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ABSTRACT: Although both research and practice contend that message consistency is a critical
component of effective risk communication, neither provide systematic evidence demonstrating if,
when, and where consistency matters. For this reason, meteorologists view message consistency
as both a relevant research and operational concern. To address these concerns, members of the
weather enterprise organized conference sessions, panels, webinars, and workshops to achieve
message consistency, but were unable to make progress without a definition. Fortunately, re-
search scholars in the fields of psychology and communication studies offer important theoretical
insights for defining message consistency. As such, this paper takes an important first step by
combining the needs of operational meteorologists with insights from social science research to
offer a definition of message consistency for the weather enterprise. While it is logical to present
both a definition and a recommendation on how to achieve message consistency, the systematic
review revealed various research limitations and practical constraints that call into question the
feasibility of achieving it. To further bridge research and practice, this paper recommends that
researchers and practitioners collaboratively develop a message consistency evaluation process
for the weather enterprise. A persistent community effort will shed light on when, where, and
under which circumstances consistency is necessary, and more importantly, move us one step
closer toward achieving a more consistent message within the weather enterprise.
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in the early 1990s (see Mileti and Sorensen 1990), remains a critical component

of effective risk communication in both research (Sellnow et al. 2009, 28-29, 40;
Seeger et al. 2018) and practice (AMS 2001; NAPA 2013; CDC 2014; NOAA 2016; WHO 2020).
The challenge, however, is that the current literature does not explicitly define nor explain how
practitioners can achieve a consistent message. Further, there are only a few empirical studies
to date that have explored message consistency in a weather context (Burgeno and Joslyn 2020;
Weyrich et al. 2019). Therefore, the current literature lacks empirical evidence demonstrating
that message consistency does in fact affect an individual’s risk perception and/or decision-
making. Operational meteorologists, on the other hand, have provided anecdotal evidence
that suggests their respective audiences perceive message inconsistencies. According to
these practitioners, the increased availability of weather information from a variety of expert
and amateur sources, social media platforms, and mobile-based devices is likely the cause.
Therefore, research and practice both contend that message consistency is important, and
yet, neither have systematic evidence pointing to if, when, and, where consistency matters.
For this reason, meteorologists view message consistency as both a relevant research and
operational concern.

With the research literature emphasizing the need for a consistent message, members of
the weather enterprise (the public, private, and academic sectors of the weather community)
focused their efforts on achieving it. This was accomplished by devoting time and resources to
the planning and implementation of conference sessions, panels, webinars, and workshops to
establish a dialogue within the weather community, and more broadly, between researchers
and practitioners. In particular, these conversations highlighted that marketing and branding
differences, both between and within sectors of the enterprise, pose challenges for achiev-
ing a consistent message. Broadcast meteorologists, for example, experience tremendous
pressure to distinguish themselves from other weather sources (Eosco 2008). These distinc-
tions, such as repurposing common weather products (e.g., the Day 1 Convective Outlook),
creating new weather products (e.g., Tornado Index), and/or adhering to other strict station
requirements (e.g., use of a specific color palette), may contribute to the nuances associated
with achieving a consistent message. Thus, these organized efforts showed that achieving a
consistent message is much more complex than initially anticipated. While the current body
of literature describes the abstract need for consistency, it never provides concrete clarity for
practitioners, and as a result, a definition of message consistency is needed before we can
consider the feasibility of achieving it in the weather enterprise.

Fortunately, the path toward conceptual clarity lies beyond the weather community in
the fields of political, health, and science communication——as their practitioners, like me-
teorologists, share a common concern for communicating a consistent message. Although
an emerging area of research, these disciplines offer empirical evidence acknowledging
the implications and effects of inconsistent messages. As such, these disciplines provide
guidance on how to approach message consistency in a weather context. Therefore, this
paper will 1) explore the recurrent themes and hypotheses that emerged from organized
efforts in the weather enterprise, 2) synthesize and connect social science literature to
evaluate the validity of the hypotheses put forward by the weather community, and 3)
offer a working definition and recommended next steps for weather enterprise research-
ers and practitioners.

M essage consistency, which emerged within the field of warning communication

A closer look at the organized efforts in the weather enterprise

Throughout the last four years (2016-19), the weather enterprise has organized various efforts
to explore message consistency (Fig. 1). The first documented effort, a panel session at the 2016
American Meteorological Society (AMS) Annual Meeting, sought to establish ground rules to
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Timeline of Organized Efforts in the Weather Enterprise
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Fig. 1. A timeline of message consistency organized efforts in the weather enterprise.

achieve consistent messaging within the weather enterprise. This diverse group of panelists,
which included members from all sectors of the weather enterprise, determined that providing
ground rules is difficult without first defining message consistency (Klockow and Jasko 2016).
A National Weather Association (NWA) webinar sought to continue the consistency conver-
sation by instead asking, should weather risk messages wear a uniform? Like the previous
panel session, the webinar panelists also struggled to conceptualize message consistency.
However, using real-world examples, operational meteorologists, broadcast meteorologists,
and social scientists agreed that inconsistencies frequently arise when meteorologists use
different colors, numbers, and words to communicate severe weather risk information to the
public (NWA 2017a).

