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About This Report

The United States has experienced an increase in mass emergencies and natural disasters
over the past decade, highlighting the importance of effective emergency alerting and com-
munication. The Federal Emergency Management Agency (FEMA) Integrated Public Alert
and Warning System (IPAWS) Office engaged the Homeland Security Operational Analysis
Center (HSOAC) to evaluate the performance of the October 4, 2023, Wireless Emergency
Alerts (WEA) national test alert. The evaluation considered key technical factors, such as
geographic coverage and carrier-related issues; and nontechnical ones, including reaching
populations with physical, cognitive, or language-based limitations; non-English speakers;
and state, local, territorial, and tribal populations.

This report is based on the project titled “HSOAC Support to FEMA for Evaluating WEA
Presidential Alert Test Performance 2023.” It summarizes how well the U.S. public received
the test alert based on a nationally representative survey of the public directly following the
test alert. This work should be of interest to the FEMA IPAWS Office; the Federal Com-
munications Commission; the National Oceanic and Atmospheric Agency, and specifically
the National Weather Service; the National Center for Missing & Exploited Children; all
other organizations that develop emergency alerts and communications; and disaster science
researchers.

This research was sponsored by the FEMA IPAWS Office and conducted in the Disaster
Management and Resilience Program of the RAND Homeland Security Research Division
(HSRD), which operates the Homeland Security Operational Analysis Center (HSOAC). In
conducting this work, neither RAND nor HSOAC worked with or received funding from any
wireless carrier or mobile device maker.

About the Homeland Security Operational Analysis Center

The Homeland Security Act of 2002 (Public Law 107-296, § 305, as codified at 6 U.S.C. § 185)
authorizes the Secretary of Homeland Security, acting through the Under Secretary for Sci-
ence and Technology, to establish one or more federally funded research and development
centers (FFRDCs) to provide independent analysis of homeland security issues. RAND oper-
ates the Homeland Security Operational Analysis Center (HSOAC) as an FFRDC for the
U.S. Department of Homeland Security (DHS) under contract 70RSAT22D00000001.

The HSOAC FFRDC provides the government with independent and objective analyses
and advice in core areas important to the department in support of policy development, deci-
sionmaking, alternative approaches, and new ideas on issues of significance. HSOAC also
works with and supports other federal, state, local, tribal, and public- and private-sector orga-
nizations that make up the homeland security enterprise. HSOAC’s research is undertaken
by mutual consent with DHS and organized as a set of discrete tasks. This report presents the
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results of research and analysis conducted under 70FA5023F00000017, HSOAC Support to
FEMA for Evaluating WEA Presidential Alert Test Performance 2023. The results presented
in this report do not necessarily reflect official DHS opinion or policy.

For more information on HSRD, see www.rand.org/hsrd. For more information on this
publication, see www.rand.org/t/RRA2451-1.
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Summary

The United States uses a complex set of emergency alert tools run by federal, state, and
local agencies, as well as private companies, to alert the public to urgent situations. At the
federal level, the Integrated Public Alert and Warning System (IPAWS) was developed by
the U.S. Department of Homeland Security (DHS) in response to a 2006 Executive Order.!
IPAWS includes the Wireless Emergency Alerts (WEA) system, a national public warning
system that targets and localizes alerts to mobile devices in a specific geographic area, as well
as the Emergency Alert System, which is designed to provide emergency information to the
public through radio and television broadcasts. Both are managed by the Federal Emergency
Management Agency (FEMA), along with partners that include the Federal Communica-
tions Commission (FCC) and the National Oceanic and Atmospheric Administration.

The WEA system shares current and critical information between emergency manag-
ers and their communities via message types that include national alerts, imminent threat
alerts, public safety alerts, and AMBER (America’s Missing: Broadcast Emergency Response)
Alerts. WEA uses cellular broadcast technology to send messages via cell towers, which send
messages specifically to cell phones within the immediate impact area. Unlike Short Mes-
sage Service (SMS) technology (the standard for sending text messages to cell phone users),
cellular broadcast technology uses a distinct data channel that allows the messages to be geo-
targeted and, because alerts are one-way broadcasts rather than two-way communications
between cell tower and phone, this reduces the risk of network congestion during emergen-
cies. WEA capability is built into modern cell phone operating systems and does not require
a subscription, which should allow emergency managers to reach anyone in a desired area,
including travelers and people who do not opt in to emergency alert services.

Recent changes to the WEA system have sought to improve its effectiveness at reach-
ing intended recipients in a timely and targeted manner. Previous studies have sought to
evaluate how well the system reaches populations with different demographic and disability
characteristics, incomes, ages, and urbanicity, among other factors. Yet, before this study, no
comprehensive, systematic effort had been made to collect data on alert receipt or other key
performance parameters after a live, national test of the WEA system. For this study, IPAWS
engaged the Homeland Security Operational Analysis Center (HSOAC) to assess how well
the U.S. public received the 2023 nationwide test of the WEA system.

Approach

HSOAC fielded a nationally representative survey of the U.S. public directly following
the October 4, 2023, national test to capture key dimensions of WEA performance. Some

' Executive Order 13407, issued on June 26, 2006, by President George W. Bush, mandated the establish-
ment of an effective integrated system for alerting and warning people in situations of war, terrorist attack,
natural disaster, and other hazards to public safety and well-being.
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performance factors were technical, such as geographic coverage and carrier-related issues.
Others were nontechnical but essential to WEA’s role in national alerting, including alert-
ing effectiveness in reaching diverse populations, as well as other factors outlined in the
IPAWS Modernization Act of 2015.2 The survey covered specific issues, such as whether and
where the respondent received the alert; the respondent’s cellular carrier and cell phone type;
whether and how the respondent was using the phone at the time of the alert; and relevant
respondent demographic factors, including language or special communication needs.

The survey was fielded using six preexisting online survey panels to gather a sample large
enough to reliably characterize geographic variability across the United States. Panel partici-
pants were 18 or older with working cell phones. Nonmetropolitan areas and areas with higher
indigenous concentrations were oversampled to ensure representation within the sample. The
planned recruitment sample size was 82,812, and the final analytic sample was 80,161.

Analyses of the survey data explored how well WEA performed in terms of test alerts
received by the U.S. public across geography, carriers, and mobile device types. The research
team also examined performance across diverse populations, including those with physical,
cognitive, or language-based limitations; non-English speakers; and state, local, territorial,
and tribal populations. Sampling weights were used to produce population estimates, and
county clusters were developed to avoid small cell sizes in geographic-based analyses. With
the key findings and recommendations generated by this study, DHS, FEMA, and other agen-
cies involved with IPAWS can make adjustments to WEA to improve its targeting capabilities.

Key Findings and Recommendations

The findings from this study offer valuable insight into the ability of the WEA system to
reach segments of the U.S. population, as well as potential targets for improvement efforts.

Most U.S. Adults with Working Cell Phones Reported Receiving the
National Test Alert, but Variation Suggests Areas for Improvement
An estimated 91 percent of adults in the United States received the national test alert. Like-
lihood of receipt was significantly different for certain variables after controlling for other
factors. Table S.1 summarizes these differences in odds of receipt by phone, demographic,

2 Public Law 114-143, the Integrated Public Alert and Warning System Modernization Act of 2015, and
Presidential Executive Order 13407, Public Alert and Warning System, require FEMA to implement the
public alert and warning system to disseminate timely and effective warnings to people in situations of war,
terrorist attack, natural disaster, or other hazards to public safety and well-being, and to conduct tests of
the public alert and warning system at least once every three years. The act also requires public education
efforts and a general market awareness campaign to ensure understanding of the functions of the public
alert and warning system. The Stafford Act (U.S.C. Title 42, Chapter 68, Subchapter II) requires that FEMA
make IPAWS available to federal, state, local, tribal, and territorial agencies for the purpose of providing
warning to governmental authorities and the civilian population in areas endangered by disasters.

Vi
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TABLE S.1
Significant Differences in Odds of National Test Alert Receipt

Variable Odds Effect Size
Phone

Carrier (AT&T or T-Mobile, compared with Verizon) Higher (27-29%) Small
Brand (uncommon phone brands, compared with Apple Lower (24%) Small

iPhone; other major brands equivalent to Apple iPhone)
WEA capability (WEA 3.0, compared with WEA 1.0) Higher (42%) Small

Demographic Characteristic

Age (ages 36-65 and older than 65, compared with Lower (23-52%) Small and medium,
ages 18-35) respectively
Receives subsidy (e.g., Lifeline; Yes, compared with No) Higher (18%) Small
Community

Rural (nonmetropolitan, compared with metropolitan) Lower (22-49%) Small to medium

NOTE: The “Odds” column represents the change in odds of receiving the alert (versus not receiving it) for one characteristic
versus another. Small effect sizes correspond to differences in odds of up to 50 percent higher or up to 33 percent lower.
Medium effect sizes correspond to 50-300 percent higher or 33-75 percent lower. No large effect sizes were observed.

and community variables, in comparison with the reference variable, as well as the size of
the effect.

Device characteristics appeared to make a difference in receipt, with older phones and
lesser-known brands less likely to receive the alert. WEA capability mattered, with WEA 3.0
having the highest receipt rate, but may be a less of a factor as time goes on and people obtain
newer devices. Older adults may be less familiar with device technology and have older
phones, which could affect receipt. The more rural a community, as measured by population
size, the less likely the alert was received. This suggests that less urban areas could use some
help in facilitating WEA delivery.

Modest effects were observed for the lowest and highest income brackets in our survey,
but only before controlling for other factors. Significant differences were largely not observed
for other variables, including most demographics (e.g., disability, language, race, ethnicity),
natural hazard risk, indigenous concentration (in terms of both land and population), cellu-
lar coverage,® and FEMA region.

Recommendation 1

IPAWS should seek to better understand the challenges faced by older adults and those living
in more rural areas, potentially developing targeted interventions and engaging carriers to

3 As detailed in the report, cellular coverage was merged with survey data at the county level (the most spe-
cific geographic area where we could locate respondents), which may have been too coarse to detect coverage
effects.

vii
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find solutions, e.g., making WEA capability more prominent on device packaging and within
user manuals.

Two-Thirds of the Respondents Reported Having Heard of WEA
Prior to the National Test Alert, Suggesting the Value of Targeted
Public Education

Survey results suggest that WEA is widely but far from universally known across the United
States, with an estimated 67 percent of adults having heard of WEA before the national test
alert. Likelihood of awareness was significantly different for certain variables after control-
ling for other factors. Table S.2 summarizes these differences in odds by phone, demographic,

TABLE S.2
Significant Differences in Odds of WEA Awareness

Variable Odds Effect Size
Phone

Carrier (non-Tier 1 carriers, compared with Verizon)@ Lower (7%) Small
Brand (Apple iPhone, compared with other brands) Lower (28-63%) Small
WEA capability (WEA 3.0, compared with WEA 1.0) Higher (28%) Small

Demographic Characteristic

Age (ages 36-65, compared with ages 18-35) Higher (8%) Small
Age (older than 65, compared with ages 18-35) Lower (19%) Small
Disability (hearing, compared with no hearing disability) Lower (8%) Small
Disability (emotional, compared with no emotional disability) Higher (26%) Small
Income (lower and higher household incomes, compared Lower (8-22%) Small

with moderate income)

Language (Spanish, compared with English) Lower (13%) Small
Race/ethnicity (Hispanic and Asian, compared with Lower (10 and 16%, Small
non-Hispanic and non-Asian, respectively) respectively)

Race/ethnicity (White, compared with non-White) Higher (33%) Small
Receives subsidy (e.g., Lifeline; Yes, compared with No) Higher (26%) Small
Community

FEMA region (Regions 3, 4, 5, 7, 8, or 10, compared with Higher (15-33%) Small
Region 6)P

NOTE: The “Odds” column represents the change in odds of receiving the alert (versus not receiving it) for one characteristic
versus another. Small effect sizes correspond to differences in odds of up to 50 percent higher or up to 33 percent lower.
Medium effect sizes correspond to 50-300 percent higher or 33-75 percent lower. No large effect sizes were observed.

@ The three Tier 1 carriers are AT&T, T-Mobile, and Verizon.

Prora complete list of states, territories, and tribal nations in each of FEMA’s ten regions, see FEMA, 2022a.
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and community variables, in comparison with the reference variable, as well as the size of the
effect.

Awareness of WEA was somewhat associated with device characteristics (by carrier and
brand, especially older or lower-featured phone models), suggesting that companies could
play a role in boosting awareness. Apple iPhone owners in particular appear to have an aware-
ness gap. Outreach efforts could concentrate on populations with lower awareness:

o younger and older age groups

people with disabilities

lowest- and highest-income groups
« Spanish speakers
» non-White race/ethnicity, especially Asian and Hispanic.

Geographic variables, such as natural hazard risk and historical WEA alerting, rurality
and indigenous concentration, and cellular coverage, were not significant after controlling
for other factors. However, awareness in FEMA Region 6 (i.e., Arkansas, Louisiana, New
Mexico, Oklahoma, and Texas, including 68 tribal nations)* was significantly lower than
most other FEMA regions, also suggesting a potential target for outreach.

Recommendation 2

FEMA should work with carriers and device manufacturers in taking a multipronged, uni-
versally accessible approach to increasing WEA awareness, including geographically target-
ing outreach (perhaps through regional staff in the Office of External Affairs), working with
Apple to improve customer awareness, and designing awareness campaigns for key demo-
graphic groups (and, in particular, language, ethnic, and racial minorities).

One in Six Reported Having Opted Out of at Least One Type of WEA
Alert, Which Limits WEA’s Reach

An estimated 17.5 percent of adults had opted out of one or more WEA alert types before the
national test alert, with AMBER Alerts being the most common. Likelihood of opt-outs was
significantly different for certain variables after controlling for other factors. Table S.3 sum-
marizes these differences in odds by phone, demographic, and community variables, as well
as the size of the effect.

An opt-out rate of 17.5 percent should be considered high enough to warrant attention to
the concerns or alert fatigue that some groups may be experiencing. These include younger
adults, those with cognitive disabilities, those in higher income brackets, and those who iden-
tify as American Indian and Alaska Native. This is especially so for people who receive their
phones through subsidy programs, who were nearly three times as likely to opt out. Rates
also varied widely geographically, with FEMA Region 6 having the highest opt-out rates,

4 To learn more about FEMA Region 6, see FEMA, undated.
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TABLE S.3

Significant Differences in Odds of Opting Out of WEA Alerts

Variable Odds Effect Size
Phone

Carrier (AT&T and T-Mobile, compared with Verizon) Higher (10-12%) Small
Brand (Samsung, Motorola, LG, or other phone brand, Lower (20-26%) Small

compared with Apple iPhone)
Demographic Characteristic
Age (36 and older, compared with ages 18-35)

Disability (cognitive, compared with no cognitive
disability)

Disability (physical, compared with no physical
disability)

Income (>$505,000, compared with $60,001-$122,000)

Income ($120,001-$505,000, compared with
$60,001-$122,000)

Race/ethnicity (American Indian and Alaska Native,
compared with neither)

Race/ethnicity (Black, compared with non-Black)
Receives subsidy (e.g., Lifeline; Yes, compared with No)
Community

FEMA region (Regions 1-5, and 7-10, compared with
Region 6)

Past alerts (greater number of AMBER Alerts)

Lower (26-52%)

Higher (38%)

Lower (11%)

Higher (57%)

Higher (10-17%)

Higher (19%)

Lower (23%)

Higher (189%)

Lower (23-41%)

Higher (23%)

Small to medium

Small

Small

Medium

Small

Small

Small

Medium

Small to medium

Small

NOTE: The “Odds” column represents the change in odds of receiving the alert (versus not receiving it) for one characteristic
versus another. Small effect sizes correspond to differences in odds of up to 50 percent higher or up to 33 percent lower.
Medium effect sizes correspond to 50-300 percent higher or 33-75 percent lower. No large effect sizes were observed.

and Texas having a rate of opt-outs five times higher than that of Vermont (the state with the

lowest rate).

Significant differences were not observed for other variables, including phone WEA capa-
bility, language, natural hazard risk, rurality and indigenous concentration, and cellular

coverage.

Recommendation 3

IPAWS and the FCC should work with Apple on opt-out implementation and communica-
tion (e.g., regarding their inclusion of a Settings button on the WEA alert screen) and seeking
to better understand the drivers of high opt-out rates among younger adults and those with

subsidized phones.



Summary

AMBER Alerts Were the Alerts Most Commonly Opted Out of, and
This Related to Statewide AMBER Alerting, Which Could Add to
Local Challenges in Finding Missing Children

Overall opt-out rates appear to correspond to states that historically have issued more AMBER
Alerts and have issued AMBER Alerts statewide. Alert fatigue could be costing some states
the benefits of key tools to locate missing children. Texas, Georgia, Oklahoma, New Mexico,
Montana, Tennessee, Mississippi, Ohio, Louisiana, and Florida were the top ten historical
issuers of AMBER Alerts. These states also have the highest opt-out rates, as shown in light
green and yellow in Figure S.1. (Other states also have high opt-out rates as well, so clearly
AMBER Alerts are not the only factor, but the correlation is striking.) Also noteworthy are
local hot spots within states (e.g., East Central Texas—not shown), that could be areas of
interest for organizations focused on overall WEA utilization (e.g., the FEMA National Inte-
gration Center’s Technical Assistance Program) or AMBER Alerts (e.g., the National Center
for Missing & Exploited Children [NCMEC]).

Recommendation 4

IPAWS should engage state and local originators, as well as the NCMEC, on how AMBER
Alert policy varies and how effective it is across the country, combined with augmented
public awareness campaigns on the importance of opting in to AMBER Alerts.

FIGURE S.1
State Variation in Overall Reported Opt-Out Rates

Percentage
opted out

W50
W 10-15
W 15-20
W 20-25
e ’ 25-30

NOTE: Survey data are weighted to represent the U.S. adult population with working cell phones.

Xi
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WEA Appears to Reach Individuals with Disabilities at Rates Similar
to the General Public, but Further Research Is Needed to Better
Understand Functional Needs

Although no significant differences were observed in WEA receipt among people with dis-
abilities, the survey did not assess the accessibility of the messages, such as whether the font
size and contrast are sufficiently legible, the functionality of text-to-speech features, and the
use of plain language. Accessibility and inclusiveness is an important and ongoing goal for all
communicators, including emergency managers. Attention will need to be paid to the use of
multiple formats and languages, as well as accessible technologies and features. Inclusion of
community members will help ensure that their needs are incorporated.

Recommendation 5

IPAWS should conduct an additional study of functional needs, engaging this community in
both qualitative (interview and/or focus group) and quantitative (survey) ways.

IPAWS Needs a Flexible and Ongoing Capacity to Understand
Public WEA Experience

This study marks the first comprehensive study of the WEA system’s ability to reach its
intended audiences in times of emergency. It is the only such study in the 12 years since
WEA began. Administrative requirements, such as preparation and review to comply with
the Paperwork Reduction Act, were substantial and required a planning period of over
12 months to complete for this onetime data collection effort. Other tests occur periodi-
cally to probe WEA for technical weaknesses, but ongoing data collection from the American
public could help stakeholders understand more deeply the extent of the system’s reach, who
and where the WEA messages are able (and not able) to reach, and other outcomes. With this
understanding, IPAWS would be able to adapt WEA to changing circumstances and emerg-
ing threats for localities across the United States

Recommendation 6

The DHS, FEMA, and IPAWS should consider establishment of a more flexible survey capa-
bility, suitable for ongoing evaluation of WEA’s ability to serve the needs of the U.S. public.

The Survey Highlights the Importance of Collaboration and
Coordination Among Different Stakeholders

The stakeholders for the WEA system are broad and varied: government agencies (federal,
state, and local); private-sector companies (wireless carriers and mobile device manufac-
turers); and the U.S. public. Findings regarding the receipt of WEA messages, awareness
of WEA, and opt-out behaviors each touched on significant differences by carrier, device
brand, and WEA capabilities built into devices. Clearly the success of the WEA system must
include continuous engagement among all stakeholders to ensure efficient communication

xii
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between the emergency system and mobile devices. Such engagement could also help address
the potential (or perceived) issue of too many alerts, which has already manifested in some
localities with high opt-out rates.

Recommendation 7

IPAWS should continue to coordinate with government and private partners to improve
WEA outcomes, as highlighted in this report.

Additional Considerations

This first nationally representative survey of the WEA system was successful by any mea-
sure, yet many opportunities lie ahead. If future surveys are conducted, they could focus on
specific geographic areas of interest or particular populations of concern to bolster the reach
of the WEA system and also equity across populations. The methodology described in this
report could be used again or adapted for future use with another national WEA test, or
even after a real emergency event. Other research components could also be added to more
directly observe recipients’ behaviors as they receive WEA messages.

Future research could also dig deeper into equity issues related to WEA to help eluci-
date the individual- and community-level factors that increase the risk of not receiving mes-
sages. This might involve looking at geographic factors, language, disability, or markers of
social vulnerability. This report touches on ownership of subsidized phones as one potential
marker of social vulnerability; analyses could examine relationships between device owner-
ship status and WEA receipt, awareness, and opt-outs. Community-based research could also
examine local reasons for opt-out behaviors and potential effective solutions.

xiii
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CHAPTER 1

Introduction

The United States has experienced an increase in mass emergencies and natural disasters
over the past decade (Benevolenza and DeRigne, 2019), highlighting the importance of effec-
tive emergency alerting and communication. The emergency alert ecosystem in the United
States is a complex network of federal, state, and local agencies, as well as private companies
and organizations.! The system is designed to provide timely and accurate information to the
public through a range of communication channels, including television and radio broad-
casts, sirens, and digital alerts.

The Emergency Alert System (EAS) is an important component of this ecosystem. The
EAS is a national public warning system that is designed to provide emergency information
to the public through radio and television broadcasts.?2 The EAS is operated by the Federal
Emergency Management Agency (FEMA) in partnership with the Federal Communications
Commission (FCC) and the National Oceanic and Atmospheric Administration. The EAS
works in conjunction with the Wireless Emergency Alerts (WEA) system to provide compre-
hensive emergency communication to the public.

The EAS and WEA systems are part of the Integrated Public Alert and Warning System
(IPAWS), which is a comprehensive system that also includes the National Oceanic and
Atmospheric Administration’s Weather Radio and other local alerting systems. IPAWS is the
response by the U.S. Department of Homeland Security (DHS) to Executive Order 134073

1" In the private sector, a variety of companies offer solutions for mass notifications, critical communica-
tions, and incident management. These organizations provide the capability to deliver emergency alerts and
communications across various sectors, including government entities, health care facilities, educational
institutions, and businesses.

2 The EAS is a critical component of the U.S. emergency communication infrastructure, serving as a
means of communication when other means of alerting the public are unable. The EAS provides distri-
bution of alerts across multiple channels, enabling the president; and state, tribal, and local authorities to
communicate emergency information, from weather information, imminent threats, and local incident
information to targeted areas through broadcast television and radio, satellite audio services, and wireless
cable systems.

3 Executive Order 13407, issued on June 26, 2006, by President George W. Bush, mandated the establish-
ment of an effective integrated system for alerting and warning people in situations of war, terrorist attack,
natural disaster, and other hazards to public safety and well-being.
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and FEMA developed the IPAWS architecture to manage WEA.* While the EAS is designed
to provide alerts through radio and television broadcasts, the WEA system is designed to
provide targeted and localized alerts to mobile devices in a specific geographic area. This
allows alert originators—for example, emergency managers and the National Weather Ser-
vice (NWS)—to alert the public quickly and effectively about a current or impending emer-
gency or disaster.

Although WEA messages may appear similar to text messages on cell phones, it is impor-
tant to note that WEA does not use Short Message Service (SMS) technology, the standard
for sending text messages to cell phone users (National Research Council, 2011). Instead,
WEA messages are sent via cellular broadcast technology, which uses cell towers to locate
the cell phones and send messages specifically to those within the immediate impact area
(FEMA, 2023a). This allows the messages, with some limitations, to be geotargeted (National
Research Council, 2013). Since WEA messages rely on the cell towers, only individuals in the
area will receive the message. When traveling, individuals will receive emergency messages
for incidents that occur in their new “travel” location. Cellular broadcast messages also use
a distinct data channel to send WEA alerts, and because these alerts are one-way broadcasts
rather than two-way communications between cell tower and phone, this reduces the risk of
network congestion during emergencies.

The automatic delivery and the use of cellular broadcast technology are the main fea-
tures that distinguish WEA messages from other subscription-based, third-party emergency
message services employed by some city and local emergency management offices (Bennett
and LaForce, 2013). Subscription-based emergency messages require individuals to sign up
with their phone numbers to receive messages for a particular area. When traveling, indi-
viduals relying on subscription-based emergency messages will need to sign up in their new
“travel” location (if available) to receive messages relevant to their location. Furthermore,
subscription-based messages are subject to network congestion, even if prioritized (European
Telecommunications Standards Institute, 2006). Since WEA is a capability built into cell
phone operating systems and does not require a subscription, there are other added benefits
to sending WEAs, including access to populations moving away from hardwired (landline)
phones and transient populations.

The WEA system is an important tool for emergency managers because it shares current
and critical information with their communities; however, it is not without its challenges.
One of the main challenges is ensuring that the alerts are targeted and localized to the appro-
priate geographic area. This requires accurate and up-to-date information about the location
of cell phones, which can be difficult to obtain.

4 There are different WEA types, including national alerts, imminent threat alerts, public safety alerts,
and AMBER (America’s Missing: Broadcast Emergency Response) Alerts. National alerts are only sent
during national emergencies by the president or FEMA administrator, while imminent threat alerts include
extreme weather, active shooters, and other current or emerging threats. Public safety alerts contain infor-
mation about a threat that may not be imminent or has already occurred, and these alerts are less severe
than imminent threat alerts. AMBER Alerts are used to notify the public about missing children.
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In response, there have been changes to the WEA system to improve its effectiveness,
including longer messages,® embedded link capabilities, and updated requirements for
enhanced geotargeting®—a key WEA improvement that allows for more precise targeting of
alerts at the subcounty level. Early limitations in geotargeting caused some recipients to dis-
credit, ignore, or opt out of alerts (Kumar et al., 2016). However, scholars have proposed new
schemas to improve geotargeting, and the FCC has issued revised regulations to increase the
precision of geotargeting WEAs. Several studies have examined the impact of geotargeted
WEA messages on affected individuals’ decisionmaking, with some finding that finely geo-
targeted WEA alerts can motivate high-risk residents to evacuate in simulated warning sce-
narios before a hurricane (Gao and Wang, 2021). Desensitization to emergency alerts, as may
be caused by overalerting, can ultimately make the system less effective, leading to people
taking fewer protective actions (Kim et al., 2019).

Risk management and communication can be improved with timely responses, but timely
responses are only as effective as social, economic, and cultural dimensions are considered
(Bean et al., 2015; Kim et al., 2019; National Academies of Sciences, Engineering, and Medi-
cine, 2018; “Preparing for Disaster,” 2005). Demographic factors—such as age, disability type,
and income—can influence the effectiveness of emergency communication systems (Mileti
and Sorensen, 1990).

Older adults have lower technology uptake but might not necessarily have a negative per-
ception about technology (Calixte et al., 2020; Perrin, 2021; Pew Research Center, 2021). His-
torically, both older and younger Americans have preferred to rely on television media and
sirens as a warning system rather than other early warning systems and WEA cell phone
alerts. Even if they received an emergency message, they previously sought validation of the
message through other sources, a practice that was not as common for middle-aged Ameri-
cans (Elsass, McKenna, and Schildkraut, 2016; Jauernic and Van Den Broeke, 2017; Stokoe,
2016). However, recent analysis of public reliance on weather information sources has revealed
a shift away from television toward diversified sources, such as automated text notifications,
personal networks, social media, and web applications (Vaughn et al., 2023).

Individuals with blindness or limited vision may face challenges in receiving and under-
standing emergency alerts that rely on visual cues or displays. For example, if the phone does
not have the text-to-speech feature enabled, the user who is blind will not have independent
access to the content of the message. Individuals who are deaf or hard of hearing may face
challenges in receiving and understanding auditory cues like alert tones. For example, people
with deafness may benefit from American Sign Language (ASL) interpretation of the mes-
sage, and people with hearing disabilities may benefit from a light-based attention signal
(Mitchell et al., 2015). Other physical conditions, such as mobility impairments, may also

5> Character limits were increased from 90 to 360 for devices using 4G LTE but remain 90 for 3G and earlier
networks.

6 Alerts are now required to be delivered to the area specified by the alert originator with no more than
one-tenth of a mile overshoot.
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affect an individual’s ability to receive and respond to emergency alerts. For example, indi-
viduals who use wheelchairs may face challenges in evacuating quickly in response to an
emergency alert. Cognitive, learning, or emotional disabilities may also affect an individual’s
ability to receive and understand emergency alerts. For example, individuals with cognitive
disabilities may require alerts in simplified language or with visual aids to ensure message
comprehension. Individuals with emotional disabilities may require additional support or
accommodations during times of crisis to ensure that they are able to respond appropriately
to emergency alerts.

Research indicates that Americans with lower incomes have lower rates of smartphone
adoption and internet access, especially among adults with low educational attainment
(Perrin, 2021), although the literature does not empirically account for these factors of lower
adoption. The rural-urban divide appears to be less relevant than the educational divide for
emergency messaging and technology adoption (Perrin, 2021). However, rurality may be
important in the context of cell tower presence and reach and receipt of relevant information.
The reach of mobile technology uptake and WEA receipt among indigenous communities
is highly overlooked, with little empirical work on the matter. Further research accounting
for such demographic disparities in technology uptake is critical to understanding the chal-
lenges alerting systems face, such as reaching their intended audience.

Effective emergency communication systems must consider these and other needs of
a diverse U.S. population—including those with sensory, physical, cognitive, or language-
based limitations, as well as non-English speakers. People with disabilities may require alter-
native access for emergency alerts—such as refreshable braille displays, text-to-speech alerts,
or live ASL interpreters broadcast alongside meteorologists during severe weather warnings
(Senkbeil et al., 2021). Non-English speakers may require alerts in their native languages
(Trujillo-Falcén et al., 2021), including ASL. By considering the diverse needs of the popula-
tion, emergency communication systems can ensure that alerts are accessible, understand-
able, and effective in reaching all members of the community.

The aforementioned groups are considered more socially vulnerable during emergen-
cies and disasters (Mitchell, Johnson, and LaForce, 2010; Prasad, 2022; Tripati et al., 2024).
Ideally, including WEA as a dissemination channel for emergency messages will increase
the likelihood of reaching these populations and thereby reduce their vulnerability during a
disaster event.

The Objective of This Study

FEMA’s IPAWS Office is interested in enhancing and expanding the WEA system to improve
emergency alerting capabilities, leading to a better-prepared and more resilient nation.
IPAWS engaged the Homeland Security Operational Analysis Center (HSOAC), a feder-
ally funded research and development center operated by RAND, to maximize the utility of
the 2023 nationwide test of the WEA system by assessing how well the U.S. public received
the test alert. Prior to this, no comprehensive, systematic effort had been made to collect data
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on alert receipt or other key performance parameters following national tests of the WEA
system.”

To improve WEA effectiveness, FEMA conducted a national test of the WEA system on
October 4, 2023, and HSOAC fielded a nationally representative survey of the U.S. public
directly following the test. FEM A and HSOAC implemented this survey to capture key tech-
nical WEA performance factors, such as geographic coverage and carrier-related issues; non-
technical aspects essential to WEA’s role in national alerting, including alerting effective-
ness in reaching diverse populations; and other factors outlined in the IPAWS Modernization
Act of 2015.8 The survey covered specific issues, such as whether and where the respondent
received the alert; the respondent’s cellular carrier and cell phone type; whether and how
the respondent was using the phone at the time of the alert; and relevant respondent demo-
graphic factors, including language or special communication needs. The analytical research
questions addressed by this research are as follows:

1. In terms of test alerts received by the U.S. public, how does WEA perform across
geography, carriers, and mobile device types?

2. In terms of test alerts received by the U.S. public, how does WEA perform across
diverse populations—including those with physical, cognitive, or language-based limi-
tations; non-English Speakers; and state, local, territorial, and tribal populations?

Approach

We briefly summarize our approach here and provide more detail in Chapter 2.

We used a web-based survey to gather data on the IPAWS National Periodic Test fielded
on WEA and other IPAWS components (e.g., EAS). The survey was fielded immediately
after the October 4, 2023, test to minimize memory effects. Survey eligibility included
being age 18 or older and having a working cell phone. We used six preexisting online
survey panels, including both probability and nonprobability panels, to gather a sample
large enough to reliably characterize geographic variability across the United States. We

7 A prior study by Bean and Grevstad (2023) surveyed over 1,000 participants in an opt-in survey panel
following the August 2021 national WEA test, which was designed to only display on phones where the user
has opted in to receive test alerts. At that time the authors noted the need for fully public national tests of
the WEA system.

8 Public Law 114-143, the Integrated Public Alert and Warning System Modernization Act of 2015; and
Presidential Executive Order 13407, Public Alert and Warning System, require FEMA to implement the
public alert and warning system to disseminate timely and effective warnings to people in situations of war,
terrorist attack, natural disaster, or other hazards to public safety and well-being, and to conduct tests of
the public alert and warning system at least once every three years. The act also requires public education
efforts and a general market awareness campaign to ensure understanding of the functions of the public
alert and warning system. The Stafford Act (U.S.C. Title 42, Chapter 68, Subchapter II) requires that FEMA
make IPAWS available to federal, state, local, tribal, and territorial agencies for the purpose of providing
warning to governmental authorities and the civilian population in areas endangered by disasters.
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oversampled nonmetropolitan areas and areas with higher indigenous concentrations. The
planned recruitment sample size was 82,812, with a final analytic sample of 80,161.° Sam-
pling weights were used to produce population estimates, and county clusters were devel-
oped to avoid small cell sizes in geographic-based analyses (see Chapter 2 and Appendix B).

