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ABSTRACT: Broadcast meteorologists are essential in the communication of National Weather Service (NWS) warnings
to the public. Therefore, it is imperative to include them in a user-centered approach for the design and implementation of
new warning products. Forecasting a Continuum of Environmental Threats (FACETs) will modernize the way meteorolo-
gists forecast and communicate NWS warning information to the general public using rapidly updating probabilistic hazard
information (PHI). Storm-scale PHI consists of probabilistic forecasts for severe wind/hail, tornadoes, and lightning
hazards. Hence, NWS warnings would have the capacity to be supplemented by a quantitative or qualitative likelihood of
hazard occurrence. The researchers conducting this study wanted to know what broadcast meteorologists thought about
the inclusion of this likelihood information and how it could impact their decision-making and communication process. Us-
ing a nationwide survey, this team of researchers first asked broadcast meteorologists about their current practices for
severe weather coverage using NWS watches and warnings. Next, broadcast meteorologists were introduced to multiple
iterations of PHI prototypes and queried for their input. Findings indicated that broadcast meteorologists already face a
complex decision-making and communication process under today’s warning paradigm. In addition, respondents were split
on whether to explicitly communicate probabilities with their viewers. Respondents’ choices were also somewhat inconclu-
sive regarding nomenclature, definitions of PHI and representations of PHI with warning polygons. These results suggest
that PHI should feature user-driven, customizable options to fulfill broadcast meteorologists’ needs and that the iterative
nature of the research-and-development process of PHI should continue.

SIGNIFICANCE STATEMENT: Broadcast meteorologists are vital communicators of dangerous weather to the
public, leading researchers to study them more closely. Using a nationwide survey, this team of researchers wanted to
know how broadcast meteorologists talk about tornadoes, large hail, and high winds to their viewers under today’s sys-
tem of National Weather Service warnings. Survey findings indicated that broadcast meteorologists face a complex
decision-making process when communicating dangerous weather. Any effort to modernize the current warning sys-
tem, such as including hazard probability, should consider this complex process. Modernization should complement the
role of broadcast meteorologists to ultimately serve the public and user-driven options should be a key component of
any probabilistic information that is included in a future National Weather Service warning system.

KEYWORDS: Severe storms; Probability forecasts/models/distribution; Broadcasting; Communications/decision-making;
Societal impacts

1. Introduction and background

Television broadcasts continue to be a leading source of
National Weather Service (NWS) tornado warning informa-
tion for the public (Silva et al. 2017, 2018, 2019; Krocak et al.
2020, 2021; Bitterman et al. 2022). Despite shifting audience
preferences in the age of mobile devices, broadcast meteorol-
ogists remain relevant and maintain a presence on a variety of
platforms. Beyond traditional on-air coverage, broadcasters
are responsible for updating audiences on severe weather
threats on social media, mobile applications, website channels,

and radio. These important intermediaries provide and ex-
plain severe weather information to their viewers and are con-
sidered important partners of the NWS. Knowing the weather
information needs of this NWS core partner group is para-
mount in any effort to understand, update or change the exist-
ing severe weather alerting timeline of outlooks, watches, and
warnings. Forecasting a Continuum of Environmental Threats
(FACETs; Rothfusz et al. 2018) proposes the introduction of
more rapidly updating warnings, supplemented with probabil-
istic hazard information (PHI; Karstens et al. 2014, 2015,
2018). PHI is defined as “the probability for a given hazardous
weather phenomena within a defined spatial and temporal
range” (Karstens et al. 2014). As part of efforts to ensure that
PHI is implemented in an effective way, researchers have pri-
oritized studying broadcast meteorologists, especially within
NOAA’s Hazardous Weather Testbed (Nemunaitis-Berry
and Obermeier 2017; Kolakowski et al. 2019; Calhoun et al.
2021; Obermeier et al. 2017, 2018, 2020, 2022). Within these
Hazardous Weather Testbed studies, storm-based probabilistic
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forecasts for severe wind/hail, tornadoes, and lightning hazards
(known as ProbSevere for wind and hail; Cintineo et al. 2014;
Meyer et al. 2019; Calhoun et al. 2018) were created and/or
modified by NWS forecasters to produce grid-based proba-
bilistic forecasts (or PHI) within a prototype software tool
(Fig. 1). PHI moved with the hazards in space, updating
through either machine automation and/or forecaster modi-
fication every 2 min. PHI was then displayed to broadcast
meteorologists, who used the information to make decisions
in a simulated television studio environment. These types of
decisions included running crawling messages, providing short
on-air cut-ins (generally ,5 min), providing continuous on-air
coverage (“wall to wall”) and making social media posts
(Obermeier et al. 2022). Findings indicated that broadcast
meteorologists found PHI to be valuable, in that PHI pro-
vided more specific hazard and timing information than warn-
ing polygons alone (Obermeier et al. 2022). According to
participants, PHI helped supplement the information voids
that can occur during the warning scale, and gave them more
contextualized information to share with their viewers rather
than relying on the binary “yes or no” nature of warning poly-
gons (Obermeier et al. 2022).

Testing of PHI within the Hazardous Weather Testbed rep-
resented a rapid prototyping environment, in which quick

changes could be made to PHI in situ (Karstens et al. 2014).
The advantage was that PHI was situated in a naturalistic en-
vironment representing the workplace and many of the com-
plexities of the real world, strengthening the usability aspect
of these studies (Karstens et al. 2018). Quick changes could
be made to the prototype during and between experiment
cycles. Through observations and assessments from broadcast
meteorologists participating in the Hazardous Weather Testbed,
researchers have identified several areas in need of additional
research and iterative development in regard to PHI. These
areas include the definition of PHI, probabilistic thresholds
for decision-making, the nomenclature of PHI, update fre-
quency, qualitative and quantitative representations of PHI,
and the relationship of PHI with current severe weather
warnings.