A follow-up panel session at the 2017 NWA Conference had a different perspective. This
panel of public and private sector meteorologists described the need for weather messaging
to be unique and different. They emphasized that a one-size-fits-all approach does not work,
and that “the same message must be conveyed in multiple ways to ensure that everyone
walks away with the same general message” (NWA 2017b). However, the panelists did insist
that protective actions provided in weather risk messaging should remain consistent, if not
uniform, between sources. Participants at the Matt Parker Communication Workshop, which
was held before the 2018 AMS Annual Meeting, also noted that a one-size-fits-all approach
would not work. However, these participants essentially integrated the perspectives from
the previous efforts by insisting that consistency could be implemented to certain degrees.
Using the concept of “flexible consistency,” they suggested that specific aspects of weather
risk messages should remain consistent. For example, several individuals acknowledged the
color discrepancies that exist in the weather enterprise and proposed the use of “a consistent
set of colors” (AMS 2018b).

After recognizing commonalities across the organized efforts, each recorded conversation
was qualitatively analyzed to illuminate the language and content used to describe message
consistency in the weather enterprise. In doing so, this analysis revealed recurring words,
phrases, and themes that were used to inform a social science literature review. This method-
ological approach began with the first author transcribing, analyzing, and examining each
recorded conversation via an inductive content analysis (Hsieh and Shannon 2005). If the
conference did not provide professional recording services, the author first obtained verbal
consent from each participant and then used a personal recording device to document the
discussion. The recordings ranged from 60 to 90 min; however, presentations and round
table discussions at the Matt Parker Communication Workshop spanned over a 3-h period.
Through this qualitative analysis, themes and categories emerged based on words, phrases, or
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ideas that repeatedly appeared throughout the transcripts. These themes were then collected
into a single document and further connections were made between the responses. A final
set of themes was determined after several iterations of collapsing and combining thematic
codes. The author then shared the final set of thematic categories with the second author to
discuss, synthesize, and combine any redundant codes. These interactive discussions with
the second author helped establish intercoder reliability, a measurement commonly used in
qualitative research to determine the agreement between two or more independent coders
(Lombard et al. 2002). Finally, it should be noted that this analysis does not include the most
recent panel session at the 2019 AMS Annual Meeting. However, a separate section in this
manuscript is devoted to some of the themes that arose in this panel session on consistency
(see the section “Addressing the Effects of Inconsistent Information: Insights from the 2019
AMS Session on Conflicting Information”). For more information about the organized efforts
discussed above, please see Table 1.

Five emerging themes from the organized efforts
Although not an exhaustive list, five prominent themes emerged from the content analysis.
These data show that members of the weather enterprise frequently mentioned that

¢ a working definition of message consistency is needed;

¢ inconsistencies often arise in the individual parts of a message;

e specific message features likely play a role in maintaining consistency;

e protective action information should remain consistent, or even uniform, across messages;
and

e a weather authority is needed to help facilitate message consistency within the weather
enterprise.

Throughout each and every organized effort, panelists, presenters, and participants re-
mained hyperfocused on defining message consistency (theme 1; Klockow and Jasko 2016;
NWA 2017a,b; AMS 2018b). Without an established definition, individuals found it difficult
to discuss operational best practices, ground rules, and recommendations for approaching
consistency in the weather enterprise (Klockow and Jasko 2016). As a result, establishing a
working definition emerged as the first compelling theme.

Table 1. The weather enterprise’s organized efforts on message consistency.

Type of No. of
Name of organized effort organized effort participants Backgrounds represented

Public sector meteorologists, private sector
Panel session 7 meteorologists, broadcast meteorologists,
social scientists, and emergency managers

Building a consistent message: Establishing ground rules
for the weather enterprise (Klockow and Jasko 2016)

Should weather messaging wear uniforms? The role of Public sector meteorologists, broadcast
consistency vs uniformity of visuals and messaging Webinar 5 meteorologists, graphic designer, social
within the weather community (NWA 2017a) scientists

Public sector meteorologists, private sector
Panel session 4 meteorologists, broadcast meteorologists,
and social scientists.

Inconsistency and Weather Communication—The Good,
the Bad, and the Ugly (NWA 2017b)

Matt Parker Communication Workshop—(In)Consistency Workshop presentations, Public sector meteorologists, private sector
in a Social Media World: Communication Reflections of panel session, and round 70 meteorologists, broadcast meteorologists,
the 2017 Hurricane Season (AMS 2018b) table discussions and social scientists.