A large national survey can provide valuable insights into a wide range of issues, but it
is important to carefully consider its strengths and limitations. One of the main strengths
of a national survey is that it is often the best and only feasible means of assessing certain
outcomes. In this case, because cellular broadcast does not provide a return signal, public
reporting is necessary to systematically assess receipt by the U.S. public. Furthermore, sur-
veys are often more effective than other means of assessing psychological states that may
not be directly observable, such as awareness of WEA. In addition, surveys can be quickly
administered through web delivery, which can help to minimize recall error in responses.
Another strength of a national survey is that it can improve representativeness by recruiting
probability-based samples, which are considered the gold standard for population representa-
tion through surveys, as they help to minimize selection biases. However, it is important to
note that even with probability-sampled panels, a large sample size is required to understand
geographic variation.

Despite these strengths, there are also limitations to a large national survey. Even with
a large sample size, it may not be possible to provide reliable statistical estimates at the sub-
county level. Specific precautions must also be made to adequately protect respondent pri-
vacy. Surveys rely on self-report, and care must be taken to avoid self-report biases. Another
limitation of a large national survey is that it must be robust to a wide range of contexts,
including locations, mobile devices, and individual capabilities. This can be challenging, as
different individuals may have different levels of access to or understanding of technology
and may differ in their comfort with certain survey formats.

We carefully considered these factors when designing this national survey to ensure that
the results documented in this report are meaningful and accurate.

Report Organization

This report describes analyses and results of the national survey following the National Peri-
odic Test and provides recommendations for improving WEA. The remainder of this report
consists of five more chapters:

o Chapter 2 describes our overall research and analytical approach, including important
strengths and limitations of this approach.
o Chapter 3 details results of our analyses on receipt of the WEA national test alert.

 To avoid duplicative records, the final sample size excluded approximately 200 respondents with
unknown location and 2,855 respondents who reported having taken the survey before.
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o Chapter 4 details results of our analyses on awareness of the WEA system prior to the
national test alert.

o Chapter 5 details results of our analyses on opting out of WEA alert types.

o Chapter 6 summarizes our findings and describes improvement opportunities for WEA
and relevant policy implications of this research.

This report also includes five appendixes. Appendix A provides a summary of an equity-
focused literature review on emergency alerting. Appendix B provides additional detail on
our methods. Appendix C offers full analytic results for our regression analyses. Appen-
dixes D and E provide the survey instruments in English and Spanish, respectively.






CHAPTER 2

Research Approach

To address the research objectives outlined in Chapter 1, there are two main methodological
goals that need to be achieved: (1) accurately assessing key outcomes, including WEA receipt,
WEA awareness, and opt-out behavior, and (2) accurately representing the United States and
its population. Toward these methodological goals, several assumptions are made.

First, surveys represent the best and only feasible means of assessing these outcomes.
Technological solutions (e.g., installing apps on phones) are, at present, beyond IPAWS’ capa-
bilities. Current studies do place staff at diverse locations with diverse devices and settings,
but those cannot completely replicate the natural variation in contextual situations faced by
the U.S. public.

Second, the potential for recall error in survey responses dictates quick assessment, which
is best accomplished through web-delivered surveys. A phone survey of this scale would take
too long to field, and other modes (e.g., in person or by mail) are inherently too slow. Further-
more, existing online survey panels, with preidentified participants, offer an efficient means
of quickly gathering online survey responses.

Third, the best picture of national performance will come, where possible, from recruited
probability samples. Recruiting individuals via probability-based means (e.g., address-based
sampling [ABS]) presents the gold standard for population representation through surveys
(American Association for Public Opinion Research, 2022). Recruited samples help mini-
mize selection biases relative to nonprobability panels where respondents can volunteer to
participate. Hence, wherever possible, we employ probability-sampled panels.

Fourth, representing the United States and its population requires understanding geo-
graphic variation, and to do so with substate resolution requires a large sample. There are cur-
rently 3,143 counties or county equivalents in the United States (U.S. Census Bureau, 2022),
and even 25 responses each would suggest a sample of approximately 80,000 respondents.
This exceeds the capacity of currently available probability-sampled panels in the United States,
requiring a supplemental sample from existing nonprobability panels. Even 25 responses may
not be sufficient to (1) provide reliable statistical estimates at the county level and (2) ade-
quately protect respondent privacy. For this reason, as described below, we cluster contigu-
ous low-count counties to achieve a minimum cluster sample size (for additional details, see
Appendix B).

Fifth, oversampling may be required for relatively rarer subpopulations of interest. In
particular, rural communities and those with higher indigenous concentrations are of
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particular concern to IPAWS, as they may face historical underinvestment in critical infra-
structure (Korostelina and Barrett, 2023; Powell, Bryne, and Dailey, 2010). For these reasons,
we aimed to oversample these areas.

Finally, the survey must be robust to a wide range of contexts, including locations, mobile
devices, and individual capabilities. Several methodological choices, detailed below, were
made to better address these issues.

Survey Data Sources

As noted above, probability survey panels recruit individuals to join using probability-based
approaches, such as ABS. This not only avoids most selection biases but minimizes the oppor-
tunity for groups to engage systematically in strategic responding (e.g., for financial incentive
or for specific political agendas). For these reasons, we worked with four existing and well-
known online probability panels: the Ipsos KnowledgePanel, the NORC AmeriSpeak panel,
the RAND American Life Panel, and the SSRS Opinion Panel. At the time of the survey
design, these were all the available probability panels that met project requirements. Overall,
we expected these panels to provide more than half of our intended sample size.

Due to large-scale data collection and the need to minimize recall error (i.e., the inabil-
ity to remember events), a web survey was selected as the preferred mode of administra-
tion. However, a subsample of 500 AmeriSpeak panel members was targeted to complete the
survey by telephone. A small sample of telephone surveys was included in the fielding design
to examine if systematic differences exist between individuals who completed the web survey
and those who were unable or preferred not to complete the survey via the web.

Nonprobability panels allow individuals to volunteer (i.e., to opt in), and hence are much
cheaper and easier to build, resulting in much larger available samples. To both increase
sample size and oversample key areas (i.e., more rural areas and those with higher indig-
enous concentrations), we worked with Dynata, a company that aggregates a range of non-
probability panels. While the five selected panels were anticipated to provide the needed
number of completed surveys for the analysis, neither Dynata nor the probability panels had
coverage in Puerto Rico or the U.S. Virgin Islands. To ensure some representation from these
territories, we included Symmetric’s American Consumer Opinion panel, an opt-in panel
that includes respondents from over 200 countries. Table 2.1 describes the survey panels
used for the data collection and the expected number of completed surveys that each would
contribute.

Figure 2.1 illustrates the state and territorial geographic distribution of actual survey
responses, presented as responses per million residents. Oversampling of more rural areas
can be seen in the higher rate of completed surveys per million in states like Alabama, Ken-
tucky, and West Virginia, and to a lesser extent in Montana, South Dakota, and Wyoming.
This effort, however, was not universally successful, as can be seen in Alaska.

10
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TABLE 2.1

Summary of Survey Panels Used in This Project

Survey Panels Based on Probability Sampling

KnowledgePanel

AmeriSpeak

American Life Panel (ALP)

SSRS opinion panel

Developed and managed by Ipsos
Representative of the U.S. population
Household selection via ABS

Recruited by mail and telephone

English- and Spanish-speaking panelists
Estimated to provide 25,000 completed surveys

Developed and managed by NORC at the University of
Chicago

Representative of the U.S. population

Household selection via area probability and ABS
Recruited by mail, telephone, and in person

English- and Spanish-speaking panelists

Allows for telephone participation by panelists without web
access

Estimated to provide 10,000 completed surveys; 500 via
telephone

¢ Developed and managed by RAND

Representative of the U.S. population

Household selection via probability methods including ABS and
random-digit dial

Recruited by mail, telephone, and in person

English- and Spanish-speaking panelists

Estimated to provide 2,200 completed surveys

Developed and managed by SSRS
Representative panel of U.S. population
Households selected via ABS

Recruited by mail

English- and Spanish-speaking panelists
Estimated to provide 7,300 completed surveys

Survey Panels Based on Nonprobability Sampling

Dynata °

Symmetric American consumer .
opinion .

Proprietary online panel sources; also enlists trusted partners
when supplemental sample is required

Recruited by email, phone alerts, and online marketing

English- and Spanish-speaking panelists

Sample quality assurance include deduplication and external list
matching

Estimated to provide 36,500 completed surveys

Includes panelists from over 200 countries

Recruited across multiple languages and by email, telephone,
mail, advertising, and social media

English- and Spanish-speaking panelists

Panelists vetted to ensure credibility

Estimated to provide 614 completed surveys in Puerto Rico and
the U.S. Virgin Islands

1
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FIGURE 2.1
Observed Number of Survey Responses per Million State Residents

Responses
per million
residents

400
300
200
100

NOTE: Unweighted survey data.

Survey Instrument and Development

Measures

The survey screened for eligibility: respondents had to be age 18 or older, with a self-reported
working cell phone. Survey measures were designed to cover several key topic areas, includ-
ing receipt of the WEA alert, awareness of the WEA system, opt-out behaviors, and dis-
ability status. In addition to key measures, the survey captured detailed demographic infor-
mation for respondents. In order to limit respondent burden and thus increase response,
the survey was designed to be as short as possible while still including key items needed to
adequately assess the project’s research questions. Detailed testing determined that the final
instrument would take approximately five minutes to complete. The final WEA National
Test Alert Survey can be found in Appendix D (English version) and Appendix E (Spanish
version).

Table 2.2 provides an overview of the key topics and questions on the survey. After screen-
ing out those without a working cell phone, the survey first captured detailed information
on the respondent’s cell phone carrier, brand, and model. The survey specified that ques-
tions regarded their “primary cell phone,” defined as “the one you use most.” Respondents
were asked to choose their carrier from a prepared list of the nine most common U.S. cellu-
lar carriers, and an “Other (specify)” option was provided for individuals who did not find
their carrier listed. Respondents could also answer “Don’t know” to this question, as well as

12
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TABLE 2.2
Summary of Topics and Questions Included in the WEA National Test Alert
Survey

Key Topic Areas Question ltems

Respondent’s primary cell phone Cell phone carrier
Cell phone brand
Cell phone model

Receipt of the WEA national test alert Did the respondent receive the alert?
Language of alert (English or Spanish)
Location during alert (state, county, city)?
Was the alert received multiple times?

Phone use context during the alert Was the phone turned on?
Was the respondent near the phone?
Was the phone currently in use?
Was the respondent currently on a call?
Was the phone connected to Wi-Fi?

Familiarity with WEA system Had the respondent heard of WEA prior to the national test?
Opting out of WEA capabilities Had the respondent opted out of any type of WEA alert?
Alert type opted out
Demographics Age
Race/ethnicity

Language spoken at home

Disability status and type

Household income and number of household members
Did respondent get the phone through a subsidy program?

8The city was only queried if a respondent did not know the county they were in at the time of the alert. This allowed us to
infer county information, as needed.

many other survey questions where it was important to distinguish the difference between a
respondent truly not having the information and simply preferring not to answer a question.
After the carrier question, respondents were led through a detailed branching of questions
designed to capture their cell phone brand and model. Dependent on the brand chosen, ques-
tions unfolded to capture the specific cell phone models. Initial response choices for phone
models were developed by reviewing current phone lists on websites of the nine most common
carriers. Model response options were updated immediately prior to the survey fielding.

To evaluate WEA performance, respondents received a series of questions regarding alert
receipt, respondent location (state and county [or city, when county was unknown]), and
phone status. The first question in this series displayed a graphic with examples of both a
short (90-character) and long (360-character) version of the actual text of the test alert. This
graphic was provided in either English or Spanish,' depending on the survey language. This
question asked respondents whether they received the alert and whether a received alert was
the shorter or longer version. To aid in recall, the question noted the date and time that the

1" WEA’s operational languages are currently limited to English and Spanish.

13
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alert was sent. As with other key questions, a “Don’t know” response was allowed. Individu-
als indicating that they had received the alert were next asked in what language the alert was
received (English or Spanish).

The survey then captured the geographic location of respondents when the test alert was
sent, with wording adapted appropriately for those receiving or not receiving the alert. The
location question first queried the respondent’s state, and then provided a drop-down list of
counties in the selected state. If county was not answered, a list of the ten most populous cities
in that state was displayed. Respondents could specify a city name, enter a city name if it was
not on the provided list, or indicate that they were located in a rural area of the state, not near
any city or town. Respondents who could not answer the detailed location information were
asked if they were at home when the alert was sent, allowing our team to determine state and
county from addresses contained in survey vendor administrative data. Ultimately, respon-
dent location was specified by state and county (or county equivalent) for all but 200 survey
respondents (which were excluded from our analyses).

Knowing the status of the respondent’s phone during the 30-minute alert window was
important in understanding factors other than WEA reach that might limit a respondent’s
ability to receive or notice the alert. A series of questions addressed this issue by asking, pro-
gressively, (1) whether the respondent’s cell phone was turned on, (2) whether the respondent
was close enough to their phone to notice it, (3) whether the phone was in use at the time,
(4) whether the respondent was on a call, and (5) whether the phone was connected to Wi-Fi.
Respondents were also asked if they received the alert multiple times on their primary cell
phone.

To understand familiarity with WEA alerts, the survey asked whether they had ever heard
of WEA prior to the test. Respondents were then asked if they had opted out of any alerts
and, if so, what types of alerts, including AMBER Alerts, emergency alerts (a term used by
Apple’s iOS system), extreme threats or severe threats (terms used by the Android operating
system), public safety alerts, and test alerts.

The survey ended with a series of demographic questions, including age, Hispanic or Latino
ethnicity, race, household income, and household size. Household income was included to
assess socioeconomic status, rather than education, as the primary motivation for inclusion
was to capture potential financial resource constraints rather than informational deficits.
To assess the extent to which individuals with disabilities may face challenges in receiving
and/or understanding WEA alerts, the survey captured respondent self-identified disabilities
in a detailed, multichoice question. This question included an “Other (specify)” option, and
examination of these responses suggested coding a disability category not included in the
closed-ended response options (i.e., chronic health conditions). A final demographic ques-
tion asked whether the respondent had received their phone through a subsidy or discount
program, such as Lifeline, iCanConnect, or Telecommunications Equipment Distribution
Programs.

One concern arising when using multiple survey panels is that an individual could be a
member of several panels and thus respond to the survey more than once. This is more of
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a risk for nonprobability panels (where survey seekers can proactively sign up for multiple
panels) than for probability panels, as the odds of many individuals being randomly recruited
to multiple probability panels is exceedingly small. Because of this, we included a final survey
question asking whether respondents had taken our survey before. In total, 2,855 answered
“Yes” to this question and were excluded from our analyses.

Testing

Unlike other survey efforts, where a substantial pilot study can be completed to help test the
precise survey instrument, fielding procedures, and fielding context, the nature of this data
collection (following a national WEA test) did not allow for this step. Furthermore, most sur-
veys have a slower rollout, allowing “soft launches” of small portions of the sample to provide
an early view and an opportunity to correct problems. As noted above, the more quickly this
survey could be rolled out following the national test alert, the less memory effects would
affect the results. Hence, a soft launch was not possible. Therefore, to minimize the risk of
problems in fielding, rigorous and varied testing of both the survey and the procedures was
completed prior to the national test alert to ensure that the instrument appropriately cap-
tured the desired elements and that the survey fielding would be completed accurately and
in a timely manner.

Cognitive Testing

Multiple rounds of cognitive testing were completed on the proposed WEA survey. Cognitive
testing uses interviews to inform the content and question wording of surveys by examin-
ing the extent to which respondents consistently and accurately comprehend, interpret, and
answer questions. Interviews are conducted by a trained cognitive interviewer who walks the
respondent through the survey while reviewing with the respondent their understanding of
the survey items; reasons for answering the questions; and probing for words, questions, or
concepts that respondents have difficulty understanding.

We conducted cognitive testing of the WEA survey in three separate rounds of interviews
with a total of 11 participants. Participants were selected by a trusted vendor using a detailed
screening script that collected eligibility and demographic information. All participants were
adults (age 18 or older) and were required to have a working cell phone. We selected par-
ticipants to ensure that we would include both men and women; include both Android and
iPhone users; have some geographic variance; and have a range of race/ethnicity, educational
attainment, and household income.

The WEA survey was revised between rounds, with questions and transition statements
added, dropped, revised, and/or reordered. The initial interviews focused on testing the over-
all instrument and, in particular, reviewing if questions properly screened out ineligible par-
ticipants, making sure respondents understood the make/model and opting-out questions,
and ascertaining whether respondents could answer the receipt and location questions as
they were presented. After adjustments to the questions based on initial cognitive testing,
later interviews focused on testing the full survey, including testing the Spanish translation.
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The cognitive testing showed that, except for several small wording changes, respondents
understood overall what they were being asked to do in the survey and could easily and
quickly answer the questions as intended.

Usability Testing

While cognitive interviews tested the survey questions, further testing was needed to ensure
that respondents would be able to navigate the somewhat complex branching questions on
phone model and location. As designed, the WEA survey included many different types of
question structures, including single- and multiple-response questions, branching, drop-down
menus, and open-text fields. We asked survey vendors to remove the Back button so that partic-
ipants were not permitted to return to previously answered questions. Usability testing allows
for evaluation of the survey application and an evaluation of the ease with which users inter-
act with the software. It provides a way to uncover any areas where users will have difficulty
answering questions, where they get “stuck” in the programmed survey, and where the pro-
gramming itself may introduce problems with question interpretation. The English-language
instrument was programmed for administration via the web. In September 2022, a usability test
was conducted with eight internal RAND users completing the survey on a variety of devices
(e.g., computers, tablets, and phones of various types). Users were asked to answer a short set of
questions about their experience with the instrument as programmed. Several small changes
were made because of this testing; labels for images were included, and duplicative language was
removed. In addition, timing for completing the programmed survey was determined.

Full-Cycle Testing

In February 2023 and again in September 2023, full-cycle testing of the programmed survey
instrument and the fielding strategy was conducted with each of the survey vendors. This
full-cycle testing allowed for a thorough assessment of the programmed survey across multi-
ple devices and browsers, the receipt of email notifications and reminders, the overall timing
of the data collection, and the test data from each vendor. Prior to each full-cycle test, vendor
programming was thoroughly evaluated through a review of screenshots for every question
in English and Spanish and systematic review of skip patterns. The intention of such careful
review was to promote consistency, as much as possible, in the wording, format, and presen-
tation of the survey to respondents. In reality, vendors use conventions and formatting that
are familiar to their panelists, and to the extent that differences would be unlikely to intro-
duce bias, they were maintained for the WEA survey.

Upon approval of programming, vendors were provided with email addresses for RAND
test respondents and a fixed schedule for the full-cycle test. This process was designed to
mimic what respondents would experience directly before and after the October 4, 2023, alert.
Thus, test respondents were sent emails from the vendors on the planned schedule and were
directed to the actual surveys programmed on the vendor platforms. Test respondents were
asked to complete the survey for all vendors and were notified as to when to expect emails,
what device and/or browser they should use for testing, and specific aspects to attend to in the
programmed instrument. The text of emails and the full survey were provided to each respon-
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dent, and respondents were asked to take detailed notes on any discrepancies they observed
with the text or problems they had in navigating the programmed instrument. Information
from the initial full-cycle test was compiled, and feedback was provided to each vendor. As
needed, vendors made changes, and these changes were again fully reviewed. A second full-
cycle test was completed in September 2023 that confirmed that the surveys were correctly
programmed, procedures were in place, and that the data collection was ready to begin.

Survey Data Collection Procedure

To limit bias that might be introduced by vendors using different fielding approaches, a
detailed, preplanned schedule for the fielding of the WEA survey that specified the timing
for email notifications, the opening and closing of the survey fielding period, and the exact
text to use for notifications and initial survey prompts was provided. To help ensure an accu-
rate indication of alert receipt and a quick response to the survey, the fielding design called
for panelists to receive notification about the upcoming alert and subsequent survey prior to
October 4, 2023. Two prenotification emails were scheduled three days and again 24 hours
prior to the national test alert. While it was possible to provide this notification to respon-
dents and follow-up prompting to nonresponders on the probability panels, the nonprob-
ability panels were not able to provide prenotification or follow-up prompting to potential
respondents. Table 2.3 provides a breakdown of activities required for survey fielding. Note
that additional prompts after the required three prompts were sent at the vendor’s discretion.

The national test alert was fielded at approximately 2:20 p.m. EDT through 2:50 p.m. EDT
on October 4, 2023; and was sent to the entire United States, Puerto Rico, and the U.S. Virgin
Islands (the two territories in which WEA is operational) at the same time—that is, it was
not staged at different times in different parts of the country. The national test alert was broad-
cast over a specific channel and frequency to all compatible devices within the designated

TABLE 2.3
Schedule of Survey Prenotification, Reminder Prompts, and Survey Fielding for
Probability Panels

Date Vendor Activity

Sunday, 10/1/23 1st prenotification at 2:45 p.m. EDT (3 days prior to alert)
Tuesday, 10/3/23 2nd prenotification at 2:45 p.m. EDT (24 hours prior to alert)
Wednesday, 10/4/23 Survey launches at 3:00 p.m. EDT

Thursday, 10/5/23 1st prompt at 3:00 p.m. EDT (24 hours after survey open)
Friday, 10/6/23 2nd prompt at 3:00 p.m. EDT (48 hours after survey open)
Monday, 10/9/23 3rd prompt at 3:00 p.m. EDT (5 days after survey open)
Wednesday, 10/11/23 Survey closes (at exactly 3:00 p.m. EDT)

NOTE: EDT = Eastern Daylight Time.
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geographic area. The alert was broadcast repeatedly during the 30-minute window, but phones
are programmed to only display the alert the first time it is received, to avoid causing unnec-
essary disruptions or confusion among the public. However, anecdotal reports suggest that
some devices displayed the alert multiple times and/or in both English and Spanish.

Surveys opened for data collection across vendors as planned at 3:00 p.m. EDT on Octo-
ber 4. While data collection was anticipated to take a full week to achieve the full sample,
responses were received very quickly. Overall, 56.4 percent of our target number of surveys
were completed within nine hours (by midnight the day of the alert), and 91.6 percent of sur-
veys were completed within three days. Figure 2.2 shows the cumulation of survey responses
over the fielding timeline, with the darkest line indicating the overall number of completes
and lighter lines showing completes for the individual panels.

A total of 46,739 respondents completed the survey across all probability panels, and
36,707 across the nonprobability panels, including the American Consumer Opinion sample
for the territories. Figure 2.3 provides an overview of the completed surveys by panel and
panel type.

Completion rate is calculated as the number of completed surveys over the number of
invitations. Completion rates for the probability panels ranged from 20.8 percent to 68.8 per-
cent. Variation in completion rates reflects each vendor’s approach to attaining the number
of surveys within the one-week data collection window; those with higher completion rates
invited relatively fewer individuals early in the data collection. These numbers are lower than
is typical for these panels but were in large part caused by (1) the need to collect responses

FIGURE 2.2
Cumulative Timeline of Survey Response Completions over the Fielding Period
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FIGURE 2.3
Composition of the Total Sample by Panel and Panel Type

Probability panels Nonprobability panels

N = 36,528

Territories
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very quickly, which did cause panels to invite a larger than usual number of panelists, and
(2) strict cutoffs in sample size, which was dictated by burden approved by Office of Manage-
ment and Budget (OMB) under the Paperwork Reduction Act review.

The completion rate for Dynata, the nonprobability panel aggregator, is difficult to com-
pute, as recruitment includes a range of methods including emails, self-direction from the
panel app, or follow-on from other surveys. Dynata reports a general estimate for completion
rate for email outreach at 10 percent and notes that there are typically high levels of response
from the panel app. Of the 46,504 individuals who started the survey through Dynata, 36,528
completed the survey (78.5 percent); 3,792 screened out as ineligible (8.2 percent); 2,724
dropped out of the survey before completing it (5.9 percent); and 3,460 were rejected, as the
quota for their corresponding sampling stratum was full (7.4 percent).

To oversample nonmetropolitan areas and areas with higher indigenous concentrations,
Dynata targeted its 36,528 completed surveys to fill quotas based on four specific strata of
geographic locations: (1) rural areas with high indigenous concentrations, (2) rural areas with
low indigenous concentrations, (3) urban areas with high indigenous concentrations, and
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(4) urban areas with low indigenous concentrations. Urban was defined via the Rural-Urban
Continuum (RUC) Codes of 1-3 (metropolitan areas), whereas rural was defined via RUC
Codes of 4-9 (nonmetropolitan areas). High indigenous concentration was defined according
to satisfying either of two criteria: 2.4 percent or greater land area designated as indigenous or
1.3 percent or greater population identified as indigenous (details described below).

Out of the total target sample of 36,500 for the nonprobability aggregator, we set target
subsample sizes of 16,825 respondents from rural areas and 3,650 respondents from areas
with high indigenous concentrations. We ended with 16,842 from rural areas and 5,053 from
areas with high indigenous concentrations.

Our efforts to collect responses from Puerto Rico and the U.S. Virgin Islands were less
successful, with only 179 completed surveys (we had planned for 614) and a completion rate of
less than 1 percent. These are depicted as a thin line along the lower right corner of Figure 2.3.

Coding of Closed- and Open-Ended Survey Responses

Several survey questions, in addition to closed-ended response options, provided an “Other”
response option that allowed respondents to specify with a typed answer. These included the
questions on location, disability status, cell phone carrier, and phone brand, as well as the
series of branching questions on cell phone models. For each we considered these “Other
(specify)” responses to see if (1) any could be reclassified as an existing closed-ended response
(e.g., if they selected “Other” and typed in an option that already existed), (2) additional cate-
gories of responses should be added (e.g., sufficient numbers of respondents typed in a carrier
that was not already provided as an option), or (3) any responses should be recoded as missing.

For location, our goal was to identify the state and county (or county equivalent) of
each respondent at the time of the alert. We first prioritized closed-ended responses to the
state, county, and city questions, which provided locations for 82,500 respondents. We then
resolved 507 “Other (specify)” responses to the city question. Finally, we were able to add
locations for an additional 28 respondents who indicated that they were at home (by using
the vendor-provided home location). In total, we were not able to determine state and county
location for 430 respondents, who were excluded from further analysis.

For disability status, of the 1,996 “Other (specify)” responses, 870 were able to be recoded
into a new category, “chronic health conditions.” Other responses were recoded into existing
closed-ended responses (including “No disability”) and missing. Because respondents could
select all that apply, and people could type more than one thing into the “Other (specify)”
boxes, the correspondence is not one-to-one. The resulting recoded variable included 19,277
(24 percent) listing any disability and 60,097 (74.8 percent) listing no disability, with 787
(1 percent) missing.

For carrier, 68,996 (86.1 percent) selected an existing closed-ended response and 10,250
selected “Other (specify),” whereas 915 selected “Don’t know” or were nonresponses. Of the
other/specifies, 5,879 were able to be recoded into a closed-ended response, giving 93.4 per-
cent a closed-ended response.
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For phone brand, 76,407 (94.8 percent) gave a closed-ended response, 2,345 selected
“Other (specify),” and 1,801 gave “Don’t know” or were nonresponses. After recoding 399 “Other
(specify)” responses into existing closed-ended responses, we had 95.3 percent closed-ended
responses.

For phone model, 64,709 (80.7 percent) responses selected a closed-ended option, 3,623
selected “Other (specify),” and 11,829 selected “Don’t know” or were nonresponses.

Finally, we mapped closed-ended carrier, phone brand, and phone model responses (e.g.,
iPhone 11 on Verizon) to known WEA capabilities (WEA 1.0, 2.0, or 3.0) based on data scraped
from major carrier websites. WEA capability was mapped to 62,907 (78.5 percent) survey
responses, while other responses had insufficient detail in carrier, phone brand, or phone
model to accurately associate WEA capability.

Combining Counties

Despite our having more than 80,000 respondents overall, many counties had too few respon-

dents to accurately estimate response patterns. Similarly, reporting county-level results for

counties with very few residents is not advisable for purposes of data privacy protection.

Therefore, we combined counties into larger clusters and reported data at the cluster level.
We designed the clusters to meet four criteria:?

1. Contiguity: Counties in a cluster must be contiguous (i.e., physically adjacent). This
requirement was relaxed for island counties that do not share a land border with any
other counties.

2. Effective sample size:* County clusters must have a minimum effective sample size of
60 and should have a maximum effective sample size less than 120.* Effective sample
size was calculated based on the survey weights (below).

3. Demographic homogeneity: Counties within a cluster should be demographically
similar in both population density and racial composition.

4. Compactness: County clusters should be geographically compact. In other words,
their shape should not appear irregular or unusual relative to the counties that com-
pose them.

We developed an algorithm to produce a set of county clusters for each state that bal-
ance these four criteria (for details, see Appendix B). Figure 2.4 illustrates this process for

2 This process is similar to analyses conducted to design congressional districts; see Levitt, 2010.

3 Effective sample sizes adjust the raw sample sizes to account for survey weights. See the “Statistical
Uncertainty and Hypothesis Testing” section below for more details.

4 For more information on how we chose the 60-120 range, see Appendix B.

> We consider the percentage of the population that is American Indian or Alaska Native, Asian, Black,
Hispanic, multiracial, and Native Hawaiian or Pacific Islander.
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Alabama, focusing on the two criteria and two variables that had the greatest influence
on the final cluster boundaries. The final, balanced boundary choices are marked by the
dotted box at the bottom right.

For each state, we initialized the clusters via hierarchical clustering using geographic dis-
tances based on the centroids of each county. We then performed simulated annealing, an
iterative process that updated the clusters, until we converged on a solution. In addition to

FIGURE 2.4
lllustration of the County Clustering Algorithm for Alabama, Balancing Cluster
Compactness with Demographic Homogeneity
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Compactness

Criteria

Demographics

Balanced
criteria

2 0 2 4

NOTE: The algorithm also included an effective sample-size criterion (target: 60-120 responses per cluster). In addition
to population density and the percent of the population who are Black, the algorithm considered other demographic
variables (i.e., percentage American Indian or Alaska Native, percentage Asian, percentage Hispanic, percentage
multiracial, or percentage Native Hawaiian or Pacific Islander).
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standard convergence checks, all solutions were visually inspected to ensure face validity of
the proposed clusters. We offer a detailed description of our methods in Appendix B.

Figure 2.5 presents the final county clustering used in the geographic analyses in this
report, with detail provided for Pennsylvania.

FIGURE 2.5
Clustering of Contiguous Counties with Small Sample Sizes While Maintaining
Geographic Compactness and Demographic Homogeneity

Secondary County-Level Data

WEA History

A database of all WEA alerts sent between 2012 and 2022 was received from IPAWS, based
on its internal data. From this database we were able to compute the count of all alerts sent
during this time span, by county, as well as breakdowns into three categories: AMBER Alerts,
natural hazard alerts, and other alerts. These were defined by alert codes as follows:

o AMBER Alerts: count of child abduction emergency (system code CAE)

o natural hazards: count of avalanche warning (AVW), blizzard warning (BZW), dust
storm warning (DSW), earthquake warning (EQW), extreme wind warning (EWW),
flash flood warning (FFW), flood warning (FLW), fire warning (FRW), hurricane
warning (HUW), storm surge warning (SSW), severe thunderstorm warning (SVR),
severe weather statement (SVS), tornado warning (TOR), tsunami warning (TSW), and
winter storm warning (WSW)

o other: total count of blue alert (BLU), civil danger warning (CDW)), civil emergency mes-
sage (CEM), practice/demo warning (DMO), evacuation immediate (EVI), hazardous
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materials warning (HMW), local area emergency (LAE), law enforcement warning
(LEW), nuclear power plant warning (NUW), radiological hazard warning (RHW),
required monthly test (RMT), required weekly test (RWT), shelter in place warning
(SPW), and 911 telephone outage emergency (TOE).

Carrier Coverage

Ookla Coverage Right uses a collection of polygonal geographic datasets that represent cur-
rent mobile coverage patterns, one dataset per coverage technology per mobile carrier. On
receipt of these data, WEA-irrelevant technologies (LTE-M, LoRa, NB-IoT, and SigFox) were
removed, and the remaining technology datasets for each individual carrier were merged into
a single dataset, trimmed to current U.S. land boundaries. Total area coverage per carrier by
area for each county was calculated, as well as the total coverage for individual census blocks
for the United States and for Puerto Rico and the U.S. Virgin Islands (U.S. Census Bureau,
undated).

These percentages were then rolled up into county-level coverage summaries, weighted
by residential block population, such that the final county estimates emphasize areas within
counties where the majority of the population lives.

A respondent-level dataset was created by merging carrier-specific, county-level cover-
age estimates for the specific carrier reported by each respondent. This was done for the
three Tier 1 carriers (AT&T, T-Mobile, and Verizon, which constitute 73.4 percent of our
weighted data), with total coverage (across carriers) used for other respondents indicating
other carriers.

