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Abstract

Purpose: Effective multi-hazard early warning systems (MHEWS) are critical for achieving the
United Nations' Sendai Framework target of increasing access to disaster risk information by
2030. This study presents an analysis of Oregon's OR-Alert system to evaluate its capability as
a MHEWS.

Methodology: We examined 31,940 alerts and 11.1 million associated messages delivered over
a 12 month period in 2024 issued by 35 county groups, 3 tribal groups, and 6 state agencies.
We analyzed alert distribution patterns, communication methods, geographic coverage, and
temporal variations, with a particular interest to assess system applicability for earthquake early
warning (EEW) integration.

Findings: Our results indicate that while OR-Alert demonstrates robust capacity potentially
reaching over 2 million reported recipients, challenges remain. Natural hazards comprise 75%
of public alerts, delivered primarily through SMS (52%), with distinct seasonal and geographic
patterns corresponding to regional hazard profiles. Push notification adoption remains very low
at 2%, posing substantial barriers for time-sensitive earthquake warnings. Geographic analysis
reveals marked differences in system enrollment, with some counties having high participation
while some populous regions show less than 10% participation.

Originality: The evaluation of geographic and temporal alerting patterns provides quantitative
information about how MHEWS is functioning across a state with varying hazards both in space
and time. Comparisons with census data provides context for the geographic variations in the
alerting data suggesting that infrastructure availability and language use does not significantly
influence communication channel selection.

Implications: These findings highlight the need for recruitment efforts to address coverage
disparities and for enhanced push notification adoption to enable rapid-onset hazard
communication, particularly as the Cascadia region seeks to improve its EEW capabilities.

Keywords: multi-hazard, early warning systems, earthquake early warning, emergency alerting,
disaster risk reduction, Oregon



1. Introduction

The global imperative to enhance disaster risk reduction has gained unprecedented urgency as
climate change intensifies hazard frequency and severity (UNDRR, 2023). The Sendai
Framework for Disaster Risk Reduction 2015-2030 establishes seven global targets, including
substantially increasing "the availability of and access to multi-hazard early warning systems
and disaster risk information and assessments to people by 2030" (UNDRR, 2015). This target
recognizes that effective early warning systems can significantly reduce disaster mortality and
economic losses through timely dissemination of actionable information (Cremen et al., 2022).

Multi-hazard early warning systems represent an evolution from single-hazard approaches,
offering economies of scale and operational efficiency by utilizing shared infrastructure across
multiple threat types (UNDRR, 2023). As defined by the United Nations Office for Disaster Risk
Reduction, MHEWS address "several hazards and/or impacts of similar or different type in
contexts where hazardous events may occur alone, simultaneously, cascadingly or cumulatively
over time" (UNDRR, 2017). The effectiveness of these systems depends critically on four
interrelated elements: risk knowledge, monitoring and warning services, dissemination and
communication, and response capability (PrepareCenter, 2024). When alerts are delivered via
phone apps, MHEWS strategies have been shown to be retained at higher rates than single
hazards apps over several years, improving the likelihood that people will retain other hazard
alerting capabilities, especially for low frequency, high impact events like earthquakes or
tsunami (Brudzinski et al., 2025)

In the United States, the Integrated Public Alert and Warning System (IPAWS) serves as the
national architecture for local alerting, providing authenticated emergency information through
multiple pathways including Wireless Emergency Alerts (WEA), the Emergency Alert System
(EAS), and NOAA Weather Radio (FEMA, 2024). Since its establishment in 2006 through
Presidential Executive Order 13407, IPAWS has expanded to include over 1,800 federal, state,
local, tribal, and territorial alerting authorities (FEMA, 2024). However, implementation varies
significantly across jurisdictions, with effectiveness dependent on local system configuration,
enrollment patterns, and communication strategies (Bean et al., 2015).