Identifying and Assessing the Effects of Forecast and
Warning Communication (In)Consistency on Different
Recipients (Williams et al. 2019)

Presentation and panel Health communication scholars, medical
session professionals, and psychologists.
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Without agreement on a definition, panelists sought to redefine the problem by instead
asking: what makes a weather message inconsistent? Using a severe weather threat as
an example, participants explored weather messages and called attention to the parts
that often differ across sources (NWA 2017a). While they identified differences in color,
number, and word choice as “inconsistent,” they felt that maintaining the overarching
message (i.e., that a severe weather threat exists) was more important. This discussion
exposed a need to strike a delicate balance between allowing differences in the individual
parts of a weather message without interfering with the overarching goal of the message
(theme 2). In other words, at what point do these differences in colors, numbers, or words,
for example, promote or hinder the communication of a similar overall message that a
weather threat exists?

Maintaining similar message goals across sources in the weather enterprise feels easier than
discovering the exact point where differences in the individual parts of a weather message
result in inconsistency. This balancing act, then, implies that certain variables or message
features may affect the consistency of a message. The challenge, however, is identifying which
message characteristics are important (theme 3). For example, conference panelists frequently
emphasized the importance of consistency and, in some instances, argued for uniformity
when considering the behavioral or protective action information associated with weather
messages (theme 4). But, what about other message characteristics? Do other message-related
variables result in inconsistencies that interfere with the weather community’s mission to
protect lives and property?

Beyond the need to establish a working definition and maintain a balance between weather
messages, the final theme that emerged was the desire for a weather authority (theme 5).
Throughout the organized efforts, participants repeatedly asked, who is going to help the
weather enterprise achieve consistency? Does consistency need a form of enforcement, such
as media monitoring? Finally, who should identify and recommend best practices to the
weather enterprise?

Together, these five themes outline a problem statement relating to message consistency in
the weather enterprise. Therefore, the following sections will explore each of these themes in
more detail and connect relevant interdisciplinary literature to help contextualize the points
that emerged during these organized efforts. By doing so, this manuscript takes an impor-
tant first step by using insights from social science research and the needs of the operational
meteorological community to question the feasibility of communicating a consistent message
across the weather enterprise.

Defining message consistency
When members of the weather enterprise were asked to define “message consistency,” they fell
into two opposing camps: 1) those that equate consistency with uniformity (e.g., no variation
in language or visual products; uniform terminology across all platforms) and 2) those that
believe similarities between weather messages create consistency (e.g., similar meanings for
colors and words; for example, the color red is always used to signify the same level of impact
across hazards.). Although a tedious process, obtaining conceptual and definitional clarity
of message consistency has numerous implications for the weather community (theme 1).
Specifically, these dichotomous viewpoints, from members of the weather enterprise, em-
body different operational goals, challenges, and best practices for alleviating consistency
concerns. Therefore, a definition is needed before moving forward. As a starting point, the
weather enterprise should ignore the nuances of message consistency and instead consider
what “being consistent” means at a fundamental level.

The Oxford English Dictionary (2019) offers two relevant definitions of the term “consis-
tent” that help highlight its basic principles: 1) “Not containing any logical contradictions”
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and 2) “Compatible or in agreement with something.” The defining feature of the first defini-
tion is its use of the word “contradictions,” as it implies that the absence of a contradictory
statement or message is a key criterion for maintaining consistency. The fields of philosophy
and logic share this argument in their abstract understanding of consistency. According to
Wolfram (1989), a set of separate sentences is said to be consistent if and only if there is at least
one possible situation in which they are all simultaneously true. For example, statements like
“it is raining outside right now” and “it is cloudy outside right now” would be categorized as
consistent because it could be both cloudy and raining at the same time. However, instead of
emphasizing consistency, philosophers and logicians find more value in defining, identify-
ing, and resolving inconsistencies (Dowden 2019).

Wolfram (1989) points out two types of inconsistent statements: contradictories and con-
traries. Contradictory statements represent a stronger type of inconsistency because the truth
of one statement results in the falsity of the other. For example, consider these sentences: 1)
Oklahoma City is at risk for severe weather tomorrow at 5:00 p.m. and 2) Oklahoma City is not at
risk for severe weather tomorrow at 5:00 p.m. The example statements above are contradictory,
because they cannot both be true and cannot both be false. Contrary statements, on the other
hand, occur when two sentences cannot both be true but can both be false (Wolfram 1989).
For example, consider numerical weather prediction and ensemble forecasting. Instead of a
single forecast, ensemble forecasting produces a wide range of possible future states of the
atmosphere. Because there can only be one future state, all of the ensemble forecasts cannot
be true; however, they could also all be false, as the weather event may not adhere to any of
the ensemble forecast’s future states and could result in a completely different outcome. Like
an ensemble forecast, then, contrary statements or messages cannot both be true but can both
be false. Although informative, this basic interpretation of inconsistency—as deriving from
contradictory or contrary statements—does not address all of the operational constraints and
complexities that exist in the weather enterprise. However, it does offer a building block and
key criterion for establishing a conceptual definition of message consistency: contradictions
or conflicts often result in inconsistency.