Note that there are limitations to these county-level coverage estimates. Coverage in the
Ookla data is encoded as binary data; a specific geographic area either has cellular coverage
or it does not. There are not estimates of “signal strength” or similar variables that could
influence the on-the-ground experience. Similarly, these data may not fully capture effects
of topography. Furthermore, while we have very high-resolution coverage data, we can only
assign respondents to an individual county. Finally, a large majority of respondents (90 per-
cent) live in counties with very high (at least 99 percent) population-weighted cellular cover-
age. Note that cellular coverage estimates have more variation, but the respondent averages
are increased by (1) the population-weighted estimates, which are generally higher than area-
weighted estimates, as cellular coverage is higher in more densely populated areas; and (2) the
fact that we have more respondents from high-coverage counties than low-coverage counties
due to the distribution of the U.S. population more broadly.

Natural Hazard Risk

The FEMA National Risk Index (NRI) is a tool incorporating natural hazard data from mul-
tiple federal and state agencies with social vulnerability data to create a common measure
of risk across all U.S. states, tribes, and territories for each county and census tract (Zuzak
etal.,, 2023). At each geographic level, overall risk metrics are calculated along with individual
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values for 18 separate natural hazard types. Hazard-specific annualized frequency data at the
county level was incorporated into the respondent-level dataset based on the county associ-
ated with each respondent.

Rural-Urban Distinctions

County-level 2013 RUC Codes were downloaded from the U.S. Department of Agriculture,
(2024) and were the most recent available at the time of the survey design.

Indigenous Concentration

IPAWS is interested in the performance of WEA for indigenous people, but this represents
a relatively small segment of the U.S. population, and hence creates challenges for survey
sampling. Because WEA is a place-based system (i.e., transmitting cell towers are designated
based on geographic alert polygons), surveying any individual in areas with higher indig-
enous concentrations could act as a proxy for how effective the system is in those areas. As
such, we defined indigenous concentration for a given county based on two criteria: (1) the
percentage of land designated as indigenous using data from the Census Topologically Inte-
grated Geographic Encoding and Referencing (TIGER) system’s 2021 indigenous land poly-
gons (U.S. Census Bureau, 2023a); and (2) the percentage of the population identifying as
American Indian or Alaska Native from the 2021 American Community Survey five-year
estimates (U.S. Census Bureau, 2023b). These two variables were included as predictors
in our statistical models (described below), along with respondent self-reports of race and
ethnicity.

Analytic Approach

Deduplication Across Online Panels

Because we were using multiple survey panels, the potential for duplicate responses was a
concern. Each panel has its own deduplication procedures, and within a probability panel, the
chance of duplicate response is minimal. Even across probability panels, the chance is very
low given that the odds of many people being recruited into multiple panels is highly unlikely.
However, with a nonprobability panel aggregator, those chances increase. The deduplication
problem becomes harder as respondents contract with multiple panels. Furthermore, people
who enjoy taking surveys (including those who were recruited into probability panels) may
sign up for multiple panels. To address this, we simply asked people, “We have fielded this
survey to a number of survey panels in the past week. Before now, had you already taken
this survey? Your answer to this question will not affect your reward for taking the survey.”
Rates of affirmative responses averaged 1.7 percent across the probability panels; and it was
similar within the Caribbean nonprobability panel, but, as expected, was considerably higher
(5.6 percent) for the nonprobability panel aggregator. This compares with a smaller difference
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for “Don’t know” responses (1.5 percent across probability panels versus 2.4 percent for the
nonprobability panel aggregator), suggesting that it was not simply confusion.

We excluded from our analyses 2,855 respondents who responded “Yes” to this question.
That said, there may have been confusion with other fielded surveys. For this reason, we gen-
erally think this is a conservative approach.

Weighting to Reflect the Population

It is important to note that not all members of the U.S. population with cell phones were
selected to participate in the survey, and a portion of the participants (i.e., those from non-
probability panels) were not randomly selected. As a result, there is no guarantee that the
participants will be an exact reflection of the population in all dimensions. To provide sum-
mary estimates of the survey that will represent the U.S. population in all its diversity, we
created calibration weights to use for all analyses. The calibration process allows samples to
reproduce the known population distribution of adults 18 years or older in the United States
who have cell phones based on 2023 Current Population Survey (CPS) data. This weight-
ing approach is widely used for probability and nonprobability sample surveys (Deville
and Sédrndal, 1992) and is also known to adjust for nonresponse (Kott, 2006). For the WEA
survey, we calibrated the sample on gender, age, race/ethnicity, income, education level, and
language spoken at home, as well as the geographic area where participants live measured as
urbanicity and U.S. regions. After calibration, the weighted sample was rendered similar to
the population on these characteristics, as shown in Table 2.4 (for details about the weighting
approach, see Appendix B).

We apply the survey weights discussed above to all analyses designed to provide estimates
for the population of U.S. adults with working cell phones. When results apply just to the col-
lected sample, they are clearly designated as “unweighted.”

Statistical Uncertainty and Hypothesis Testing

When we make any estimates about the population, we must account for uncertainty in those
estimates because we have sampled only a portion of the population. As such, we present
population estimates with 95-percent confidence intervals (CIs), which define a window of
reasonable values for our population estimates. More certain estimates will have smaller Cls
than less certain estimates.

In general, the more people who are included in an estimate (i.e., the greater the sample
size), the more certainty we have in the estimate and the smaller the CI. For example, our
estimate for the rate of alert receipt is more certain for the entire population (N = 80,161) than
for people older than age 65 (N = 20,765).

Note that while the survey weights are necessary to generalize our results to the popula-
tion of U.S. adults with working cell phones, using the weights in statistical analyses also
increases the uncertainty in our estimates. The degree of this increase is known as the design
effect (D,), with 1 indicating no more uncertainty than an unweighted analysis and greater
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TABLE 2.4

Unweighted, Weighted, and Population Estimates for Sample Characteristics

Used in Weighting

Characteristic Unweighted [CI] Weighted [CI] Population
Gender: Male 45.04 [44.7-45.37] 50.24 [49.9-50.58] 49.0
Age

18-29 12.77 [12.54-12.99] 16.88 [16.62-17.13] 20.3
30-44 26.06 [25.77-26.36] 26.61 [26.31-26.91] 25.9
44-59 24.41 [24.12-24.7] 24.31 [24.02-24.6] 23.4
60+ 36.76 [36.43-37.09] 32.2 [31.88-32.52] 30.4
Race/ethnicity

Hispanic 7.67 [7.49-7.86] 16.32 [16.06-16.57] 17.5
Non-Hispanic White 76.04 [75.75-76.33] 63.55 [63.23-63.88] 61.3
Non-Hispanic Black 9.96 [9.75-10.16] 12.55 [12.32-12.77] 12.1
Non-Hispanic other 6.33 [6.16-6.5] 7.58 [7.4-7.76] 7.6
Education

High school or less 29.35 [29.04-29.66] 35.25 [34.93-35.58] 38.2
Some college 30.67 [30.36-30.98] 27.6 [27.3-27.91] 26.4
Bachelor’s degree or 39.98 [39.65-40.31] 37.14 [36.81-37.47] 35.4
higher

Household income

Less than $33,001 23.52 [23.23-23.81] 14.09 [13.86-14.33] 16.2
$33,001 to $60,000 25.47 [25.18-25.77] 17.9 [17.64-18.16] 16.9
$60,001 to $122,000 31.56 [31.24-31.87] 32.99 [32.67-33.31] 31.7
$122,001 to $200,000 13.6 [13.36-13.83] 20.78 [20.5-21.06] 20.2
$200,001 or more 5.86 [5.7-6.01] 14.24 [14-14.48] 15.0
Urbanicity: metropolitan 71.68 [71.38-71.99] 88.91 [88.7-89.12] 86.6
Census region

Northeast 14.23 [14-14.47] 14.95 [14.7-15.19] 17.3
Midwest 26.06 [25.76-26.36] 21.53 [21.25-21.81] 20.5
South 40.78 [40.45-41.12] 39.7 [39.37-40.03] 38.6
West 18.92 [18.66-19.19] 23.83 [23.54-24.11] 23.6
English spoken at home 96.41 [96.28-96.54] 87.72 [87.5-87.95] 82.5

NOTE: Cl = confidence interval. Gender, urbanicity, and language spoken at home are treated as binary indicators, with the
complement being female, nonmetropolitan, and non-English. For purposes of computing weights, nonbinary gender was
imputed to male or female, and racial and ethnic categories were considered mutually exclusive. The “Population” column
estimates are representing the U.S. adult population 18 years and older with cell phones, estimated from the 2023 CPS.

27



Assessing Public Reach of the 2023 National Test of the Wireless Emergency Alerts (WEA) System

values indicating more uncertainty. For this analysis, the design effect is 1.78 for the entire
sample. The effective sample size is the unweighted random sample size that would result
in the same level of certainty as is achieved by our weighted analysis. In our case, the effec-
tive sample size is N, = N + D, (80,161 + 1.78 = 44,723). In other words, weighted estimates
based on the entire sample (N = 80,161) have the same level of certainty as estimates based on
an unweighted, random fully representative sample of N = 44,723, which is still a very large
sample size.

For a test of statistical significance, we consider p-values < 0.05 as statistically significant,
which is a standard convention. Note that whether or not a result is statistically significant at
p < 0.05 depends on both the size of the effect and the effective sample size. With more than
80,000 respondents, we have a lot of statistical power—that is, very small differences will be
statistically significant. When comparing smaller subgroups, however, we have less statistical
power, and the same effects may not be statistically significant.

Outcome Measures

Our primary outcomes were alert receipt, awareness of the WEA system, and opting out.
Survey respondents could answer “Yes,” “No,” or “Don’t know” to the survey questions asso-
ciated with each of these outcomes. Preliminary investigations indicated few differences
between respondents answering “No” and “Don’t know,” so we combine these responses into
a single “No/Don’t know” category for all analyses.

Identifying Key Device, Individual, and Community Factors

The following three chapters step through each of our main outcome variables: alert receipt,
awareness of WEA prior to the national test alert, and opting out of WEA alerts. Within
each chapter, we first consider overall rates and how those vary geographically. We then con-
sider three sets of predictors: (1) how that outcome varies by device characteristics, includ-
ing carrier, brand, and WEA capabilities of the specific model; (2) how that outcome varies
by individual characteristics, including demographics and subsidized phone ownership; and
(3) how that outcome varies by community characteristics, including natural hazards faced,
historical alerting patterns, FEMA region, and cellular coverage. Because the relationships
among these variables is complex, we consider each predictor in isolation (i.e., bivariate rela-
tionships), but we also control for other variables. We do the latter using multivariate logis-
tic regression analysis, a statistical technique that simultaneously predicts a binary outcome
(e.g., whether or not the respondent reported receiving the alert) with a set of variables of
interest. Logistic regression is particularly useful in helping determine which are the pri-
mary predictors when multiple predictors are correlated with each other. For example, age,
income, and disability are often correlated with each other but may reflect common underly-
ing mechanisms. Logistic regression can show us which are the most explanatory predictors
of our outcome of interest.
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In particular, logistic regression estimates the effect of each characteristic on the odds of
the outcome. If the probability of an outcome is p, the odds are p to (1 - p). For example, if
something has 80-percent probability, the odds are 80 percent to 20 percent, or 4:1. Logistic
regression outputs odds ratios, which are the effect a particular characteristic has on the odds
of the outcome of interest, controlling for the effects of other predictors in the model. For
continuous predictors (e.g., rates of cellular coverage), these odds ratios represent the effect
of changing that variable by a single standard deviation. For discrete outcomes (e.g., phone
brands), these estimates represent the effect of belonging to one category versus a reference
category. So, for example, it would provide the odds of receiving the alert for someone who
is Hispanic versus someone who is not Hispanic. An odds ratio of 1 indicates no difference.
Odds ratios above 1 indicate greater odds of the outcome given a characteristic, and ratios
below 1 indicate lower odds. Note that odds ratios are distinct from (but easily confused
with) risk ratios. An odds ratio of 2, for example, does not mean that the outcome is twice as
likely. Rather, it means the odds are doubled. To illustrate the difference, assume that in one
population the frequency of receipt is 66.7 percent (i.e., 2:1 odds). If the frequency in another
population were 80 percent (i.e., 4:1), then there would be an odds ratio of 2. Note that while
the odds doubled from 2:1 to 4:1, the frequency did not (66.7 percent to 80 percent). Similarly,
if the frequency went from 90 percent (9:1) to 94.7 percent (18:1), the odds ratio would also
be 2. For purposes of interpreting the magnitude of odds ratios, we follow the standards sug-
gested by Chen, Cohen, and Chen (2010) in considering odds ratios above 1 and up to 1.5 as
“small” effects and odds ratios between 1.5 and 4.0 as “medium” effects. For odds ratios less
than 1, we consider those between 0.67 and 1.0 as “small” effects and between 0.25 and 0.67
as “medium” effects. Greater than 4.0 or less than 0.25 would be considered large, but such
effects are generally rare, and we observe none in these analyses.

While our dataset is largely complete, there are some missing values that we must account
for in the logistic regression analyses. For discrete predictors (e.g., phone brands), we simply
assign any missing values to a “Missing” category, which we include in regressions. This
includes variables that we bin, like age and income, and we can handle missing values for these
characteristics in this way. Except for carrier-adjusted cellular coverage, all continuous vari-
ables (e.g., the percentage of the population who are indigenous) are collected at the county
level and have no missing observations. While our cellular coverage data is complete at the
county level, our carrier-adjusted cellular coverage relies on self-reported wireless carriers,
and there are 5,286 respondents that did not provide sufficient information to map them to
a carrier. Of those respondents, 5,245 were from counties with other respondents. For these
respondents, we used stratified mean imputation, where we assigned them a carrier-adjusted
cellular coverage equal to the mean value of the other respondents in that county. For the
remaining 41 respondents, we imputed the cellular coverage as the maximum coverage of the
three major carriers for that county. These 41 respondents represent only 0.05 percent of the
total sample. We explored alternative approaches to dealing with this “missingness,” such as
using completely observed estimates for cellular coverage that did not rely on self-reported
carrier, and all regression results were robust to these decisions.
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Comparison of Probability and Nonprobability Panel Results

There is literature documenting lower data quality from nonprobability panels when com-
pared with probability panels (Cornesse and Blom, 2023; Kennedy et al., 2020; MacInnis
et al,, 2018). In Appendix B we compare results across the two subsamples, generally finding
minimal to no impact on our substantive results.
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CHAPTER 3

Findings: Receipt of the WEA National
Test Alert

One of the key features of the WEA system is that, while it is possible to track the progress
of an alert through cell tower broadcast, progress through the final stages—from tower to
phone, and especially from phone to user—are more difficult to assess. A population-based
survey is particularly well suited to providing an understanding of how the U.S. public
experiences the system. Specifically, a survey can do two things better than could, say,
placing staff with various devices in various locations. First, a carefully sampled survey
can better represent the population in the contexts in which they live. Second, it can better
capture the phone-to-user stage, assessing whether the ultimate recipient—the person—
understood that they had received an alert. This chapter focuses on our first and primary
outcome of interest: receipt of the alert by the U.S. public. Furthermore, it addresses four
research questions:

o How effective was the WEA national test alert in reaching the U.S. public?

o Given the important roles that cellular carriers, mobile device manufacturers, and
device models play in the WEA system, how did receipt vary across these factors?

o Are some members of the U.S. public disadvantaged, in terms of demographic factors
associated with alert receipt?

o Are some communities disadvantaged, in terms of geographic factors associated with
receipt?

In addition to IPAWS, these results may be of particular interest to other FEMA pro-
grams; DHS components; and federal, state, and local agencies. Geographic variation in alert
receipt may, for example, help the NWS (by far the largest WEA alert originator) understand
the reach of the system nationwide, and may help state and local originators understand
reach in their communities. The FCC may benefit from results by device characteristics (e.g.,
in its discussions with carriers and phone manufacturers) and demographic variation (e.g.,
in its consideration of whether some communities are benefiting less than others. The FEMA
Office of Disability Integration and Coordination (ODIC) may be interested in the WEA
experiences of individuals with disabilities and other functional needs communities.
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Receipt at a Glance

This section provides a summary of the key findings for receipt of the national test alert
across the United States, followed by detailed results.

Overall receipt of the alert was high, with over 91 percent of U.S. adults with working cell
phones estimated to have received the alert, most of them in the longer 360-character format.
There was substantial variation across the country in receipt rates, but this variation did not
necessarily correspond to state or FEMA regional boundaries.

Receipt of the National Test Alert Was Lower for Certain Phone
Carriers, Brands, and Models
We note the following:

1. Customers of AT&T and T-Mobile had at least 27 percent greater odds of reporting
receiving the alert than customers of Verizon.

2. Owners of the most common phone brands reported similar receipt rates, but owners
of less common phone brands had 24 percent lower odds of alert receipt than Apple
iPhone owners (the most common phone brand).

3. Receipt rate increased across phone WEA capability, with WEA 3.0 phone owners
having 42 percent higher odds of reporting receiving the alert than WEA 1.0 phone
owners. This may be a diminishing concern, however, as the proportion of WEA 1.0
phones was only 2.2 percent, and that is likely to diminish further with time.

Receipt of the National Test Alert Was Lower for Older Adults, but
Higher for Those Receiving Their Phones Through Subsidy Programs
We note the following:

1. Adults ages 65 and older were substantially less likely to report receiving the alert,
with less than 50 percent of the odds of alert receipt compared with adults ages 18 to 35.

2. Those reporting phones received through subsidy programs (e.g., Lifeline) had 18 per-
cent greater odds of reporting receiving the alert, perhaps countering concerns that
such programs provide less-capable phones.

Receipt of the National Test Alert Was Lower in More Rural
Communities.
We note the following:

1. Those in more rural communities were less likely to report receiving the test alert,
with the odds in the most rural areas being half of those in the most urban areas.
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Variables by Which There Was Not Strong Variation in Alert Receipt

Perhaps just as important, especially given the statistical power provided by such a large
sample, were those variables that were not significant in the multivariate statistical models.
These included the following:

o Disability type. Receipt did not significantly vary across disability types, including self-
reported sensory, physical, cognitive, chronic, and emotional disabilities.

o Household income. There were modest effects of the poorest (income of $30,000 or less
per year) and the richest (income over $505,000 per year) having lower rates of receipt
than those of more moderate income, but the results did not correspond to strong
income disparities.

o Language, race, and ethnicity. These were largely nonsignificant in our analyses, again sug-
gesting that any differences seen across these variables, in isolation, may be accounted
for by other factors.

o Natural hazards. Annualized frequencies of natural hazards were included in statistical
models to examine whether those in higher-risk areas may have greater familiarity and
less confusion with WEA alerts. There were no significant effects.

o Areas of greater indigenous concentration. Both percentage of indigenous land and percent-
age of indigenous population were included in statistical models to examine whether
underinvestment in these areas put their populations at a disadvantage. We did not find
evidence of this.

o Cellular coverage. We found no systematic variation in receipt by cellular coverage, which
may be due to the fact that coverage was rolled up to county summaries, which is how
respondent location is defined.

o FEMA region. We found no systematic differences across FEM A regions. Given geographic
patterns in other variables (e.g., system use), controlling for those factors is likely impor-
tant in understanding regional variation.

In summary, device-related characteristics appeared to matter. Specifically, receipt rates
were lower for certain carriers (e.g., Verizon), less common phone brands, and phones with
only WEA 1.0 capability. Demographic factors were largely nonsignificant, with the notable
exception that older adults were less likely to report receiving the alert. Finally, respondents
in progressively more rural areas were less likely to report receiving the alert, with those in
the most rural counties having 49 percent lower odds of receipt than those in the most urban
areas after controlling for other variables, and an 8-percent lower absolute rate of receipt
(92 percent versus 84 percent). Controlling for other factors, there were no effects of income
(which could capture a lack of persons’ resources), language, race, or ethnicity (which could
capture social or cultural disparities), or indigenous concentration (also a potential source of
disparity).

It is worth emphasizing that there was a significantly lower rate of receipt among those
who took the survey by phone—a medium effect size that was partially but not completely
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explained by controlling for device and respondent characteristics. Populations not online
are a relatively small and shrinking group, but future research should make sure to incorpo-
rate this perspective.

The remainder of this chapter provides detailed findings on receipt of the national test
alert across the United States.

Most of the Nation Received the WEA National Test Alert

An estimated 90.9 percent (90.6%-91.2%) of adults with working cell phones reported receiv-
ing the WEA national test alert, either in the shorter 90-character format (17.9 percent
[17.6%-18.3%]) or longer 360-character format (73.0 percent [72.6%-73.4%]). Just 5.0 percent
(4.8%-5.2%) reported not receiving the alert, with an additional 4.1 percent (4.0%-4.3%)
reporting that they did not know whether or not they had received the alert (see Figure 3.1).

Among those giving a “Yes” or “No” response (i.e., removing “Don’t know” responses), the
overall receipt rate was 94.8 percent (94.6%-95.0%).

Between the two languages currently available in the WEA system, alerts were mostly
received in English (96.3 percent [96.1%-96.5%]) rather than Spanish (3.6 percent [3.4%-3.9%]).

FIGURE 3.1
National WEA Receipt Rate for the October 2023 National Test Alert
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NOTE: Survey data are weighted to represent the U.S. adult population with working cell phones.
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The rate of English receipt was almost universal among respondents indicating English as
the language primarily spoken at home (98.7 percent [98.6%-98.8%]), but it was also the
majority even among those indicating Spanish as the language primarily spoken at home
(72.8 percent [70.6%-74.8%]). The rate among homes speaking other languages was 96.7 per-
cent (95.1%-97.8%). A caveat on this finding was that the survey question only allowed a
single response, so respondents could not select both English and Spanish when the alert
was received multiple times.

Receipt Varied Substantially Across the United States

Figure 3.2 depicts variation in receipt rate across county clusters, ranging from near 70 per-
cent through 100 percent. There does not appear to be an obvious geographic pattern, but
many variables that also vary geographically are examined below, including aspects of local
infrastructure (e.g., cellular coverage), alerting need (e.g., natural hazard risk), experience
with the system (e.g., historical alerting by local authorities), population (e.g., age or disabil-
ity), and resources (e.g., household finances).

FIGURE 3.2
Geographic Variation in Receipt Rate for the October 2023 National Test Alert
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NOTE: Survey data are weighted to represent the U.S. adult population with working cell phones.
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Receipt Varied Across Cell Phone Carrier, Phone Brand, or
Phone WEA Capability

Cell phone carriers play a major role in WEA implementation and are critical stakeholders
in the system. Carriers control much of the infrastructure, including the cell towers through
which WEA alerts are transmitted; have significant say in phone configuration; and control
frequency of rebroadcast and other alert features. Cell phone manufacturers, working with
carriers, offer a key final technological link in WEA transmission. Notably, phone models
vary in their WEA capabilities, depending on age and features, variably conforming to
WEA 1.0, 2.0, and 3.0 standards. WEA 3.0 added improvements to geotargeting; and earlier
standards included WEA 2.0, which added Spanish-language capacity and extended alert
length to 360 characters, and WEA 1.0, which contained the original 90-character specifica-
tion (FEMA, 2022b). Each of these factors could contribute to differential receipt rates.
Table 3.1 breaks out receipt rates by cell phone carrier, brand, and WEA capability, each
considered individually. Verizon customers reported a modestly but significantly lower rate

TABLE 3.1
Receipt Rates by Device Characteristics

Percentage Receiving the Alert

Device Category Percentage in Group (95% CI)
Carrier

Verizon 27.6 90.1 (89.6-90.6)
AT&T 22.2 92.5 (91.9-93.0)
T-Mobile 22.6 92.8 (92.2-93.3)
Other carrier 26.6 89.5 (89.0-90.0)

Phone brand

Apple iPhone 54.3 92.1 (91.8-92.4)
Samsung 29.0 90.5 (90.0-91.0)
Motorola 55 88.9 (87.7-90.0)
Google 3.8 92.7 (91.4-93.8)
LG 1.9 88.8 (87.0-90.4)
Other phone 5.5 82.6 (81.2-83.9)

Phone WEA capability

WEA 3.0 70.8 92.6 (92.3-92.9)
WEA 2.0 10.0 89.7 (88.9-90.5)
WEA 1.0 2.2 88.2 (86.3-89.9)
Uncategorized 17.0 85.0 (84.2-85.7)
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of receipt (90.1 percent) than did customers of AT&T (92.5 percent) or T-Mobile (92.8 per-
cent). Customers of other carriers generally reported even lower rates of receipt (89.5 percent
overall).

Apple and Samsung phones dominate the market, and respondents with Apple phones
reported a higher receipt rate (92.1 percent) relative to Samsung phone owners (90.5 percent).
Among other manufacturers, Google phone owners reported higher receipt rates (92.7 per-
cent), whereas Motorola (88.9 percent) and LG (88.8 percent) phone owners reported lower
rates. Owners of phones from other less common brands reported, overall, the lowest rate, at
82.6 percent.

As noted above, phone models vary widely, but it is important to note that they vary
in the WEA standards to which they are designed. The newest and highest-feature phones
almost invariably adhere to the most current standard, WEA 3.0. Typically, earlier stan-
dards (WEA 2.0 and 1.0) will be present on older, lower-cost, and lower-feature phones.
Based on data scraped from the major carrier websites, approximately 70.8 percent of
people reported primary cell phones that adhered to the WEA 3.0 standard, 10.0 per-
cent to WEA 2.0, and 2.2 percent to WEA 1.0. Approximately 17 percent listed primary
cell phones for which we could not readily assess WEA capability, and these may be less
common, older, or lower-feature phones. These assumptions are supported by observed
receipt rates, which increased with phone WEA capability. WEA 1.0 phone owners reported
receiving the alert at a significantly lower rate (88.2 percent) than those with WEA 3.0
phones (92.6 percent). Notably, owners of phones that could not readily be assessed for
WEA capability reported the lowest overall rate of receipt, at 85.0 percent. As the portfolio
of available phones matures and the industry more widely adopts WEA 3.0, these dispari-
ties should resolve themselves.

Multivariate Analysis: Device Characteristics Associated with Test
Alert Receipt, Controlling for Other Factors

The above tables demonstrate how receipt rates varied across key device characteristics when
considered one at a time, but these characteristics are not independent of each other. Figure 3.3
presents device-related results from an analysis that considers all these variables simultane-
ously. Specifically, it presents results from a logistic regression predicting alert receipt with
device carrier, brand, and model WEA capability, while also controlling for individual and
community characteristics, which are considered in subsequent sections.

The dots represent population estimates of the odds of an individual indicating that they
did receive the alert, given the characteristic listed on the left-hand side of the figure, versus
the reference characteristic represented by the horizontal dashed line. For example, the odds
of an AT&T customer reporting that they received the test alert was, on average, 1.27 times
the odds of a Verizon customer (the reference carrier) doing so. For example, if the odds
of a Verizon customer of receiving the alert is 9.1:1 (equivalent to a 90.1-percent probabil-
ity of receiving the alert), then the odds of a similar person with AT&T receiving the alert
would be 1.27 times higher, or 11.6:1 (equivalent to a 92.0-percent probability of receiving
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FIGURE 3.3
Device-Related Odds Ratios from a Logistic Regression Analysis Predicting
WEA National Test Alert Receipt
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NOTE: Odds ratios and 95-percent Cls are from a weighted logistic regression predicting WEA test alert receipt with
characteristics of the respondent, their device, and their community. Individual and community results are presented
separately.

the alert).! Similarly, T-Mobile customers had 29 percent greater odds than Verizon custom-
ers of reporting receiving the test alert. By the guidelines for assessing odds ratios, these
constitute small effect sizes. The bars around each dot indicate 95-percent Cls around that
estimate. A CI that overlaps one (the vertical black line) indicates that likelihood of receipt
did not vary statistically according to that predictor (as was the case for customers of other
carriers). Odds ratios less than 1 indicate that the characteristic decreased the likelihood
of receipt, whereas odds ratios greater than 1 indicate that the characteristic increased the
likelihood of receipt.

Compared with iPhones, and controlling for other factors, users of major brands did not
significantly differ in receipt likelihood from Apple users, our reference category, but those of
less common brands (labeled “Other phone”) were less likely to report receiving the test alert
(a small but significant effect, at 0.76).

1 On average, Verizon customers had 9.1:1 odds, or 90.1-percent probability, of receiving the alert. The
90.1-percent probability is equivalent to 9.1:1 odds, as follows. If 90.1 percent of people received the alert, then
100 percent — 90.1 percent = 9.9 percent of people who did not. The ratio of 90.1 to 9.9 is the same as 9.1:1
(divide both sides by 9.9). An odds ratio of 1.27 means that the odds increase by a factor of 1.27. That means
that the new odds would be 11.6:1 (9.1 x 1.27 = 11.6). That translates to a 92.0-percent probability because 11.6 +
(11.6 + 1) = 0.920.
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Compared with owners of phones with WEA 1.0 capability, there was a small but signifi-
cant effect of those with WEA 3.0 capability having 42 percent greater odds (odds ratio of
1.42) of reporting receiving the alert. Those with WEA 2.0 capability phones were in between.

Receipt Varied Across Respondent Characteristics

A range of individual-level variables may affect the likelihood of an individual self-reporting
that they received the test alert. Age-related cognitive decline and language proficiency may
be related to differential recall. Individuals living with disabilities, and particularly sensory
disabilities, could differ from those without them in terms of both receipt and experience
with WEA. And these differences likely vary across disability type. Income and ownership of
phones received through subsidy programs may reflect available resources, such as the ability
to own the most up-to-date technology. Other variables, including race and ethnicity, can act
as proxies for a range of social and economic differences that could, for example, affect dif-
ferential experience with the system.

Table 3.2 breaks down the percentages receiving the alert by these demographic factors,
each considered individually. Receipt was 86.3 percent for adults over age 65, which was lower
than for 36- to 65-year-olds (91.7 percent), which in turn was lower than for 18- to 35-year-
olds (93.3 percent). These differences were statistically significant, as can be seen in the non-
overlapping Cls.

Reported rate of receipt was slightly (but significantly) lower for those with a self-reported
disability (89 percent) compared with individuals with no self-reported disability (91 percent).
We grouped disabilities into higher-level categories that represent themes relevant to how people
may experience WEA. For example, the vision category includes specific responses of low vision,
blindness, and deafblindness. Results varied only slightly across types of disability, with perhaps
small differences in the lower rate of receipt for those with hearing-related disabilities and those
with physical disabilities. The full distribution of disability responses is included in Appendix B.

Receipt varied by household income, but not in a linear way. It was lowest for the lowest
(89.2 percent) and highest (87.8 percent) household income categories and highest for the
middle-income categories (on average, ranging from 90.6 percent to 91.8 percent).

Reported rate of receipt was slightly (but significantly) higher for those in Spanish-
speaking households (92.6 percent) than for those in English-speaking households (90.7 per-
cent), with those in households predominately speaking other languages falling in between
(91.3 percent).

Reported receipt was highest for Hispanic (92.6 percent) and Black (92.4 percent) respon-
dents, significantly greater than for American Indian and Alaska Native (90.5 percent),
Native Hawaiian and Pacific Islander (88.2 percent), and White (90.7 percent) respondents.

Reported receipt did not significantly differ between those who did and did not receive
their cell phones through subsidy programs (e.g., Lifeline), but those who did not know
whether their phones came through subsidy programs were significantly less likely to report
receipt (76.2 percent).
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TABLE 3.2
Receipt Rates by Demographic Characteristics

Percentage Receiving the Alert

Demographic Category Percentage in Group (95% Cl)
Age

18-35 25.4 93.3 (92.8-93.7)
36-65 52.4 91.7 (91.4-92.1)
Older than 65 22.0 86.3 (85.7-86.9)
Missing 0.2 72.4 (56.9-84.0)
Disability

Vision 5.4 90.2 (89.0-91.2)
Hearing 6.5 87.3 (86.2-88.4)
Physical 6.4 88.2 (87.2-89.1)
Cognitive/learning/language 2.5 89.8 (88.0-91.3)
Chronic 0.7 90.5 (87.7-92.7)
Emotional 5.3 90.6 (89.5-91.6)
Any disability 19.6 89.3 (88.7-89.9)
No disabilities 80.4 91.3 (91.0-91.6)
Income

Less than $33,001 13.8 89.2 (88.6-89.7)
$33,001-$60,000 17.9 90.6 (90.1-91.1)
$60,001-$122,000 33.0 91.4 (91.0-91.8)
$122,001-$200,000 20.4 91.8 (91.2-92.4)
$200,001-$505,000 1.8 91.7 (90.8-92.6)
More than $505,000 1.7 87.8 (84.3-90.6)
Missing/refused 1.4 82.5 (78.8-85.6)
Language

English 87.9 90.7 (90.5-91.0)
Spanish 8.9 92.6 (91.3-93.7)
Other language 3.3 91.3 (88.9-93.1)

Race/ethnicity

Hispanic 16.0 92.6 (91.8-93.4)
American Indian/Alaska Native 2.8 90.5 (88.7-92.0)
Asian 5.6 91.1 (89.7-92.4)
Black 13.8 92.4 (91.7-93.0)
Native Hawaiian/Pacific Islander 141 88.2 (84.7-91.0)
White 79.2 90.7 (90.4-90.9)

Subsidized phone

No 94.4 911 (90.9-91.4)
Yes 4.0 90.8 (89.6-91.9)
Don’t know 1.6 76.2 (72.7-79.4)

NOTE: Survey data are weighted to represent the U.S. adult population with working cell phones. Race categories are not
mutually exclusive.
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Multivariate Analysis: Respondent Characteristics Associated with
Test Alert Receipt, Controlling for Other Factors

Figure 3.4 considers these factors simultaneously through a multivariate logistic regression
analysis predicting receipt with individual characteristics (as well as controlling for device
and community characteristics). Even after controlling for other factors, older adults were

FIGURE 3.4
Individual Characteristic Odds Ratios from a Logistic Regression Analysis
Predicting WEA National Test Alert Receipt
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separately.
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progressively less likely to report receiving the test alert. Compared with 18- to 35-year-olds,
36- to 65-year-olds had 23 percent lower odds of reporting receiving the test alert (odds ratio
of 0.77, a small effect size) and the odds for those over age 65 was less than half (odds ratio
of 0.48, a medium effect size) compared with 18- to 35-year-olds.? Bean and Grevstad (2023)
found a similar age pattern for receipt during an August 2021 national WEA test that was
designed to only go to those opting in to test alerts.