The Pacific Northwest faces unique multi-hazard challenges, particularly from the Cascadia
Subduction Zone, which poses significant earthquake and tsunami risks (Goldfinger et al.,
2012). The ShakeAlert earthquake early warning (EEW) system, now operational in California,
Oregon, and Washington, represents a critical advancement in rapid-onset hazard mitigation
(Given et al., 2018). ShakeAlert leverages the principle that electronic signals travel faster than
seismic waves, providing seconds to minutes of warning before strong shaking arrives (Allen &
Melgar, 2019). However, the effectiveness of EEW depends fundamentally on the underlying
alert distribution infrastructure and public preparedness to respond appropriately to warnings
(Strauss & Allen, 2016).

Oregon's OR-Alert system operates as the state's primary emergency notification platform,
utilizing the EverBridge mass notification system to deliver alerts across multiple communication
channels. The system serves both internal organizational needs and public warning functions,



addressing hazards ranging from severe weather to wildfire to potential seismic events.
Considering OR-Alert functions in conjunction with IPAWS that is designed to deliver more
critical alerts, OR-Alert can be perceived as a less urgent form of messaging. Understanding
the current operational characteristics of OR-Alert is essential for evaluating its readiness to
integrate EEW and achieve broader disaster risk reduction goals.

This study presents an analysis of OR-Alert operational data, examining alert patterns,
communication methods, geographic coverage, and temporal variations. Our analysis
addresses critical questions about system effectiveness, including: (1) How do alert distribution
patterns vary geographically and temporally? (2) What communication channels are utilized and
how do preferences vary across populations? (3) What gaps exist in current coverage that may
impact EEW effectiveness? (4) How can the system be optimized to achieve UN Sendai
Framework targets while preparing for Cascadia seismic risks?

2. Methods

2.1 Data Collection and Sources

We utilized operational data from Oregon's OR-Alert system during 2024, provided through a
partnership with Oregon's State Interoperability Executive Council and their industry service
provider, EverBridge. Not all counties were represented in the data provided by EverBridge, with
Oregon's second most populous county (Washington) not included. Three primary data sources
were analyzed, the first two provided by EverBridge and the third collected from the U.S.
Census Bureau's website. The first type were monthly "Notifications" documents that contained
detailed records of individual alerts, including unique identifiers, notification titles, originating
organizations, county information, internal versus public designation, and precise timestamps.
This data was available for all 12 months of 2024 capturing seasonal variations in hazard
occurrence and alert patterns. The second data source was monthly "Usage" documents that
provided aggregate statistics by organization, documenting notification volumes, recipient
counts, communication channel utilization, and audience classification. This dataset enabled
analysis of system usage patterns and organizational alerting behaviors. The monthly recipient
counts were our best window into the number of people that typically receive alerts, so we
estimated total recipient numbers by finding the maximum number of this value in any given
month. This data was available for 11 months as we were unable to obtain data from August
2024. The third data source was supplementary demographic and infrastructure data that were
obtained from the U.S. Census Bureau's 2020 American Community Survey, including
county-level population, broadband access rates, and limited English proficiency statistics.
Figure 1 illustrates the population density at the county level in Oregon.
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Figure 1. Maps of Oregon counties showing a) population density and b) county names.

2.2 Alert Classification and Categorization

Individual alerts were initially distinguished based on whether they were listed as internal
organizational communications and public-facing alerts in the Notifications file. Public alerts
were further categorized based on the notification description using a hierarchical taxonomy
developed through iterative content analysis. The primary categorization was based on natural
hazard versus non-natural hazard events. Natural hazard subcategories included weather
(keywords: storm, lightning, wind, tornado, freeze, fog, gale, heat, surf, blizzard, hail, cooling,
warming, weather), fire (keywords: fire, red flag), flood (keyword: flood), and earthquake
(keywords: quake, shake) notifications. Non-natural hazard alerts encompassed utility
disruptions, transportation incidents, public safety activities, and public health notifications.
There were no actual tsunami warnings during our study time frame, only a few drills.

Communication channels were classified into four primary categories: SMS/text messaging
(including NIXELSMS), voice calls, email notifications, and push notifications delivered through
mobile applications. TTY and FAX messages were also reported but were much smaller in total
numbers (12,192 and 337). Geographic analysis was conducted at the county level, with alerts
mapped to 20 Oregon counties based on the agency issuing the alerts and reporting throughout
the full time frame. There were 4 cases of multi-county reports (Linn-Benton,
Jackson-Josephine, Marion-Polk, Frontier Region) which could not be separated and were
excluded from county-based analysis. The 6 statewide agencies (State Police, Military
Department, State Lottery, Health Authority, Judicial Department, and State of Oregon) and 3
tribal groups (Siletz, Klamath, and CTCLUSI) alerts were only considered in the overall analysis.