The Oxford English Dictionary’s (2019) second relevant definition describes “consistent”
as “compatible or in agreement with something.” Although sharing similar characteristics
with the previous definition, as it describes the need for logical agreement, this definition
uniquely identifies a secondary requirement: a subject, object, trait, behavior, feature, or
attribute that must be evaluated for consistency. This ambiguous “something” ultimately
prevents the weather community from establishing a definition of message consistency
and agreeing on best practices. During the 2016 AMS Panel Session, for example, Dr.
Gina Eosco grappled with the definition of consistency and attempted to pinpoint the
“something” that the weather community needs to evaluate the consistency between
two messages:

If we don’t mean identical, then what do we mean by [consistency]|? Do we mean similar? Similar
doesn’t mean identical, but it means that part of the message is similar but not necessarily all of
it. Therefore, what part of the message do we want to be similar? The science part? The design
part? The words that we use? (Dr. Gina Eosco, Klockow and Jasko 2016)

This perspective closely mimics a definition put forward by the weather enterprise, and high-
lights that certain parts of a message may need to be similar to attain consistency.

However, in the same panel session, a broadcast meteorologist acknowledged the impor-
tance of key messages and described message consistency from a broader, more encompassing
viewpoint. Dr. Josh Eachus stated:
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One [person] might watch my competitor, because he/she likes the way he looks better, likes the
way he speaks better, or likes the way he delivers the weather [information] better. But, if we
have the same message, maybe worded a bit differently, but still get the same points across, then
that is consistency in the message. So, consistency or harmony in the key points, [even though]
we might all word it differently. (Klockow and Jasko 2016)

Together, these competing perspectives highlight that the key to message consistency lies
in the similarities between messages. Identifying and determining which similarities are the
most important, however, is more challenging. Based on conversations in the community,
the criteria (i.e., the “something”) for evaluating a weather message’s consistency is best
described as a spectrum of possibilities ranging from messages that use different words but
exhibit a similar goal (i.e., to inform the end user of a weather threat) to messages that must
retain certain parts (e.g., words, colors, numbers). Therefore, a question and recurring theme
emerges: What is more important, maintaining consistency in the key points or ensuring that
parts of the message remain consistent across the weather enterprise (theme 2)? The next
section will explore this notion further, utilizing both extant social science literature and
previous conversations in the weather enterprise.

Inconsistencies often arise in the individual parts of a message

Risk communication is important to operational meteorologists; as such, understanding how
changes in the different parts of a message (e.g., color, numbers, words) affect the communi-
cation of a similar overall message is at the core of their questions. Communication scholars
share this interest in a message’s discrete parts, as they frequently break down persuasive
messages, manipulate a part of the message, and determine its effect on attitude and/or
information processing (Shen and Bigsby 2013). As a result, the communication and persua-
sion literatures identify and describe the different parts of a message as “message elements,”
“message features,” or “message characteristics.” Although their conceptual definition often
varies between studies, Shen and Bigsby (2013) offer three broad categories of message features:
1) the content (i.e., what the message is about), 2) the structure (e.g., number of arguments the
message contains, presence of counterarguments), and 3) the style (e.g., word choices, visual
design, music; Shen and Bigsby 2013). More importantly, this literature offers clear evidence
that message features significantly affect persuasive outcomes (for review, see O’Keefe 2018).
One could argue, then, that when a weather source alters the features of a message (e.g., color,
numbers, words, etc.), it likely also impacts the consistency of the overall message.

Like the persuasive communication literature, psychologists are also interested in the re-
lationship between the general and the specific. However, the psychological literature offers
more insight into how people process conflicting or inconsistent information. For example, in
medical settings, doctors who examine a patient’s symptoms holistically accurately diagnose
a patient more often than those who analyze the individual symptoms (Reyna 2008). Fuzzy-
trace theory—a psychological theory of cognition that explores the relationship between
memory encoding and reasoning processes—provides context as to why. At its core, this
theory explains that individuals separately and simultaneously encode two types of repre-
sentations when presented with any kind of information (Rahimi-Golkhandan et al. 2017).
Like the weather community’s distinction between the parts of a message and its key points,
the two types of representations associated with fuzzy-trace theory vary in precision from
detailed verbatim traces to vague gist. Although these conceptual definitions do not quite
match those put forward by meteorologists, there are clear connections that warrant further
exploration of fuzzy-trace theory.