There were no significant differences in alert receipt by disability types when we control
for other factors. Individuals with self-reported hearing, physical, cognitive, or emotional
disabilities had a lower-than-average rate of receipt (overall odds ratios 0of 0.90, 0.99, 0.92, and
0.94, respectively), although not significantly lower in the full regression model.

Compared with moderate household income levels ($60,001 to $122,000), both the lowest
and highest income brackets reported significantly lower rates of receipt (odds ratios of 0.86
for those with household incomes less than $30,001 and 0.69 for those with incomes more
than $505,000, both small effect sizes).

Receipt rates varied little across language, race, and ethnicity. Those reporting receiv-
ing their phones through Lifeline or other subsidy programs had 18 percent greater odds of
reporting receiving the alert (odds ratio of 1.18), and those who did not know whether they
received their phones through a subsidy program (just 1.6 percent) were substantially less
likely to report receiving the alert (odds ratio of 0.33). Both effect sizes are small.

Receipt Varied Across Community Characteristics

Finally, there are several potentially important factors related to the communities in which
people live. Communities that face greater risk from natural hazards may have more fre-
quent need for (and use of) WEA alerting, which could familiarize the public with the WEA
system. There may be concern that certain types of communities (e.g., those in more rural
areas or those with greater indigenous concentrations) may have experienced systemic under-
investment, affecting infrastructure quality. Finally, the system depends on cellular coverage,
which may vary across communities, for successful alert transmission.

Table 3.3 focuses on natural hazards and presents estimated receipt rates broken out by
whether the person lives in a community that is above or below the 50th percentile on a spe-
cific natural hazard risk, as captured by hazard-specific annualized frequencies from the NRI
(Zuzak et al., 2023). The differences are generally in the direction of greater receipt rates in
higher-risk areas, as one might expect if, say, individuals are more likely to recognize alerts
for what they are. These differences are statistically significant in places (e.g., tornado, river-
ine flooding), but quite small in magnitude (two percentage points or less).

2 Older adults were also less likely to report owning WEA 3.0 devices, with 56.7 percent of adults over age
65 reporting WEA 3.0 devices, compared with 72.3 percent of adults ages 36-65 and 80.0 percent of adults
ages 18-35. That said, the regression results reported below show significant age effects, even after controlling
for WEA phone capability, suggesting that additional factors may be causing the differences in receipt rates.
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TABLE 3.3
Receipt Rates by Natural Hazard Risk

Percentage Receiving the Alert

Natural Hazard Percentage in Group (95% Cl)
Avalanche

Low 88.7 90.8 (90.5-91.0)
High 1.3 91.9 (91.1-92.7)

Coastal flooding

Low 58.5 90.7 (90.4-91.0)
High 4.5 91.2 (90.8-91.6)
Cold wave

Low 61.2 91.1 (90.8-91.4)
High 38.8 90.6 (90.2-91.0)
Drought

Low 51.4 90.7 (90.3-91.0)
High 48.6 91.1 (90.8-91.5)
Earthquake

Low 46.9 90.8 (90.4-91.2)
High 53.1 91.0 (90.6-91.3)
Hail

Low 62.2 90.9 (90.6-91.3)
High 37.8 90.8 (90.4-91.2)
Heat wave

Low 38.6 90.5 (90.1-90.9)
High 61.4 91.1 (90.8-91.5)
Hurricane

Low 46.1 91.0 (90.6-91.4)
High 53.9 90.8 (90.4-91.1)
Ice storm

Low 475 90.8 (90.4-91.2)
High 52.5 91.0 (90.7-91.3)

Riverine flooding

Low 20.2 89.8 (89.2-90.3)
High 79.8 91.2 (90.9-91.5)
Strong wind

Low 56.8 91.1 (90.7-91.4)
High 43.2 90.6 (90.3-91.0)
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Table 3.3—Continued

Percentage Receiving the Alert

Natural Hazard Percentage in Group (95% Cl)
Tornado

Low 50.2 90.5 (90.1-90.9)
High 49.8 91.3 (90.9-91.6)
Volcano

Low 96.4 90.9 (90.6-91.1)
High 3.6 91.2 (89.7-92.5)

Winter weather
Low 48.8 91.0 (90.6-91.3)
High 51.2 90.8 (90.5-91.2)

NOTE: Risk defined for each respondent by the annualized frequency from the National Risk Index for the county in which
they received the alert. Higher risk is defined as the 50th percentile or higher on that specific hazard, whereas lower risk is
defined as below the 50th percentile. Percentages weighted to represent the U.S. population with working cell phones.

Table 3.4 breaks out receipt by other factors that may vary from community to community.
Generally, receipt rate decreased significantly as one went from more urban to more rural com-
munities, ranging from 91.8 percent for the largest metropolitan areas down to 83.8 percent for
the smallest rural communities. Rates of receipt did not differ substantially among communi-
ties with lower or higher indigenous concentrations, measured either through land area or pop-
ulation. Receipt rate also did not differ significantly by FEMA region or by cellular coverage.
Receipt was significantly greater in areas with higher historical number of alerts (all types), but
the size of these effects was quite small (differences of 0.9-1.1 percentage points).

TABLE 3.4
Receipt Rates by Community Characteristics

Percentage Receiving the Alert

Community Category Percentage in Group (95% Cl)
Rurality

Metropolitan (>1M) 56.0 91.8 (91.4-92.1)
Metropolitan (250k—1M) 221 90.5 (89.9-91.1)
Metropolitan (<250K) 9.8 90.4 (89.6-91.2)
Nonmetropolitan (>20k, metropolitan adjacent) 3.8 88.7 (87.7-89.7)
Nonmetropolitan (>20k, not metropolitan 1.3 88.8 (86.8-90.6)
adjacent)

Nonmetropolitan (2.5k-20k, metropolitan 3.8 88.2 (87.0-89.2)
adjacent)

Nonmetropolitan (2.5k-20k, not metropolitan 2.0 87.5 (85.9-89.0)
adjacent)

Nonmetropolitan (<2.5k, metropolitan adjacent) 0.6 86.2 (82.5-89.3)
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Table 3.4—Continued

Percentage Receiving the Alert

Community Category Percentage in Group (95% Cl)
Nonmetropolitan (<2.5k, not metropolitan 0.6 83.8 (80.6-86.5)
adjacent)

Indigenous area
Low 78.7 90.8 (90.5-91.1)
High 21.3 91.3 (90.7-91.8)

Indigenous population

Low 46.3 90.6 (90.3-91.0)
High 53.7 91.1 (90.8-91.5)
FEMA region

Region 1 3.2 91.1 (89.6-92.4)
Region 2 7.8 90.6 (89.5-91.5)
Region 3 10.4 90.0 (89.1-90.8)
Region 4 217 91.2 (90.7-91.7)
Region 5 17.0 90.7 (90.1-91.3)
Region 6 12.2 90.9 (90.1-91.6)
Region 7 4.2 90.1 (88.9-91.2)
Region 8 3.6 90.9 (89.6-92.1)
Region 9 15.8 91.7 (90.9-92.3)
Region 10 4.3 90.4 (89.0-91.6)

Carrier coverage

Low 511 91.0 (90.6-91.3)
High 48.9 90.8 (90.5-91.2)
Historical alerts (AMBER)

Low 37.7 90.2 (89.8-90.6)
High 62.3 91.3 (91.0-91.6)
Historical alerts (natural hazards)

Low 33.8 90.3 (89.9-90.8)
High 66.2 91.2 (90.9-91.5)
Historical alerts (other)

Low 28.3 90.1 (89.6-90.5)
High .7 91.2 (90.9-91.5)

NOTE: Percentages are weighted to represent the U.S. population with working cell phones. High and low indigenous
areas are defined by the median split among U.S. counties. Low and high are defined as below the median (low) and at
or above the median (high) for indigenous areas, indigenous populations, carrier coverage, and historical alerts. They are
binarized here for descriptive purposes, but treated as continuous variables in the multivariate analyses.
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Multivariate Analysis: Community Characteristics Associated with
Test Alert Receipt, Controlling for Other Factors

Figure 3.5 considers these factors simultaneously through a multivariate logistic regression
analysis predicting receipt with community characteristics (and controlling for device and
community characteristics). When controlling for other factors, there were no significant
differences in alert receipt by natural hazard types. In contrast, rates of receipt dropped quite
systematically as the communities became more rural. For example, compared with large
metropolitan areas, those in the most rural communities had half the odds of reporting alert
receipt (odds ratio of 0.51, a medium effect size). Rates of receipt were no greater or lesser in
areas with higher indigenous concentrations, as defined by this study.

Controlling for other factors, FEMA regions did not systematically differ in their rates
of receipt. Communities with a greater number of historical alerts related to natural haz-
ards (i.e., avalanche, blizzard, dust storm, earthquake, extreme wind, flash flood, flood, fire,
hurricane, storm surge, severe thunderstorm, severe weather, tornado, tsunami, and winter
storm warnings) were slightly more likely to report receiving the alert, but this effect was
quite small and may be an artifact of multiple testing.

Finally, we found very little significant or compelling evidence of differential rates of
reported receipt by county-level cellular coverage. As described in Chapter 2, the available data
on cellular coverage provided binary estimates of coverage versus no coverage for a given
location. While the geographic detail is very fine, we could only assign respondents to an
individual county, and county-level estimates are weighted by residential population, such
that the final county estimates emphasize areas within counties where the majority of popu-
lation lives. Due to this, a large majority of respondents (90 percent) live in counties with very
high (at least 99 percent) population-weighted cellular coverage. As such, there was relatively
little variation in cellular coverage in our data, limiting our ability to detect coverage effects.
It is also possible (and indeed likely) that two counties with near 100-percent coverage can
have varying average signal strengths (that are all above the coverage threshold). Given that
we do not have access to this information, we cannot estimate the effect of signal strength
for alert receipt. A similar limitation is that we do not account for topographical features that
may disrupt cellular service in our model. As such, a self-report population survey like this
may not be the best assessment method for receipt by cellular coverage. Instead, studies that
place key informants strategically in areas that vary in known coverage may be more power-
ful for detecting coverage effects.

The Impact of Fielding the Survey by Using the Web

As described earlier, to test whether the web-only survey may miss the experiences of those
who are not online, one probability survey panel also fielded a subsample by phone (n = 491).
These respondents included those who could not or did not wish to complete the survey on
the web. The phone sample was substantially less likely to self-report receipt (76.9 percent,
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FIGURE 3.5

Community Characteristic Odds Ratios from a Logistic Regression Analysis
Predicting WEA National Test Alert Receipt
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weighted) versus the web sample (91.0 percent, weighted), which results in an odds ratio of
3.03 (a medium effect size). Because this could be due to a range of factors, we controlled for
key demographic variables, including age, household income, race and ethnicity, and owning
a subsidized phone, using logistic regression (i.e., considering all explanatory factors simul-
taneously). The survey mode effect was reduced (odds ratio of 1.96) but still significant, sug-
gesting that these groups may differ in ways not measured in the survey.?

Contextual Experiences Surrounding the National Test Alert

A substantial number (18.1 percent) of those reporting receiving the alert also indicated that
they received it multiple times on their primary cell phones. This varied, for example, across
the major carriers, with reported multiple receipt lower for customers of Verizon (9.1 percent
[8.6%-9.7%]) and AT&T (12.7 percent [12.1%-13.5%]) than customers of T-Mobile (31.4 per-
cent [30.4%-32.4%]), other carriers (20.2 percent [19.5%-21.0%]), or those who did not know
who their carrier was (23.1 percent [19.0%-27.8%]).

Anecdotally, there were reports of people getting both English and Spanish alerts on the
same phone. Unfortunately, the alert language prompt was not “Select all that apply.” Future
studies should examine this phenomenon.

The survey also assessed contextual factors on how the respondent’s primary cell phone
was being used at the time of the alert. Table 3.5 summarizes the prevalence of these factors
in general, as well as those prevalences restricted to respondents who reported either receiv-
ing or not receiving the test alert.

TABLE 3.5
Phone Use at the Time of the National Test Alert, Broken Down by Whether or
Not the Alert Was Received

Among Those Among Those Not
Phone Use During the Alert Overall Receiving the Alert Receiving the Alert
Phone turned on 95.2 (95.0-95.4) 96.7 (96.5-96.9) 68.3 (66.4-70.1)
Near phone 91.2 (90.9-91.4) 93.0 (92.7-93.3) 57.6 (55.6-59.5)
Using phone 22.9 (22.5-23.3) 23.5(23.0-23.9) 11.9 (10.7-13.3)
Onacall 5.6 (5.4-5.9) 5.8 (5.5-6.0) 3.4 (2.7-4.2)
Phone connected to Wi-Fi 61.9 (61.5-62.4) 62.9 (62.5-63.4) 43.7 (41.8-45.7)

NOTE: Percentages are based on whether respondents indicated they either did or did not receive the alert; “Don’t know”
and nonresponses were excluded. Percentages are weighted to represent the U.S. population with working cell phones.

3 The phone sample differed more modestly for prior awareness of WEA (61.9 percent, versus 68.6 percent
for the web) and opting out (20.5 percent, versus 15.7 percent for the web)”.
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For example, 95.2 percent reported that their phone was turned on at the time of the
alert. This number was higher among those reporting receiving the alert, but only 68.3 per-
cent among those reporting not receiving the alert, suggesting the extent to which phones
being off could affect alert receipt. We see similar differences for the other contextual vari-
ables, including being away from the phone, which was greater among nonrecipients. Con-
currently using the phone was more likely among those receiving the alert, as was being on
a call. Being connected to Wi-Fi was greater among those receiving the alert.
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CHAPTER 4

Findings: Awareness of the WEA System

The ability of mobile devices to receive WEA is not something that a typical consumer
actively chooses, but one that they receive passively through their devices. Hence, they may
not be aware that such functionality exists or, if they are, have only a vague understanding
of how such alerts get to their phones. Furthermore, devices differ in their WEA capabilities,
with some adhering to newer standards with additional features. Individual experience with
WEA alerts may vary according to how frequently it is used in one’s area, which may in turn
reflect differences in need (e.g., through exposure to natural hazards) and alerting policies.

Because of all this, individuals may vary in how aware they are of WEA and its pur-
pose. Toward providing a systematic baseline understanding of the extent of awareness in the
U.S. public, the survey included a question asking respondents, “Prior to this test alert had
you ever heard of Wireless Emergency Alerts (WEA)?” Here we analyze data from this ques-
tion, as well as its relationship to other factors. In doing so, we address the following research
questions:

1. What is the general level of WEA awareness in the U.S. public?

2. Given that communication regarding WEA could come from carriers and mobile
device manufacturers, how does awareness vary across these factors?

3. Are some members of the U.S. public less familiar with WEA, possibly revealing
opportunities for outreach?

4. Isawareness associated with community factors, such as experience with natural haz-
ards and alerting, and is awareness lower in historically underinvested (e.g., rural)
areas?

In addition to IPAWS, these results may be of particular interest to the FCC; the NWS,
which is the most common WEA originator; FEMA staff (including regional staff) in the
Office of External Affairs; and ODIC. It may also be of interest to local and state alert origi-
nators, informing both use of and communication regarding the system.

Awareness at a Glance

This section provides a summary of the key findings for WEA awareness across the United
States, followed by detailed results.
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Opverall, an estimated 67 percent of U.S. adults with working cell phones reported having
heard of WEA prior to the national test alert.! Hence, WEA is widely known, but with sub-
stantial room for improvement. Awareness varied considerably across the United States,
ranging from less than 50 percent to well over 80 percent. Areas with lower reported aware-
ness may benefit from targeted communication.

WEA Awareness Was Lower Among Small-Carrier Customers, Apple
iPhone Owners, and Owners of Less-WEA-Capable Phones
We note the following:

1.  Awareness did not vary significantly across Tier 1 carriers, but outside of Tier 1,
awareness of WEA was slightly lower (7 percent lower odds).

2. After controlling for other factors, awareness was significantly lower among Apple
iPhone owners, with the odds of having heard of WEA being 28-63 percent higher
with other phone brands.

3. Awareness was highest among owners of phones with WEA 3.0 capability (28 percent
higher odds), which may be newer or higher-featured phones.

WEA Awareness Varied Across a Range of Demographic Factors,
Including Age, Disability Type, Income, Language, Race, and Ethnicity
We note the following:

1.  Respondents ages 36-65 had the highest awareness (69.2 percent), which was signifi-
cantly higher than awareness for 18- to 35-year-olds (65.3 percent), which in turn was
higher than for those ages 65 and older (62.4 percent). These differences remained
after controlling for other factors.

2. Individuals with self-reported, hearing-related disability had significantly lower-than-
average WEA awareness; and individuals with self-reported emotional disability had
significantly higher-than-average WEA awareness.

3. Awareness was lowest for those with the lowest and highest household incomes.
Individuals from Spanish-speaking homes reported significantly lower WEA aware-
ness (62.2 percent), compared with English-speaking homes (67.5 percent), which
remained significant after controlling for other factors.

5.  After controlling for other factors, the odds for White respondents reporting having
heard of WEA was 33 percent greater than the odds for non-White respondents.
Whites also had the highest unadjusted rate, at 68.5 percent. Asians had 16 percent

' Note that respondents may also have been unfamiliar with the name Wireless Emergency Alerts (WEA),
even if they had experience with receiving such alerts.
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lower odds than non-Asians, and Hispanics had 10 percent lower odds than non-
Hispanics.

6. Those with phones received through subsidy programs (e.g., Lifeline) had 26 percent
greater odds of being aware of WEA, compared with those without subsidized phones.
Those who did not know whether or not they had received their phones through sub-
sidy programs had close to half the odds (ratio of 0.52) of being aware of WEA, com-
pared with those without subsidized phones.

WEA Awareness Was Significantly Lower in FEMA Region 6, Which
Includes the South-Central States
We note the following:

1. Even after controlling for other factors, awareness varied significantly by FEMA
region. Compared with Region 6 (i.e., Arkansas, Louisiana, New Mexico, Oklahoma,
and Texas, including 68 tribal nations), Regions 3, 4, 5, 7, 8, and 10 all showed signifi-
cantly higher awareness, with odds 15-33 percent higher.

Variables by Which There Was Not Strong Variation in WEA
Awareness

As noted above, given the large sample size, nonsignificant effects are just as notable:

o Natural hazard risk and historical WEA alerting. Those facing greater risk for drought
and riverine flooding showed marginal increases in awareness, but otherwise awareness
was largely unrelated to natural hazard risk. Likewise, those living in areas with more
historical WEA alerts were no more likely to have heard of WEA prior to the national
test alert (and in fact, those living in areas with a greater number of AMBER Alerts were
slightly less aware than those in areas with fewer AMBER Alerts). This suggests that
exposure to alerts is not driving differences in awareness.

o Rurality and indigenous concentration. Except for the most rural communities, which
had slightly lower awareness rates (but also made up a very small proportion of the
sample), awareness did not vary by urban versus rural distinctions. Those with higher
indigenous populations showed marginally higher awareness rates, but there were no
significant differences indicated by proportion of indigenous land. This suggests that his-
torical underinvestment in these communities is not driving differences in awareness.

o Cellular coverage. We found very little significant or compelling evidence of differential
rates of awareness by county-level cellular coverage. However, subcounty-level analyses
may produce different results.

In summary, approximately two-thirds of U.S. adults with working cell phones reported
having heard of WEA prior to the national test alert. There is modest evidence that this
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varies by carrier and brand, suggesting that companies may have a role to play in increas-
ing WEA awareness. Those with older or lower-featured phones were less aware, which may
indicate one place that companies could focus on. There were a wide range of demographic
associations with WEA awareness, with lower awareness among (1) both younger and older
adults; (2) those with the lowest and highest household incomes; (3) Spanish speakers; and
(4) non-Whites—especially Asians and Hispanics. These may be candidates for targeted out-
reach. Finally, hypothesized effects of factors that vary geographically, such as experience
with alerting and historical infrastructure underinvestment, were largely unsupported. Still,
after controlling for these, we saw significant geographic variation in awareness (i.e., across
FEMA regions), which may reflect other factors such as state or local alerting policies.

The remainder of this chapter provides detailed findings on WEA awareness across the
United States.

Two-Thirds of the Nation Had Heard of WEA Prior to the
National Test Alert

As is shown in Figure 4.1, an estimated 66.7 percent (66.3%-67.1%) of U.S. adults with

working cell phones had heard of WEA prior to the national test alert, with 27.7 percent

FIGURE 4.1
National WEA Awareness Rate Prior to the October 2023 National Test Alert

100

5.6%

90

80

70

60
Don’t know

H No
W Yes

50

40

Percentage

30

20

10

0

NOTE: Survey data are weighted to represent the U.S. adult population with working cell phones.
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(27.3%-28.1%) saying they had not, and 5.6 percent (5.4%-5.8%) answering that they did not
know if they had.

Among those giving a “Yes” or “No” response (i.e., removing “Don’t know” responses),
the overall awareness rate was 70.7 percent (70.2%-71.1%). Hence, WEA is widely known, but
there are still substantial gaps, a challenge emphasized in the original WEA mobile penetra-
tion strategy (DHS, 2023). It is an intriguing question as to how much the national test alert
increased awareness. Answering such a question should be considered for future studies and
likely require a pre- and postsurvey design.

Awareness Varied Substantially Across the United States

Figure 4.2 shows variation in WEA awareness across county clusters, ranging from less
than 50 percent through well over 80 percent. We see lower awareness in some areas of the
South, but also scattered throughout the country. Such regions may benefit from targeted
communication.

FIGURE 4.2
Geographic Variation in WEA Awareness Prior to the October 2023 National Test
Alert
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Awareness Varied Across Cell Phone Carrier, Phone Brand,
and Phone WEA Capability

Cell phone carriers and manufacturers play key roles in communicating with their custom-
ers regarding WEA and other phone capabilities. As such, differences in reported awareness
of WEA across customers of these companies may be opportunities to increase awareness.
Table 4.1 presents the percentage of individuals reporting that they had heard of WEA prior
to the national test alert, broken out by carrier, phone brand, and phone WEA capability.
Customers of Verizon and AT&T had similar rates of awareness, at or above 68 percent, with
customers of T-Mobile a bit lower (66.3 percent, and significantly lower than Verizon custom-
ers). Customers of other carriers had the lowest awareness rate (65.0 percent, and significantly
lower than the rates for Verizon and AT&T).

Owners of Apple iPhones and LG phones reported significantly lower awareness (64.6 per-
cent and 65.0 percent, respectively) than owners of other common phone brands (all above
70 percent), but owners of less common brands had the lowest WEA awareness (59.8 percent).

TABLE 4.1
Awareness Rates by Device Characteristics

Percentage Aware of WEA
Device Category Percentage in Group (95% CI)
Carrier
Verizon 276 68.4 (67.6-69.2)
AT&T 22.2 68.0 (67.0-68.9)
T-Mobile 22.6 66.3 (65.3-67.3)
Other carrier 26.6 65.0 (64.2-65.9)
Phone brand
Apple iPhone 54.3 64.6 (64.0-65.2)
Samsung 29.0 70.5 (69.7-71.3)
Motorola 5.5 70.9 (69.2-72.5)
Google 3.8 721 (69.9-74.1)
LG 1.9 65.0 (62.1-67.8)
Other phone 55 59.8 (58.0-61.6)
Phone WEA capability
WEA 1.0 2.2 65.5 (62.6-68.3)
WEA 2.0 10.0 65.4 (64.0-66.7)
WEA 3.0 70.8 68.2 (67.6-68.7)
Uncategorized 17.0 61.5 (60.5-62.5)
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Apple appears to make opting out easy through a Settings button on the alert screen. This
could lower experience and, hence, awareness.

Finally, awareness was a bit higher for those with WEA 3.0—capable phones than for WEA
1.0 or 2.0 phones, but the larger difference was the low awareness rate (61.5 percent) among
those with phones that were not readily classified by our team. A lack of categorization could
be due to multiple factors, including “Don’t know” responses, write-in responses that do
not correspond to known phones, and a lack of information on WEA capability for spe-
cific phones. As noted earlier, many of these may be older, less common, and lower-featured
phones, which would be in line with the lower rates for WEA 1.0 phones.

Multivariate Analysis: Device Characteristics Associated with WEA
Awareness, Controlling for Other Factors

Figure 4.3 presents results from a logistic regression analysis, similar to the one in Chap-
ter 3, but predicting respondent awareness of WEA prior to the national test alert. As before,
and in contrast to the table above, awareness is simultaneously predicted with characteris-
tics of the device, respondent, and community, allowing better insight into which variables

FIGURE 4.3
Device-Related Odds Ratios from a Logistic Regression Analysis Predicting
WEA Awareness
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NOTE: Odds ratios and 95-percent Cls are from a weighted logistic regression predicting WEA awareness with
characteristics of the respondent, their device, and their community. Individual and community results are presented
separately.
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are most closely associated with WEA awareness. Here we focus on device characteristics.
Awareness did not vary statistically across the Tier 1 carriers, but customers of other carriers
were slightly less likely to report having heard of WEA prior to the national test alert (odds
ratio of 0.93).

There were more systematic differences across phone brands, with Apple owners, across
the board, reporting less awareness prior to the national test alert. Customers of other brands
reported awareness odds between 28 percent (other phones) and 63 percent (Motorola) greater
than did Apple customers.

Owners of WEA 3.0-capable devices had 28 percent greater odds of having heard of WEA
prior to the national test alert than did owners of WEA 1.0 devices, with WEA 2.0 in between.
This could be the result of the experience of the increased capabilities, although it may simply
reflect owners of newer, higher-end phones.

Awareness Varied Across Respondent Characteristics

To the extent that some groups are less likely to hear about WEA, this may present opportu-
nities for targeted communication. Table 4.2 breaks out the percentage of people reporting
that they had heard of WEA prior to the national test alert by a range of demographic charac-
teristics. WEA was most familiar to adults ages 36-65 (69.2-percent awareness), significantly
higher than for younger adults (65.3 percent), and both groups had higher awareness than
adults over age 65 (62.4 percent).

WEA awareness was similar for those with and without at least one self-reported disabil-
ity (66.4 percent and 66.8 percent, respectively). Results varied only slightly across most types
of disability, with the most notably lower awareness being for those with hearing-related dis-
abilities, and higher awareness being for those with emotional disabilities.

Awareness was generally lower for lower household incomes, ranging from 61.5 percent
for those with an income of $33,000 or less, up through 69.5 percent for those with an income
between $200,001 and $505,000. The exception was the small group of individuals with a
household income over $505,000, which had the lowest rate of awareness (61.4 percent).

Those from English-speaking households had moderately higher rates of awareness
(67.5 percent), compared with Spanish-speaking households (62.2 percent) and households
speaking other languages (58.3 percent).

Awareness rates also varied modestly by race and ethnicity, with the lowest rates for Asian
(59.4 percent) and Black respondents (60.4 percent) and highest for Hispanic (64.1 percent),
American Indian and Alaska Native (65.7 percent), and White (68.5 percent) respondents.

Those reporting owning or not owning phones received through subsidy programs were
not significantly different in terms of WEA awareness, but the small percentage who did
not know whether their phones came through subsidy programs reported significantly lower
(46.1 percent) awareness.
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TABLE 4.2
Awareness Rates by Demographic Characteristics

Percentage Aware of WEA

Demographic Category Percentage in Group (95% Cl)
Age

18-35 25.4 65.3 (64.3-66.2)
36-65 52.4 69.2 (68.6-69.8)
Older than 65 22.0 62.4 (61.5-63.2)
Missing 0.2 60.0 (45.6-72.8)
Disability

Vision 5.4 65.7 (63.7-67.6)
Hearing 6.5 64.3 (62.7-65.9)
Physical 6.4 65.6 (64.1-67.1)
Cognitive/learning/language 2.5 67.2 (64.4-69.9)
Chronic 0.7 67.5 (63.0-71.7)
Emotional 5.3 71.3 (69.6-72.9)
Any disability 19.6 66.4 (65.4-67.3)
No disabilities 80.4 66.8 (66.3-67.3)
Income

Less than $33,001 13.8 61.5 (60.4-62.5)
$33,001-$60,000 17.9 65.2 (64.2-66.1)
$60,001-$122,000 33.0 67.8 (67.0-68.5)
$122,001-$200,000 20.4 69.2 (68.2-70.2)
$200,001-$505,000 11.8 69.5 (68.0-71.1)
More than $505,000 1.7 61.4 (56.8-65.9)
Missing/refused 1.4 58.3 (563.9-62.5)
Language

English 87.9 67.5 (67.0-67.9)
Spanish 8.9 62.2 (60.0-64.4)
Other language 3.3 58.2 (54.5-61.8)

Race/ethnicity

Hispanic 16.0 64.1 (62.7-65.6)
American Indian/Alaska Native 2.8 65.7 (62.7-68.6)
Asian 5.6 59.4 (57.1-61.7)
Black 13.8 60.4 (59.2-61.7)
Native Hawaiian/Pacific Islander 11 61.0 (56.0-65.8)
White 79.2 68.5 (68.1-69.0)

Subsidized phone

No 94.4 67.0 (66.5-67.4)
Yes 4.0 68.8 (66.7-70.9)
Don’t know 1.6 461 (42.1-50.1)

NOTE: Survey data are weighted to represent the U.S. adult population with working cell phones. Race categories are not
mutually exclusive.
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Multivariate Analysis: Respondent Characteristics Associated with
WEA Awareness, Controlling for Other Factors

The section above considered each demographic variable in isolation. Figure 4.4 simulta-
neously considers age, disability type, income, language, race and ethnicity, and whether
the respondent received their phone through a subsidy program, using logistic regression

FIGURE 4.4
Individual Characteristic Odds Ratios from a Logistic Regression Analysis
Predicting WEA Awareness
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NOTE: Odds ratios and 95-percent Cls are from a weighted logistic regression predicting WEA awareness with
characteristics of the respondent, their device, and their community. Device and community results are presented
separately.
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analysis. Each effect controls for other variables in Figure 4.4, as well as device and commu-
nity characteristics.

Compared with 18- to 35-year-olds, those ages 36-65 were slightly more likely to report
awareness of WEA prior to the national test alert (odds ratio of 1.08), whereas those over age
65 were less likely to report awareness (odds ratio of 0.81).

There were two notable differences in WEA awareness by disability type. Individuals with
self-reported, hearing-related disability had significantly lower-than-average WEA awareness
(odds ratio of 0.92 overall, a small effect size); and individuals with self-reported emotional
disability had significantly higher-than-average WEA awareness (odds ratio of 1.26 overall,
also a small effect size).

Those with lower household income ($60,000 or less) and higher household income (over
$505,000) reported lower rates of awareness than did those of more moderate household
income (our reference category was $60,001 to $122,000).

Compared with those in English-speaking households, those in Spanish-speaking house-
holds were less likely to report being aware of WEA prior to the national test alert (odds
ratio of 0.87). Those from households speaking other languages were similarly less aware, but
the effect was not statistically significant (presumably because of lower statistical power in a
smaller demographic group).

There were ethnic and racial differences, with lower rates of awareness for Hispanics and
Asians (compared with non-Hispanics and non-Asians) and higher rates for Whites (com-
pared with non-Whites).

Finally, those reporting owning phones received through subsidy programs (such as Life-
line) had 26 percent greater odds of reporting awareness of WEA prior to the national test
alert, compared with those who did not receive their phones through such a program (odds
ratio of 1.26). Those who did not know whether their phones came through such a program
showed just over half the odds of awareness (odds ratio of 0.52).

All significant demographic variables associated with awareness showed small effect sizes,
with the exception of those not knowing whether they had a subsidized phone.

Awareness Varied Across Community Characteristics

Arguably, those in areas where natural hazards are more frequent could have more experi-
ence with WEA alerts, and hence, we may expect awareness to be greater. Table 4.3 breaks out
communities into higher or lower risk, based on a median split on NRI annualized frequency.
In general, there is not a strong pattern for greater awareness in areas of higher risk.

Awareness may also be lower in areas that have histories of underinvestment, particularly
in key infrastructure. Furthermore, awareness may be greater in areas with a greater number
of historical alerts.