2.3 Analytical Approach

Descriptive statistical analysis characterized alert volumes, distribution patterns, and
communication preferences across temporal and geographic dimensions. Enroliment in
OR-Alert for each county was estimated based on the maximum monthly recipient count



reported in the Usage files. Recipient coverage rates were then calculated by dividing the
maximum monthly reported recipient counts by the census population estimates. However, we
acknowledge there are potential limitations to interpreting these values from multiple
registrations per individual and non-resident participants in OR-Alert messaging. Temporal
analysis examined monthly patterns in alerting, identifying relationships between hazard
seasonality and alert frequency. Geographic analysis was performed by plotting alert
distributions and communication preferences based on the county locations, enabling
visualization of spatial patterns and identification of potential coverage disparities. Correlation
analysis explored relationships between demographic factors (broadband access, language
proficiency) and system utilization patterns. These analyses were conducted using R statistical
software.

2.4 Limitations

Several limitations constrain the interpretation of findings. The 12 month analysis period may
not capture full seasonal or annual variations, particularly for low-frequency events.
Population-based coverage calculations assume single registrations per individual, potentially
overestimating coverage in areas with multiple registrations per individual which is likely if
people register multiple devices. Only 20 of Oregon's 36 counties were included in the
geographic analysis, which may limit our ability to fully resolve spatial patterns. The
classification of alerts relied on title and description fields, which may introduce categorization
errors for ambiguously described events. Technical constraints of the current system may
influence observed patterns, particularly regarding push notification capabilities. Additionally,
while prior case studies have incorporated a wider range communication channels such as
radio, television, and social media (Hu et al., 2019; Wogalter et al., 2021), our analysis was
constrained to the primary four communication channels provided in the OR-Alert dataset.
Hazard specific warnings such as ShakeAlert EEW were also delivered via other means such as
the MyShake app (Given et al., 2018), which limits our ability to interpret the overall alerting
experience for a given person. Our dataset was also limited in that it did not provide information
about the demographics of the alert recipients so we could not evaluate variability in who was
receiving alerts and if there were demographic disparities. Future studies should consider
surveys and focus groups to collect more information about how the alerts are received and to
interpret how individuals responded to the alerts (Morss et al., 2016; Sadiq et al., 2023).

3. Results

3.1 Alert Volume and Distribution Patterns

Analysis of OR-Alert operational data revealed substantial system activity, with 31,940 alerts
issued over the 12 months and 11.1 million associated messages delivered during the 11
months when Usage data was available, which extrapolates to over 12 million messages per
year. The distribution between internal and public alerts demonstrated that the majority of alerts
are issued internally, with 77% (n=24,643) serving internal communication needs and only 23%
(n=7,297) directed to the general public (Figure 2a). However, the situation flips when the total



number of messages associated with these alerts are considered, with public messages
representing 76% (8.5 million) compared to 24% (2.6 million) for internal messages. Among the
public alerts, natural hazards comprised the dominant category at 75% (n=5,523), while
non-natural hazard events accounted for 18% (n=1,296), and 7% (n=478) were non-specific
emergency alert notifications in other languages (Figure 2b). This distribution aligns with
findings from other regions implementing multi-hazard systems, where weather-related events
typically dominate alert volumes (Sorensen, 2000). The prominence of natural hazard alerts
reflects both Oregon's diverse hazard profile and the established integration of National
Weather Service products into local alert systems. Non-natural hazard public alerts
encompassed diverse event types, with police activity (770), emergency alert testing (292),
public utility outages (98), health and medical alerts (62), and road closures (27) being the most
common. This diversity demonstrates the system's evolution beyond traditional emergency
management applications to serve broader public information needs, consistent with trends
identified in national public warning system assessments (NAS, 2018).

a) Alert Audience  b) Public Alert Type €)Communication Type
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Specific
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Figure 2. Relative distribution of OR-Alert messages based on comparison of a) internal vs.
public audience recipient types, b) natural hazard vs. non-natural hazard public message topics,
and c) type of communication used to deliver public alert messages. The arrows indicate that b)
and c) do not include internal messages.