According to previous studies, individuals exhibit a fuzzy processing preference
(Reyna and Adam 2003), meaning they rely heavily on and prefer gist representations of risk
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when performing judgement and decision-making tasks (Reyna 2012). However, gist represen-
tations may not always lead to the best risk interpretations. Women, for example, often under-
estimate their risk of cardiovascular disease because they presume older men are more at risk
(Reyna and Adam 2003). Weather risk perception is also plagued by gist representations, as
people often overestimate or underestimate their risk of experiencing various weather hazards
(Hoekstra et al. 2011). Although individuals mostly benefit from gist representations when mak-
ing decisions, the research in this area has yet to consider the role of conflicting or inconsistent
messages. This presents more questions than answers. For example, while people prefer to pro-
cess information holistically, would conflicting or inconsistent information prompt individuals
to look more closely at the details? A related area of research, known as memory suggestibility
and interference (Reyna and Brainerd 1995), provides some evidence that this may be true.
Memory suggestibility and interference research aims to understand whether misleading or
contradictory information impacts an individual’s recollection of a given event. Similar to the
manipulation of certain message features in the communication and persuasion literatures,
these studies often alter specific details about an event to determine its effect on memory
recall (e.g., changing the color of the car involved in an accident; Reyna and Brainerd 1995).
Although previous fuzzy-trace theory studies have acknowledged that individuals prefer
and rely on gist representations when making decisions, by manipulating the details of an
event and affecting an individual’s ability to recall that event, these studies demonstrate that
verbatim details matter. In fact, whether an individual relies on a gist or verbatim representa-
tion is a function of time. Individuals can recall and rely on verbatim details in the short term,
but after a delayed period of time, only gist representations remain (Reyna and Kiernan 1994).
As a result, differences in the details or features of a message likely have the most impact on
message consistency in the short term. This becomes important as individuals search for more
information after seeing a weather message (for review, see Wood et al. 2017). Consider, for
example, that two local news stations use different color schemes to convey the same severe
weather risk (Fig. 2). If an individual were to see TV Station A’s graphic and then change the
channel and see the graphic produced by TV Station B, according to the memory suggestibility
literature outlined above, the individual would likely be able to remember the verbatim details
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Fig. 2. An example of two local news stations using different colors schemes to convey the same severe weather risk.
Local news station graphics were taken from the same 0800 UTC run of the Storm Prediction Center’s Day 3 Convective
Outlook on 17 May 2018.
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of both severe weather graphics (i.e., the color scheme; Reyna and Brainerd 1995). As a result,
the weather community’s speculation that color and other message features may “get in the
way” of communicating a consistent message becomes more noteworthy:

The colors seem to be the first thing people notice and if we or some middle school blogger has
a color that is different or a word that is different, it comes back to ‘Well, who do I trust? Your
opinions are different.” In this case, sometimes the details get in the way of saying: ‘Hey, today
is the day that you’ve got to watch out for either severe thunderstorms, fire weather, or [other
extreme weather|.” (emphasis added; Tim Brice, NWA 2017a)

Taken together, the communication and psychological literatures call attention to both
the key points and the parts of a message. While these literatures do not explicitly reference
message consistency, as their findings pertain to memory encoding, reasoning, and persua-
sion processes, they do offer some evidence that manipulating parts of a message may affect
the overall takeaway message. Therefore, inconsistent message features or verbatim details
may, in fact, stand in the way of communicating a consistent overall message. The psycho-
logical literature explains that this relationship may depend on time, such that individuals
may evaluate the consistency between messages using message features or verbatim details
(e.g., colors, words, and numbers) in the short term and the key points in the long term. As a
result, both the key points and the parts of a message may be important when evaluating the
consistency of weather messages. The challenge, however, is identifying the message features
that may interfere with the consistency of two or more weather risk messages. For example,
meteorologists, psychologists, and communication scholars alike share a common concern
about color inconsistencies. Apart from the use of conflicting colors, what other message
features might interfere with the weather enterprise’s mission to protect lives and property?
In search of answers, the next section will explore a specialized area of health communica-
tion known as conflicting information.

The role of specific message features in maintaining a consistent message

The weather enterprise is not isolated in its concern for communicating a consistent mes-
sage. In fact, the fields of political, health, and science communication similarly struggle to
conceptually define “message consistency” and identify the specific message features that
affect it. However, these disciplines have slowly begun to untangle and explore these topics
in a specialized area of health communication known as “conflicting information” (for review,
see Nagler and LoRusso 2017). While often described as conflicting messages in the litera-
ture, they are variously termed competing, contradictory, inconsistent, mixed, or divergent
messages. Within the last decade, however, health communication scholars have sought to
refine the definition of conflicting information by offering two distinct conceptualizations.
The weather enterprise can use these definitions to 1) better understand how to conceptu-
ally define message consistency and 2) discover message features that may be important for
maintaining consistency.

The nascent literature identifies two broad conceptual definitions of conflicting health
messages. First, conflicting information can be categorized as decisional conflict, or as
Nagler (2010, p. 55) describes, “messages that provide information about two distinct behav-
iors and their effects on the same outcome.” During the 2013 El Reno tornado, for example,
members of the public reported receiving messages from different sources that recommended
conflicting protective actions (NWS 2013). According to the NWS (2013), some individuals
received a message suggesting they should shelter in place, while others reported receiving
instructions that they should evacuate if they could not shelter underground. Although both
messages consistently emphasized the dangers and the likelihood of the impending tornado
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threat, they differed by providing two distinct behavioral actions. If an individual were ex-
posed to both messages, they would be forced to decide whether to 1) take shelter now, 2)
evacuate to another town, or more likely, 3) search for additional information to clarify the
conflicting behavioral information (Lindell and Perry 2012).