Concerning the definition of PHI, a few iterations have
been used within the studies mentioned above in the Hazardous
Weather Testbed. One of these definitions included the
“probability of a warning being issued” (e.g., The National
Weather Service projects a 75% probability of issuing a tornado
warning within the next hour). This definition evolved from
both local NWS probabilistic thunderstorm grids and the
development of the Warn-on-Forecast System (Hatfield
et al. 2018, 2023; Wilson et al. 2023). A second definition of

FIG. 1. A display of the prototype tool in which PHI can be created by an NWS forecaster. The forecaster can manipulate the storm vector
and a trend line of probability over time (left side of display) as well as the shape and scale of the PHI (right side of the display).
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PHI was the “probability of hazard” (e.g., The National
Weather Service projects a 75% probability of a tornado
for a location within the next hour). This was the
developer definition mentioned earlier in the introduction as
“the probability for a given hazardous weather phenomena
within a defined spatial and temporal range” (Karstens et al.
2014). A third definition of PHI was “confidence in hazard
occurrence” (e.g., a National Weather Service forecaster is
75% confident in this storm producing a tornado within the
next hour). During the 2017 PHI prototype experiment within
the Hazardous Weather Testbed, NWS forecasters expressed
the need to convey both hazard probability and confidence
in a singular way to emergency managers. Therefore, hazard
probabilities were framed as “forecast confidence of hazard
occurrence” in that experiment, which appeared to effectively
align with both forecasters’ and emergency managers’ needs
(Karstens et al. 2018). Broadcast meteorologists have not yet
been queried more specifically about this definition. Alterna-
tively, it could be possible that an entirely different description
of PHI may be more useful for the broadcast meteorologist
community.

Building off a general definition of PHI, an additional sug-
gestion of the FACETs framework is the establishment of
specific thresholds of PHI. Because of the number of tempo-
ral and spatial reference classes, a seemingly infinite number
of options could be possible (Rothfusz et al. 2018). In previ-
ous usability research in the Hazardous Weather Testbed,
some broadcast participants have voiced a desire for more
specificity in probabilistic products based upon the Storm Pre-
dictions Center’s definition of significant severe hazards [wind
speeds of 65 kt (1 kt ’ 0.51 m s21) or greater; hail 2 in. in di-
ameter or larger; Obermeier et al. 2022]. Beyond ascertaining
PHI definitions and thresholds, pinpointing a more usable
term for PHI has also been a subject of testing. Developers
have commonly referred to PHI as a “plume” or “swath” of
probabilities (Karstens et al. 2018). Broadcast meteorologists
have told researchers that these terms are jargon, and that
they would not use these terms when communicating with
their viewers (Obermeier et al. 2022). When testing PHI
in the 2019 Hazardous Weather Testbed, researchers began
intentionally tracking the different kinds of words broadcast-
ers were using to describe the plume during their mock on-air
severe weather coverage (Obermeier et al. 2020, 2022). A wide
range of descriptors emerged (some more formal sounding
than others), including “cone,” “egg,” “bubble,” “bullseye,”
“layer cake,” “big yellow blob,” “cone of certainty,” and
“cone of danger.” According to one Spanish-speaking partici-
pant, the word “plume” could not be translated from English
in an understandable way. Therefore, this individual used
the terms “cı́rculo de peligro” and “cono de posibilidad” (in
English, “danger circle” and “cone of possibility,” respec-
tively). Nomenclature matters, because how a broadcast me-
teorologist names PHI could impact how their audience
perceives and understands the product and the “weather
story” the broadcaster is trying to communicate (Obermeier
et al. 2022; Trujillo-Falcón et al. 2022a).

In today’s warning paradigm, an average of 20.8 min pass
from the time of warning issuance to the first update to that

warning (Harrison and Karstens 2017). Developers designed
storm-scale PHI to automatically update as quickly as every
2 min through the inclusion of algorithmic automation (Karstens
et al. 2018). Hence, PHI represents a tenfold increase in update
frequency for severe convective hazards information at that
scale. While participants in many Hazardous Weather Testbed
experiments wanted to receive updates as swiftly as possible,
the idea of information arriving so frequently came with con-
cerns. Within these experiments, broadcast meteorologist par-
ticipants often became overwhelmed and mentioned the PHI
was “moving and wobbling” too much at the 2-min frequency
(Obermeier et al. 2022). In addition, broadcasters struggled to
keep crawls and social media up to date with the most recent
information (Obermeier et al. 2022). Over successive years of
testing PHI in the Hazardous Weather Testbed, test cases
evolved to give broadcast participants the option to choose
their preferred update frequency (2, 5, 10, or 20 min). Often
the 2-min option was selected, but participants noted that
such frequent updates were not always necessary for severe
hazards such as wind and hail and that 5- or 10-min updates
could be sufficient (Obermeier et al. 2022). On the other
hand, during tornado cases, broadcasters appreciated having
the quick flow of information to share with their viewers dur-
ing wall to wall coverage and to justify staying on the air to
their management (Obermeier et al. 2022).