3.2 Communication Channel Utilization

The analysis of communication methods for public messages revealed a substantial reliance on
SMS text messaging, which accounted for 52% of all public alert message deliveries (Figure
2c¢). Email delivery represented 26% of alert messages, followed by voice calls at 20%, while
push notifications comprised merely 2% of total alert volume. This distribution pattern raises
significant concerns for EEW implementation, where push notifications offer critical advantages
including near-instantaneous delivery, rich media capabilities, and ability to override device
silent modes (Cauzzi et al., 2016). The minimal utilization of push notifications contrasts sharply
with their technical superiority for time-sensitive alerts. Research on EEW systems in Japan and
Mexico demonstrates that push notifications can reduce alert latency by 3-5 seconds compared



to SMS delivery, potentially doubling available warning time for near-field events (Kohler et al.,
2020). The current reliance on SMS introduces vulnerabilities including network congestion
during emergencies, character limitations that constrain message content, and inability to
include maps or other visual information critical for public response. In addition, nearly 50% of
alerts are received via email and voice messaging which potentially have longer latency that
would be problematic for expedited alerting across various natural hazards.

We also explored the geographic variation in communication preferences by examining the
communication patterns at the county level (Figure 3). Symbol sizes in Figure 3 represent these
relative percentages, with push values scaled up for visibility. County-level analysis also
showed SMS as the primary delivery method, averaging ~40% overall and exceeding 60% in
places like Deschutes and Douglas Counties (Figure 4a). Percentages tended to be slightly
higher for SMS in inland counties, with lower percentages in western coastal counties such as
Lincoln and Coos issuing ~20-33% of public alerts via SMS. Several inland counties showed
lower email utilization (<20%) compared to the statewide average, while the values over 50% in
Lincoln County, which also had one of the lowest SMS values. Voice alerts exceeded 35% in
some western counties compared to statewide averages near 20%. Push notifications
remained minimal and sparse, averaging 4% statewide, with only a few counties reaching
9-11% in Morrow, Coos, and Yarnhill. The most populated county (Multhomah) has a very low
push percentage (~0.7%), which is concerning for the lack of adoption of push technologies.

Figure 4 illustrates the relative percentages of alert communication types for each county along
with the data from the Census Bureau on the percentage of households with broadband internet
and with a language use other than English. Correlation analysis revealed no significant
relationship between broadband access rates and email preference (r(18)=.02, p=.93),
suggesting that infrastructure availability does not drive communication channel selection.
Similarly, no correlation existed between limited English proficiency populations and
communication preferences (r(18)=.09, p=.70), indicating that language barriers may not
significantly influence channel selection within the current system architecture.

3.3 Geographic Coverage Disparities

Spatial analysis revealed significant differences in system enrollment across Oregon's counties.
Figure 5a shows how coverage rates, calculated as the maximum monthly recipient count
relative to census population, ranged from 5-10% in several counties to over 100% in others.
Clatsop, Curry, Douglas, and Lincoln demonstrated the highest coverage rates (461%, 282%,
202%, 347%), likely attributable to multiple registrations per person. Conversely, several
populous counties showed surprisingly low coverage rates and the low recipient counts despite
high alert volumes indicating that many residents in these areas are not receiving important
alerts. For example, Multhomah County, containing Portland and representing 19% of Oregon's
population, demonstrated only 13% enroliment, with most being due to internal Portland
Employees. The low enrollment rates in population centers represent an important vulnerability,
as urban areas face compound risks from both natural hazards and cascading infrastructure
failures during disasters (Chang et al., 2006).