The second conceptual definition of conflicting information is best described as informa-
tional conflict. Informational conflict, as Carpenter et al. (2015, p. 1175) outlines, “can be
operationally defined as two or more health-related statements or assertions that are logi-
cally inconsistent with one another.” For example, suppose an individual looks for the latest
snow forecast and comes across a NWS visual graphic indicating that their area will likely
receive 4-6 inches of snow tomorrow. That same individual then seeks additional informa-
tion (e.g., watching their favorite local broadcast meteorologist) and is exposed to a different
snow forecast graphic, this one suggesting that their area will receive 8—-10 inches of snow
tomorrow. Here, the forecast information is logically inconsistent and forces the individual
to decide whether they should 1) trust the government source, 2) trust their local broadcast
meteorologist, or more likely, 3) search for additional information to clarify the conflicting
information (Lindell and Perry 2012).

These two conceptual definitions hint at several themes raised throughout previous con-
sistency efforts. In particular, the weather enterprise has struggled to identify the message
features that might lead to a message being perceived as inconsistent (theme 3). The 2016 AMS
Panel Session (Klockow and Jasko 2016) offers a prime example of this dilemma. During an
exchange, Dr. Kimberly Klockow-McClain pushed the panelists to describe their interpretation
of “having the same message.” Through this conversation, several key message features arose:

You said something really interesting back there. We can all say different things, but still all have
the same message. What do you think the ‘message’ means, then? If it’s not about the words or
the appearance, then what are you defining the ‘message’ to be? (Dr. Kimberly Klockow McClain,
Klockow and Jasko 2016)

The action that we’re recommending you make in a situation... If we all inspire the same [ac-
tion], that’s consistency but not necessarily [using a] bland, boring, same exact message. (Dr.
Josh Eachus, Klockow and Jasko 2016)

Let me define it a little differently. As opposed to the same action, what about inspiring the same
feeling of risk?” (Justin Accardo, Klockow and Jasko 2016)

Like the discussion above, some members of the weather enterprise argue that the communica-
tion of risk information can be inconsistent, while others focus on the behavioral components
of a message. However, according to the conceptual definitions offered by the conflicting infor-
mation literature, both the risk information and the recommended actions can be inconsistent.

Throughout previous consistency conversations in the meteorological community, the role
of decisional conflict or the need for decisional consistency has remained a recurrent theme
(theme 4; Klockow and Jasko 2016; NWA 2017b; AMS 2018b). During the NWA panel session
(NWA 2017b), for example, participants explicitly acknowledged the need for consistency (if
not uniformity) when sharing protective action statements during a weather event:

Perhaps there are many parts of the message. So there’s the risk aspect that maybe we can be
a little bit different on, but at least in this case [we are] consistent that it is, indeed, a tornado.
But, it sounds like what you’re saying is the efficacy message, the protective action part of the
message, may be the most critical [part of the message] where we should be in melody with one
another versus perhaps harmony. (Dr. Gina Eosco, NWA 2017h)
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Several of the organized efforts strongly echoed this sentiment, highlighting the impor-
tance of the recommended actions or behavioral dimensions of a message (also known as
self-efficacy and response efficacy among communication scholars; Table 2; for review, see
Meczkowski and Dillard 2017). Therefore, this message feature is likely essential when evalu-
ating message consistency in the weather enterprise.

Table 2. Message-related variables in the risk communication and fear appeals literature. Definitions taken from
Meczkowski and Dillard (2017).

Message-related variable Definition

Susceptibility Information that references the likelihood that the individual will experience these consequences.

Severity Information that is relevant to the undesirable consequences of an external threat.

Response efficacy The belief that the advocated recommendation will constitute an effective response to the external threat.
Self-efficacy The belief concerning an individual’s ability to execute the recommended response.

Although less tangible and more elusive to pinpoint, the risk information provided in a weather
message is also an important message feature to consider. For example, meteorologists often
vocalize their concerns of inconsistent risk messaging during severe weather events (i.e., severe
thunderstorms and/or tornadoes) when visual graphics use “different colors, different words,
different numbers, and different categories” to communicate a uniform threat (Rick Smith,
NWA 2017a; Fig. 3). These visual inconsistencies are thought to be very confusing for members
of the public and may, in fact, alter an individual’s interpretation of their severe weather risk:
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Fig. 3. A variety of Convective Outlook graphical designs that differ from the Storm Prediction Center’s graphic by using
different colors, risk language, and spatial risk contours. The star indicates Memphis, Tennessee, across all graphics for
comparison purposes. All graphics were taken from the 2000 UTC run of the Storm Prediction Center’s Day 1 Convective
Outlook on 3 April 2018.
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There are a lot of ways that [severe weather] is being messaged out there. We occasionally hear
from people that say, ‘Well I don’t know, I’'m in the orange on this channel and purple on this
channel, and you’re telling me I’'m in yellow. I don’t think any of you know what’s going to hap-
pen because none of you can agree on your wording or how you’re conveying the information.’
So that happens anytime we have severe weather, we’ll hear comments about that. (Rick Smith,
NWA 2017a)

Therefore, like the behavioral dimensions described above, some message features also
correspond to the dimensions of risk information (also known as susceptibility and sever-
ity to communication scholars; Table 2; for review, see Meczkowski and Dillard 2017).
As a result, the conflicting information literature acknowledges that both the efficacy
and risk portions of a message are critical for evaluating whether two weather messages
are consistent.