Early testing of PHI with broadcast meteorologists revealed
the need for a qualitative labeling option (Nemunaitis-Berry
et al. 2017). Most frequently, “low,” “medium,” and “high”
labels were requested. While this type of labeling represents
a simple Likert scale, research with members of the public
indicates that using rank adjectives (such as “low,” “medium,”
“high”) can be an effective way to indicate the magnitude of
probability (Lenhardt et al. 2020). Per software ability, sub-
sequent testing included this quantitative representation of
probability in addition to percentages (Obermeier et al.
2022). In the testbed, participants could choose between the
two to share with their viewers. Ultimately, many of these
participants were wary of sharing probabilities for severe
weather hazards as percentages with their viewers. While they
themselves wanted to see the numeric PHI, they would often
share the qualitative formats of PHI on their coverage platforms.
Other studies have shown that a mix of both nonnumeric
and numeric probabilities is likely the most effective way to
communicate to nonheterogeneous audiences (Budescu et al.
2014; Kox et al. 2015; Lenhardt et al. 2020; Ripberger et al.
2022).

Beyond PHI labels, visual representation challenges have
also emerged during prior testbed studies. Storm-scale PHI is
designed to supplement official NWS watch and warning
products. How these products ultimately appear with one an-
other is still under question, and how the two products are dis-
played could have an eventual impact on interpretation.
During usability testing in the Hazardous Weather Testbed,
broadcasters most frequently showed the two products lay-
ered with one another when displaying on the air (Obermeier
et al. 2022). Previous research on warning polygons indicates
that people perceive different levels of risk near and within
the boundaries of the polygon and often experience a
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subsequent centroid effect (Lindell 2020). In addition, the
shape of the polygon (specifically length) can have an impact
on perception (Klockow-McClain et al. 2020). While PHI is
meant to help bring context to the polygon, it is unknown
whether PHI will mitigate or enhance legacy polygon effects,
especially for a television viewing audience. Researchers have
used the Testbed environment to experiment with multiple
iterations of polygon and plume. These included drawing a
warning polygon from a specific PHI threshold (e.g., creating
a polygon from the 20% outline) and drawing a warning poly-
gon from the outer boundary of PHI (Karstens et al. 2015,
2018). While testing PHI in the 2018 Hazardous Weather
Testbed, researchers gave broadcast meteorologists both the
plume and the actual warning polygon issued by the NWS in
displaced real-time cases (Obermeier et al. 2019). During the
2019 Hazardous Weather Testbed experiment, forecasters
could issue warning polygons derived from the PHI, in which
the warning could extend beyond the PHI plume or the PHI
plume could extend beyond the warning (Obermeier et al.
2020). Each of these methods presented unique challenges; in
particular, broadcast meteorologists struggled to explain why
some probability values were included in the warning polygon
for certain warnings, but not for others. Yet, broadcasters felt
that when the PHI plume extended beyond the warning or
when PHI trends were increasing, they could give certain
viewers extra lead time to seek shelter (Obermeier et al.
2022). Additionally, the real-world setting of the testbed
could result in all sorts of visual configurations of the polygon
and the PHI plume, some of which could make drastic changes
in shape due to the 2-min updates and due to automation and
forecaster intervention.

Engaging NWS core partners well before the transition to
operations of any new product, such as PHI, is a key compo-
nent in widespread product adoption and success (Robertson
and Droegemeier 1990). Usability studies with many NWS
core partners in the testbed environment have been compre-
hensive over many years, and results have been integrated
into product development cycles (Nemunaitis-Berry et al.
2020). These cycles occur before the transition to operations,
to avoid unintended outcomes that may disadvantage the
user. Therefore, usability studies, such as the PHI prototype
experiments in the Hazardous Weather Testbed described
above, are critically important. However, these studies are
somewhat limited by small sample sizes due to logistic and
funding constraints. To explore the testbed findings on a
broader scale, researchers created the survey described in
this paper to deploy to broadcast meteorologists nationwide.
Another goal of the survey was to confirm how broadcast
meteorologists currently utilize NWS watch, warning, and
outlook products in their workflow. This team of researchers
had previously explored the daily structure of broadcasters’
workflow during severe weather events using cognitive task
analysis (CTA; Ernst 2020). The CTAs were conducted with
15 broadcast meteorologists according to the Storm Predic-
tion Center’s day one convective outlook levels, including no
risk, slight risk, and moderate/high risk. On moderate and
high risk days, these broadcasters reported that they often ex-
perienced a good deal of prework anxiety and would typically

arrive to work up to 2 h before their scheduled shifts (Ernst
2020). To meet the demands of severe weather coverage,
these broadcast meteorologists typically increased their staff-
ing by nearly two people on moderate and high risk days,
reporting that they must juggle forecast information and com-
municating with their newsrooms and viewers (Ernst 2020). It
may be that the addition of storm-scale PHI will have impacts
on broadcasters’ workflow and staffing; therefore, gaining ad-
ditional understanding of their duties and the technology
broadcasters currently operate within is needed. The survey
presented in this paper also addressed topics such as limi-
tations with crawl systems, closed captioning abilities, and
coverage decisions and strategies. In addition, this team of re-
searchers posed questions about the types of NWS products
broadcasters preferred to share most frequently and how they
chose to share them. Data gathered in this survey corroborate
data collected in testbed studies to help confirm exploratory
findings and indicate areas that require further iterative
research.