Figure 5b shows the total number of alert messages issued by county, separated by whether the
alert audience was internal or public. The total number of alert messages distributed showed
only a weak correlation with population (r(18)=0.34, p=0.09), indicating that the number of alert
messages may reflect local population sizes impacted by hazard occurrence and emergency
management practices rather than factors related to OR-Alert sign-up rates. Counties with
established hazard mitigation programs and recent disaster experiences generally
demonstrated higher alert messaging counts and enroliment rates, supporting research
indicating that disaster experience enhances risk perception and protective action adoption
(Lindell & Perry, 2012).

b) Email
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Figure 3. Percentage of alert messages received by communication type for each county in
Oregon with data available by individual county: a) SMS/text message, b) e-mail message, c)
voice/phone message, d) app-based push notification. Size of symbol represents the relative
percentage, except this value is tripled for push to enable the symbol relative sizes to be visible.
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Figure 4. Bar graphs to compare a) the relative proportion of alert communication types for
each county with data from the Census Bureau on the percentage of households b) with
broadband internet and c) with a language use other than English.
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Figure 5. Bar graphs to illustrate county based trends including a) the relative proportion of alert
recipients to the county population, b) the total number of alert messages issued based on
whether it was internal or external, and c) the total number of public alerts issued based on what
natural hazard topic was the subject of the message.



3.4 Hazard Type Geographic Patterns

Natural hazard public alert distributions demonstrated sharp contrasts in geographic distribution
corresponding to regional hazard profiles (Figure 5¢c and 6). Weather-related alerts were most
common (n=3,442, 62% of natural hazard public alerts) and tended to concentrate in
northwestern coastal counties, with a few exceptions (e.g., Union and Grant, >100 alerts and
>70% of alerts for those counties) (Figure 6a). For example, Tillamook County generated ~400
weather alerts compared to a statewide county average of ~70. This pattern reflects the Pacific
Northwest's winter storm exposure, where atmospheric rivers and Pacific cyclones can create
persistent severe weather conditions (Ralph et al., 2019).

Fire alerts were the next most common type of alert (n=1,370, 25% of natural hazard public
alerts) and tended to show the opposite geographic distribution, concentrating in interior
counties in central and southern Oregon that are characterized by more Mediterranean climate
patterns and extensive wildland-urban interface (Figure 6b). Interior counties tend to have
higher fire alert percentages, with Crook, Deschutes, Douglas, Multhomah each reaching 100%
of alerts for those counties. Meanwhile coastal counties including Lincoln (8%) and Tillamook
(17%) registered lower percentages for alerts in those counties. This distribution aligns with
established wildfire risk assessments for Oregon, where the dry to semiarid regions east of the
Cascade Mountains crest and southwestern valleys face elevated fire danger during summer
months (Wing and Long, 2015; Short et al., 2016; Schmidt et al., 2022).

Flood alerts were relatively sparse (n=191, 3.5% of natural hazard public alerts) statewide
except for a distinct concentration in Clatsop County (74% of county alerts). This reduced the
relative amount of weather alerts in this county compared to neighboring northwest counties
with high weather alert percentages. We note that this is a region with a major river system
(Columbia River).

Earthquake-related alerts were also limited (n=520, 9%), with 46% issued by Klamath County
and 54% issued by the State of Oregon during our study time frame. This only considered public
alerts, which were almost exclusively due to actual earthquakes, whereas drill notifications like
ShakeOut were generally sent to internal audiences. This paucity of earthquake-related
messaging suggests limited public familiarity with earthquake alerts, supported by the surveying
regarding EEW in the Pacific Northwest (Bostrom et al., 2022). This will potentially compromise
response effectiveness to further ShakeAlert integration in OR-Alert.

3.5 Temporal Patterns and Seasonality

Temporal analysis revealed pronounced seasonality in alert patterns, with natural hazard
notifications demonstrating clear seasonal peaks corresponding to regional hazard calendars
(Figure 7a). Winter months showed the most elevated weather alerts, with January recording
584 weather-related notifications compared to a monthly average of 266. However, there was
also elevated (>400) weather alerting at other times (e.g., May and September). Fire alerts
peaked during late summer, with July generating 512 fire notifications, representing ~30% of
annual fire alert volume. This is consistent with the typical fire season due to wet mild winters



and warm dry summers in Oregon (Trouet et al., 2009). Although the number of flood alerts
was noticeably lower, they appeared to be more common in winter months (Figure 7a).
Although the number of earthquake alerts are also low, we would not expect earthquake alerts
to have any seasonality.

a) Weather

Figure 6. Maps illustrating geographic distribution of natural hazard alerting.