Table 4.4 breaks out percentages of people aware of WEA by these and other key character-
istics of the community. Generally, there were few differences in awareness across more urban
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TABLE 4.3
Awareness Rates by Natural Hazard Risk

Percentage Aware of WEA

Natural Hazard Percentage in Group (95% Cl)
Avalanche

Low 88.7 66.4 (65.9-66.8)
High 1.3 69.4 (67.9-70.7)

Coastal flooding

Low 58.5 66.9 (66.4-67.5)
High 4.5 66.4 (65.7-67.1)
Cold wave

Low 61.2 66.6 (66.0-67.2)
High 38.8 66.9 (66.2-67.5)
Drought

Low 51.4 67.1 (66.5-67.7)
High 48.6 66.3 (65.6-66.9)
Earthquake

Low 46.9 66.3 (65.6-66.9)
High 53.1 67.1 (66.5-67.7)
Hail

Low 62.2 66.5 (65.9-67.1)
High 37.8 67.0 (66.4-67.7)
Heat wave

Low 38.6 66.0 (65.3-66.7)
High 61.4 67.1 (66.6-67.7)
Hurricane

Low 46.1 67.7 (67.1-68.4)
High 53.9 65.8 (65.2-66.4)
Ice storm

Low 47.5 67.4 (66.7-68.0)
High 52.5 66.1 (65.5-66.7)

Riverine flooding
Low 20.2 67.4 (66.4-68.3)
High 79.8 66.5 (66.0-67.0)
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Table 4.3—Continued

Percentage Aware of WEA
Natural Hazard Percentage in Group (95% Cl)
Strong wind
Low 56.8 66.4 (65.8-67.0)
High 43.2 67.1 (66.4-67.7)
Tornado
Low 50.2 66.3 (65.7-67.0)
High 49.8 67.1 (66.4-67.7)
Volcano
Low 96.4 66.7 (66.2-67.1)
High 3.6 67.4 (64.9-69.9)
Winter weather
Low 48.8 66.1 (65.4-66.7)
High 51.2 67.3 (66.7-67.9)

NOTE: Risk is defined for each respondent by the annualized frequency from the NRI for the county in which they received
the alert. Higher risk is defined as the 50th percentile or higher on that specific hazard, whereas lower risk is defined as
below the 50th percentile. Percentages are weighted to represent the U.S. population with working cell phones.

TABLE 4.4
Awareness Rates by Community Characteristics

Percentage Aware of WEA
Community Category Percentage in Group (95% CI)
Rurality
Metropolitan (>1M) 56.0 66.3 (65.7-66.9)
Metropolitan (250k—1M) 22.1 66.9 (66.0-67.8)
Metropolitan (<250K) 9.8 67.3 (66.0-68.6)
Nonmetropolitan (>20k, metropolitan 3.8 68.5 (66.9-70.1)
adjacent)
Nonmetropolitan (>20k, not metropolitan 1.3 68.8 (66.1-71.4)
adjacent)
Nonmetropolitan (2.5k-20k, metropolitan 3.8 67.0 (65.3-68.6)
adjacent)
Nonmetropolitan (2.5k-20k, not 2.0 68.7 (66.4-70.9)
metropolitan adjacent)
Nonmetropolitan (<2.5k, metropolitan 0.6 66.8 (62.0-71.2)
adjacent)
Nonmetropolitan (<2.5k, not metropolitan 0.6 62.3 (57.6-66.7)
adjacent)
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Table 4.4—Continued

Percentage Aware of WEA
Community Category Percentage in Group (95% Cl)
Indigenous area
Low 78.7 66.6 (66.1-67.1)
High 21.3 67.1 (66.2-68.1)
Indigenous population
Low 46.3 66.4 (65.8-67.0)
High 53.7 67.0 (66.3-67.6)
FEMA region
Region 1 3.2 64.8 (62.3-67.3)
Region 2 7.8 65.3 (63.6-66.9)
Region 3 10.4 67.4 (66.1-68.7)
Region 4 21.7 66.6 (65.7-67.5)
Region 5 17.0 67.8 (66.8-68.7)
Region 6 12.2 63.3 (62.0-64.7)
Region 7 4.2 67.7 (65.9-69.6)
Region 8 3.6 70.4 (68.3-72.5)
Region 9 15.8 67.0 (65.7-68.3)
Region 10 43 69.6 (67.4-71.6)
Carrier coverage
Low 51.1 67.1 (66.5-67.8)
High 48.9 66.2 (65.6-66.9)
Historical alerts (AMBER)
Low 37.7 67.3 (66.6-67.9)
High 62.3 66.4 (65.8-66.9)
Historical alerts (natural hazards)
Low 33.8 67.2 (66.4-67.9)
High 66.2 66.5 (65.9-67.0)
Historical alerts (other)
Low 28.3 67.3 (66.6-68.1)
High 7.7 66.5 (65.9-67.0)

NOTE: Percentages are weighted to represent the U.S. population with working cell phones. Low and high are defined as
below the median (low) and at or above the median (high) for indigenous areas, indigenous populations, carrier coverage,
and historical alerts. They are binarized here for descriptive purposes, but treated as continuous variables in the multivariate
analyses.
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versus more rural communities, with the possible exception of lower awareness (62.3 per-
cent) among the smallest rural communities (which were also a very small percentage of
the weighted sample, at 0.6 percent). Similarly, there were no strong differences in aware-
ness between communities that were relatively low versus high in indigenous concentra-
tions. There were greater differences in awareness by FEMA region, with the most aware
being in Region 8 (70.4 percent) and the least aware being in Region 6 (63.3 percent). We
observed no differences in awareness in areas with higher and lower cellular coverage.
Finally, there were no significant patterns in awareness by historical number of WEA
alerts in the area.

Multivariate Analysis: Community Characteristics Associated with
WEA Awareness, Controlling for Other Factors

Multivariate analyses largely bear out the variable-by-variable analysis above. Figure 4.5
simultaneously considers natural hazard risk, rurality, indigenous concentration, FEMA
region, alert history, and cellular coverage using logistic regression analysis. There were rela-
tively few differences in WEA awareness based on community natural hazard risk. Those
facing greater risk for drought and riverine flooding showed marginal increases in awareness
(4- to 6-percent increase per standard deviation in risk; very small effect sizes).

Awareness also did not vary dramatically across urban versus rural distinctions, although
those in the most rural communities (less than 2,500 residents and not metropolitan adja-
cent) showed lower awareness than did those in the largest metropolitan areas. Note that only
0.6 percent of respondents are from this group and this result may be an artifact of random
variation. Those with a greater indigenous population showed marginally higher awareness
(3 percent greater odds).

Regional differences in WEA awareness were more widespread and substantial. Specifi-
cally, compared with FEMA Region 6 (our reference category), Regions 3, 4, 5, 7, 8, and 10
all showed greater WEA awareness, on average, with odds 15-33 percent greater (these were
still considered small effect sizes). Such differences are above and beyond likely need (i.e., via
natural hazard rates) and use (i.e., via historical alerts), which are captured elsewhere in the
model.

There was no evidence to support that a greater amount of historical alerting was associ-
ated with WEA awareness.
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FIGURE 4.5

Community Characteristic Odds Ratios from a Logistic Regression Analysis
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CHAPTER 5

Findings: Opting Out of WEA Capabilities

The public plays a key role in the performance of the WEA system, and one key aspect is how
their phones are configured. In particular, the public has the ability, through their phone set-
tings, to opt out of all types of WEA alerts except for national ones. This includes AMBER
Alerts, imminent threat alerts (referred to as “emergency alerts” within Apple’s iOS and
“extreme threat” or “severe threat” in Android operating systems), public safety alerts, and
test alerts.! Individuals may opt out of alert types for many reasons, including but not lim-
ited to lack of interest, concerns over disruption due to alerts, and simply fatigue in receiv-
ing many alerts. However, because the phone-to-human step is the last link in the chain of
communication, opting out represents a key limitation of WEA’s capacity to alert the public.

This chapter presents key summaries and statistical results related to two questions on the
survey. Specifically, we asked, “Is your primary cell phone opted out of any type of emergency
alerts? These alerts may include AMBER or severe weather alerts.” If respondents answered
“Yes,” we followed up with, “Please check all of the alerts that you have opted out of.” In doing
so, we address the following research questions:

1.  What is the general level of opting out among the U.S. public, and what types of alerts
are most opted out of?

2. Given different presentations of alerts and opt-out settings across devices, how does
opting out vary across carrier, brand, and phone WEA capability?

3. Are some members of the U.S. public more likely to opt out, perhaps because they
perceive WEA alerts as more disruptive or less valuable?

4. Isgreater opting out observed in areas where there are fewer natural hazards (perhaps
due to lower need), more disadvantage (less trust), or greater alerting (more fatigue)?

These results may be of particular interest to IPAWS and other FEMA programs; DHS
components; and federal, state, and local agencies. Geographic variation in opt-out behav-
ior may, for example, help inform FEMA regional staff in the Office of External Affairs and
National Integration Center Technical Assistance, for which messaging, alerts, and warnings
are a focus. AMBER Alert opt-out rates, as well as geographic and demographic variation in
those rates, could be especially important for the National Center for Missing & Exploited

1 Because the October 4, 2024, test was of the national alert type, individuals could not opt out of it.
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Children (NCMEC), helping to identify potential gaps where AMBER Alerts may be less
effective. FEMA’s ODIC may be interested in the opt-out rates of individuals with disabilities
and other functional needs. These and other analyses could provide guidance and motivation
for subsequent inquiries unpacking these trends, for example, with local originator inter-
views and public focus groups.

Opting Out at a Glance

This section provides a summary of the key findings for opting out of WEA alerts across the
United States, followed by detailed results.

Opverall, an estimated 17.5 percent of U.S. adults with working cell phones reported opting
out of at least one type of WEA alert. AMBER Alerts were the most common type of alert
that people opted out of. Opt-out rates varied widely by state, with the rate in Texas more than
five times the rate in Vermont. One potential correlate of this may be states with a historical
pattern of statewide AMBER Alerts, which may cause alert fatigue. That said, there was also
substantial variation within states.

Opting Out Was Greater for Customers of AT&T and T-Mobile, as
Well as Owners of Apple iPhones
We note the following:

1. Among the three major carriers, customers of AT&T and T-Mobile reported 10-12 per-
cent greater odds of opting out.

2. Apple iPhone owners reported generally higher opt-out rates, with odds of opting out
among most other manufacturers being 74-80 percent those of Apple.

Opting Out Was Greater Among Younger Adults, Those with Cognitive-
Related Disability, Those with Higher Household Incomes, American
Indians and Alaska Natives, and Those with Subsidized Phones

We note the following:

1. Older adults were less likely to report opting out of WEA alerts, with odds of opting
out among the oldest adults (over age 65) being half those of the youngest adults
(ages 18-35).

2. Individuals with self-reported, cognitive-related disability had significantly higher-
than-average levels of opting out; and individuals with self-reported physical disabil-
ity had significantly lower-than-average levels of opting out.

3. Those with the highest income were more likely to report opting out, with lower
income brackets comparable to each other.
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4. American Indian and Alaska Natives had 19 percent greater odds of reporting opting
out than other groups; Black respondents’ odds of opting out were only 77 percent
compared with those of non-Blacks. Other racial and ethnic groups did not differ.

5. Odds of opting out were almost three times as high for those reporting receiving their
phones through Lifeline or other subsidy programs, compared with those not receiv-
ing their phones through such programs.

Opting Out Was Greater Within FEMA Region 6 and in Areas with a
Greater Number of Historical AMBER Alerts

We note the following:

1. Opt-out rates did vary significantly across FEMA regions, mirroring state-by-state
variation. Region 6 is an apparent high-end outlier in opt-out behavior.

2. More historical AMBER Alerts were associated with greater opting out rates, which
may reflect alert fatigue.

Variables by Which There Was Not Strong Variation in Opting Out

o Phone WEA capability. Owners of phones with lower WEA capability were no less or
more likely to report opting out of WEA alerts, as one might expect if the lower capabil-
ity translated into lower perceived value.

o Language spoken at home. As was seen in Chapter 3, most respondents received the alert
in English (even within Spanish-speaking homes). Even so, opting out did not differ by
language spoken at home.

o Natural hazard risk. There were relatively few differences in opting out across commu-
nities facing different levels of a range of natural hazard risks, after controlling for other
factors (such as alerting history). This suggests that opting out is not strongly related to
differential need, at least as captured by natural hazard risk.

o Rurality and indigenous concentration. By and large, opting out did not vary by urban-
rural or indigenous concentration differences, as might be expected if the system was
differentially experienced (or trusted) in those places.

o Cellular coverage. Opting out was largely unrelated to county-level cellular coverage
summaries. As was discussed in Chapter 3, however, this may be due to coverage being
experienced at more granular levels than the county level.

In summary, the proportion of U.S. adults with cell phones reporting opting out of at least
one type of WEA alert was 17.5 percent, a proportion significant enough to be a concern. The
strongest device-related differences in opting out had to do with device brand, with Apple
iPhone owners opting out at a substantially greater rate. Apple appears to make it easier to opt
out of WEA alerts (e.g., placing a Settings button on the WEA alert screen), which may account
for this difference. There were several demographic trends, with younger adults, those in higher
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income brackets, and those identifying as American Indian or Alaska Native being more likely
to report opting out. Addressing the concerns of these groups may help lower opt-out rates.
Similarly, those reporting receiving their phones through subsidy programs had almost three
times the rate of reported opt-out. Understanding this trend should be a priority, as lower-
income groups may be at greater risk. Geographic variation was very apparent, with central
southern states showing higher opt-out rates. Finally, areas with a higher number of histori-
cal AMBER Alerts had higher opt-out rates, which—combined with AMBER Alerts being the
most opted out alert type—suggests that alert fatigue is a problem related to AMBER Alerts.

The remainder of this chapter provides detailed findings on opting out of WEA alerts
across the United States.

Approximately One in Six Individuals Reported Opting Out of
at Least One Type of WEA Alert

Nationally, an estimated 17.5 percent (17.1%-17.8%) of U.S. adults with working cell phones
report having opted out of at least one type of WEA alert (see Figure 5.1). Three-fourths indi-
cated that they had not opted out of any type of WEA alert, and 6.7 percent (6.5%-6.9%) did
not know or did not answer the question.

FIGURE 5.1
Estimated Proportion of U.S. Adults with Working Cell Phones Who Have Opted
Out of at Least One Type of WEA Alert
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NOTE: Survey data are weighted to represent the U.S. adult population with working cell phones.

70



Findings: Opting Out of WEA Capabilities

Within the overall population, 11.2 percent (10.9%-11.5%) report opting out of AMBER
Alerts, 7.2 percent (7.0%-7.5%) report opting out of one or more categories within what
IPAWS considers imminent threat alerts (6.3 percent “emergency alerts,” an Apple iOS term;
3.0 percent “extreme threats” and 3.5 percent “severe threats,” both Android operating system
terms). In addition, 4.0 percent (3.8%-4.2%) report opting out of public safety alerts, 4.3 per-
cent (4.1%-4.5%) out of test alerts, and 4.6 percent (4.4%-4.8%) indicated that they did not
remember.

Opting Out Varied Substantially Across States and
Communities

Opting out is not uniformly distributed geographically. State-by-state summaries are pre-
sented in Figure 5.2, as much of the geographic variation appeared to follow state boundaries,
potentially reflecting state-level policies and practices.

The high rate of opting out in Texas is immediately apparent, with 29.5 percent report-
ing opting out in some way. Examination of WEA historical alert data suggests that Texas
is one of several states that have historically issued a substantial number of AMBER Alerts

FIGURE 5.2
State Variation in Overall Reported Opt-Out Rates
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NOTE: Survey data are weighted to represent the U.S. adult population with working cell phones.
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statewide.? The relatively high opt-out rates in these states may reflect fatigue due to state-
wide alerting or may be due to other factors, a risk that was identified in the initial WEA
penetration strategy (DHS, 2023). At the other end of the spectrum were Maine, New
Hampshire, South Dakota, Utah, Vermont, and Wyoming, each of which had overall opt-
out rates under 10 percent. Table 5.1 lists the top ten states in terms of overall opt-out rates
(first column), with alert-specific rates broken out. AMBER Alerts were the most common
across all states.

Because opt-out rates may also be driven by local social or policy factors, Figure 5.3 pro-
vides county cluster geographic resolution. We can still clearly see state boundaries, high-
lighting the importance of statewide alerting, but we also see significant variation within
states. For example, respondents in the east central region of Texas had higher rates of opting
out than did respondents in, say, southern or western Texas. Local hot spots may be of par-
ticular interest to organizations focused on overall WEA utilization (e.g., the FEM A National

TABLE 5.1
Percentage Opting Out by Alert Type, for the Ten States with the Top Overall
Opt-Out Rates

Opt-Out Percentage by Alert Type

AMBER Imminent Public Safety | Don’t
State Any Type Alerts Threat Alerts Alerts Test Alerts Remember
Texas 29.5 22.2 1.4 7.3 7.4 5.7
New Mexico 243 15.5 7.0 4.0 6.8 8.2
Georgia 23.3 16.6 8.7 4.8 5.8 4.6
Mississippi 221 13.8 10.8 5.7 5.7 6.9
Oklahoma 211 12.6 12.5 5.8 5.8 4.7
Tennessee 19.9 13.6 9.2 5.9 5.8 4.4
Ohio 19.8 13.3 7.3 3.6 3.9 5.2
Montana 19.1 14.6 51 3.9 2.8 3.2
Louisiana 18.4 10.7 10.6 5.7 5.1 4.2
Florida 18.3 12.2 75 4.2 4.6 4.3

NOTE: Imminent threat alerts include selecting any of three survey options: emergency alerts, extreme threat alerts, or
severe threat alerts. Survey data are weighted to represent the U.S. adult population with working cell phones.

2 These are identified as alerts geotargeted by state-level Federal Information Processing Standard codes.
Historically, Texas has had the most AMBER Alerts (190 between 2012 and 2022), of which 52.1 percent
(99 alerts) were sent statewide. After Texas, the states with the largest number of statewide AMBER Alerts
were Georgia (80, at 85.1 percent of all AMBER Alerts); New Mexico (41, at 91.1 percent); Colorado (39, at
97.5 percent); and Florida (39, at 48.1 percent). These figures are based on historical IPAWS WEA alerts
data.
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FIGURE 5.3
County Cluster Variation in Overall Proportion of Respondents Who Opted Out
of at Least One Type of WEA Alert
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NOTE: Survey data are weighted to represent the U.S. adult population with working cell phones.

Integration Center’s Technical Assistance program) or AMBER Alerts (e.g., the National
Center for Missing & Exploited Children).

Opting Out Varied Across Cell Phone Carrier, Phone Brand,
and Phone WEA Capability

As was noted in Chapter 3, different carriers and phone operating systems operationalize
WEA differently, including providing different options for opting out. Table 5.2 breaks out
the overall opt-out rates by cell phone carrier, manufacturer, and phone WEA capabilities.
There were at most small differences in opt-out rates among the Tier 1 carriers, with Verizon
customers reporting a lower rate than T-Mobile or AT&T customers.

Apple and Samsung dominate the market, accounting for over 80 percent of all phone
users. The opt-out rate among iPhone users was 19.5 percent, above the 14.4 percent for
Samsung users. Other brands had opt-out rates ranging from 15.5 percent to 18.1 percent,
although these are for smaller fractions of the market.

The overall opt-out rate was greatest for those with WEA 3.0 capable devices (18.5 per-
cent), which may reflect characteristics of the device or (more likely) the types of people who
have higher-end, more current devices.
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TABLE 5.2
Overall Opt-Out Rates by Cell Phone Carrier

Percentage Opting Out (Any)

Device Category Percentage in Group (95% Cl)
Carrier

Verizon 27.6 15.4 (14.8-16.0)
AT&T 22.2 19.4 (18.6-20.3)
T-Mobile 22.6 18.3 (17.5-19.2)
Other carrier 26.6 171 (16.4-17.8)

Phone brand

Apple iPhone 54.3 19.5 (18.9-20.0)
Samsung 29.0 14.4 (13.8-15.0)
Motorola 55 14.9 (13.7-16.3)
Google 3.8 18.1 (16.4-20.0)
LG 1.9 15.5 (13.3-18.0)
Other phone 5.5 16.4 (15.1-17.9)

Phone WEA capability

WEA 1.0 2.2 16.5 (14.3-18.9)
WEA 2.0 10.0 16.0 (15.0-17.1)
WEA 3.0 70.8 18.5 (18.0-18.9)
Uncategorized 17.0 14.2 (13.5-15.0)

Multivariate Analysis: Device Characteristics Associated with Opting
Out, Controlling for Other Factors

The factors above do not exist in isolation, and a question one might ask is, How much do
these factors relate to opt-out behavior above and beyond other factors? Toward that end,
we conducted multivariate logistic regression analyses predicting opting out with device,
respondent, and community characteristics. Device-related characteristics are considered
here simultaneously, while also controlling for respondent and community characteristics.
Parallel models were run focusing on opting out of (1) any sort of alert, (2) AMBER Alerts,
and (3) imminent threat alerts.

Figure 5.4 summarizes the results specific to mobile device carrier, brand, and phone
WEA capability, controlling for the other factors listed above. Compared with Verizon (the
most reported carrier), AT&T customers had 12 percent higher odds of opting out overall,
T-Mobile had 10 percent higher odds, and other carriers had 8 percent higher odds. This
could reflect different communications or other policies, as well as how specific carriers work
with phone manufacturers to configure phones.
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FIGURE 5.4
Device-Related Odds Ratios from a Logistic Regression Analysis Predicting
Opting Out of Any WEA Alert Type
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NOTE: Odds ratios and 95-percent Cls are from a weighted logistic regression predicting opting out of any type of
WEA alert with characteristics of the respondent, their device, and their community. Individual and community results
are presented separately.

Apple iPhone owners reported generally higher opt-out rates, with owners of phones from
most other manufacturers reporting odds that were 20-26 percent lower than those of Apple.
Only Google phone owners had rates that were statistically equivalent to Apple owners. These
differences may reflect public satisfaction with how WEA alerts are operationalized on Apple
versus Android devices, or, alternately, the ease of opting out in device settings.?

Overall opt-out rates did not vary statistically across phone WEA capabilities, except for
lower opt-out rates among those for whom WEA capability could not be readily determined.

By and large, where significant, these were small effect sizes and did not differ by alert
type with the exception of phone WEA capability. Specifically, compared with owners of
WEA 1.0 phones, the odds of reporting opting out of imminent threat alerts was 13-18 per-
cent lower for owners of with WEA 2.0 and 3.0 capability and was 42 percent lower for owners
of phones we could not categorize for WEA capability (the sole medium effect size).

3 For example, a recent iOS update appears to have placed a Settings button on the WEA alert screen,
making accessing opt-out settings on Apple devices even easier.
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Opting Out Varied Across Respondent Characteristics

A range of individual-level variables may affect the desire and ability to opt out of one or
more type of WEA alert, and opt-out rates here may reflect how valuable or burdensome
the system appears to different groups. Table 5.3 provides opt-out rates (of any type) by key
demographic categories. Rate of reported opting out decreased with age, from 23.7 percent
for 18- to 35-year-olds through 11.0 percent for those older than 65.

A slightly higher rate of opting out was shown for those reporting at least one disabil-
ity compared with individuals that reported no disability (18.4 percent and 17.2 percent,
respectively). Results varied across most types of disability, with notable differences in higher
opting out for those with vision-related disabilities, those with cognitive-related disabilities,
and those with emotional disabilities. Also, lower opting out was reported for those with
hearing-related disabilities and physical disabilities.

Opting out was higher for the lowest household income bracket (19.6 percent) than for
moderate income brackets, and again higher for the highest household income brackets
(17.7 percent to 18.7 percent).

Respondents from English-speaking households were significantly less likely to report
opting out of any type of WEA alert (17.0 percent) than were those from Spanish-language
households (20.1 percent) or households that speak other languages (21.6 percent).

There were similar differences in opting out across race and ethnic groups. Whites
(17.0 percent) and Blacks (18.0 percent) reported the lowest overall opt-out rates, which were
significantly lower than the rates for Hispanics (20.6 percent) and American Indians and
Alaska Natives (22.8 percent).

The opt-out rate for those who reported receiving their phones through a subsidy pro-
gram (37.0 percent) was more than twice that of those with phones that did not come from a
subsidy program (16.5 percent). While a relatively small group (just 4 percent of the estimated
U.S. population), this may be an opportunity for targeted communication.

Multivariate Analysis: Individual Characteristics Associated with
Opting Out, Controlling for Other Factors

Figure 5.5 considers the above demographic factors simultaneously, as part of a larger logis-
tic regression analysis also controlling for device and community factors, and again break-
ing out by alert type. Older adults were less likely to report opting out of any type of WEA
alert, with 36- to 65-year-olds reporting three-fourths the odds (a small effect size) and those
older than 65 reporting less than half the odds (a medium effect size) of opting out as 18- to
35-year-olds. This would be consistent with, for example, older adults feeling, on average, less
comfortable with digging through phone settings to opt out of WEA alert types. This pattern
was similar for AMBER Alerts and imminent threat alerts.

Individuals with self-reported cognitive-related disability had significantly higher-than-
average opting out (odds ratio of 1.38 overall), and individuals with self-reported physical
disability had significantly lower-than-average opting out (odds ratio of 0.89 overall).
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TABLE 5.3
Opt-Out Rates by Demographic Characteristics

Percentage Opting Out of Any Alerts

Demographic Category Percentage in Group (95% Cl)
Age

18-35 25.4 23.7 (22.8-24.6)
36-65 52.4 17.2 (16.7-17.7)
Older than 65 22.0 11.0 (10.5-11.6)
Missing 0.2 11.0 (5.3-21.5)
Disability

Vision 5.4 20.1 (18.4-21.9)
Hearing 6.5 15.7 (14.5-17.0)
Physical 6.4 15.5 (14.4-16.8)
Cognitive/learning/language 2.5 26.1 (23.5-29.0)
Chronic 0.7 17.5 (14.2-21.5)
Emotional 5.3 21.8 (20.2-23.4)
Any disability 19.6 18.4 (17.6-19.2)
No disabilities 80.4 17.2 (16.8-17.6)
Income

Less than $33,001 13.8 19.6 (18.7-20.5)
$33,001-$60,000 17.9 17.1 (16.3-17.9)
$60,001-$122,000 33.0 15.8 (15.3-16.4)
$122,001-$200,000 20.4 17.7 (16.8-18.5)
$200,001-$505,000 11.8 18.7 (17.4-20.0)
More than $505,000 1.7 25.4 (21.6-29.7)
Missing/refused 1.4 16.4 (13.4-20.0)
Language

English 87.9 17.0 (16.7-17.4)
Spanish 8.9 20.1 (18.3-22.0)
Other language 3.3 21.6 (18.7-24.7)

Race/ethnicity

Hispanic 16.0 20.6 (19.4-21.9)
American Indian/Alaska Native 2.8 22.8 (20.2-25.6)
Asian 5.6 20.2 (18.4-22.1)
Black 13.8 18.0 (17.0-19.0)
Native Hawaiian/Pacific Islander 1.1 19.2 (15.6-23.4)
White 79.2 17.0 (16.6-17.4)

Subsidized phone

No 94.4 16.5 (16.1-16.8)
Yes 4.0 37.0 (34.8-39.3)
Don’t know 1.6 26.7 (23.2-30.5)

NOTE: Survey data are weighted to represent the U.S. adult population with working cell phones. Race categories are not
mutually exclusive.
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FIGURE 5.5
Individual Characteristic Odds Ratios from a Logistic Regression Analysis
Predicting Opting Out of Any WEA Alert Type
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NOTE: Odds ratios and 95-percent Cls are from a weighted logistic regression predicting opting out of any type of
WEA alert with characteristics of the respondent, their device, and their community. Device and community results are
presented separately.

The highest income categories of respondents were more likely to report opting out of at
least one type of WEA alert, with those above $505,000 household income having 57 per-
cent higher odds (a medium effect size) than those between $60,001 and $122,000 household
income (the reference class in our analysis). Lower income brackets were no more or less
likely to report opting out. This pattern was similar for AMBER Alerts, but less so for immi-
nent threat alerts, for which only the highest income bracket was significantly different.
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Opt-out rates did not vary significantly by language spoken at home. Those identifying as
American Indian or Alaska Native had 19 percent higher odds of reporting opting out than
those not in these groups, whereas the odds of Black respondents reporting opting out was
only 77 percent the odds of non-Black respondents (both small effect sizes). Other ethnic and
racial groups did not differ in their reported opt-out rates. Again, this pattern was similar for
AMBER Alerts but nonsignificant for imminent threat alerts.

Finally, the odds of opting out were almost three times as high for those reporting receiv-
ing their phones through Lifeline or other subsidy programs (odds ratio of 2.89, medium effect
size), compared with those not receiving their phones through such programs. Those who did
not know if their phones came through such programs had 54 percent higher odds of reporting
opting out (a small effect size) compared with those whose phones did not come from subsidy
programs. This same pattern was seen in imminent threat alerts but less so for AMBER Alerts.

Opting Out Varied Across Community Characteristics

Finally, we examined the extent to which several community-level factors were associated
with opt-out rates. This includes the extent to which communities face specific natural hazard
risks, which may affect perceived value or, alternately, fatigue with alerts. Table 5.4 breaks out
opt-out rates by whether the individual lives in a community that faces relatively lower versus
higher risk (defined as below or above the median annualized frequency, as defined by the
NRI) on specific natural hazards.

Generally, we see very few strong differences, with the exception of greater opting out
among individuals at higher risk for drought (19.2 percent versus 15.8 percent), riverine flooding

TABLE 5.4
Overall Opt-Out Rates by Natural Hazard Risk

Percentage Opting Out
Natural Hazard Percentage in Group (95% CI)
Avalanche
Low 88.7 17.5 (17.2-17.9)
High 1.3 16.8 (15.6-18.0)
Coastal flooding
Low 58.5 17.5 (17.1-18.0)
High 4.5 17.4 (16.8-18.0)
Cold wave
Low 61.2 18.3 (17.8-18.8)
High 38.8 16.2 (15.6-16.7)
Drought
Low 51.4 15.8 (15.4-16.3)
High 48.6 19.2 (18.6-19.7)
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Table 5.4—Continued

Percentage Opting Out
Natural Hazard Percentage in Group (95% Cl)
Earthquake
Low 46.9 18.5 (17.9-19.0)
High 53.1 16.5 (16.1-17.1)
Hail
Low 62.2 17.2 (16.8-17.7)
High 37.8 17.8 (17.3-18.4)
Heat wave
Low 38.6 18.4 (17.8-19.0)
High 61.4 16.9 (16.4-17.3)
Hurricane
Low 46.1 16.9 (16.4-17.5)
High 53.9 17.9 (17.4-18.4)
Ice storm
Low 47.5 16.9 (16.4-17.5)
High 52.5 17.9 (17.4-18.4)
Riverine flooding
Low 20.2 15.9 (15.2-16.6)
High 79.8 17.9 (17.4-18.3)
Strong wind
Low 56.8 17.8 (17.3-18.3)
High 43.2 16.9 (16.4-17.5)
Tornado
Low 50.2 16.2 (15.7-16.7)
High 49.8 18.7 (18.2-19.2)
Volcano
Low 96.4 17.5 (17.1-17.9)
High 3.6 15.8 (14.0-17.9)
Winter weather
Low 48.8 19.2 (18.6-19.7)
High 51.2 15.8 (15.3-16.3)

NOTE: Risk is defined for each respondent by the annualized frequency from the NRI for the county in which they received
the alert. Higher risk is defined as the 50th percentile or higher on that specific hazard, whereas lower risk is defined as
below the 50th percentile. Percentages weighted to represent the U.S. population with working cell phones.
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(17.9 percent versus 15.9 percent), and tornado (18.7 percent versus 16.2 percent). Perhaps coun-
terintuitively, we also see significant differences where individuals in communities with lower
risk have higher opt-out rates, including for cold waves (18.3 percent versus 16.6 percent), earth-
quakes (18.5 percent versus 16.5 percent), heat waves (18.4 percent versus 16.9 percent), and winter
weather (19.2 percent versus 15.8 percent). The multivariate models (below) will be instructive
as to whether any of these differences are accounted for by other geographically varying factors.

Table 5.5 considers how opt-out rates vary by other geographically varying factors. Con-
sidering communities ranging from more urban through more rural, there were some small
significant differences, but no systematic trends.

Similarly, results were inconsistent with respect to indigenous concentration, with respon-
dents in areas with relatively high percentage of indigenous land reporting lower rates of opting
out (15.8 percent versus 17.9 percent), but respondents in areas with relatively high percentage
of indigenous population reporting higher rates of opting out (18.2 percent versus 16.6 percent).

There was substantial variation in opting out by FEMA region, with Region 6 having the
highest rate (26.6 percent), significantly higher than the next highest, Region 4 (18.4 percent),
and over twice the rate of the lowest, Region 1 (12.1 percent).

Opt-out rates did not vary between areas of lower and higher carrier coverage. In con-
trast, opt-out rates were higher in areas with a higher number of historical alerts, particularly
AMBER Alerts (19.7 percent versus 13.8 percent).