2. Method and data

Researchers created a 53-question survey focused on severe
convective weather and PHI. The survey contained three pri-
mary sections, including 1) current practices for coverage of
severe convective weather and Spanish translations of current
NWS products, 2) PHI and its relation to current NWS se-
vere convective warnings, and 3) demographic/background
information. Completion time averaged 42 min. Question
types included randomized multiple choice response lists,
matrices, and open-ended questions. Respondents could
choose multiple answers to many of the questions, and none
were forced answers. Questions regarding current practices
addressed crawling messages, weather radios, closed cap-
tioning, coverage decisions, social media, display colors and
language. Respondents were shown prototypes of PHI that
mirrored those used in the Hazardous Weather Testbed
and were asked specific questions regarding the definition
of PHI, probabilistic thresholds for decision-making, the
nomenclature of PHI and update frequency. Respondents
were also shown quantitative and qualitative representa-
tions of PHI. Quantitative probabilities were indicated by
percentages, while qualitative probabilities were indicated
by a simple three point Likert scale; both were similar to
prototypes tested in the Hazardous Weather Testbed. Re-
spondents were also shown prototypes of PHI in tandem
with different abstractions of warning polygons. The scales
and combinations of the two products were based on exam-
ples observed within the 2018 Hazardous Weather Testbed,
in which warning polygons and PHI plumes would vary in
size and position in relation to one another (Obermeier et al.
2019). These examples were designed to gain first impres-
sions of the two products shown simultaneously. The shape
of the PHI plume itself was kept constant. Survey questions
are provided in the online supplemental material.

Researchers designed and developed the online survey us-
ing Qualtrics software. A survey pretest was conducted with
two broadcast professionals to check for any errors and
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confirm clarity. This study was approved under the University
of Oklahoma’s Institutional Review Board (IRB 13320). Sur-
vey distribution began in December 2020. Links were sent to
an email list of broadcast meteorologists using the University
of Oklahoma’s subscription to the nationwide Cision media
database (1307 sent; 218 undeliverable; http://www.cision.
com/us/pr-software/media-database). The Cision media data-
base includes contact information for every broadcast meteo-
rologist currently employed across the United States, and
therefore should represent the entire population. In addition,
the research team shared links with the National Weather As-
sociation seal holders, a Facebook group of over 2000 broad-
cast meteorologists, cooperative institute Twitter accounts,
the American Meteorological Society (AMS) Women’s Slack
channel, and the Advanced Warning and Response Network
(AWARN) Alliance (AWARN 2022). To gain better access
to U.S. Spanish speakers, the researchers also forwarded
the survey to the AMS Committee for Hispanic and Latinx
Advancement through Slack and email (Trujillo-Falcón et al.
2021).

A total of 168 survey responses were collected; 115 of these
were complete responses. Fifty-three (53) were not fully com-
pleted, but the answered questions in these partial surveys still
provided valuable data. Responses came from all 50 states,
with an estimated response rate of less than 10%. The exact
response rate is difficult to quantify because of the variety of
distribution channels, however, other surveys of this popula-
tion have had similar rates (Reed and Senkbeil 2020; Perkins
et al. 2020). Researchers also expected low participation be-
cause of the survey timing during the COVID-19 pandemic,
under which members of the broadcast media were facing sev-
eral abnormal constraints in their working environments. In
addition, because of email filtering for some corporate enti-
ties, it is possible the survey email may have been marked as
spam and therefore not received.

Table 1 outlines the demographics of survey participants.
Of the total responses, 75% (n 5 84) were male, 22% (n 5 25)
were female, and 3% (n 5 3) preferred not to answer. Most
respondents (32%) were 30–39 years of age, although the
total age range included those from 18 to 70 years of age.
Respondents could choose their race and ethnicity from a list
(see the online supplemental material). The racial distribution
of respondents included Black or African American (3%,
n 5 3), White (96%; n 5 105), and other races (3%; n 5 2).
Hispanic and/or Latinx respondents represented 4% (n 5 4)
of the total. Reported job titles of respondents reflected the
myriad of shifts for which broadcast meteorologists are re-
sponsible. While 37% (n 5 41) held the position of chief
meteorologist, many others held meteorologist positions with
responsibilities for morning and weekend shifts (some of
which included additional general reporting duties). Some
respondents (34%; n 5 38) chose not to indicate their shift,
simply choosing the title of meteorologist. Sixty-five percent
(65%; n 5 55) of respondents had over 10 years of experience
working in their field. Of those who participated, 59% (n 5 67)
held an AMS Seal of Approval, 29% (n 5 32) held a National
Weather Association (NWA) Seal of Approval, and 48% (n5 54)
were AMS Certified Broadcast Meteorologists (note that

some participants held multiple certificates). It is difficult to
ascertain if the demographics of this survey are truly repre-
sentative of the broadcast meteorologist population, as few
studies of this group exist. Cranford (2018) indicates that
women comprised 29% of all weathercaster positions in
2018, meaning women were somewhat underrepresented in
this study. In several nationwide surveys regarding broadcast
meteorologists’ views on climate change (Perkins et al. 2020),
the age and job title demographics of respondents were like
those in this study.

Upon completion of the survey, researchers derived de-
scriptive statistics from the data through both Qualtrics and
Microsoft Excel. These statistics were drawn from the total
number of respondents for the particular question. Many of
the survey questions resulted in answers that were qualitative
in nature. To analyze these qualitative data, a single coder
conducted a thematic analysis of the responses to inductively
create codes and draw out common themes (Braun and
Clarke 2006). Specific examples from respondents were used
to illustrate these themes.

TABLE 1. Demographics of survey respondents.