The ratio of natural to non-natural hazard alerts varied significantly across months (Figure 7b),
ranging from near-parity in March (~1:1) to strong natural hazard dominance in winter and
summer months (~3:1). These patterns are generally driven by the seasonal variability of natural
hazards as seen in Figure 7a. Non-natural hazard alerts maintained relatively consistent
volumes throughout the year (monthly average: 174, standard deviation: 60), suggesting steady
baseline system utilization for routine public safety communications. However, we note that the
number of non-natural hazard alerts does have a similar overall trend to that of natural hazards
(larger in summer and winter months), albeit more muted. This has the potential for system
strain during peak hazard seasons, with implications for alert fatigue and public responsiveness.
Research on warning effectiveness demonstrates that high alert frequencies can lead to
decreased compliance, particularly when false alarm rates are elevated (Trainor et al., 2015).



This would emphasize the importance of taking advantage of opportunities for public education
and system familiarity during non-crisis periods, potentially enhancing response effectiveness
during actual emergencies.
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Figure 7. Temporal patterns in the number of alerts for a) the specific type of natural hazard and
b) natural hazards versus other alert topics.

4. Discussion

4.1 Alerts from IPAWS

We note that our analysis of OR-Alert means that we have tended to focus on the less urgent
forms of alert messaging. In contrast, IPAWS is often utilized for more urgent alerting as it can
engage audiences that did not sign up for alerting. IPAWS operates through the Federal
Communications Commission (FCC) to protect property and preserve life, and has been
successfully implemented in emergency situations (Leiva, 2014; Sutton & Wood, 2022).
Everbridge was able to share the number of IPAWS alerts issued by each county and the state



of Oregon in 2024 for comparison with OR-Alert issued alerts. This data is shown by county in
Figure 8 and reveals that no county issued more than 40 alerts, with Grant County having the
highest count. The State of Oregon has also utilized IPAWS 19 times, which is the second
highest number, suggesting some expected variation in alert frequency and system engagement
between local and state authorities.
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Figure 8. Bar graph illustrating number of IPAWS alerts issued in 2024 for each county, along
with the alerts issued by the State of Oregon.

Spatially, the comparison reveals that Grant, Baker, and Klamath counties were the most active
in IPAWS use, and we note that these were generally rural counties. There were numerous
counties that did not issue any IPAWS alerts in 2024, including both more highly populated
counties (Multnomah and Yamhill) and more rural counties (Wasco and Union). Of the 151 total
IPAWS alerts in 2024, 125 were related to natural hazards (83%), 123 of which were fire alerts
and 2 tsunami alerts, while 26 were associated with non-natural incidents such as civil or
administrative messages (17%). The fire alerting makes sense given that urgent
communication can be needed during such events. This provides some additional context for
the counties with the most IPAWS alerts (Grant, Baker, and Klamath), which also had large
numbers of fire alerts in Figure 5c reflecting their higher exposure to wildfire risk. However,
there does not appear to be an overall correlation between the number of IPAWS alerts and the
number of public alerts issued by OR-Alert (Figure 8 vs. 5¢).

The absence of IPAWS alerts in several counties may reflect administrative or operational
differences in alerting practices. We considered that some counties may rely on the state to
issue alerts on their behalf, especially in rural areas where staffing and resources are limited.
However, we saw no evidence that the IPAWS alerts issued by the state were on behalf of
hazards in counties that did not issue alerts themselves, although we could not rule out whether
any statewide alerts covered portions of neighboring counties that made local issuance
unnecessary. It seems more likely that county officials may choose to reserve IPAWS for the
most critical emergencies to prevent public desensitization or alert fatigue. These differences



suggest that population density, local hazard exposure, and resource availability may influence
how and when each system is used, rather than any inherent limitation in the alerting platforms
themselves.