Multivariate Analysis: Community Characteristics Associated with
Opting Out, Controlling for Other Factors

Figure 5.6 considers the above demographic factors simultaneously, as part of a larger logis-
tic regression analysis also controlling for device and individual factors, and again breaking

TABLE 5.5
Overall Opt-Out Rates by Rurality and Indigenous Concentration

Percentage Opting Out

Community Category Percentage in Group (95% Cl)
Rurality

Metropolitan (>1M) 56.0 18.2 (17.7-18.8)
Metropolitan (250k—1M) 2241 16.2 (15.5-17.0)
Metropolitan (<250K) 9.8 15.1 (14.1-16.1)
Nonmetropolitan (>20k, metropolitan adjacent) 3.8 17.0 (15.7-18.3)
Nonmetropolitan (>20k, not metropolitan adjacent) 1.3 17.0 (14.9-19.4)
Nonmetropolitan (2.5k—20k, metropolitan adjacent) 3.8 19.4 (18.0-20.9)
Nonmetropolitan (2.5k-20k, not metropolitan 2.0 17.9 (16.0-19.9)
adjacent)

Nonmetropolitan (<2.5k, metropolitan adjacent) 0.6 18.4 (14.8-22.7)

Nonmetropolitan (<2.5k, not metropolitan adjacent) 0.6 17.1 (13.8-21.1)

81



Assessing Public Reach of the 2023 National Test of the Wireless Emergency Alerts (WEA) System

Table 5.5—Continued

Percentage Opting Out
Community Category Percentage in Group (95% Cl)

Indigenous area
Low 78.7 17.9 (17.5-18.3)
High 21.3 15.8 (15.0-16.6)

Indigenous population

Low 46.3 16.6 (16.1-17.1)
High 53.7 18.2 (17.7-18.8)
FEMA region

Region 1 3.2 12.1 (10.4-14.0)
Region 2 7.8 15.6 (14.4-16.9)
Region 3 10.4 13.6 (12.6-14.5)
Region 4 21.7 18.4 (17.7-19.2)
Region 5 17.0 16.7 (15.9-17.5)
Region 6 12.2 26.6 (25.4-27.9)
Region 7 4.2 16.0 (14.5-17.5)
Region 8 3.6 13.2 (11.7-14.9)
Region 9 15.8 16.6 (15.6-17.6)
Region 10 4.3 14.3 (12.8-16.0)

Carrier coverage

Low 51.1 17.4 (16.9-18.0)
High 48.9 17.5 (17.0-18.0)
Historical alerts (AMBER)

Low 37.7 13.8 (13.3-14.3)
High 62.3 19.7 (19.2-20.2)
Historical alerts (natural hazards)

Low 33.8 15.7 (15.1-16.3)
High 66.2 18.3 (17.9-18.8)
Historical alerts (other)

Low 28.3 15.7 (15.1-16.3)

High 717 18.2 (17.7-18.6)

NOTE: Percentages are weighted to represent the U.S. population with working cell phones. Low and high are defined as
below the median (low) and at or above the median (high) for indigenous area, indigenous population, carrier coverage, and
historical alerts. They are binarized here for descriptive purposes, but treated as continuous variables in the multivariate
analyses.
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FIGURE 5.6
Community Characteristic Odds Ratios from a Logistic Regression Analysis
Predicting Opting Out of Any WEA Alert Type
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out by alert type. After controlling for other factors, natural hazard risks were largely unre-
lated to opting out, with one exception: Tornado risk was associated with slightly lower opt-
out rates. Given the large number of tests here, however, caution is warranted in interpret-
ing these results. Similarly, metro-urban distinctions and indigenous concentration were
largely unrelated to opt-out rates. These results did not vary much when focusing on opting
out of specific alert types. We found no evidence that cell phone coverage was related to
opting out.

Regionally, compared with FEMA Region 6 (our reference category), respondents in all
other regions were less likely to report opting out (odds were 23-41 percent lower, small to
medium effect sizes). These differences persisted even after accounting for natural hazard
patterns, urbanicity, and other factors in our model. These results are most clearly reflected
in opting out of AMBER Alerts, specifically, and somewhat less striking for imminent threat
alerts.

Finally, as the number of historical AMBER Alerts increases, the overall opt-out rate
increases (odds were 23 percent higher overall and 32 percent higher for opting out of
AMBER Alerts; both small effect sizes). This may reflect fatigue in areas with higher num-
bers of AMBER Alerts.
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Key Findings, Limitations, and Policy
Implications

The results of the large-scale, nationally representative survey of the WEA performance pre-
sented in this report offer insights into the ability of the WEA system to reach a variety of
U.S. populations. The findings also provide a snapshot of overall awareness of the system,
as well as opt-out behaviors for WEA alert types. DHS, FEMA, IPAWS, and other agencies
involved with IPAWS can use these findings to make adjustments to WEA to improve its
targeting capabilities. This chapter summarizes the key findings presented in Chapters 3-5,
describes related policy implications and recommendations, characterizes this study’s
strengths and limitations, and explores implications for future research.

Key Findings
Receipt of the National Test Alert

An overwhelming majority—approximately 91 percent—of U.S. adults with working cell
phones reported receiving the national test alert, with substantial variation across the coun-
try. Table 6.1 summarizes the significant findings regarding the odds of national test alert
receipt. Receipt rates were lower for certain phone carriers, less common phone brands,
and phone models with lower WEA capabilities. Reported receipt was also lower for older
adults but did not differ systematically according to other demographic factors, such as dis-
ability type, household income, language, race, and ethnicity. Receipt was higher for those
receiving their phones through subsidy programs, such as Lifeline, which runs counter to
suggestions that subsidy-provided phones with lower WEA capabilities may lead to lower
receipt. There was a clear trend that receipt of the national test alert was lower in more rural
communities.

In contrast, other geographically defined variables, such as natural hazard rates, indig-
enous concentration, and FEMA region did not associate strongly with reported alert receipt.
The study did find that there was a significantly lower rate of receipt among those who took
the survey by phone (not shown in Table 6.1), suggesting the potential importance of this
mode in future studies.
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TABLE 6.1
Significant Differences in Odds of National Test Alert Receipt

Variable Odds Effect Size
Phone

Carrier (AT&T or T-Mobile, compared with Higher (27-29%) Small
Verizon)

Brand (uncommon phone brands, compared with Lower (24%) Small

Apple iPhone; other major brands equivalent to
Apple iPhone)

WEA capability (WEA 3.0, compared with Higher (42%) Small
WEA 1.0)

Demographic Characteristic

Age (ages 36-65 and older than 65, compared Lower (23-52%) Small and medium,
with ages 18-35) respectively
Receives subsidy (e.g., Lifeline; Yes, compared Higher (18%) Small

with No)

Community

Rural (nonmetropolitan, compared with Lower (22-49%) Small to medium

metropolitan)

NOTE: The “Odds” column represents the change in odds of receiving the alert (versus not receiving it) for one characteristic
versus another. Small effect sizes correspond to differences in odds of up to 50 percent higher or up to 33 percent lower.
Medium effect sizes correspond to 50-300 percent higher or 25-33 percent lower. No large effect sizes were observed.

Awareness of WEA

About 67 percent of U.S. adults with working cell phones had heard of WEA prior to the
national test alert—again, with substantial variation across the country. Awareness was higher
among customers of Tier 1 carriers, but lower among Apple iPhone owners and owners of
phones with WEA 1.0 capability. There were a wide range of demographic associations with
WEA awareness, with lower awareness among (1) both younger and older adults; (2) those
with self-reported hearing difficulties; (3) those with lowest and highest household income;
(4) Spanish speakers; and (5) non-Whites—especially Asians and Hispanics. Awareness also
varied by FEMA region, independent of other geographically varying factors, such as natural
hazard risk, rurality, indigenous concentration, cellular coverage, and historical WEA alert-
ing (none of which showed strong association with awareness). Table 6.2 summarizes the
significant findings regarding awareness of WEA.

WEA Opt-Outs

Approximately 17.5 percent of U.S. adults with working cell phones reported opting out of at
least one type of WEA, with AMBER Alerts being the most common type of alert that people
opted out of. Opt-out rates varied widely by state, with Texas having a rate over five times
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TABLE 6.2
Significant Differences in Odds of WEA Awareness

Variable Odds Effect Size
Phone

Carrier (non-Tier 1, compared with Verizon) Lower (7%) Small
Brand (Apple iPhone, compared with other brands) Lower (28-63%) Small
WEA capability (WEA 3.0, compared with WEA 1.0) Higher (28%) Small

Demographic Characteristic

Age (ages 36-65, compared with ages 18-35) Higher (8%) Small
Age (older than 65, compared with ages 18-35) Lower (19%) Small
Disability (hearing, compared with no hearing disability) Lower (8%) Small
Disability (emotional, compared with no emotional Higher (26%) Small
disability)

Income (lower and higher household incomes, compared Lower (8-22%) Small

with moderate income)

Language (Spanish, compared with English) Lower (13%) Small
Race/ethnicity (Hispanic and Asian, compared with Lower (10 and 16%, Small
non-Hispanic and non-Asian, respectively) respectively)

Race/ethnicity (White, compared with non-White) Higher (33%) Small
Receives subsidy (e.g., Lifeline; Yes, compared with No) Higher (26%) Small
Community

FEMA Region (Regions 3, 4, 5, 7, 8, or 10, compared with Higher (15-33%) Small
Region 6)

NOTE: The “Odds" column represents the change in odds of receiving the alert (versus not receiving it) for one characteristic
versus another. Small effect sizes correspond to differences in odds of up to 50 percent higher or up to 33 percent lower.
Medium effect sizes correspond to 50-300 percent higher or 33-75 percent lower. No large effect sizes were observed.

that of Vermont. The strongest device-related differences in opting out had to do with device
brand, with Apple iPhone owners opting out at a substantially greater rate. There were several
demographic trends, with greater reported opting out among younger adults, those with self-
reported cognitive-related disability, those with the highest income, and American Indian
and Alaska Natives. Those reporting receiving their phones through subsidy programs had
almost three times the rate of reported opt-out. Opt-out rates were also greater for certain
FEMA regions and areas with a greater number of historical AMBER Alerts. Table 6.3 sum-
marizes the significant findings regarding opt-out.

In contrast, variables such as phone WEA capability, language spoken at home, natural
hazard risk, rurality, indigenous concentration, and cellular coverage did not show strong
associations with opting out.
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TABLE 6.3

Significant Differences in Odds of Opting Out of WEA Alerts

Variable Odds Effect Size
Phone

Carrier (AT&T and T-Mobile, compared with Verizon) Higher (10-12%) Small
Brand (Samsung, Motorola, LG, or other phone brand, Lower (20-26%) Small

compared with Apple iPhone)
Demographic Characteristic
Age (36 and older, compared with ages 18-35)

Disability (cognitive, compared with no cognitive
disability)

Disability (physical, compared with no physical disability)
Income (>$505,000, compared with $60,001-$122,000)

Income ($120,001-$$505,000, compared with
$60,001-$122,000)

Race/ethnicity (American Indian and Alaska Native,
compared with neither)

Race/ethnicity (Black, compared with non-Black)
Receives subsidy (e.g., Lifeline; Yes, compared with No)
Community

FEMA region (Regions 1-5, and 7-10, compared with
Region 6)

Past alerts (greater number of AMBER Alerts)

Lower (26—-52%)

Higher (38%)

Lower (11%)
Higher (57%)

Higher (10-17%)

Higher (19%)

Lower (23%)

Higher (189%)

Lower (23-41%)

Higher (23%)

Small to medium

Small

Small
Medium

Small

Small

Small

Medium

Small to medium

Small

NOTE: The “Odds" column represents the change in odds of receiving the alert (versus not receiving it) for one characteristic
versus another. Small effect sizes correspond to differences in odds of up to 50 percent higher or up to 33 percent lower.
Medium effect sizes correspond to 50-300 percent higher or 33-75 percent lower. No large effect sizes were observed.

Policy Implications and Recommendations

The survey findings provide important policy implications for the DHS, FEMA, IPAWS, and

other stakeholders to consider.

Most U.S. Adults With Working Cell Phones Reported Receiving the
National Test Alert, but Variation Suggests Areas for Improvement

Approximately nine in ten respondents reported receiving the alert, which is a remarkable

reach for any communication channel. That said, variability across devices, respondents, and

community characteristics provides insights into remaining disparities and opportunities for

targeted interventions. Notably, receipt was systematically lower outside the three Tier 1 car-

riers, which could suggest that smaller-market consumers may currently be at a disadvantage.
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Older adults were clearly less well served by the system, which could be caused by a range
of factors, including familiarity with the system (those over 65 had the lowest awareness
rate) or less familiarity with technology. Finally, as rurality increased, receipt rates declined,
which, when combined with the results above, suggests a need to work with carriers operat-
ing in less urban areas to resolve these issues. Note that we did not find differences by cellular
coverage, but given that we only located respondents by county, we may be missing important
subcounty coverage variation. We recommend that IPAWS seek to better understand the
challenges faced by older adults and those living in more rural areas, potentially develop-
ing targeted interventions and engaging carriers to find solutions—for example, making
WEA capability more prominent on device packaging and within user manuals.

Two-Thirds of the Nation Reported Having Heard of WEA Prior to the
National Test Alert, Suggesting the Value of Targeted Public Education

While the majority of respondents had heard of WEA prior to the national test alert, sub-
stantial gaps remain. Notably, geographic variation included areas with less than 50 percent
awareness, which showed up in distinct effects by FEMA region. Apple appears to have
an awareness gap, which may have to do with the way it does or does not communicate about
WEA. There were several notable demographic differences in awareness, and this highlights
the opportunity to target communication toward specific segments of the population. For
example, for those with deafness, public service announcements could include captions, ASL
interpretation, and a plain language script as part of accessible design guidelines for print
and electronic communications. We recommend a multipronged approach to increasing
WEA awareness, including the establishment of a unified, consumer-oriented web pres-
ence linked to FEMA;! geographically targeted outreach (perhaps through regional staff
in the FEMA Office of External Affairs); working with Apple to improve customer aware-
ness; and designing awareness campaigns for key demographic groups (and in particular,
language, ethnic, and racial minorities).

One in Six Respondents Reported Having Opted Out of at Least
One Type of WEA Alert, Which Limits WEA’s Reach

While it is important to provide individuals with the option to opt out of alerts they do not
wish to receive, high opt-out rates for certain types of alerts have implications for public
safety. Reported opt-out rates were remarkably higher in some states than others, with the
rate in Texas over five times the rate in Vermont. Better understanding the potential social
and policy drivers of this variation should be a priority for IPAWS. This report provides
candidate directions to explore, including the potentially important role of AMBER Alert

' This recommendation aligns with the 2013 WEA Mobile Penetration Strategy (DHS, 2023), which high-
lighted the need for accessible educational materials for the general public.
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policies, described below. Apple again stood out here, with systematically higher rates than
other brands, suggesting an examination of implementation and communication differ-
ences. Communication to younger consumers may also be in order given their higher opt-out
rates. Finally, reported opt-out rates were almost three times as high for those receiving their
phones through subsidized programs, such as Lifeline. Better understanding this effect could
help address needs of a small but important demographic. In general, policymakers should
consider strategies to encourage individuals to stay opted-in, such as campaigns about the
importance of alerts and how they can help to save lives. Toward this end, we recommend
that IPAWS and FCC work with Apple on opt-out implementation and communication
(e.g., regarding their inclusion of a Settings button on the WEA alert screen) and seeking
to better understand the drivers of high opt-out rates among younger adults and those
with subsidized phones.

AMBER Alerts Were the Most Common Type of Alert That People
Opted Out of, and These Opt-Outs Were Related to Statewide
AMBER Alerts, Which Could Add to Local Challenges in Finding
Missing Children

Overall opt-out rates were related specifically to a greater number of historical AMBER
Alerts and appeared to correspond to states with a greater number of statewide AMBER
Alerts. The 2014 WEA penetration strategy expressed concern that a lack of geotargeting
could cause users to opt out of the service (DHS, 2023). Furthermore, since AMBER Alerts
were the form of alert most opted out of, this could significantly limit a key tool in local
authorities’ ability to locate missing children. There was great local variation but also clearly
visible state border effects. States should consider the costs (in terms of statewide fatigue)
that may accompany benefits (in terms of wider reach) that statewide alerting carries. Local,
state, and federal authorities can more clearly make the case to the U.S. public for why this
tool is critical for finding missing children. We recommend that IPAWS engage state and
local originators, as well as the NCMEC, on how AMBER Alert policy varies and how
effective it is across the country, combined with augmented public awareness campaigns
on the importance of opting in to AMBER Alerts. Specifically, it may be important that
AMBER Alert originators are trained and have access to alert originator tools that can
geotarget messages.

WEA Appears to Reach Individuals with Disabilities at Rates Similar
to the General Public, but Further Research Is Needed to Better
Understand Functional Needs

While we were able to establish that WEA is reaching people with disabilities at similar
rates to those without disabilities, we did not evaluate whether the messages were techni-
cally accessible to people with disabilities (e.g., font size, contrast, text-to-speech features, and
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plain language). Ensuring that WEA is accessible and inclusive for individuals with disabili-
ties is one important and ongoing goal. This includes providing alerts in multiple formats
and languages, utilizing accessible technologies and features, and engaging with community
members to understand their needs and preferences. The survey also underscores the need
to continue to raise awareness about WEA in all communities. We recommend that IPAWS
conduct an additional study of functional needs, engaging this community in both quali-
tative (interviews and/or focus groups) and quantitative (survey) ways.

IPAWS Needs a Flexible and Ongoing Capacity to Understand Public
WEA Experience

This report demonstrates the need for ongoing testing and evaluation of WEA’s reach, the
characteristics and contexts of those who do and do not receive WEA, and other outcomes
of interest. That said, this is the first representative national survey conducted by IPAWS
since WEA was rolled out in 2012. There are significant administrative burdens (e.g., Paper-
work Reduction Act review) that can be prohibitive for onetime data collection of this sort.
As such, IPAWS (and FEMA more generally) should consider establishing more flexible and
ongoing capacities (as through a generic clearance). Such capacity could also allow for evalu-
ation not only in tests but also following real alerts and warnings that track actual protec-
tive actions taken. Ongoing testing and evaluation of this sort would complement efforts
already ongoing within the engineered portions of the system. In doing so, it would further
help to identify areas for improvement and ensure that WEA is able to adapt to changing
circumstances and emerging threats in a way that is useful and locally and individually rel-
evant. We recommend that DHS, FEMA, and IPAWS consider establishing a more flex-
ible survey capability, suitable for ongoing evaluation of WEA’s ability to serve the needs
of the U.S. public.

The Survey Highlights the Importance of Collaboration and
Coordination Among Different Stakeholders

Collaboration and coordination among federal, state, and local government agencies, as
well as private-sector partners such as wireless carriers and mobile technology companies,
is important. Reported receipt, awareness, and opting out all varied across carriers, mobile
device brands, and model WEA capabilities, highlighting the role these companies could play
in improving outcomes through service or product design and customer education. Policy-
makers, for their part, may need to consider strategies to bolster collaboration, coordination,
and alignment among these stakeholders to ensure that emergency communication systems
are able to operate effectively and efficiently during times of crisis. Such coordination has
the potential to address overalerting, which may be affecting the opt-out rates documented
in this report. We therefore recommend that IPAWS continue to coordinate with govern-
ment and private partners to improve WEA outcomes, as highlighted in this report.
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Strengths and Limitations

The national survey described in this report has several strengths, including the ability to
assess outcomes that may not be feasible through other means, the ability to provide a repre-
sentative sample of the population (with relatively fine-grained geographic detail), and quick
online administration, which may have limited the impact of memory effects. However, there
are also limitations to the survey. Even with such a large sample, the sheer size of the United
States means that the survey cannot provide reliable statistical estimates at the subcounty
level. Furthermore, surveys fundamentally rely on self-reporting, and while this provides
access to internal mental processes such as WEA awareness, it is subject to self-report biases.
Questionnaire design and testing attempted to maximize comprehension and minimize
incentives to misreport. A cross-sectional survey such as this also cannot determine causal
effects—a goal for which experimental designs (such as randomly assigning regions to differ-
ent alert types) could be considered.

Survey length was kept short, both to encourage completion and to limit the burden on
the U.S. public, but this meant that many important concepts, such as trust and perceived
value, were left unmeasured. Similarly, the primary goal of this survey was a broad charac-
terization of WEA experiences by the U.S. public. Future surveys could, for example, focus on
specific regions or populations with specific concerns, such as equity in alerting experience.
This study design (a public self-report survey) did not allow reliable assessment of timing of
alert receipt, an important question best answered through other research designs (e.g., by
placing staff in the field with known location, device, and wireless carrier, and with detailed
instructions on capturing timing). Determining the WEA capability of mobile devices based
on information published on wireless carrier websites was an innovative aspect of this study
but could not be determined for a substantial number of respondents. Future studies could
refine this approach, including other device characteristics (e.g., if it was a feature phone or
smartphone). Finally, because this survey followed a test alert, actual behavioral responses
could not be assessed. Future surveys should be considered following real events.

Potential Future Research

Despite the limitations acknowledged above, the survey provided a reliable and reproducible
characterization of WEA receipt, awareness, and opting out on a national scale. Additional
analyses could be conducted on these data, including drawing in geolinked data sources (as
we did with natural hazard risks, cellular coverage, and historical alerting). One potential
future research direction might be to dig deeper into equity-focused analyses of WEA, fur-
ther examining individual- and community-level factors that increase risk, vulnerability, and
the ability to respond to WEA. Future analyses could also examine specific relationships
among geography, social vulnerability, and response to select survey questions. For example,
understanding the factors associated with ownership of subsidized phones, within these data,
may further illuminate observed differences in receipt, awareness, and opting out.
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Future research should explore the decisionmaking behind opt-out behavior and develop
strategies to address revealed factors. For example, opt-out rates may be higher among Amer-
ican Indian and Alaska Natives due to historical trauma and distrust of government systems.
If so, emergency managers could work with community-based organizations and trusted
community leaders to develop culturally and linguistically appropriate messaging and out-
reach strategies that are tailored to the specific needs and preferences of different communi-
ties. This could help to build trust and increase the likelihood that individuals will remain
opted-in to different emergency alert systems.

Finally, as the FCC is currently undergoing WEA improvements—specifically for lan-
guage access, including ASL—it is vitally important to evaluate the impact of regulatory
change in achieving its desired aims of improved reach, effectiveness, and accessibility to
WEA messages.
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APPENDIX A

Equity Literature Review Methods and
Discussion

Objective

We conducted a narrative literature review (Noordzij et al., 2011) to better understand the
potential equity implications that could be important in interpreting the survey responses.
This type of literature review focuses less on evaluating the quality of the research and more
on contextually relevant research (Kastner et al.,, 2012, p. 95). In this approach, we seek to
“identify key topics related to the research question and provide a descriptive account of the
evidence” (Xiao and Watson, 2019, p. 96).

Method

We first limited our search to sources from 2012 onward, which coincides with the launch
of the WEA system in 2012. We allowed room to broaden these parameters by snowballing
to earlier sources from the literature we identified. We focused our search on demographic
categories central to the survey goals—for example, gender, age, race/ethnicity, education,
rural-urban divides, language, disability, income, and wealth, which were originally identi-
tied in Mileti and Sorensen’s (1990) seminal review on emergency alerting. In search terms,
we paired these demographic categories with variations of “wireless emergency alert” and
“technology uptake.”

Source Selection

Searches of English-language articles were conducted via RAND Knowledge Services and
Google Scholar using terms and keywords relevant to the main demographic categories. The
team conducted four literature searches in consultation with a Knowledge Services librarian
at RAND. Based on these results, we conducted two additional searches on individual demo-
graphics and mobile technology uptake. The final strategy also leveraged the phrase digital
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divide, popular in literature to highlight rural-urban, white-minority, gender, educational,
and income disparities.

These searches returned 3,510 records, coupled with 60 records identified previously or
through snowball, web search, or subject matter experts. Of these, 2,525 were excluded as
duplicates or because full text was not available. After sequential review of title, abstract,
introduction, conclusion, and, ultimately, full article, 37 articles were identified in this body
of literature that might include methods and measurements or otherwise elucidate on demo-
graphics of interest.

Discussion

According to Perrin (2021), 91 percent of U.S. adults report having access to either a smart-
phone or home broadband. Further, 15 percent of U.S. adults are smartphone-dependent
for access to the internet, although 71 percent of those without broadband internet say they
are not interested in getting a connection at home, signaling a shift in technology uptake of
smartphones and mobile devices over traditional home internet. The trend has been per-
sistent for years. Using Pew Research Center data from 2010, a study in Library Technology
Reports finds that minorities, young people, and people of low-income backgrounds and less
education are more likely to access mobile internet rather than other forms (e.g., broadband).
The study hypothesizes that the growth in smartphone ownership is largely driven by low
price points through subsidizing of calling and data plans (Yelton, 2012).

As of 2021, adults ages 65 or over are less likely to own a smartphone (61 percent), while
U.S. adults with lower incomes (below $30,000) and high school or less education are less
likely to own a smartphone and have home broadband (Perrin, 2021). This finding has
implications for WEA alerting, as some of these populations face unique challenges to disas-
ter preparedness. According to FEMA’s 2017 National Household Survey results on disaster
preparedness, participating in drills decreases with age; low-income people are less likely to
be aware of preparedness information; and White respondents are more likely than Hispan-
ics, Blacks, or Asians to report having disaster preparedness plans or supplies that could
last three or more days (FEMA, 2023b). Older adults, low-income adults, and adults with
lower educational attainment—who are overrepresented within minority populations—are
less likely to have smartphones or WEA capable phones and are systematically less pre-
pared. These factors could lead to lower probability of these populations being warned of a
disaster, compared with other populations, resulting in differences in disaster outcomes. In
related technology uptake, a 2020 health-related internet use study found that older adults
and respondents from low socioeconomic backgrounds were less likely to use the internet
to seek doctors or health information and instead use social media to crowdsource health
issues (Calixte et al., 2020). The reluctance to use the internet and technology tools to seek
health information may have implications for relying on these tools to receive emergency
warnings.
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One subset of the literature focused on differences among people with disabilities. In par-
ticular, emergency alerts delivered as an SMS message or alert can present confusion to ASL
users because ASL has no roots in the English language (Bennett et al., 2018), thus compli-
cating message receipt for people with hearing disabilities. One study of people with hearing
disabilities found that 82 percent of respondents had signal lights on their mobile devices,
but one-third of that group did not use the feature (Harkins et al., 2010). This suggests that
there are challenges to reaching this population because they might not own WEA-accessible
devices, and a simple text-based message might not be understood. In another study, Ben-
nett and LaForce (2019), noted that in their sample population of people with disabilities,
many had the ability to live alone, indicating that a significant portion of people with dis-
abilities may not have a caregiver available to help them respond to emergencies. Notably,
WEA-capable devices are available to people with and without disabilities at similar rates, but
people with disabilities were seven times less likely to own a mobile phone than were people
without disabilities (Bennett and LaForce, 2019). This suggests a potential disparity in the
receipt of WEA messages among the disabled and nondisabled populations.

In another subset of the literature, disaster events were used to examine the multiplicity of
information sources, which could provide conflicting information, such as during the 2011
tornado in Joplin, Missouri (Kuligowski and Doermann, 2018) and the 2018 false ballistic
missile alert in Hawaii (DeYoung et al., 2019; Ling and Oppegaard, 2021). While the purpose
of these articles was not to explicitly highlight demographic differences, such differences
were observed in the response or receipt of information through various sources. In some
cases, it was shown that WEA messages were not the decision point for older and younger
Americans to take preventive action or consider the message. These studies observed “infor-
mation confirmation” (i.e., backing up WEA and other formal messages with word of mouth,
social media, or sensory signals [sirens]), such that a response to mobile phone messages
were dependent on other messages (Elsass, McKenna, and Schildkraut, 2016; Jauernic, 2015;
Stokoe, 2016). A similar type of information seeking and confirmation of message was seen
during the 2018 false WEA message in Hawaii. During the false message, people self-reported
seeking additional information and situational cues to assess their response (DeYoung et al.,
2019). A convergence of this subset of literature suggests that people rely on environmental
cues in some instances, regardless of an official message, which may have implications for
WEA message effectiveness in populations that do not primarily rely on WEA messages—
particularly the elderly.

An environmental cue or mixed warning system is also highlighted as a solution for rural
communities. The lower cell tower density creates a challenge for rural communities (Kumar
et al., 2016) such that a mixed system of sirens and WEA messages could reduce false nega-
tive warnings from a siren system and false positive warnings from the WEA system (Best,
2017). Indeed, the gaps in coverage, primarily across rural areas, are covered in a recent
U.S. Government Accountability Office report. In response to the 2016 IPAWS Moderniza-
tion Act, FEMA, in coordination with the FCC, is updating the IPAWS system to improve
alerting, but has not taken key steps to prioritize IPAWS applicants, with some applications
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sitting unresolved since 2012 (U.S. Government Accountability Office, 2020). It is unclear
from the literature if educational disparities in technological uptake are higher or drive the
rural-urban divide. In a recent Pew Research Center report (Perrin, 2021), it does appear that
the educational divide is more significant than the rural-urban divide.

Conclusions

The literature reviewed reveals a relative lack of current data and analysis about demographic
differences in emergency alerting and technology uptake, although the literature shows a
consensus on the significant need to account for such differences. From the research avail-
able, adults over the age of 65 appear to have lower technology uptake but not necessarily
a negative perception about technology. Low income and low educational attainment can
lead to low technology uptake. Both younger and older adults do not rely on smartphones as
their primary source of emergency alerting information, and even if they receive an emer-
gency message, they seek validation of the message through other sources. The rural-urban
divide appears to be less relevant than the educational divide for emergency messaging and
technology. However, the rural-urban divide is important in the context of cell tower reach
and receipt of relevant information. The reach of mobile technology uptake and WEA receipt
among indigenous communities is highly overlooked, with little empirical work on the matter.
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APPENDIX B

Methodological Detall

Details of the Approach to County Clustering

Even with more than 80,000 respondents, we have many counties (or county equivalents)
with insufficient responses to estimate quantities of interest. Additionally, we cannot report
data from counties with very few responses without risking privacy violations. As such, we
have aggregated counties into larger groups so that we can make reasonably precise group-
level estimates of quantities of interest. We balanced the following criteria in designing
these groups:

1. Contiguity. Counties in a cluster must be contiguous (i.e., physically adjacent). This
requirement was relaxed for island counties that do not share a land border with any
other counties.

2. Effective sample size. County clusters must have a minimum effective sample size of
60 and should have a maximum effective sample size less than 120.! Effective sample
size was calculated based on the survey weights (below).

3. Demographic homogeneity. Counties within a cluster should be demographically sim-
ilar in both population density and racial composition.

4. Compactness. County clusters should be geographically compact. In other words, their
shape should not appear irregular or unusual relative to the counties compose them.

Note that any method for clustering counties must balance these four criteria. A particu-
lar solution that optimizes geographic compactness may be suboptimal from the perspective
of the other two criteria, and vice versa.

1" We chose the 60-120 range to achieve both sufficient geographic definition and sufficient certainty in
cluster-specific estimates. More respondents per cluster would result in less uncertainty in cluster-specific
estimates but would also result in fewer clusters and decrease our ability to identify variation within states.
Power calculations indicated diminishing returns in reducing CI size after about 60 respondents. We extend
the range of preferred respondents to 120 so that the clustering algorithm could more easily explore the
space of clusters with high demographic homogeneity and compactness within the 60-120 range.
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TABLE B.1
Four Components of the Objective Function Used in County Clustering

Criterion Formula Comments

Contiguity Ne d, is the number of discontinuities in
d= 2 g, cluster i
i=1 ’

Effective sample Ne ess; is the effective sample size if cluster
size € :E, max(0, ess,— esS,,,) i. €8s, is a model parameter specifying
=1 the maximum number of respondents
before a penalty is applied.

Demographic _ Ne P Yq @re the demographic variables of
homogeneity h= NP EH EH var(y,) cluster i for characteristic k; k=1 ,...,P.
Compactness B N, - g, is the counties in cluster i. p, and a,,
r= 2 ; P/, (1/ |Qf|2. P/Z/a/) are the perimeter and area, respectively,
i= jeg,

of cluster i. p; and a; are the perimeter
and area of county j.

Objective Function

We formalize the four criteria above into a single objective function with four components.
Each component is as presented in Table B.1.
Using these components, we then define an objective function,

F(&, d, 7, B | Nos Nis Aes \) = \o€ + Nyd + A7 + A\, 1,

with tuning parameters: A, Ag, A, Ay,

Optimization

The lower the objective function, the closer a clustering is to achieving our goals. As such,
we would ideally identify a particular clustering that minimizes this function. However, it
is computationally infeasible to enumerate all possible clusterings for even moderately sized
states. While there are only five ways to combine Delaware’s three counties into groups, there
are roughly 10°® ways to combine California’s 58 counties (the national median) into groups,
and roughly 10*”" ways to combine Texas’ 254 counties. As such, we do not attempt to find the
absolute best clustering but rather develop a procedure to give us one that is as low as possible
given our computational resources.

To solve this problem, we adapt techniques from computational biology to efficiently nav-
igate cluster space (i.e., the space of all possible clusterings) and identify a near-optimal clus-
tering. Our novel algorithm for sampling from the space of clusters is as follows. We first map
the counties to a bifurcating tree via hierarchical clustering on the centroids of each county.
Each node in the tree defines a pseudocluster of counties that are downstream of that node.
We perform a postorder traversal of the tree to identify the smallest groupings such that all
clusters have at least 60 effective respondents. After identifying the clusters, we calculate the
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relevant statistics s° = F(g, d, 7, h), initialize penalty parameters \° = (A, Az, A, A1), and calcu-
late the initial score p® = F(s° [A9).

The score can be conceptualized as the negative log-posterior of a distribution with uni-
form likelihood across all allowable groupings and exponential priors on each statistic. This
permits simulated annealing via Markov chain Monte Carlo (Hastings, 1970), where we
repeatedly perturb the tree, reassign clusters based on the new tree, recalculate the score,
and accept the proposed tree using the Metropolis-Hastings procedure (Bertsimas and
Tsitsiklis, 1993). To force the clustering toward an optimum, we proportionally increase the
penalty parameters at each step of the Markov chain until the chain converges to a point
estimate (i.e., no new proposals are accepted for many states). We do this procedure sepa-
rately for each geographic state and report the Markov chain Monte Carlo state with the
lowest score.

The relative strength of the penalty on each criterion was determined by assigning clus-
ters under a wide array of parameterizations and visually inspecting the results. Minimum
and maximum effective sample sizes were chosen to balance geographic detail with estimate
uncertainty.

