majority
of respondents across the three states disagreed that a damaging earthquake in their state would not impact their lives (Fig. 10). In
other words, majorities think it would affect their lives if there were a damaging earthquake in their state.

Actions taken previously and awareness of advice on how to respond to earthquakes and earthquake early warning are explored in
Figs. 11 and 12. The typical response to the most recently experienced earthquake by respondents was not DCHO, but to stop what
they were doing and stay put (Fig. 11). However, fewer of those who had experienced strong or violent shaking stopped what they
were doing and stayed put (26.5% of those who experienced strong or violent shaking, N = 355, compared to 53% of those who ex-
perienced weaker shaking, N = 2360; Z = 10.31, p < 0.001), and relatively more of those who experienced strong or violent shak-
ing reported DCHO (13%, compared to 6.8% of those who experienced weaker shaking, Z = 3.23 p < 0.001), standing in a doorway
(25.4% vs. 13.5%, p < 0.001), or immediately leaving the building they were in (12.4% vs 5.2%, Z = 3.9, p < 0.001).

Fig. 8. Reported shaking felt for the most recent earthquake experience, by state, for those respondents with personal earthquake experience, multiple choice response.

Fig. 9. Reported personal or social harm from earthquakes by state. Response scale: Please select all that apply.
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Fig. 15. Regression of the average of four measures of perceived usefulness of ShakeAlert (1 = Strongly disagree, to 5 = Strongly Agree; see Fig. 7 for wording of
these items) on predictors describing expectations of ShakeAlert and earthquake risk perceptions, controlling for demographics. Models were estimated as linear re-





International Journal of Disaster Risk Reduction 82 (2022) 103296

15

A. Bostrom et al.







International Journal of Disaster Risk Reduction 82 (2022) 103296

18

A. Bostrom et al.

Fig. 22. Anticipated reactions to missed alerts (felt shaking but had not received an alert is in pale blue) and false alarms (received an alert but felt no shaking is in
dark blue) across all three states, by awareness of ShakeAlert (top: No, have not heard of ShakeAlert; bottom: Yes, have heard of ShakeAlert). (For interpretation of
the references to color in this figure legend, the reader is referred to the Web version of this article.)

ShakeAlert that, in turn, have shaped varying expectations of the system and of the impacts of future earthquakes, as well as other key
outcomes as described in this concluding section. Taken together, these study findings contribute to a better understanding of the po-
tential role of earthquake early warning systems relative to other influences on protective action decision making.

5.1. Regionalized differences: how people conceptualize EEW in OR and WA versus CA
Overall, we found that respondents in CA had more knowledge about the system, the protective actions to take when receiving an

alert, and what types of earthquakes they would be alerted for. This finding aligns with the state of ShakeAlert at the time of data col-
lection; CA was the only state where ShakeAlert-powered alerts were available statewide for delivery to cell phones. In addition,
when compared to WA and OR, CA has stronger building codes and a longer history of damaging earthquakes, which likely height-
ened attention to the ShakeAlert system itself.

Of particular interest, in terms of best practice recommended protective actions [3], is the absence of DCHO responses by respon-
dents in all three states. Drills have proven to be useful in encouraging people to take proper protective actions during earthquakes
[81]. Given this, it may be helpful in the future to consider specific drills for ShakeAlert that include a test alert as well as encouraging
people to take protective action as part of the drill.