4.2 Implications for Earthquake Early Warning (EEW)

The analysis reveals current issues that would prevent OR-Alert from effectively supporting
EEW. The 1% push notification adoption rate represents the most significant barrier, as EEW
effectiveness depends fundamentally on minimizing alert latency. Current SMS-dominated
delivery would add 5-10 seconds to alert times, potentially eliminating warning capability for
near-epicenter populations and substantially reducing protective action opportunities for others
(Minson et al., 2018). OR-Alert does not have its own dedicated app, but the EverBridge app
can be downloaded to receive OR-Alert messages as push alerts.

It is important to note that MyShake, a dedicated EEW application developed by UC Berkeley,
currently provides push notification capabilities for earthquakes in Oregon as part of the
ShakeAlert system (Given et al., 2018; Lux et al., 2024). This single-hazard solution effectively
addresses the technical requirements for rapid earthquake alerting through push notifications.
However, the existence of MyShake as a standalone application highlights a fundamental
tension in emergency alerting strategy: while specialized apps may optimize performance for
specific hazards, they contribute to application proliferation that can reduce overall public
engagement. The UNDRR's vision of integrated multi-hazard early warning systems specifically
aims to avoid such fragmentation, recognizing that requiring citizens to download and monitor
multiple applications for different hazard types creates barriers to comprehensive preparedness
(UNDRR, 2023).

International EEW implementations provide instructive contrasts for integrated approaches.
Japan's system achieves near-universal push notification coverage through mandatory
installation on all smartphones sold domestically, coupled with extensive public education
campaigns (Fujinawa & Noda, 2013). Notably, Japan's J-Alert system integrates earthquake
warnings with other hazards in a single platform, avoiding the fragmentation challenge. Mexico
City's Sistema de Alerta Sismica Mexicano combines push notifications with public address
sirens, achieving 60-second average warning times for subduction zone events (Cuéllar et al.,
2017). Both systems demonstrate that technical capabilities alone are insufficient; success
requires comprehensive public engagement and behavioral change initiatives.

The absence of regular earthquake-related alerts in OR-Alert compounds readiness challenges.
Research on protective action decision-making emphasizes the importance of message
familiarity and behavioral scripts developed through repeated exposure (Wood et al., 2018).
Without regular earthquake drills or test alerts, Oregon's population lacks the awareness
necessary for rapid interpretation and response to EEW messages. This contrasts with the
population's apparent familiarity with weather and fire alerts, where seasonal exposure enables
rapid comprehension and appropriate response.



4.3 Alert Fatigue, Coverage Disparities, and System Optimization

The high volume of monthly alerts, particularly during peak hazard seasons (~1000 in January),
raises concerns about alert fatigue—a phenomenon where excessive warnings lead to
decreased attention and response (Bliss et al., 1995; Sutton & Wood, 2025). While natural
hazard alerts demonstrate clear seasonal patterns justifying increased communication, the
system's use for a wide range of communications may contribute to notification overload.
Research in healthcare settings demonstrates that alert effectiveness decreases exponentially
with frequency, with response rates dropping below 50% when daily alert volumes exceed 10-15
per user (Cvach, 2012).

Geographic disparities in alert frequency suggest opportunities for system optimization.
Counties receiving high volumes of alerts, particularly those with a large number of internal
organizational alerts, might benefit from channel segregation, reserving specific communication
pathways for public safety warnings. The implementation of hierarchical alerting, where
message urgency determines communication channel selection, could preserve push
notification effectiveness for critical warnings while utilizing less intrusive channels for routine
communications. The Common Alerting Protocol (CAP) provides a framework for such
optimization, enabling message prioritization and multi-channel distribution based on event
severity (Botterell, 2006). However, implementation requires careful calibration to local
conditions and hazard profiles. Research on multi-hazard systems in Europe demonstrates that
effective hierarchical alerting requires continuous refinement based on public feedback and
response monitoring (Kolen & Helsloot, 2014).