Beyond the basic understanding that these message features are likely important for main-
taining consistency, the cognitive and behavioral significance of changing these message
features deserves more attention. Previous meteorological research, for example, has shown
that altering a message feature has implications on risk perception and behavioral inten-
tions (Klockow 2013; Eosco 2014; Rickard et al. 2017). Rickard et al. (2017) varied the type
of visual information participants received about a hurricane risk. This experimental study
revealed that including a single, real-life photograph in a hurricane risk message produced
higher risk perceptions and behavioral intentions to evacuate, in comparison to showing
a map or no visual information at all. These results show that changing a message feature
has cognitive and behavioral repercussions. However, two important questions remain: 1)
Which message features are the most important when considering the consistency between
two weather messages? 2) Is there a tipping point where differences in these message features
affect an individual’s risk perception and/or behavioral intentions? Although the conflicting
health information literature has yet to address these important questions, it does offer some
evidence regarding the implications of conflicting or inconsistent information. Therefore,
the next section will explore both the positive and negative effects of conflicting messages.

Addressing the effects of inconsistent information: Insights from the 2019 AMS session
on conflicting information

Until this point, conversations in the weather community have remained very abstract and
fixated on defining consistency. As a result, the implications or effects of inconsistent messages
have not received much discussion in the weather enterprise. However, after discovering the
conflicting information literature and connecting with several scholars in this field, AMS held
a presentation and panel session strictly devoted to the effects of inconsistent information
on end users at its 2019 annual meeting (Williams et al. 2019). Here, presenters were able to
provide insight on the prevalence, causes, and effects of inconsistent information from their
respective fields.

The prevalence of conflicting information has been shown to vary by topic, with previ-
ous studies reporting that anywhere from 18% to 80% of people have received conflicting
health information (Carpenter et al. 2010, 2014; Hameen-Anttila et al. 2014; Nagler 2014;
Niederdeppe and Levy 2007; Taplin et al. 1997). Despite the assumption that conflicting in-
formation confuses members of the public, few studies have been devoted to demonstrating
the cognitive and behavioral effects of conflicting information—an area where health com-
munication scholars have begun to thrive. Previous research in this area, for example, has
revealed that conflicting information increases feelings of anxiety (Himeen-Anttila et al. 2014;
Pollock et al. 2004), alters risk perceptions (Han et al. 2006), affects a patient’s ability to assess
the reliability of sources (McIntosh and Shaw 2003), causes public confusion and decreased

AMERICAN METEOROLOGICAL SOCIETY Bro%éhMéyou by NOAA Central Library | Unagégﬁgéggl %g\%loadgggé%&ﬂ 05:46 PM UTC



trust in nutrition recommendations (Lee et al. 2017; Nagler 2014), and reduces the use of and
adherence to medications (Carpenter et al. 2010, 2014; Himeen-Anttila et al. 2014).
Evidence from the conflicting information literature has acknowledged the negative
effects of exposure to inconsistent information, but does it provide any benefits? During the
Matt Parker Communication Workshop (AMS 2018b), one participant asked this provocative
question, suggesting that forecasters could use inconsistencies to communicate uncertainty:

Instead of considering inconsistency as harmful, in actuality, could it be helpful? Does incon-
sistency among messages or graphics better convey inherent uncertainty associated with the
forecast? (AMS 2018b)

The same question arose during the 2019 AMS Session, where conflicting information schol-
ars agreed with this assessment—noting the informational value of inconsistency to convey
scientific disagreement (Williams et al. 2019). However, they warned that in order for this
implicit scientific uncertainty to be valuable, purposive inconsistencies must be eliminated:

I think we need to reduce reducible uncertainty and reduce reducible conflict—especially if it
is being created for commercial reasons. [For example,] weather stations competing with one
another for eyeballs. That we need to get rid of, but some of this conflict is just scientific uncer-
tainty. We are never going to make that go away. (Dr. Paul Han, Williams et al. 2019)

Given the discussion above, communicating scientific uncertainty may actually be a larger
consistency problem. Dr. Paul Han hints at this point when he describes the two types of
consistency affecting the weather community: 1) conflict and uncertainty that results from
inconsistencies in the messaging and 2) conflict and uncertainty that results from scientific
uncertainty. Although we cannot escape scientific uncertainty or the challenges associated
with communicating uncertainty information, we can reduce any unnecessary conflicting
information within our weather risk messaging. Therefore, the drawbacks and benefits of
inconsistency, outlined above, will be critical as meteorologists create and refine strategies
for crafting consistent messages in the weather enterprise.