5.2. Role of time/experience from rollout versus pre-rollout of ShakeAlert-powered alert delivery to cell phones
As noted previously, when this survey was disseminated, CA was the only state where ShakeAlert-powered alerts were being deliv-

ered to cell phones (via apps and WEAs) for imminent shaking. Yet even though ShakeAlert had been available for 18 months at the
time of the survey, CA respondents were only slightly more likely than their counterparts in the other two states to express an aware-
ness of the warning technology. Moreover, in all three states, respondents expressed a lack of knowledge about ShakeAlert overall and
who manages the system (US Geological Survey), although those in CA, where the system was already active, had an almost 10%
point advantage over those in OR/WA, where it was not.
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5.4. Global EEW development
Although these specific findings are limited to ShakeAlert on the US West Coast, they have broader relevance for the development

of EEW globally. Public alerting is rapidly reaching hundreds of millions of people, mainly via a Google system that uses Android
smartphone accelerometers as an ad hoc crowdsourced seismic network [88,89]. Private EEW systems may not have the same legal
and social contracts as those managed as public systems. Understanding how early warning systems work, and how the social and
technical elements of such systems interact and evolve over time should enable them to improve more rapidly. In principle, ongoing
evaluation, feedback, and adjustment could be built into early warning systems from the outset. In practice, iterative, integrated so-
cio-technical evaluation and improvement cycles (i.e., virtuous feedback cycles) for early warning systems are in their infancy, often
relying on one-off case studies (e.g., [90]). Our study represents a first step toward longitudinal assessment of the operation and ef-
fects of EEW on the US West Coast, which may be useful for both private and public systems in the US and other nations to consider
going forward.

5.5. Limitations
Our study is not without limitations, one of which is timing. Ideally a baseline survey like this would have been administered pre-

CA rollout in October 2019, to capture that state's experience before alerts were sent. Due to the pandemic, rollouts were delayed in
WA and OR until spring 2021, creating a discordant experience for people across the three states. However, one of the values this
study may provide is that it suggests the differences of knowledge and understanding about ShakeAlert from the two states that had
not rolled out at the time of the survey compared to one state that had. This creates an interesting dynamic in our study, where we can
compare the influence of public rollouts versus pre-rollout perceptions and attitudes. Other limitations include those facing much sur-
vey research, such as potential sampling biases and insufficient representation of socially marginalized populations.

6. Conclusions and future research
This study was designed to increase understanding of perceptions, knowledge, and attitude of publics in WA, OR, and CA, the

three states where ShakeAlert-powered alerts are now available statewide to be delivered to people and automated systems. Overall,
we note that our respondents had a high level of false and missed alert tolerance, with some desiring to be alerted for any shaking they
might feel. This expectation of the system does not necessarily match the expectations for alerting that scientists, emergency man-
agers, and operators who manage the system may have (e.g., [91]). Where there are mixed expectation such as this, there is the possi-
bility of public disappointment and reduced trust in the system. It may be beneficial for decision makers of the system to consider
making alerts even lower than MMI III on an opt in basis (e.g. smartphone apps), at least while the system is still emerging and alerts
are still rare. Especially in areas where MMI IV+ earthquakes are rare, alerting for smaller earthquakes that might be felt has the po-
tential to remind people that there are earthquakes and increase confidence in earthquake early warning. Over time and with more
exposure to earthquakes, as in the cases of Japan and New Zealand, one could expect interest in lower alerting thresholds to decline.

Our research captures potential limitations in ShakeAlert's public education program as reflected by the misconceptions or lack of
awareness respondents express. The relative newness of the system may explain some of these challenges to reaching and informing
the public. To date, most public education programs have been focused on rollouts of ShakeAlert or linked to other initiatives like
ShakeOut [59]. However, comprehensive campaigns are now beginning in museums and free choice learning environments, explor-
ing other venues for public education [92]. Further, Did You Feel It? community intensity surveys are being developed to collect self-
reported reactions and responses to EEW [34,93], which may provide additional insights. Exploring more pathways of public educa-
tion and information will be important in shifting knowledge, awareness, and attitudes towards EEW and ShakeAlert in the future.

Repeating this survey and analysis regularly for the ShakeAlert states could illuminate trends in experiences, expectations, and
preferences over time, as the system matures and evolves. International comparative analyses of earthquake and earthquake early
warning experiences and expectations across New Zealand, Japan, Peru, and US studies (e.g., [16,19,94] ), among others, could also
be informative for ShakeAlert development.
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