Category
Percentage of
respondents

Age
18–29 23%
30–39 32%
40–49 17%
50–59 15%
60–69 13%
701 1%

Gender
Male 75%
Female 22%
Other, please specify 3%

Race
Black or African American 3%
White 95%
Other 2%

Job title
Meteorologist 34%
Chief meteorologist 37%
Meteorologist/reporter 1%
Weather broadcaster 1%
Weekday morning meteorologist 13%
Weekend evening meteorologist 8%
Weekend morning meteorologist 2%
Weekend meteorologist/reporter 2%
Other 3%

Years of experience
Less than 1 year 1%
1–3 years 11%
4–7 years 17%
8–10 years 7%
More than 10 years 65%

Certifications
NWA Seal of Approval 29%
AMS Seal of Approval 59%
AMS Certified Broadcast Meteorologist 48%
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3. Results

a. Current practices

1) COVERAGE TYPES AND DECISIONS

The first section of this survey more broadly explored how
broadcast meteorologists currently communicate NWS tor-
nado and severe thunderstorm products via the technology
available to them at their station, and how they use these
products to make coverage decisions. For context, the most
common coverage decision types include crawling messages,
short on-air cut-ins (generally of ,5 min), continuous on-air
coverage (“wall to wall”), and social media posts (Obermeier
et al. 2022). When asked about how NWS products perform
within their crawl systems, most respondents indicated that
NWS products automatically populate and require little to no
effort from the broadcast meteorologist to maintain. This re-
sponse suggests that most crawl systems have been optimized
to handle NWS text products when issued, leaving the broad-
caster to focus their efforts on other job duties. Although
these systems are designed to run automatically, 64% (n 5 101
of 157 total respondents) said they can make manual overrides
to their crawls and the information provided by NWS text
products if they choose. While most can trust their systems to
work properly, 18% of broadcasters (n 5 25 of 138 total re-
sponses) said they must intervene with their crawl systems
with moderate to great frequency to ensure that NWS mes-
sages are relayed correctly to their audiences. Nearly all re-
spondents marked that they run crawls for all tornado and
severe thunderstorm watches and warnings. A few run a crawl
when a significant weather advisory is issued. In the open-
ended option, many indicated they also run crawls for flood,
winter weather, tropical storm, and nonthunderstorm wind
products. One respondent wrote that they would run crawls
for “tornado/severe as long as sports coverage isn’t on . . . I
know, right?,” suggesting even the decision to run a crawl
comes with some strategizing with regard to programming.
Overall, crawl systems provided most respondents an auto-
mated and quick way to share NWS watches and warnings
with viewers, but some require more intervention than others.

For questions regarding on-air coverage, respondents could
select multiple options. Respondents most frequently chose
short cut-ins to provide coverage of severe thunderstorm
warnings (n 5 98) and occasionally to provide coverage of
tornado warnings (rather than continuous coverage, n 5 78).
Several chose to reply with additional explanation in the open-
ended option (n 5 27). Two common responses emerged
regarding severe thunderstorm warnings, including consider-
ation of the intensity of the storm and the population size af-
fected. Broadcasters described using short cut-ins when a
storm was “severe enough,” “high-end event,” “70 mph winds
or greater,” or “a big enough deal.” Like crawling messages,
short cuts-ins were also chosen for other hazards such as
floods, tropical storms, nonthunderstorm winds and various
types of winter weather. One respondent replied, “Don’t
laugh. Whenever it rains, we have cut-ins at the top of every
hour” reflecting that relevant intensity thresholds can apply to
a range of storm conditions. Respondents most frequently

chose continuous coverage specifically for tornado warnings
(n 5 127), as compared with severe thunderstorm warnings
(n 5 14). Twenty-seven respondents provided additional ex-
planations, especially regarding situations in which they might
choose continuous coverage for a severe thunderstorm warning
(mainly for a derecho). Storm intensity and affected population
size were again mentioned frequently in the open-ended option.
Also, many explained they would choose continuous coverage
for hurricanes and flash floods.

Responses to questions about social media and online prac-
tices indicated that Facebook (n 5 125), Twitter (n 5 114),
and station mobile applications (n 5 127) were used by the
greatest number of respondents to share weather information.
Instagram (n 5 48) and Snapchat (n 5 3) were selected by
smaller numbers of respondents. TikTok was not yet listed as
an option, as the platform was amidst its rise to widespread
popularity in the United States (Laio and Shu 2020). Re-
spondents indicated that they often shared severe thunder-
storm and tornado watch and warning information on social
media, and only occasionally shared products such as the
Storm Prediction Center convective outlooks and mesoscale
discussions.

2) CLOSED CAPTIONS

During weather coverage, closed captions for severe weather
situations are mandated for live broadcasts by the Federal
Communications Commission (FCC), including “emergency
information accessible to persons who are deaf or hard of
hearing, and to persons who are blind or have visual dis-
abilities” (FCC 2021). Captions must be “accurate, synchro-
nous, complete, and properly placed.” This mandate means
that most coverage types require provision of closed captions
during severe weather. Since live severe weather coverage
cannot be preplanned in the way scheduled programming or
newscasts are, television stations must provide these captions
on demand. When asked how closed captioning is handled at
their station, respondents indicated several methods. Most
said their station provided live closed captioning in English
(73%; n 5 108), while a limited number said their station pro-
vided live Spanish captions (4%; n 5 6). In the open-ended
option, others indicated that they were not sure how closed
captions were handled, or that captions were not available at
all. Several respondents indicated that voice to text technol-
ogy was soon being implemented. For online coverage and so-
cial media platforms, nearly 20% (n 5 27) indicated that they
did not know if closed captions were available at all.