Weighting Calibration

To provide a weighted sample similar to the population of people with cell phones in the
United States, we created calibration weights. The weighting process calibrates the sample to
reproduce the known population distribution of U.S. adults 18 years or older based on 2023
CPS data. Weighted estimations are important to eliminate known sources of bias and ensure
the weighted sample matches the national characteristics of adult phone owners 18 years or
older. This weighting approach is widely used for both probability and nonprobability sur-
veys and is also known to adjust for nonresponse. The weight calibration method assigns a
weight to each survey participant based on individual- and geographic-level characteristics so
that the sum of the weights along the calibration factors closely match the characteristics
of the national population of U.S. phone users that are 18 years or older. The final analysis
weights in the data file are obtained through a process called raking to match population
totals associated with the following variables:

o gender (male or female, with nonbinary imputed to either of those)

o age (18-29, 30-44, 45-59, 60 or older)

o race (White, Black, Hispanic, or other)

o income (under $33,000; $33,000-$60,000; $60,000-$122,000; $122,000-$200,000; above
$200,000)

o education (high school or less, some college, bachelor’s degree or higher)

« urbanicity (metropolitan, nonmetropolitan)

o U.S. regions (Midwest, Northeast, South, or West)

« language spoken at home (English or other).

101



Assessing Public Reach of the 2023 National Test of the Wireless Emergency Alerts (WEA) System

These calibration weights were subsequently recalibrated and trimmed, if necessary. Because
calibration weights are just numerical solutions to an algorithm that allows the weighted
sample to look like the population of interest, there is always the possibility of outlying weights.
If some of the estimated final weights were extreme, a trimming process (at the 95th percen-
tile) was used to reduce the outliers, and the trimmed weights were reallocated for the popula-
tion totals to remain the same after trimming.

Although all participants in the survey answered the same questions, and a weighting
approach was used to estimate different summary statistics that reflect population estimates,
it is important to note that some participants may have unequal weights. This means that
some participants may have a greater impact on the results than others, depending on their
weight or how many people in the population they represent. Having unequal weights with
lots of variability can lead to more uncertainty in summary statistics, and this unequal weight
effect is captured in what is called a weight design effect. The design effect quantifies the
extent to which the expected sampling error in the survey departs from the sampling error
that can be expected under simple random sampling (i.e., when all survey participants have
the same weight). Design effects are represented as numbers 1 or greater, where a value of 1
suggests no unequal weight effect and greater numbers represent progressively greater design
effects. In national surveys, design effects are usually between 1.5 and 2. For the combined
sample, the weighting resulted in a design effect of 1.8.

Table 2.2 summarizes the estimates for standard socioeconomic variables used for cali-
bration. Note that the weights are calibrated only on the variables listed above, and there-
fore, there may be discrepancies between the values of weighted and population estimates
for variables not used for calibration. The external sociodemographic characteristics pop-
ulation totals are obtained from the CPS,? except for household phone status, which is
determined by the National Institutes of Health biannual survey on wireless substitutions
(Blumberg and Luke, 2021). The weights adjusted to the external population totals are the
final panel weights.

Comparison of Results Across Probability and Nonprobability
Subsamples

There have been findings in the survey methodology literature documenting lower-quality
responses in nonprobability survey panels when compared with probability panels, although
nonprobability data quality varies quite a bit, from slightly to quite clearly inferior to prob-
ability panels (Cornesse and Blom, 2023; Kennedy et al., 2020; MacInnis et al., 2018). To

2 The version of the CPS used is either the February CPS or the March supplement, usually based on which
is most recent.
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examine whether inclusion of nonprobability panels affected the results of this study, we con-
ducted three sets of analyses, each comparing aggregated probability panels with aggregated
nonprobability panels.

First, we directly compared the prevalence of our three primary outcomes across probabil-
ity and nonprobability subsamples, without controlling for any other variables (see Table B.2).
Percent reporting receiving the alert was significantly, if slightly, higher among respondents
in the probability panels than in the nonprobability panels. There was no significant differ-
ence in percent awareness. Nonprobability panel respondents were significantly more likely
to report having opted out of at least one type of alert. It should be noted that with such a
large sample, most any bivariate comparison would be statistically significant. The differ-
ence in percentage of alert receipt is a good example of this, as the practical significance of
the 0.9 percent difference is likely negligible. The difference in opt-out rate may be more sub-
stantial, although it does not likely impact our overall conclusions. Furthermore, some level
of difference may be expected, given that we deliberately oversampled specific populations in
the nonprobability panels. Hence, the differences here may be due to those or other factors
that legitimately vary across the two subsamples.

Second, we conducted a set of logistic regression analyses, analogous to those presented
in Chapters 3-5, adding panel type as a predictor. These analyses are like the bivariate com-
parisons in Table B.2, but controlling for other factors (including rurality and indigenous
concentration). If anything, the statistical significance of the differences (in this case, mea-
sured as odds ratios) increased. Controlling for other factors, and compared with probability
panels, respondents in nonprobability panels were (1) less likely to report receiving the alert,
(2) more likely to report having heard of WEA prior to the national test, and (3) more likely to
report opting out of at least one type of WEA alert (see Table B.3). From a practical perspec-
tive, however, all these effect sizes would be considered small, suggesting that there were real
differences, but they do not likely affect our overall results.

Third, we ran the same logistic regressions, but this time separately for the probability
subsample and for the nonprobability subsample (and excluding panel type as a predictor).

TABLE B.2
Bivariate Comparison of Primary Outcomes Across Probability and
Nonprobability Panels

Outcome Probability Panels Nonprobability Panels
Percentage receipt 91.2 (90.9-91.5) 90.3 (89.9-90.7)
Percentage awareness 66.4 (65.9-67.0) 67.2 (66.5-67.9)
Plerc)entage opting out (any type of 15.8 (15.3-16.2) 20.7 (20.1-21.3)
alert

NOTE: Primary outcomes are measured in percentage of each outcome. Numbers in parentheses represent the
95-percent Cl.
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TABLE B.3
Multivariate Comparison of Primary Outcomes Across Probability and
Nonprobability Panels

Odds Ratio, Comparing Nonprobability Panels to

Outcome Probability Panels (Reference)
Percentage receipt 0.86 (0.80-0.92)
Percentage awareness 0.99 (0.94-1.03)
Percentage opting out (any type of alert) 1.26 (1.19-1.33)

NOTE: Effects are measured as odds ratios. Numbers in parentheses represent the 95-percent Cl. Odds ratios less than
1 indicate that respondents in nonprobability panels had lower odds of the outcome compared with those in probability
panels, while odds ratios greater than 1 indicate greater odds among respondents from nonprobability panels.

The goal here was to see if key results would substantially differ between the two subsamples.
Overall, they did not. The only observed difference (i.e., where CIs did not overlap between
the two subsamples) was the effect on receipt for the WEA 2.0 phone, for which there was
greater receipt for probability than nonprobability subsample. Given the sheer number of
tests conducted (75 in each of the three regressions), this is well within the number of sig-
nificant effects we would expect by chance. The regression results looked remarkably similar
across the two subsamples, suggesting that any differences in overall rates did not substan-
tively affect relationships with other variables.

Details of Approach and Distribution of Disability
Responses

Created in collaboration with colleagues at the Georgia Institute of Technology, the survey
included a detailed breakdown of types of disability. Out of 80,161 respondents, 20,306
reported at least one disability, which represents a weighted percentage of just under
20 percent of the population. This is somewhat lower than some national estimates of
the prevalence of certain disability types, including those with hearing disabilities, but
still a very substantial sample.? These findings provide a significant amount of statisti-
cal power for analyses that address functional needs. The breakdown of responses can be
seen in Table B.4, where respondents were able to select all disabilities that apply. Since
chronic conditions were frequently mentioned in the “Other” response category, we added

3 According to Centers for Disease Control and Prevention (CDC) 2021 estimates, approximately 27 per-
cent of U.S. adults ages 18 years or older, including those in Washington, D.C., and U.S. territories, have a
disability. Given different definitions and categories, a direct comparison between CDC estimates and our
study may not be appropriate. Notably, CDC 2021 estimates of hearing disability approximates 6 percent,
and our survey sample reports about 7 percent with a hearing disability. See CDC, undated.
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TABLE B.4
Weighted Percentage of Self-Reported Disability

Self-Reported Disability Percent
Any disability 19.6
Hard of hearing 6.2
Lower body 5.6
Emotional 5.3
Low vision 5.1
Upper body 2.3
Cognitive 2.0
Chronic health conditions 0.7
Other 0.6
Speech 0.6
Deafness 0.5
Blindness 0.3
Deafblind 0.1
No disability 80.4

“Chronic health conditions” as its own category. It is important to note that these numbers
may vary from the overall population for several reasons, including differential participa-
tion rates among those with disabilities or differences in how individuals define disability
and disability types.
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APPENDIX C

Full Regression Results

This appendix gives full regression results for predicting alert receipt (see Table C.1), WEA
awareness (see Table C.2), opting out of any type of alert (see Table C.3), opting out of AMBER
Alerts (see Table C.4), and opting out of imminent threat alerts (see Table C.5).

TABLE C.1
Full Results from Logistic Regression Predicting Alert Receipt

95% ClI
Variable Odds Ratio Lower Upper p-Value
Intercept 11.10 8.24 14.95 <0.01
Age
18-35 - - - -
36-65 0.77 0.70 0.84 <0.01
Older than 65 0.48 0.44 0.54 <0.01
Missing 0.31 0.14 0.68 <0.01
Income
Less than $33,001 0.86 0.78 0.94 <0.01
$33,001-$60,000 0.93 0.86 1.02 0.1
$60,001-$122,000 - — — -
$122,001-$200,000 0.97 0.88 1.07 0.56
$200,001-$505,000 0.93 0.81 1.07 0.31
More than $505,000 0.69 0.51 0.93 0.01
Missing/refused 0.61 0.47 0.79 <0.01
Language
English - — — —
Spanish 1.04 0.83 1.31 0.72
Other language 112 0.84 1.48 0.45
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Table C.1—Continued

95% ClI
Variable Odds Ratio Lower Upper p-Value
Race/ethnicity
Hispanic 1.11 0.96 1.29 0.15
American Indian/Alaska Native 0.91 0.74 1.12 0.38
Asian 0.81 0.64 1.01 0.06
Black 1.15 0.94 1.42 0.17
Native Hawaiian/Pacific Islander 0.70 0.51 0.98 0.04
White 0.97 0.79 117 0.72
Disability
Missing 0.82 0.60 112 0.22
Vision 1.03 0.90 118 0.67
Hearing 0.90 0.80 1.00 0.05
Physical 0.99 0.89 110 0.83
Cognitive/learning/language 0.92 0.76 1.13 0.44
Chronic 1.22 0.90 1.64 0.20
Emotional 0.94 0.82 1.09 0.42
Subsidized phone
No - - - -
Yes 1.18 1.02 1.38 0.03
Don’t know 0.33 0.27 0.41 <0.01
Carrier
Don’t know 0.54 0.43 0.68 <0.01
Verizon - - - -
AT&T 1.27 1.16 1.39 <0.01
T-Mobile 1.29 117 1.43 <0.01
Other carrier 1.06 0.98 1.15 0.16
Phone brand
Apple iPhone — - — —
Samsung 0.98 0.90 1.06 0.65
Motorola 0.95 0.83 1.09 0.50
Google 112 0.92 1.35 0.26
LG 1.08 0.89 1.31 0.46
Other phone 0.76 0.66 0.87 <0.01
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Table C.1—Continued

95% ClI
Variable Odds Ratio Lower Upper p-Value
Phone WEA
WEA 1.0 — — — —
WEA 2.0 112 0.93 1.37 0.24
WEA 3.0 1.42 119 1.70 <0.01
Uncategorized 0.88 0.73 1.05 0.17
Natural hazard
Avalanche 1.02 0.98 1.06 0.30
Coastal flooding 0.98 0.93 1.02 0.33
Cold wave 0.98 0.94 1.03 0.40
Drought 0.98 0.92 1.03 0.41
Earthquake 0.96 0.90 1.02 0.16
Hail 0.96 0.90 1.01 0.13
Heat wave 0.99 0.94 1.04 0.71
Hurricane 1.02 0.96 1.08 0.61
Ice storm 1.00 0.95 1.05 0.98
Riverine flooding 1.00 0.95 1.06 0.87
Strong wind 1.08 0.98 1.09 0.19
Tornado 0.99 0.95 1.04 0.70
Volcano 1.01 0.98 1.05 0.42
Winter weather 1.01 0.96 1.06 0.67
Rurality
Metropolitan (>1M) - - - -
Metropolitan (250k—1M) 0.90 0.83 0.99 0.03
Metropolitan (<250K) 0.92 0.82 1.04 0.19
Nonmetropolitan (>20k, metropolitan 0.76 0.67 0.86 <0.01
adjacent)
Nonmetropolitan (>20k, not metropolitan 0.78 0.62 0.97 0.03
adjacent)
Nonmetropolitan (2.5k-20k, 0.74 0.64 0.85 <0.01
metropolitan adjacent)
Nonmetropolitan (2.5k-20Kk, not 0.72 0.61 0.85 <0.01
metropolitan adjacent)
Nonmetropolitan (<2.5k, metropolitan 0.63 0.46 0.86 <0.01
adjacent)
Nonmetropolitan (<2.5k, not 0.51 0.40 0.65 <0.01

metropolitan adjacent)
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Table C.1—Continued

95% ClI
Variable Odds Ratio Lower Upper p-Value
Indigenous area 1.03 0.99 1.07 0.14
Indigenous population 1.00 0.96 1.03 0.83
Carrier coverage 1.00 0.97 1.03 0.92
FEMA region
Region 1 1.25 0.95 1.64 0.11
Region 2 1.01 0.82 1.26 0.90
Region 3 0.94 0.79 113 0.52
Region 4 112 0.98 1.29 0.09
Region 5 1.14 0.95 1.36 0.15
Region 6 - - - -
Region 7 115 0.94 1.42 0.17
Region 8 1.23 0.99 1.54 0.07
Region 9 1.29 0.98 1.69 0.07
Region 10 1.23 0.94 1.61 0.13
Past alerts
Historical alerts (AMBER) 1.02 0.97 1.07 0.48
Historical alerts (natural hazards) 1.06 1.00 1.13 0.04
Historical alerts (other) 1.01 0.96 1.05 0.79
TABLE C.2
Full Results from Logistic Regression Predicting WEA Awareness

95% ClI
Variable Odds Ratio Lower Upper p-Value
Intercept 1.15 0.94 1.41 0.16
Age
18-35 - - - -
36-65 1.08 1.02 1.14 0.01
Older than 65 0.81 0.76 0.86 <0.01
Missing 1.09 0.61 1.92 0.78
Income
Less than $33,001 0.80 0.75 0.85 <0.01
$33,001-$60,000 0.92 0.87 0.97 <0.01

$60,001-$122,000
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Table C.2—Continued

95% ClI
Variable Odds Ratio Lower Upper p-Value
$122,001-$200,000 1.04 0.98 111 017
$200,001-$505,000 1.05 0.97 114 0.25
More than $505,000 0.78 0.64 0.95 0.01
Missing/refused 0.78 0.65 0.93 0.01
Language
English - - - -
Spanish 0.87 0.77 0.99 0.03
Other language 0.86 0.73 1.01 0.06
Race/ethnicity
Hispanic 0.91 0.83 0.99 0.02
American Indian/Alaska Native 1.10 0.96 1.26 0.19
Asian 0.84 0.73 0.95 0.01
Black 0.90 0.80 1.01 0.08
Native Hawaiian/Pacific Islander 0.96 0.77 1.19 0.69
White 1.33 119 1.48 <0.01
Disability
Missing 1.03 0.84 1.27 0.77
Vision 1.02 0.93 112 0.61
Hearing 0.92 0.85 1.00 0.04
Physical 1.00 0.93 1.08 0.98
Cognitive/learning/language 0.98 0.86 112 0.78
Chronic 1.09 0.89 1.33 0.42
Emotional 1.26 115 1.38 <0.01
Subsidized phone
No - - — —
Yes 1.26 114 1.41 <0.01
Don’t know 0.52 0.44 0.62 <0.01
Carrier
Don’t know 0.55 0.46 0.67 <0.01
Verizon - - - -
AT&T 1.08 0.97 1.09 0.29
T-Mobile 0.96 0.90 1.02 0.19
Other carrier 0.93 0.88 0.99 0.02
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Table C.2—Continued

95% ClI
Variable Odds Ratio Lower Upper p-Value
Phone brand
Apple iPhone - — — —
Samsung 1.48 1.40 1.56 <0.01
Motorola 1.63 1.49 1.78 <0.01
Google 1.39 1.25 1.56 <0.01
LG 1.44 1.25 1.65 <0.01
Other phone 1.28 1.16 1.41 <0.01
Phone WEA
WEA 1.0 - - - —
WEA 2.0 113 0.98 1.30 0.09
WEA 3.0 1.28 112 1.46 <0.01
Uncategorized 0.88 0.77 1.01 0.06
Natural hazard
Avalanche 1.01 0.98 1.03 0.57
Coastal flooding 1.00 0.97 1.03 0.91
Cold wave 0.98 0.95 1.01 0.14
Drought 1.06 1.01 1.10 0.01
Earthquake 1.04 1.00 1.08 0.08
Hail 1.01 0.98 1.05 0.44
Heat wave 1.01 0.98 1.04 0.44
Hurricane 1.03 0.99 1.07 0.20
Ice storm 0.98 0.95 1.01 0.12
Riverine flooding 1.04 1.00 1.07 0.03
Strong wind 1.01 0.97 1.04 0.68
Tornado 1.00 0.98 1.03 0.75
Volcano 0.98 0.96 1.01 0.16
Winter weather 0.98 0.95 1.01 0.16
Rurality
Metropolitan (>1M) - - - -
Metropolitan (250k—1M) 1.00 0.94 1.05 0.89
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Table C.2—Continued

95% ClI
Variable Odds Ratio Lower Upper p-Value
Metropolitan (<250K) 1.00 0.92 1.08 0.94
Nonmetropolitan (>20k, metropolitan 1.07 0.98 117 0.14
adjacent)
Nonmetropolitan (>20k, not metropolitan 1.06 0.92 1.22 0.42
adjacent)
Nonmetropolitan (2.5k-20k, metropolitan 1.01 0.92 11 0.83
adjacent)
Nonmetropolitan (2.5k-20k, not 1.10 0.97 1.24 0.13
metropolitan adjacent)
Nonmetropolitan (<2.5k, metropolitan 1.01 0.82 1.26 0.90
adjacent)
Nonmetropolitan (<2.5k, not 0.80 0.65 0.98 0.03
metropolitan adjacent)
Indigenous area 1.02 0.99 1.05 0.25
Indigenous population 1.03 1.00 1.06 0.03
Carrier coverage 1.00 0.98 1.02 0.72
FEMA region
Region 1 1.04 0.87 1.23 0.70
Region 2 112 0.98 1.29 0.10
Region 3 115 1.03 1.30 0.02
Region 4 117 1.07 1.27 <0.01
Region 5 1.25 112 1.40 <0.01
Region 6 - - - -
Region 7 1.16 1.01 1.32 0.03
Region 8 1.27 1.09 1.47 <0.01
Region 9 0.89 0.74 1.07 0.20
Region 10 1.33 1.10 1.60 <0.01
Past alerts
Historical alerts (AMBER) 0.93 0.91 0.96 <0.01
Historical alerts (natural hazards) 1.01 0.97 1.05 0.67
Historical alerts (other) 1.02 0.99 1.06 0.11
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TABLE C.3
Full Results from Logistic Regression Predicting Opting Out (Any Type of Alert)

95% ClI
Variable Odds Ratio Lower Upper p-Value
Intercept 0.42 0.33 0.55 <0.01
Age
18-35 - - - -
36-65 0.74 0.70 0.79 <0.01
Older than 65 0.48 0.44 0.52 <0.01
Missing 0.37 0.17 0.83 0.02
Income
Less than $33,001 1.08 0.99 117 0.07
$33,001-$60,000 1.03 0.96 1.11 0.40
$60,001-$122,000 — — - —
$122,001-$200,000 1.10 1.02 1.19 0.01
$200,001-$505,000 117 1.06 1.30 <0.01
More than $505,000 1.57 1.26 1.96 <0.01
Missing/refused 1.21 0.94 1.55 0.14
Language
English - - - -
Spanish 0.97 0.84 113 0.69
Other language 1.09 0.88 1.35 0.42
Race/ethnicity
Hispanic 1.06 0.95 117 0.30
American Indian/Alaska Native 1.19 1.01 1.40 0.04
Asian 0.94 0.79 1.1 0.45
Black 0.77 0.67 0.90 <0.01
Native Hawaiian/Pacific Islander 1.02 0.78 1.34 0.87
White 0.88 0.76 1.01 0.07
Disability
Missing 1.33 1.03 1.72 0.03
Vision 1.05 0.93 1.18 0.47
Hearing 1.05 0.94 117 0.40
Physical 0.89 0.80 0.99 0.03
Cognitive/learning/language 1.38 117 1.62 <0.01
Chronic 1.10 0.85 1.43 0.46
Emotional 1.02 0.92 1.15 0.68
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Table C.3—Continued

95% Cl
Variable Odds Ratio Lower Upper p-Value
Subsidized phone
No - - — -
Yes 2.89 2.59 3.22 <0.01
Don’t know 1.54 1.27 1.88 <0.01
Carrier
Don’t know 0.97 0.75 1.26 0.83
Verizon - - - —
AT&T 112 1.04 1.20 <0.01
T-Mobile 1.10 1.02 1.19 0.02
Other carrier 1.08 1.00 117 0.04
Phone brand
Apple iPhone — — - —
Samsung 0.74 0.70 0.79 <0.01
Motorola 0.75 0.67 0.84 <0.01
Google 0.92 0.81 1.05 0.21
LG 0.80 0.66 0.97 0.02
Other phone 0.80 0.70 0.93 <0.01
Phone WEA
WEA 1.0 — — — —
WEA 2.0 0.84 0.70 1.01 0.07
WEA 3.0 0.91 0.77 1.08 0.29
Uncategorized 0.79 0.66 0.94 0.01
Natural hazard
Avalanche 0.99 0.96 1.08 0.69
Coastal flooding 1.02 0.97 1.06 0.47
Cold wave 0.99 0.95 1.04 0.82
Drought 0.96 0.91 1.01 0.16
Earthquake 1.01 0.96 1.07 0.67
Hail 1.00 0.95 1.05 0.98
Heat wave 1.01 0.97 1.05 0.55
Hurricane 0.99 0.94 1.04 0.70
Ice storm 1.02 0.99 1.06 0.23
Riverine flooding 1.01 0.97 1.05 0.62
Strong wind 1.00 0.96 1.05 0.89
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Table C.3—Continued

95% Cl
Variable Odds Ratio Lower Upper p-Value
Tornado 0.96 0.93 0.99 0.02
Volcano 1.03 1.00 1.06 0.09
Winter weather 0.99 0.94 1.03 0.53
Rurality
Metropolitan (>1M) - - - -
Metropolitan (250k—1M) 0.98 0.91 1.06 0.67
Metropolitan (<250K) 0.94 0.85 1.03 0.19
Nonmetropolitan (>20k, metropolitan 1.01 0.91 1.14 0.81
adjacent)
Nonmetropolitan (>20k, not metropolitan 1.06 0.87 1.28 0.57
adjacent)
Nonmetropolitan (2.5k—20k, metropolitan 1.15 1.02 1.29 0.02
adjacent)
Nonmetropolitan (2.5k-20k, not 1.08 0.92 1.26 0.36
metropolitan adjacent)
Nonmetropolitan (<2.5k, metropolitan 112 0.85 1.46 0.42
adjacent)
Nonmetropolitan (<2.5k, not metropolitan 1.07 0.81 1.42 0.64
adjacent)
Indigenous area 0.97 0.98 1.00 0.07
Indigenous population 1.02 0.99 1.05 0.23
Carrier coverage 1.02 0.99 1.05 0.18
FEMA region
Region 1 0.65 0.50 0.83 <0.01
Region 2 0.73 0.61 0.87 <0.01
Region 3 0.62 0.54 0.72 <0.01
Region 4 0.76 0.69 0.84 <0.01
Region 5 0.77 0.66 0.89 <0.01
Region 6 - - - -
Region 7 0.71 0.60 0.84 <0.01
Region 8 0.59 0.48 0.72 <0.01
Region 9 0.71 0.56 0.90 0.01
Region 10 0.61 0.49 0.78 <0.01
Past alerts
Historical alerts (AMBER) 1.23 1.19 1.28 <0.01
Historical alerts (natural hazards) 1.02 0.97 1.07 0.42
Historical alerts (other) 1.04 1.00 1.08 0.06
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Full Regression Results

TABLE C.4
Full Results from Logistic Regression Predicting Opting Out (AMBER Alerts)

95% ClI
Variable Odds Ratio Lower Upper p-Value
Intercept 0.25 0.18 0.35 <0.01
Age
18-35 - - - -
36-65 0.75 0.70 0.81 <0.01
Older than 65 0.47 0.42 0.52 <0.01
Missing 0.31 0.10 0.89 0.03
Income
Less than $33,001 1.06 0.96 117 0.26
$33,001-$60,000 0.98 0.89 1.07 0.58
$60,001-$122,000 - — — —
$122,001-$200,000 1.10 1.00 1.20 0.05
$200,001-$505,000 1.21 1.07 1.36 <0.01
More than $505,000 1.36 1.04 1.78 0.03
Missing/refused 1.15 0.85 1.55 0.36
Language
English - - - -
Spanish 0.87 0.73 1.04 0.13
Other language 1.1 0.87 1.43 0.40
Race/ethnicity
Hispanic 1.04 0.92 117 0.57
American Indian/Alaska Native 1.25 1.03 1.51 0.02
Asian 0.94 0.76 1.16 0.58
Black 0.76 0.64 0.91 <0.01
Native Hawaiian/Pacific Islander 1.19 0.86 1.65 0.28
White 0.94 0.79 112 0.52
Disability
Missing 1.27 0.92 1.74 0.14
Vision 0.97 0.83 113 0.69
Hearing 1.05 0.92 1.20 0.46
Physical 0.86 0.75 0.97 0.02
Cognitive/learning/language 1.31 1.06 1.60 0.01
Chronic 0.95 0.68 1.34 0.78

Emotional 1.14 0.99 1.30 0.06
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Table C.4—Continued

95% ClI
Variable Odds Ratio Lower Upper p-Value
Subsidized phone
No — - - -
Yes 2.44 214 2.79 <0.01
Don’t know 1.16 0.91 1.49 0.23
Carrier
Don’t know 0.83 0.59 1.16 0.27
Verizon — — - -
AT&T 112 1.03 1.23 0.01
T-Mobile 1.11 1.02 1.22 0.02
Other carrier 1.16 1.06 1.28 <0.01
Phone brand
Apple iPhone — — — —
Samsung 0.70 0.64 0.76 <0.01
Motorola 0.67 0.58 0.77 <0.01
Google 0.84 0.72 0.99 0.04
LG 0.65 0.51 0.82 <0.01
Other phone 0.77 0.64 0.92 <0.01
Phone WEA
WEA 1.0 - - - -
WEA 2.0 0.82 0.65 1.04 0.1
WEA 3.0 0.94 0.76 117 0.59
Uncategorized 0.72 0.57 0.91 0.01
Natural hazard
Avalanche 1.00 0.96 1.04 0.97
Coastal flooding 1.02 0.97 1.07 0.55
Cold wave 0.98 0.92 1.03 0.40
Drought 0.96 0.90 1.02 0.18
Earthquake 0.99 0.93 1.06 0.84
Hail 0.97 0.92 1.03 0.28
Heat wave 1.00 0.96 1.06 0.85
Hurricane 0.97 0.91 1.03 0.29
Ice storm 1.05 1.00 1.10 0.04
Riverine flooding 1.00 0.95 1.05 0.97
Strong wind 1.01 0.96 1.06 0.80
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Full Regression Results

Table C.4—Continued

95% ClI
Variable Odds Ratio Lower Upper p-Value
Tornado 0.95 0.91 0.99 0.01
Volcano 1.02 0.98 1.07 0.28
Winter weather 0.96 0.91 1.01 0.14
Rurality
Metropolitan (>1M) - - - -
Metropolitan (250k—1M) 0.92 0.84 1.01 0.09
Metropolitan (<250K) 0.89 0.79 1.01 0.07
Nonmetropolitan (>20k, metropolitan 0.96 0.83 1.10 0.52
adjacent)
Nonmetropolitan (>20k, not metropolitan 0.98 0.78 1.23 0.86
adjacent)
Nonmetropolitan (2.5k-20k, 1.04 0.90 1.20 0.58
metropolitan adjacent)
Nonmetropolitan (2.5k—20k, not 0.89 0.74 1.08 0.25
metropolitan adjacent)
Nonmetropolitan (<2.5k, metropolitan 0.72 0.49 1.05 0.09
adjacent)
Nonmetropolitan (<2.5k, not 0.94 0.63 1.38 0.74
metropolitan adjacent)
Indigenous area 0.96 0.92 1.00 0.06
Indigenous population 1.01 0.97 1.05 0.66
Carrier coverage 1.01 0.98 1.05 0.52
FEMA region
Region 1 0.59 0.43 0.81 <0.01
Region 2 0.63 0.50 0.79 <0.01
Region 3 0.56 0.46 0.67 <0.01
Region 4 0.75 0.66 0.85 <0.01
Region 5 0.75 0.63 0.90 <0.01
Region 6 - - - -
Region 7 0.67 0.55 0.83 <0.01
Region 8 0.60 0.47 0.76 <0.01
Region 9 0.69 0.51 0.92 0.01
Region 10 0.58 0.43 0.79 <0.01
Past alerts
Historical alerts (AMBER) 1.32 1.26 1.39 <0.01
Historical alerts (natural hazards) 1.03 0.97 1.09 0.39
Historical alerts (other) 1.03 0.98 1.08 0.22
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TABLE C.5
Full Results from Logistic Regression Predicting Opting Out (Imminent Threat
Alerts)

95% ClI
Variable Odds Ratio Lower Upper p-Value
Intercept 0.18 0.12 0.26 <0.01
Age
18-35 - — — —
36-65 0.63 0.58 0.69 <0.01
Older than 65 0.31 0.27 0.35 <0.01
Missing 0.25 0.06 113 0.07
Income
Less than $33,001 1.1 0.99 1.26 0.07
$33,001-$60,000 1.05 0.94 117 0.38
$60,001-$122,000 - — — —
$122,001-$200,000 1.03 0.91 115 0.67
$200,001-$505,000 0.98 0.84 115 0.81
More than $505,000 1.45 1.06 1.98 0.02
Missing/refused 0.75 0.49 1.14 0.18
Language
English - - - -
Spanish 1.16 0.94 1.43 0.16
Other language 1.49 112 1.98 0.01
Race/ethnicity
Hispanic 0.99 0.85 115 0.88
American Indian/Alaska Native 1.17 0.93 1.47 0.19
Asian 0.79 0.61 1.03 0.08
Black 0.85 0.68 1.07 0.16
Native Hawaiian/Pacific Islander 0.84 0.56 1.25 0.38
White 0.82 0.66 1.02 0.07
Disability
Missing 1.62 1.10 2.39 0.02
Vision 1.09 0.92 1.29 0.31
Hearing 1.08 0.92 1.27 0.33
Physical 0.93 0.80 1.08 0.35
Cognitive/learning/language 1.41 1.14 1.75 <0.01
Chronic 0.90 0.60 1.35 0.61
Emotional 0.99 0.84 1.16 0.90
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Full Regression Results

Table C.5—Continued

95% ClI
Variable Odds Ratio Lower Upper p-Value
Subsidized phone
No — - - -
Yes 3.89 3.39 4.45 <0.01
Don’t know 1.38 1.05 1.82 0.02
Carrier
Don’t know 0.87 0.58 1.31 0.51
Verizon — — - —
AT&T 1.19 1.07 1.33 <0.01
T-Mobile 1.12 1.00 1.26 0.06
Other carrier 1.22 1.09 1.37 <0.01
Phone brand
Apple iPhone — — — —
Samsung 0.81 0.74 0.90 <0.01
Motorola 0.81 0.68 0.97 0.02
Google 0.80 0.66 0.97 0.02
LG 1.05 0.80 1.37 0.72
Other phone 0.92 0.74 113 0.42
Phone WEA
WEA 1.0 - - - -
WEA 2.0 0.72 0.55 0.94 0.02
WEA 3.0 0.77 0.60 0.99 0.04
Uncategorized 0.58 0.44 0.75 <0.01
Natural hazard
Avalanche 0.99 0.93 1.04 0.64
Coastal flooding 1.01 0.95 1.08 0.67
Cold wave 0.97 0.91 1.03 0.32
Drought 0.97 0.90 1.05 0.50
Earthquake 0.97 0.90 1.05 0.43
Hail 1.01 0.95 1.09 0.69
Heat wave 1.00 0.94 1.05 0.87
Hurricane 1.04 0.97 1.12 0.28
Ice storm 1.01 0.96 1.07 0.62
Riverine flooding 1.00 0.94 1.06 0.88
Strong wind 1.08 1.02 1.16 0.01
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Table C.5—Continued

95% ClI
Variable Odds Ratio Lower Upper p-Value
Tornado 0.98 0.93 1.03 0.37
Volcano 1.04 1.00 1.08 0.06
Winter weather 1.01 0.94 1.08 0.81
Rurality
Metropolitan (>1M) - — - -
Metropolitan (250k—1M) 0.96 0.85 1.07 0.45
Metropolitan (<250K) 0.92 0.79 1.08 0.31
Nonmetropolitan (>20k, metropolitan 1.04 0.88 1.22 0.65
adjacent)
Nonmetropolitan (>20k, not metropolitan 1.10 0.84 1.46 0.49
adjacent)
Nonmetropolitan (2.5k-20k, 1.29 1.09 1.53 <0.01
metropolitan adjacent)
Nonmetropolitan (2.5k-20k, not 117 0.92 1.49 0.20
metropolitan adjacent)
Nonmetropolitan (<2.5k, metropolitan 114 0.75 1.74 0.53
adjacent)
Nonmetropolitan (<2.5k, not 1.58 1.03 2.28 0.04
metropolitan adjacent)
Indigenous area 0.99 0.94 1.04 0.66
Indigenous population 1.00 0.95 1.05 0.88
Carrier coverage 0.99 0.96 1.03 0.73
FEMA region
Region 1 0.63 0.43 0.93 0.02
Region 2 0.76 0.58 0.99 0.04
Region 3 0.60 0.48 0.76 <0.01
Region 4 0.81 0.70 0.95 0.01
Region 5 0.84 0.67 1.05 0.12
Region 6 - - - -
Region 7 0.78 0.61 1.00 0.05
Region 8 0.70 0.52 0.95 0.02
Region 9 1.01 0.72 1.42 0.94
Region 10 0.81 0.56 1.16 0.24
Past alerts
Historical alerts (AMBER) 1.14 1.07 1.21 <0.01
Historical alerts (natural hazards) 1.07 0.99 1.15 0.09
Historical alerts (other) 1.07 1.01 114 0.02
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APPENDIX D

English Survey Instrument

OMB No: 1660-0157
Expiration: 06-30-2026

Thank you for participating in this survey. We are assessing the performance of a national
test of the Wireless Emergency Alerts system—a system used by the Federal Emergency Man-
agement Agency (FEMA) and State and Local authorities to send emergency alerts to cell
phones.