The large variation in enroliment rates across counties likely reflects complex social, technical,
and institutional factors that suggests recruitment efforts are warranted. Low enrollment in
populous counties may stem from multiple causes including limited awareness, language
barriers, trust deficits, or preference for alternative information sources. Survey research in
California found that emergency alert enroliment correlates strongly with social capital, disaster
experience, and institutional trust (Eisenman et al., 2007). Successful enroliment campaigns in
other regions provide models for addressing these disparities. Research on public alert and
warning systems emphasizes that building partnerships with trusted community organizations is
key to creating equitable enrollment practices and improving safety outcomes (First et al., 2021;
Sansom et al., 2021). King County reported that targeted outreach, including door-to-door
canvassing and community partner engagement, nearly doubled ALERT King County
registrations between 2019 and 2023 (King County OEM, 2019; 2023). Studies have shown
that collaborative approaches involving uniformed staff, weather forecasters, and high-credibility
organizations can significantly improve public engagement with alert systems (Liu et al., 2019).
These collaborative models suggest that targeted outreach through existing community
networks may be more effective than standalone enrollment campaigns.

The lack of correlation between limited English proficiency and communication preferences in
our study suggests that language barriers operate at the enroliment stage rather than channel
selection. This finding emphasizes the need for multilingual enrollment campaigns and
translated alert capabilities. Research on warning effectiveness in diverse communities



demonstrates that message comprehension improves dramatically when alerts are delivered in
recipients' primary languages (Aguirre, 1988). This project had originally intended to offer a
survey in Oregon similar to that in San Diego County (Brudzinski et al., 2025) to understand
enroliment barriers and communication preferences across diverse populations. However, the
efforts in San Diego County identified prominent challenges in getting a large enough number of
respondents to draw appropriate conclusions. In that case, NORC was enlisted to aid in
increasing participation up to ~1000 respondents, but the additional cost was not budgeted for in
this project and thus will be the target of future funding.

4.4 Contributions to Disaster Risk Reduction

As climate change intensifies hazard frequency and severity while seismic risks remain
ever-present, optimizing multi-hazard early warning systems becomes increasingly critical. The
window for action is narrowing; proactive enhancement of alert systems today will determine
their life-saving potential when seconds count. This analysis contributes to broader disaster risk
reduction efforts by providing empirical evidence of multi-hazard warning system operations in a
seismically vulnerable region. The findings align with global assessments indicating that while
MHEWS implementation has expanded rapidly, significant gaps remain in reaching vulnerable
populations and optimizing for rapid-onset hazards (UNDRR, 2023). Oregon's experience
demonstrates both the potential and challenges of leveraging existing alert infrastructure for
emerging threats like EEW. Our study's methodology offers a replicable framework for
assessing alert system effectiveness in other jurisdictions. By examining multiple operational
dimensions—volume, distribution, geography, and temporality—the analysis reveals system
characteristics that single-metric evaluations might miss. This approach aligns with
recommendations from the Sendai Framework monitoring guidelines, which emphasize holistic
assessment of early warning system effectiveness (UNISDR, 2017).

5. Conclusions

Oregon's OR-Alert system demonstrates substantial operational capacity, processing nearly
32,000 alerts throughout the state and 12.3 million associated messages per year across
diverse hazard types that appear to be reaching millions of recipients. Although 77% of alerts
were directed to internal audiences, the 23% of alerts sent to the general public still accounted
for 76% of the messages delivered by the OR-Alert system. Delivery patterns show a heavy
reliance on SMS messaging (52%), while push notifications were underutilized (2%) by
OR-Alert, limiting the timeliness needed for earthquake early warning (EEW). There were some
geographic patterns in the communication channel utilized, with email and voice being more
common in some counties. However, we saw no correlation between communication type and
either broadband internet availability or non-English language prevalence based on county
demographics. Enroliment also varied geographically with some rural counties reporting
surprisingly high participation rates, while urban areas like Multnomah County showed low
participation, leaving large populations more vulnerable. As expected, the types of natural
hazard alerting varied with geography, with fire alerts more common inland and weather alerts
more common in western and coastal counties. Seasonal hazard patterns are clear, with winter
dominated by storms and summer by wildfires, but earthquake alerts are rare, highlighting that



most residents have little experience with seismic warnings. Trends highlight both the system’s
effectiveness and opportunities to enhance alert and warning. The 2% push notification adoption
rate, geographic enrollment disparities, and absence of earthquake messaging familiarity
represent current barriers to achieving broader disaster risk reduction goals with OR-Alert.
Institutional coordination between emergency management, public health, and community
organizations can build the engagement and trust necessary for effective warning response.
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