3) INFORMATION VOIDS

To better understand how probabilistic information could
be used to create a more robust alerting timeline, researchers
sought to understand where information voids may exist
along the outlook, watch, and warning time scales in the cur-
rent paradigm. Of 124 responses, most broadcasters felt that
“yes” (36%; n 5 45) or “maybe” (39%; n 5 48) information
voids existed. An open-ended follow-up question asked for
more explanation, which led to a wide range of perceived is-
sues. Fifteen broadcasters mentioned the lack of updates to a
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warning once issued. A quicker update frequency was desired,
with a few stating that waiting 20–30 min for a warning update
after tornado or severe thunderstorm warning issuance was
too long. In addition, six mentioned the time period between
watch issuance and subsequent warnings, in which little to no
information was available. One respondent said concerning
tornado watches and warnings, “it is either ‘potentially
within the next 6 hours . . . then it quickly jumps into “it is
happening now.”’ That leaves our viewers who reside in an
unsafe structure such as a mobile home almost no time to re-
spond in a beneficial manner.” Another respondent said in-
creased communication is lacking in the current system, and
helpful information could include “receiving messages such as
‘Coordinating with SPC right now . . . watch likely will be is-
sued within the half-hour,’ or ‘Storm over [county name]
starting to show robust mid-level rotation . . . monitoring for
potential warning.’” Another respondent mentioned the gap
between the convective outlook and the watch/warning time-
line, saying “The void is between the SPC outlook (moderate/
high) and the watch/warning products.” Eight others men-
tioned confusion and inconsistency, specifically in regard to
tags within impact based warnings, saying “tornado possible
tag has seemed to cause confusion for viewers despite explan-
ation” and “tags on specific watches/warnings aren’t necessar-
ily clear to viewers unless they are watching a newscast and it
is explained to them.” Regarding inconsistency, respondents
were concerned about messaging differences across bordering
NWS Weather Forecast Offices (WFOs). For broadcasters
whose coverage area spanned multiple WFOs, warning polygon
spatial and temporal mismatches were “unique challenges”
and difficult “to explain to people why.” Other issues included
inconsistent warning update frequency, differing color tables in

NWS graphics and inconsistency in forecast hazards (e.g., hail
or wind was the forecast hazard, but a tornado watch was
issued). Four respondents mentioned frequent failures of
NWSChat, in which the communication link between the
NWS and broadcasters was severed and valuable information
was lost.

b. PHI

1) DEFINITIONS

For the definition of PHI, respondents could choose from
the three options listed in the introduction of this paper
(probability of warning, probability of hazard or confidence in
hazard occurrence) and could complete an open-ended option
to develop a definition in their own words. Respondents were
required to choose at least one of the three objective options,
although they could choose a combination of the three. To in-
vestigate any geographic differences, responses were catego-
rized by corresponding NWS regions for the contiguous
United States (Fig. 2). Overall, respondents from all regions
preferred a combination of the three definitions. Respondents
from the Southern Region chose a single definition more than
a combination as compared with other regions; this was espe-
cially true for the “probability of warning” and “probability of
hazard” options. In addition, 11 respondents used the open-
ended option to voice concerns about using probabilities, or to
explain why they liked one of the first three options. Some felt
that probabilities would be difficult to explain to viewers and
would add confusion, writing “throwing in probability . . . is go-
ing to muddy the line of communication to the public” and
“percentages would create more public confusion.” Another

FIG. 2. Preferred definition of PHI (probability of hazard, probability of warning, confidence of hazard occurrence, or
a combination of all three options) according to respondents by NWS regions.
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respondent suggested qualitative terms, writing that “perhaps a
‘low, medium, high’ would better serve the public.”

2) THRESHOLDS

To explore the idea of thresholds, researchers asked re-
spondents if they might prefer a probabilistic product based
upon the Storm Prediction Center’s significant severe defini-
tions [wind speeds of 65 kt (33.4 m s21) or greater; hail 2 in.
(5.1 cm) in diameter or larger]. In response, 95 participants
preferred a probabilistic product for significant severe hail,
and 90 said they would like a probabilistic product for signifi-
cant severe wind. An open-ended option was also included,
and seven respondents mentioned no need for such thresholds
because of concerns about confusion and a desire for fewer
products. One mentioned that significant severe thresholds
are never met in their coverage region, therefore such a prod-
uct would not be helpful.

3) NOMENCLATURE

Respondents were introduced to an image of PHI in a gray-
scale monotonic color scheme with no labels (Fig. 3). Researchers

asked the respondents what they would call such a product if
they were to share it with their viewers. When asked about
the nomenclature of PHI, answers contained a diverse range
of descriptors (Table 2). Many phrases included the words
“severe weather,” “probability,” “impacts,” “threats,” “area,”
“storm,” “risk,” “tornado(es)” and “cone.” Some answers in-
cluded a form of “storm/severe weather/impact probability,”
“storm/severe threat” and “storm/severe/impact cone.” On
the contrary, participants were also asked what words they
would not use to describe PHI to their viewers. In contrast
to those who answered with the word “probability” in the pre-
vious question, 12 respondents of 112 total responses (11%)
revealed that using “probability” was undesirable for them.
One of these respondents wrote, “Don’t use the word proba-
bility. The average person with no science background would
be very confused.” Others wrote, “it would be helpful to give
high/medium/low chances to the occurrence, as opposed to
labeling each shade with a specific numerical value” and
“I think keeping warnings basic and not showing the probabil-
ities during an event will be better for the general public.”
Eight respondents (7%) indicated they would not share the
image or declined to provide a description out of concern for

FIG. 3. A static image of PHI displayed in gray tones. Probability increases with darker shades of gray.
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their viewers’ ability to interpret the product. Despite com-
mon usage of the word “probability” for many, the word was
rejected by others.