A test alert was sent by FEMA on Wednesday, October 4, 2023, to all cell phones in the
United States. This survey will ask you whether you received that test alert and because we
want to assess performance across the U.S., generally where you were at the time of the test
(state, county, and city). We will also ask about other factors that may affect performance,
such as your cell phone and carrier.

The survey is being conducted by the RAND Corporation, through its Homeland Security
Operations and Analysis Center, on behalf of FEMA. The survey will take about 5 minutes
to complete. Your identity will not be known to the research team or to FEMA, and your
responses to the survey will not be connected to your identity. We do not anticipate any risk
from participation.

Your responses are important to us, and your participation is voluntary. You do not have
to answer any question if you are uncomfortable doing so. You may discontinue the survey at

any time without penalty.

Any questions you might have regarding the survey can be directed to Andrew Parker at
alertsurvey@rand.org.

By clicking next, you consent to participate in this survey. [NEXT BUTTON]
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Privacy Notice FEMA Wireless Emergency Alert (WEA) Survey

GENERAL: The Federal Emergency Management Administration (FEMA) is conduct-
ing a national test of the Wireless Emergency Alerts (WEA) System. The test will help FEMA
capture the geographic reach of the WEA alert message along with additional key param-
eters outlined in the IPAWS Modernization Act of 2015 (P.L. 114-143). This information will
help FEMA and other WEA stakeholders, such as the Federal Communications Commission
(FCC), improve emergency alerting capabilities, leading to a better prepared and more resil-
ient nation.

AUTHORITY: The Robert T. Stafford Disaster Relief and Emergency Assistance Act (42
U.S.C. 5187) and the Integrated Public Alert and Warning System Modernization Act of 2015
(P.L. 114-143).

USES AND SHARING: FEMA will not collect or share personally identifiable informa-
tion using the WEA Survey.

EFFECTS OF NONDISCLOSURE: The disclosure of information on this form is
voluntary.

PAPERWORK BURDEN DISCLOSURE NOTICE

Public reporting burden for this data collection is estimated to average 5 minutes per
response. The burden estimate includes the time for reviewing instructions, searching exist-
ing data sources, gathering and maintaining the data needed, and completing and submit-
ting this form. You are not required to respond to this collection of information unless a
valid OMB control number is displayed on this form. Send comments regarding the accu-
racy of the burden estimate and any suggestions for reducing the burden to: Information
Collections Management, Department of Homeland Security, Federal Emergency Manage-
ment Agency, 500 C Street. SW, Washington, DC 20472-3100, Paperwork Reduction Project
(1660-0157). NOTE: Do not send your completed form to this address.
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English Survey Instrument

Screener

1. Do you currently have a working cell phone?

] Yes (1)
[J No (2) = IF NO, CODE INELIGIBLE
[1 Don’t know (98) — IF DON’T KNOW (DK), CODE INELIGIBLE

Phone and Carrier

2. If you have multiple cell phones, answer the following questions for what you
consider your primary cell phone, or the one you use the most.

What is the carrier for your primary cell phone? That is, what company provides
your cell phone service? If you do not know, please choose “Don’t know.”
(Select one)

[ AT&T (1)

] Boost (2)

] Cricket (3)

[J Metro by T-Mobile (4)
[ Straight Talk (5)

[J T-Mobile/Sprint (6)
[0 TracFone (7)

] US Cellular (8)

] Verizon (9)

[] Other (97) (Please specify: ) [ALLOW 100 CHARACTERS]
(] Don’t know (98)

3.  What brand is your primary cell phone? If you do not know, please choose “Don’t
know.” (Select one)

O Alcatel (1)

[J Apple/iPhone (2)

[J Google (3)

[J Kyocera (4)

LG (5)

] Motorola (6)

[ Nokia (7)

] OnePlus (8)

[J Samsung (9)

[ Other (97) (Please specify: ) [ALLOW 100 CHARACTERS]
GO TO QUESTION 3B

[J Don’t know (98) — GO TO QUESTION 6
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3B.

NO ANSWERS, GO TO QUESTION 6

ALL OTHERS GO TO QUESTION SERIES FOR PHONE BRANDS

For the brand of your primary phone you selected “Other” and specified [FILL
IN Q3 SPECIFY]. What kind of [FILL IN Q3 SPECIFY] do you have?

[SPECIFY, ALLOW 100 CHARACTERS] GO TO QUESTION M29

ITEMS 3B-M28 ARE CONDITIONAL BASED ON RESPONSE TO Q3.
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BRAND =1 ALCATEL (PROVIDED AS AN EXAMPLE)

M1 [IF BRAND =1 ALCATEL] What kind of Alcatel phone do you have? If you do
not know, please choose “Don’t know.” (Select one)

[ 1X Evolve (1)

[J Alcatel 7, Apollo, Aspire, or Astra (2)
[0 APPRISE, Axel, or 3V (3)

] Avalon V (4)

] Fierce, Idol, or One Touch (5)

[] GO FLIP (6)

[J Insight (7)

[0 Onyx (8)

[] REVVL (9)

[] QUICKELIP (10)

(] SMARTEFLIP (11)

[] Tetra (12)

] Verso (13)

(] Volta (14)

[J Other (Please specify: ) (97) [ALLOW 100 CHARACTERS]
] Don’t know (98)

[IF M1 =6, GO TO QUESTION M2; OTHERWISE GO TO QUESTION M29]

M2 [IF ALCATEL =6 GO FLIP] What kind of Alcatel GO FLIP phone do you have? If
you do not know, please choose “Don’t know.” (Select one)

0 GO FLIP (1)

[] GOFLIP3 (2)

[] GO FLIP 4 (3)

[0 GOFLIPV (4)

[J Other (Please specify: ) (97) [ALLOW 100 CHARACTERS]
[ Don’t know (98)

[M2 = (ALL) — GO TO QUESTION M29]
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M29. How confident were you in selecting what kind of phone you have?

[0 Very confident (1)

] Somewhat confident (2)
[ A bit confident (3)

(] Not at all confident (4)

WEA Performance
6. A testalert was sent on October 4, 2023 at 2:20 PM ET by the Federal Emergency

Management Agency (FEMA) to cell phones across the United States. It looked
similar to one of the following.

[Show labeled graphics of short and long versions of the test alert. Images will include
alterative text for screen readers.]

Short Version Long Version

A National Alert A National Alert

THIS IS A TEST of the National Wireless THIS IS A TEST of the National Wireless

Emergency Alerts System. No action Emergency Alerts System. The purpose is

is needed. to maintain and improve alert and warning
capabilities at the federal, state, local, tribal
and territorial levels and to evaluate the
nation’s public alert and warning capabilities.

\ / No action is required by the public.

/

Did you get this test alert on your primary cell phone?

] Yes, short version (1)

[] Yes, long version (2)

[] No (3) — IF NO, GO TO QUESTION 9

[J Don’t know (98) — IF DON’T KNOW, GO TO QUESTION 9

7. Inwhat language did you get this test alert?

[J English (1)
[J Spanish (2)
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9. To better understand how well test alerts work in different locations, we would
like to know generally where you were when (IF Q6 = YES: you first noticed this
test alert on your primary cell phone/IF Q6 = NO or DK: the test alert was sent
on October 4, 2023 at 2:20 PM ET). If you do not know exactly, please provide as
much information as you can.

Q9a: ENTER STATE: [DROP-DOWN MENU, INCLUDE DK OPTION]
] Don’t know (98)

IF STATE IS BLANK/REFUSED/MISSING/DON’T KNOW, GO TO
QUESTION Q10

IF STATE IS ANSWERED, GO TO QUESTION Q9b (ASK COUNTY):

Q9b: ENTER COUNTY: [DROP-DOWN MENU, INCLUDE DK and N/A
OPTION]

[J Don’t know (998)
[0 Not applicable (999)

IF COUNTY IS ANSWERED, GO TO QUESTION Q10 (DO NOT ASK
CITY IF COUNTY IS ANSWERED)

IF COUNTY IS NOT ANSWERED (BLANK/REFUSED/MISSING/
DON’T KNOW) GO TO QUESTION Q9¢ (ASK CITY):

Q9c¢: ENTER CITY/TOWN: [DROP-DOWN MENU OF 10 LARGEST CITIES
IN EACH STATE, INCLUDE OPTIONS FOR: Other City/Town (Please
specify), Rural, not near any city/town, DK, N/A]

[ Other City/Town (Please specify) (996) [PROVIDED OPEN ITEM FOR
SPECIFY]

[] Rural, not near any city/town (997)

] Don’t know (998)

[J Not applicable (999)

10. [IF DK OR REFUSE TO BOTH Q9B AND Q9C] (IF Q6 = YES: When you first
noticed this test alert on your primary cell phone/IF Q6 = NO or DK: When the
test alert was sent [October 4, 2023 at 2:20 PM ET]), were you at your home?

] Yes (1)
] No (2)
[ Don’t know (98)
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11.

12.

13.

14.

15.

16.

Was your primary cell phone turned on at the time of this test alert (October 4,

2023 at 2:20 PM ET)?

] Yes (1)
[J No (2) = GO TO SKIP BEFORE QUESTION 16
] Don’t know (98)

Were you near your primary cell phone at the time of this test alert? That is, were

you close enough to notice it?

] Yes (1)
[] No (2) — GO TO QUESTION 15
] Don’t know (98) — GO TO QUESTION 15

Were you using your primary cell phone (for example, on a call or checking
email) at the time of this test alert?

[ Yes (1)
[J No (2) - GO TO QUESTION 15
[] Don’t know (98) — GO TO QUESTION 15

Were you on a call on your primary cell phone at the time of this test alert?

] Yes (1)
] No (2)
] Don’t know (98)

Was your primary cell phone connected to WiFi at the time of this test alert?

] Yes (1)
] No (2)
[ Don’t know (98)

SKIP: IF Q6 = NO or DK GO TO QUESTION 17

Did you get this test alert multiple times on your primary cell phone?

] Yes (1)
] No (2)
] Don’t know (98)
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17.

18.

19.

Prior to this test alert had you ever heard of Wireless Emergency Alerts (WEA)?

] Yes (1)
] No (2)
] Don’t know (98)

Is your primary cell phone opted out of any type of emergency alerts? These alerts
may include AMBER or severe weather alerts.

] Yes (1)
[J No (2) = GO TO QUESTION 20
] I don’t remember (98) — GO TO QUESTION 20

Please check all of the alerts that you have opted out of. If you do not remember,
please choose “I don’t remember.”

] AMBER alerts (1)

[J Emergency alerts (2)

[] Extreme threats (3)

[ Severe threats (4)

[] Public Safety alerts (as “Public safety messages”) (5)
[] Test alerts (as “State and local tests”) (6)

] I don’t remember (98)

Basic demographics

20. How old are you?

21.

[NUMERIC FILL] [ALLOW RANGE 18-999]

Are you Hispanic or Latino?

[J Yes, Hispanic or Latino (1)
] No, not Hispanic or Latino (2)

22. What is your race? Please check all that apply.

[J American Indian or Alaska Native (1)

] Asian (2)

[ Black or African American (3)

[] Native Hawaiian or Other Pacific Islander (4)
] White (5)
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23. What language do you mainly speak at home?

ENTER LANGUAGE: [DROP-DOWN MENU, IN ORDER OF PREVALENCE]

English (1)

Spanish (2)

Chinese (3)

American Sign Language (4)
Tagalog (5)

Vietnamese (6)

French (7)

Korean (8)

German (9)

Arabic (10)

Russian (11)

French Creole (12)

Italian (13)

Portuguese (14)

Hindi (15)

Polish (16)

Japanese (17)

Another language not listed above (Please specify: ) (97)
[ALLOW 100 CHARACTERS]

24. Are you a person who has any of the following? Please check all that apply.

[] None of these apply to me (1)

[ Deafblindness (2)

[] Blindness (3)

] Low Vision or other vision related limitation (4)

(] Deafness (5)

] Hard of Hearing or other hearing related limitation (6)

[J Lower-body physical limitation (difficulty in walking or difficulty climbing
stairs, or the use of a wheelchair) (7)

L1 Upper-body physical limitation (difficulty in reaching, carrying, grasping, or
manipulating) (8)

[] Speech or communication limitation (9)

1 Cognitive or learning disability (difficulty with memory, learning, or
processing information) (10)

[] Emotional, psychiatric, or behavioral disability (11)

[ Other disability not listed above (Please specify: ) (97) [ALLOW
100 CHARACTERS]
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25. What is your annual household income?

(] Less than $33,001 (1)
[ $33,001-$60,000 (2)
[ $60,001-$122,000 (3)
] $122,001-$200,000 (4)
] $200,001-$505,000 (5)
[J More than $505,000 (6)

26. How many total people—adults and children—currently live in your household,
including yourself? Please enter a number.

[DROP FILL] [ALLOW RANGE 1-99]

27. Did you get your cell phone through a subsidy or discount program related to
income or through a state, local, or federal program (e.g., Lifeline, iCanConnect,
telecommunications equipment distribution program)?

] Yes (1)
] No (2)
(] Don’t know (98)

28. We have fielded this survey to a number of survey panels in the past week. Before
now, had you already taken this survey? Your answer to this question will not
affect your reward for taking the survey.

] Yes (1)
] No (2)
(] Don’t know (98)
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APPENDIX E

Spanish Survey Instrument

Numero de OMB: 1660-0157
Fecha de expiracion: 06-30-2026

Gracias por participar en esta encuesta. Estamos evaluando el rendimiento de una prueba
nacional del sistema de alertas inalambricas de emergencia—un sistema usado por la Agencia
Federal para el Manejo de Emergencias (FEMA, por sus siglas en inglés) y autoridades estat-
ales y locales para enviar alertas de emergencia a teléfonos celulares.

Una alerta de prueba fue enviada por FEMA el miércoles 4 de octubre de 2023 a todos los
teléfonos celulares en los Estados Unidos. En esta encuesta se le preguntara si usted recibid
esta alerta de prueba, y ya que queremos evaluar el rendimiento en los EE.UU., generalmente
dénde se encontraba en el momento de la prueba (estado, condado y cuidad). También le
vamos a preguntar acerca de otros factores que pueden afectar el rendimiento, como su telé-
fono celular y su proveedor de teléfono celular.

Esta encuesta esta siendo realizada por la Corporacion RAND, a través de su Centro de
Anilisis y Operaciones de Seguridad Nacional en nombre de FEMA. La encuesta tomara
unos 5 minutos para completar. El equipo de investigacion y FEMA no sabran su identidad,
y sus respuestas a la encuesta no serdn asociadas con su identidad. No anticipamos ningtin
riesgo por participar.

Sus respuestas son importantes para nosotros y su participacion es voluntaria. Usted no
tiene que responder ninguna pregunta que no se sienta comodo contestando. Usted puede

parar la encuesta en cualquier momento sin ninguna sancién.

Cualquier pregunta que pueda tener con respecto a la encuesta puede dirigirse a Andrew
Parker al alertsurvey@rand.org.

Alhacer un clic en siguiente, usted acepta a participar en esta encuesta. [NEXT BUTTON]
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Aviso de privacidad de la Encuesta de Alertas Inalimbricas de Emergencia (WEA) de FEMA

GENERAL: La Agencia Federal para el Manejo de Emergencias (FEMA, por sus siglas en
inglés), esta realizando una prueba nacional del sistema de alertas inaldmbricas de emergen-
cia (WEA, por sus siglas en inglés). La prueba ayudara a FEMA a capturar el alcance geogra-
fico del mensaje de alerta de WEA junto con parametros claves adicionales descritos en la Ley
de Modernizacion de 2015 (P.L. 114-143) de IPAWS. Esta informacion ayudara a FEMA y otros
grupos interesadas de la WEA como la Comision Federal de Comunicaciones (FCC, por sus
siglas en inglés) a mejorar las capacidades de la alerta de emergencia, lo que conducira a una
nacion mejor preparada y mas resiliente.

AUTORIDAD: La Robert T. Stafford Disaster Relief and Emergency Assistance Act
(42 U.S.C. 5187) y la Integrated Public Alert and Warning System Modernization Act of 2015
(P.L. 114-143).

USOS Y COMPARTIMIENTO: FEMA no recopilard ni compartird informacién de
identificacion personal usando la Encuesta de WEA.

EFECTOS DE LA NO DIVULGACION: La divulgaciéon de informacion en este formu-
lario es voluntaria.

NOTIFICACION DE DIVULGACION DE CARGA PARA PAPELEO

Se estima que la carga de informe puiblico para esta recopilacién de datos es de un promedio
de 5 minutos por respuesta. La estimacion de la carga incluye el tiempo para revisar las instruc-
ciones, buscar fuentes de datos existentes, recopilar y mantener los datos necesarios y completar
y enviar este formulario. Usted no estd obligado a responder a esta recopilacién de informacion
a menos que se muestre un niimero de control OMB vdlido en este formulario. Envié comentar-
ios sobre la precision de la estimacion de la carga y cualquier sugerencia para reducir la carga a:
Information Collections Management, Department of Homeland Security, Federal Emergency
Management Agency, 500 C Street. SW, Washington, DC 20472-3100, Paperwork Reduction
Project (1660-0157) NOTA: No envié su formulario completo a esta direccion.

Pregunta de Elegibilidad

1. ;Tiene usted actualmente un teléfono celular que funcione?

s
[J No (2) = IF NO, CODE INELIGIBLE
[J No sé (98) — IF DON’T KNOW, CODE INELIGIBLE
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Teléfono y Compaiiia de Teléfono

2. Siusted tiene varios teléfonos celulares, responda a las siguientes preguntas acerca
del cual usted considera ser su teléfono celular principal, o el que mas usa.

+Cual es la compaiiia de su teléfono celular principal? Es decir, ;cual compaiiia
tiene para su servicio de teléfono celular? Si no sabe, por favor marque “No sé.”
(seleccione uno)

O] AT&T (1)

] Boost (2)

] Cricket (3)

[J Metro by T-Mobile (4)
[J Straight Talk (5)

[J T-Mobile/Sprint (6)
(] TracFone (7)

[ US Cellular (8)

] Verizon (9)

[J Otro (97) (Por favor especifique: ) [ALLOW 100 CHARACTERS]
[ No sé (98)

3.  3Qué marca es su teléfono celular principal? Si no sabe, elija “No sé.” (seleccione
uno)

[ Alcatel (1)

[J Apple/iPhone (2)

] Google (3)

[J Kyocera (4)

O LG ()

] Motorola (6)

] Nokia (7)

] OnePlus (8)

[J Samsung (9)

[ Otro (97) (Por favor especifique: ) [ALLOW 100 CHARACTERS]
GO TO 3B

[] No sé (98) — GO TO QUESTION 6

NO ANSWERS GO TO QUESTION 6

ALL OTHERS GO TO QUESTION SERIES FOR PHONE BRANDS
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3B. Parala marca de su teléfono principal, seleccioné “Otro” y especifico [FILL IN Q3
SPECIFY]. ;Qué tipo de teléfono [FILL IN Q3 SPECIFY] tiene usted?

[SPECIFY, ALLOW 100 CHARACTERS] GO TO QUESTION M29

ITEMS 3B-M28 ARE CONDITIONAL BASED ON RESPONSE TO Q3.
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BRAND =1 ALCATEL (PROVIDED AS AN EXAMPLE)

M1 [IF BRAND =1 ALCATEL] ;Qué tipo de teléfono Alcatel tiene usted? Si no sabe,
elija “No sé.” (seleccione uno)

[ 1X Evolve (1)

[0 Alcatel 7, Apollo, Aspire, o Astra (2)
[J APPRISE, Axel, 0 3V (3)

] Avalon V (4)

] Fierce, Idol, u One Touch (5)

[ GO FLIP (6)

[J Insight (7)

[0 Onyx (8)

[ REVVL (9)

[ QUICKFLIP (10)

(] SMARTEFLIP (11)

[] Tetra (12)

] Verso (13)

(] Volta (14)

[ Otro (Por favor especifique: ) (97) [ALLOW 100 CHARACTERS]
[ No sé (98)

[IF M1 =6 GO TO QUESTION M2; OTHERWISE GO TO QUESTION M29]

M2 [IF ALCATEL =6 GO FLIP] ;Qué tipo de teléfono Alcatel GO FLIP tiene usted? Si
no sabe, elija “No sé.” (Seleccione uno)

[J GO FLIP (1)

[J GOFLIP 3 (2)

] GOFLIP 4 (3)

[J GOFLIPV (4)

[] Otro (Por favor especifique: ) (97) [ALLOW 100 CHARACTERS]
[ No sé (98)

[M2 = (ALL) —» GO TO QUESTION M29]
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M29.

7.

:Qué tan seguro estaba en escoger qué tipo de teléfono usted tiene?

[0 Muy seguro (1)
(] Algo seguro (2)
[J Un poco seguro (3)
[0 Nada seguro (4)

Rendimiento de las Alertas de Emergencia Inalambricas (WEA, por sus siglas en
inglés)

Una alerta de prueba fue enviada el 4 de octubre de 2023 a las 2:20 PM ET (zona
horaria del este) por la Agencia Federal para el Manejo de Emergencias (FEMA,
por sus siglas en inglés) a teléfonos celulares en todo Estados Unidos. Se parecia a
uno de los siguientes.

Version corta Version larga
A Alerta Nacional A National Alert
ESTA ES UNA PRUEBA del Sistema ESTA ES UNA PRUEBA del Sistema Nacional
Nacional de Alerta de Emergencia. No se de Alerta de Emergencia Inaldmbrica. El
necesita accion. propdsito es mantener y mejorar las

capacidades de alerta y advertencia a nivel
federal, estatal, local, tribal y territorial y
evaluar las capacidades de alerta y
advertencia publica de la nacién. No se

\ / xequiere ninguna accion por parte del publico/

sRecibio usted esta alerta en su teléfono celular principal?

] Si, la versién corta (1)

L1 Si, la version larga (2)

[] No (3) — IF NO, GO TO QUESTION 9

[J No sé (98) — IF DON’T KNOW, GO TO QUESTION 9

sEn qué idioma recibio usted esta alerta de prueba?

[J Inglés (1)
[ Espaiiol (2)
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9. Para entender mejor qué tan bien funcionan estas alertas de prueba en diferentes
lugares, nos gustaria saber en general donde estaba usted cuando (IF Q6 = YES:
not6 por primera vez esta alerta de prueba en su teléfono celular principal/IF
Q6 =NO or DK: la alerta de prueba se envio el 4 de octubre de 2023 a las 2:20 PM
ET [(zona horaria del este]). Si no sabe exactamente, por favor proporcione toda la
informacion que pueda.

Q09a: Elija el estado: [DROP-DOWN MENU, INCLUDE DK OPTION]
[J No sé (98)

IF STATE IS BLANK/REFUSED/MISSING/DON’T KNOW, GO TO Q10
IF STATE IS ANSWERED, GO TO q9b (ASK COUNTY):

Q9b: Elija el condado: [DROP-DOWN MENU, INCLUDE DK and N/A OPTION]

[J No sé (998)
[J No aplica (999)

IF COUNTY IS ANSWERED, GO TO Q10 (DO NOT ASK CITY IF
COUNTY IS ANSWERED)

IF COUNTY IS NOT ANSWERED (BLANK/REFUSED/MISSING/
DON’T KNOW) go to q9¢ (ASK CITY):

Q09c: Elija la ciudad/el pueblo: [DROP-DOWN MENU OF 10 LARGEST CITIES
IN EACH STATE, INCLUDE OPTIONS FOR: Otra ciudad/pueblo (Por
favor especifique), Rural, no cerca de ninguna ciudad/pueblo, DK, N/A]

[] Otra ciudad/pueblo (Por favor especifique) (996) [PROVIDED OPEN
ITEM FOR SPECIFY]

[ Rural, no cerca de ninguna ciudad/pueblo (997)

] No sé (998)

[J No aplica (999)

10. [If DK or refuse to County and City in Q9] (IF Q6 = YES: Cuando usted noto por
primera vez esta alerta de prueba en su teléfono de celular principal/IF Q6 = NO
or DK: Cuando se envi6 la alerta de prueba (el 4 de octubre de 2023 a las 2:20 PM
ET [zona horaria del este]), ;estaba usted en su casa?

] Si(1)
] No (2)
[ No sé (98)
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11.

12.

13.

14.

15.

16.

sEstaba prendido su teléfono celular principal en el momento de esta alerta de
prueba (el 4 de octubre de 2023 a las 2:20 p.m. EDT [zona horaria del este])?

JsiQ)
[J No (2) = GO TO SKIP BEFORE QUESTION 16
] No sé (98)

sEstaba cerca de su teléfono celular principal en el momento de esta prueba de
alerta? Es decir, jestaba usted lo suficientemente cerca para notarlo?

[ Si (1)
[J No (2) — GO TO QUESTION 15
[] No sé (98) — GO TO QUESTION 15

sEstaba usted usando su teléfono celular principal (por ejemplo, en una llamada o
revisando su correo electronico) en el momento de esta alerta de prueba?

1S
] No (2) - GO TO QUESTION 15
[] No sé (98) — GO TO QUESTION 15

sEstaba usted en una llamada en su teléfono celular principal en el momento de
esta alerta de prueba?

] Si(1)
] No (2)
[ No sé (98)

sEstaba su teléfono celular principal conectado al WiFi en el momento de esta
alerta de prueba?

JsiQ)
] No (2)
] No sé (98)

SKIP: IF Q6 = NO or DK GO TO QUESTION 17

sRecibio esta alerta de prueba varias veces en su teléfono celular principal?

[JsiQ)
] No (2)
] No sé (98)
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17.

18.

19.

Antes de esta alerta de prueba, ;habia escuchado alguna vez acerca de las Alertas
Inalambricas de Emergencia (WEA, por sus siglas en inglés)?

JsiQ)
] No (2)
] No sé (98)

sEsta su teléfono celular principal excluido de recibir cualquier tipo de alertas de
emergencia? Estas alertas pueden incluir las alertas AMBER o alertas de clima
severo.

JsiQ)
[] No (2) — GO TO QUESTION 20
] No recuerdo (98) — GO TO QUESTION 20

Por favor seleccione todas las alertas de las que usted se ha excluido de recibir. Si
usted no lo recuerda, por favor marque “No recuerdo.”

(] Alertas de AMBER (1)

[J Alertas de emergencia (2)

[J Amenazas extremas (3)

[0 Amenazas graves (4)

[] Alertas de seguridad publica (como “Mensajes de Seguridad Publica”) (5)
[ Alertas de prueba (como “Pruebas del Estado o Local”) (6)

] No recuerdo (98)

Datos demograficos basicos

20. ;Qué edad tiene usted?

[NUMERIC FILL] [ALLOW RANGE 18-999]

21. ;Es usted hispano o latino?

[ Si, hispano o latino (1)
[J No, no hispano o latino (2)

22. ;Cual es su raza? Por favor seleccione todas las que apliquen.

[ Indigena americana o nativa de Alaska (1)

[ Asiatica (2)

[] Negra o Afroamericana (3)

[] Nativa de Hawdi o de otra isla del Pacifico (4)
(] Blanca (5)
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23. ;Qué idioma habla usted principalmente en casa?
ENTER LANGUAGE: [DROP-DOWN MENU, IN ORDER OF PREVALENCE]

Inglés (1)

Espanol (2)

Chino (3)

Lenguaje de sefias americano (4)
Tagalo (5)

Vietnamita (6)

Francés (7)

Coreano (8)

Alemién (9)

Arébico (10)

Ruso (11)

Criollo Francés (12)

Italiano (13)

Portugués (14)

Hindi (15)

Polaco (16)

Japonés (17)

Otro idioma no listado arriba (97) (por favor especifique): [allow 100]

24. ;Es usted una persona que tiene alguna de las siguientes? Por favor seleccione
todas las que apliquen.

[0 Ninguna de estas me aplican (1)

[J Sordoceguera (2)

[J Ceguera (3)

[J Vision baja u otra limitacion relacionada con la vision (4)

[ Sordera (5)

[] Problemas de audicion u otras limitaciones relacionadas con la audicion (6)

[J Limitacion fisica de la parte inferior del cuerpo (dificultades para caminar o
subir escaleras, o el uso de una silla de ruedas) (7)

[J Limitacion fisica de la parte superior del cuerpo (dificultad para alcanzar,
cargar, sujetar o manipular) (8)

[] Limitacion del habla o de la comunicacién (9)

[] Discapacidad cognitiva o de aprendizaje (dificultad con la memoria, el
aprendizaje o el procesamiento de informacion) (10)

[ Discapacidad emocional, psiquidtrica, o de comportamiento (11)

[ Otra discapacidad no listada arriba (97) (por favor especifique): [ALLOW
100 CHARACTERS]
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25.

26.

27.

28.

+Cual es el ingreso anual de su hogar?

[J Menos de $33,001 (1)
[ $33,001—$60,000 (2)
[ $60,001—$122,000 (3)
] $122,001—$200,000 (4)
] $200,001—$505,000 (5)
[ Mas de $505,000 (6)

sCuantas personas en total, adultos y nifos, actualmente viven en su hogar, inclu-
ido a usted mismo? Por favor ingrese un numero.

[DROP FILL] [ALLOW RANGE 1-99]

sObtuvo su teléfono celular a través de un subsidio o programa de descuento rela-
cionado con los ingresos o por medio del estado, local, o programa federal (por
ejemplo, LifeLine, iCanConnect, programa de distribucion de equipo de teleco-
municaciones)?

] Si(1)
] No (2)
[ No sé (98)

Hemos enviado esta encuesta a varios paneles de encuestas en la altima semana.
Hasta ahora, ;ya habia tomado esta encuesta? Su respuesta a esta pregunta no afec-
tara su recompensa por completar la encuesta.

] Si(1)
] No (2)
[ No sé (98)
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Abbreviations

ABS address-based sampling

AMBER America’s Missing: Broadcast Emergency Response
ASL American Sign Language

CDC Centers for Disease Control and Prevention

CI confidence interval

CPS Current Population Survey

DHS Department of Homeland Security

EAS Emergency Alert System

EDT Eastern Daylight Time

FCC Federal Communications Commission

FEMA Federal Emergency Management Agency

FFRDC federally funded research and development center
HSOAC Homeland Security Operational Analysis Center
HSRD Homeland Security Research Division

IPAWS Integrated Public Alert and Warning System
NCMEC National Center for Missing & Exploited Children
NRI National Risk Index

NWS National Weather Service

ODIC Office of Disability Integration and Coordination
OMB Office of Management and Budget

RUC Rural-Urban Continuum

SMS Short Message Service

TIGER Topologically Integrated Geographic Encoding and Referencing
WEA Wireless Emergency Alerts
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he United States uses a complex set of emergency alert
tools run by federal, state, and local agencies, as well as
private companies, to alert the public to urgent situations.
At the federal level, the Federal Emergency Management
Agency (FEMA)'s Integrated Public Alert and Warning
System (IPAWS) was developed by the U.S. Department of Homeland
Security (DHS). IPAWS includes the Wireless Emergency Alerts (WEA)
system, a national public warning system that targets and localizes
alerts to mobile devices. The WEA system shares current and critical
information between emergency managers and their communities via
message to mobile devices that include national alerts, imminent threat
alerts, public safety alerts, and AMBER (America’s Missing: Broadcast
Emergency Response) Alerts. WEA uses cellular broadcast technology to
send messages via cell towers, which send messages specifically to cell
phones within the immediate impact area. IPAWS engaged the Homeland
Security Operational Analysis Center to assess how well the U.S. public
received the 2023 nationwide test of the WEA system.

The authors summarize how well the U.S. public received the test alert
based on a nationally representative survey of the public directly following
the test alert. This work should be of interest to the FEMA IPAWS

Office; the Federal Communications Commission (FCC); the National
Oceanic and Atmospheric Agency, and specifically the National Weather
Service; the National Center for Missing & Exploited Children; all other
organizations that develop emergency alerts and communications; and

disaster science researchers.
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