4) UPDATE FREQUENCY

For this survey, participants were asked if they might prefer
a different update frequency depending on the hazard. Op-
tions included 20-, 10-, 5- or 2-min update frequency, for ei-
ther severe or tornado hazards. Of a total of 98 responses,
60% (n 5 58) chose 2-min updates for tornado hazards. Of a
total of 97 responses, 45% (n 5 43) chose 5-min updates for
severe hazards, suggesting that slightly slower update speeds
may be more acceptable for wind and hail hazards (Fig. 4). In
addition, of 113 total responses, most participants felt com-
fortable with a mix of human and computer automation for
the creation of PHI and subsequent updates (85%; n 5 96).
Very few preferred the concept of fully algorithm-automated

PHI (4%; n 5 4) or completely human generated PHI (12%;
n5 13).

5) QUANTITATIVE AND QUALITATIVE

REPRESENTATION

Survey participants most frequently chose qualitative label-
ing to share with their viewers (71%; n 5 84) as compared
with quantitative (13%; n 5 15) (Fig. 5). Nineteen partici-
pants selected that they would not want to share labels at all.
However, 61% (n 5 79) indicated they would want to see
quantitative data for themselves and their station staff. These
answers also echoed some of the thoughts written in response
to the questions about definitions and nomenclature, in which
broadcasters preferred qualitative labeling out of concern
about public reception and explaining explicit probabilities to
public viewing audiences.

6) PHI AND WARNING POLYGONS

Participants in this survey were shown three graphical rep-
resentations, including a warning alone, PHI alone, and PHI
and a warning layered with one another (Fig. 6). When asked
which they preferred, most chose the image depicting PHI
with a warning overlaid (59%; n 5 71). Researchers also
asked broadcasters if they felt a warning polygon should be
drawn spatially within or extending beyond PHI. Four differ-
ent graphical prototypes of PHI and a warning polygon were
shown, including PHI alone (Fig. 7a), a warning drawn
completely within PHI (Fig. 7b), a warning drawn with PHI
completely contained (Fig. 7c), and a warning drawn with
PHI extending beyond (Fig. 7d). Most respondents chose op-
tion c [a warning drawn with PHI completely contained
(33%; n 5 44)] or option b [a warning drawn completely
within PHI (34%; n 5 46)]. Eighteen respondents (13%)
chose a warning drawn with PHI extending beyond the poly-
gon boundaries (Fig. 7d) These responses show that while

TABLE 2. The number of times respondents chose to use a
word to describe PHI. “Other” indicates words that were used
twice or less.

Descriptor Frequency Descriptor Frequency

Probability 29 Zone 7
Impact(s) 18 Track 7
Severe weather 18 Highest 6
Threat 17 Greatest 5
Area 17 Path 4
Storm 16 Warning 4
Risk 15 Hour 4
Tornado(es) 14 Concern 3
Cone 14 Confidence 3
Chance 10 Potential 3
Likely 8 Lighter/lightest 3
Likelihood 7 Hail 3
Hazard 7 Other 30

FIG. 4. Preferred update frequency for both tornado and severe thunderstorm warnings according
to respondents.
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FIG. 5. Static images of PHI displayed with (a) quantitative probability labels and (b) qualitative probability labels.
Probability increases with darker shades of gray.
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most respondents want to see the products simultaneously,
they are split on how the representation should look.

4. Discussion and conclusions

This survey outlined in this paper served to provide re-
searchers with a broad pool of responses regarding broadcast
meteorologists’ current practices regarding their use of NWS

FIG. 6. Static images of PHI and warning polygons. Respondents
could choose their preferred display, including (a) a warning poly-
gon alone, (b) PHI alone, or (c) both products displayed with one
another.

FIG. 7. Static images of PHI and warning polygons. Respondents
could choose their preferred display, including (a) PHI alone, (b) a
warning polygon within PHI, (c) PHI within a warning polygon, or
(d) PHI extending beyond a warning polygon.
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outlook, watch, and warning information and to gather more
information regarding PHI prototypes to inform the develop-
ment process. The deployment of this survey represented a
component of user research meant to complement prior years
of moderated usability testing within the Hazardous Weather
Testbed. While many of the findings in this survey are like
those found in usability tests, they also provide researchers
with the basis to explore additional issues in future research
as the FACETs framework continues to move forward.

Several of the respondents to this survey indicated that
their crawl systems are not without flaws, requiring attention
to remain operational and updated. Current crawl systems
may be poorly optimized to handle the rapid updates of PHI,
especially for those broadcasters who already experience
trouble with their current systems. Similarly, closed caption-
ing requirements could bring about a similar challenge. With
increased information from rapidly updating warnings and
PHI, the variety of platforms used for severe weather cover-
age may require more detailed closed captioning or availabil-
ity of sign language interpretation, including those that are
streamed online. Live closed captioning and/or sign language
interpreters are the most accurate form; however, these come
at an expense not all television stations have the budget to af-
ford. These crawls can be especially important to vulnerable
populations in their audience who may rely on these systems
as a mode of receiving information (Senkbeil et al. 2021). Al-
though future technologies may help to mitigate the problems
described here, developers should strive to keep current tools
and compatibility in mind.

Many respondents indicated that NWS warnings are a cue
for them to provide on-air coverage, in the form of short cut-
ins or continuous coverage. However, open-ended answers
from respondents indicated that their coverage decisions are
more complex. Factors such as hazard intensity and the geo-
graphic characteristics of their market area influence their de-
cisions, and a “one size fits all” recipe for coverage decisions
does not exist. Regarding watches and warnings, too little in-
formation was available specifically between the time of
watch issuance and subsequent warnings. Once warnings have
been issued, many respondents mentioned a lack of updates
or inconsistent updates to the warnings. Another concern was
inconsistency in messaging from neighboring NWS WFOs.
Researchers have recognized this issue and continue to take
steps to help mitigate such challenges with future updates to
the warning paradigm (Trujillo-Falcón et al. 2022b).

Respondents were split on their preferred definition of PHI
and had concerns about how their viewership may understand
or interpret the meaning of PHI. While many respondents
seemed comfortable with the idea of PHI, some were wary
about how their audiences would understand PHI. Their con-
cerns were evident in their responses regarding the nomencla-
ture and labeling of PHI, as some were unsure as to whether
the word probability should be used at all. However, the over-
all body of literature indicates that the inclusion of probabilis-
tic information in weather forecasts does improve audience
decision-making, and according to the “living systematic re-
view” conducted by Ripberger et al. (2022), “Nearly all of the
studies we review indicate that people make better decisions,

have more trust in information, and/or display more under-
standing of forecast information when forecasters use proba-
bility information in place of deterministic statements.” It
may be of interest for researchers to learn more about why
some broadcasters feel opposed to the explicit use of proba-
bility for severe weather hazards. Regarding labeling, litera-
ture indicates that messaging that includes a mixture of
quantitative and qualitative probabilities is recommended
(Budescu et al. 2014; Kox et al. 2015; Lenhardt et al. 2020;
Ripberger et al. 2022). The qualitative example of PHI shown
in the survey outlined in this paper included a simple three
point Likert scale, similar to those tested in the Hazardous
Weather Testbed. This prototype was meant to elicit a sim-
plistic preference when compared with a quantitative exam-
ple, however, additional qualitative probability designs need
to be developed and tested more thoroughly to gain a better
understanding of end-user communication needs.

Usability studies have repeatedly shown that the relation-
ship between PHI and the warning polygons issued by NWS
forecasters matters, and developers should carefully consider
the interplay between the two products. While most respond-
ents to this survey indicated they would show both PHI and a
warning polygon simultaneously, they were split on how the
representation between the two should appear. As described
in the introduction section, the boundary and shape of a warn-
ing polygon can have an impact on perception. Less is known
about how the layering of a probabilistic plume could influ-
ence or change these perceptions. Early research suggests
that different abstractions of the two products does have an
impact on sheltering decisions with members of the public
(Qin et al. 2023). More systematic research on this topic is es-
sential, in regard to both core partners and the public.

A central finding from this survey is that refined, yet user-
driven, options should be a key component of PHI. Because
of factors such as the diversity of coverage platforms, technol-
ogy, geographical differences, and local viewership popula-
tions and culture, PHI should not be a one-size-fits-all
product. While best practices and a refined set of options are
foundational, broadcasters should have the ability to choose
what to share with their viewers concerning probabilistic
hazard criteria thresholds, nomenclature, qualitative/quantitative
probabilities, and update frequencies. For example, developers
could give users the ability to share both qualitative and quanti-
tative labels rather than being limited to one or the other
(Krocak et al. 2022). Also, the needs of other core partners,
which may be different from broadcasters’ needs, must also
be considered in development. This consideration further
compounds the need for a customizable PHI.

Limitations

Although this survey provided a larger dataset of feedback
from broadcast meteorologists as compared with aforemen-
tioned usability studies in the Hazardous Weather Testbed, it
is not without limitations. From a research perspective, the
broadcast meteorologist community can be somewhat difficult
to access due to the nature of private industry. For this rea-
son, it is challenging to ascertain the demographics of the
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overall population and therefore create a baseline for the
demographics of the participants in this survey. This survey
appeared to have fewer respondents from western states. Des-
ignated market areas tend to be much larger with western ex-
tent, meaning fewer broadcast meteorologists cover these
regions, but it would seem the number of respondents is in-
deed lower than the overall population. Despite less severe
convective weather in this region, understanding coverage
practices and user needs is still important for PHI develop-
ment for hazards such as floods and wildfires.

In addition, this survey captured few Spanish-speaking
broadcast meteorologists, who can provide more insights re-
garding current practices and PHI. Trujillo-Falcón et al.
(2022a) noted that significant language inequities exist among
U.S. Spanish speakers when receiving warning information
due to inconsistent communication among the bilingual
weather enterprise. Future survey work and studies in broad-
cast meteorologist practices will need to focus on these groups
more specifically to address language and cultural inequities.
Another limitation includes the static nature of the images in
the questions regarding PHI and its representation with the
warning polygon. Since PHI is designed to rapidly update, a
single image does not capture how the plume will move in re-
lation to the warning over time.

As FACETs paradigm research continues, investigators
must emphasize the importance of the end user and the itera-
tive nature of the development process. Using complementary
methods, such as surveys and usability studies, allows re-
searchers to refine new products and increase the likelihood
of operational success for all users. Through such research
with NWS core partners and the public, new products can be
designed to better serve users and optimize outcomes.
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