A working definition of message consistency in the weather enterprise

The social science literature reviewed in this manuscript clearly articulates that message
inconsistency matters in some contexts. What is missing, then, is an understanding of when,
where, and under which circumstances consistency matters, and equally, where it does not.
This lack of conceptual understanding is likely responsible for the tension the operational
meteorology community feels between achieving message consistency and distinguishing
their forecast from other sources (i.e., through their respective marketing and branding). In
the absence of a working definition then, “message consistency” tends to adopt the qualities
of uniformity, thereby instantly eliminating any differences found across weather messages.
In theory, uniformity feels more concrete and easily attainable. Using identical messages
in practice, however, calls into question the value of having a diverse weather enterprise.
Although the previous section outlined literature that demonstrates the negative consequences
of inconsistent information, message uniformity also creates impracticality.

Drawing on the social science literature outlined in this paper, and the need to strike a bal-
ance between research and practice, we define message consistency as two or more weather
messages that must attain an optimal amount of similarity without producing any negative
or adverse effects. By definition, then, the messages must convey the same overall message,
even though their individual features may differ. Weather risk communication is complex;
as such, this definition does not account for all of its intricacies. However, the simplicity of
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this definition is purposeful, as it takes into consideration the evolution and uncertainty of
weather forecast messages.

Although this definition offers a constructive way to conceptualize message consistency,
it does not yet address how to achieve it. While it is logical to present both a definition and
a recommendation on how to achieve message consistency, this systematic review revealed
various research limitations and practical constraints that call into question the feasibility
of achieving it. As stated above, current research does not yet have a full understanding of
when, where, and under which circumstances message consistency matters, and equally,
where it does not. Without this knowledge, the current body of literature is unequipped to
offer advice on how practitioners and operational meteorologists can achieve a consistent
message. Therefore, as a next step, it is recommended that researchers and practitioners work
together to identify the bounds of message consistency and consider how to best integrate
these research findings into practice.

In addition to these research gaps, there are also practical constraints that challenge the
feasibility of achieving a consistent message at this time. For example, while it is ideal to
assess end user perceptions prior to sharing a weather risk message, practitioners often do
not have the time and/or resources to evaluate message consistency, especially in real-time
as new messages become available. As such, we further pose that achieving message con-
sistency requires a dynamic evaluation process to determine whether two or more weather
messages are consistent with one another. At this time, however, this process is informal and
ad hoc and needs more development. Therefore, after identifying when, where, and under
which circumstances message consistency matters, it is strongly recommended that both
the researcher and practitioner communities collaborate to design, iterate, and develop a
message consistency evaluation process. It is only through this blended process that both the
fast-paced nature of operational meteorology, and the findings from ongoing social science
research, can be combined to accommodate these practical constraints and set the stage for
achieving a more consistent message in the weather enterprise.

Moving forward: Recommendations for the weather enterprise

Moving forward, we invite and encourage the research and practitioner communities to
critique and refine the definition offered in this manuscript, collaborate on research initia-
tives to further explore message consistency among both meteorologists and their respective
end users, and work together to create research-guided best practices. As such, we offer the
following recommendations to the weather enterprise:

Establish and support a new research agenda. Although previous studies (for review,
Nagler and LoRusso 2017; Weyrich et al. 2019; Burgeno and Joslyn 2020) offer some initial
insights on message consistency, the current literature concentrates more on theory as op-
posed to providing practical advice on how to deliver a consistent message. However, with a
working definition of message consistency, there is an opportunity for the weather enterprise
to establish a new research agenda that aims to identify the bounds of message consistency
and addresses the practicality of a message consistency evaluation process. Therefore, the
following research questions are offered for further inquiry: 1) How do meteorologists, mem-
bers of the public, partners, and other end users describe message inconsistencies? How are
these descriptions similar or different, and why? 2) Which message features are the most
important for achieving consistency and subsequently minimizing any negative or adverse
effects on individuals? 3) Do changes in the stylistic features of a message (e.g., color, word
choice) affect an individual’s interpretation of the overall message? If so, how and in what
ways? 4) At what point do differences in these message features affect an individual’s risk
perception and/or behavioral intentions?
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Form an ad hoc committee to develop enterprise-wide best practices. Even when the
weather enterprise obtains research findings that point to when, where, and under which cir-
cumstances message consistency matters, there are still practical constraints that must first be
considered before practitioners can evaluate the consistency of weather risk messages in real
time. For example, a message consistency evaluation process would be useful when comparing
and contrasting a limited number of messages; however, weather events are always evolving
and constantly generating a stream of new information. Therefore, evaluating and implement-
ing message consistency on a larger scale will require further guidance. Previous consistency
conversations, for example, have highlighted the desire for a “weather authority,” with many
recommending that the National Weather Service should lead the charge and help facilitate
message consistency across the weather enterprise (theme 5; Klockow and Jasko 2016). Given
the different roles and responsibilities of each sector; however, it is unlikely that any one sec-
tor can (or should) create standards and force others to comply with those rules. Instead, we
recommend that the weather enterprise come together as a community to consider relevant
research and propose best practices.

Pulling from various committees (e.g., NWA Committee on Societal Impacts), boards (e.g.,
AMS Board on Enterprise Communication), organizations (e.g., Natural Hazards Center), and
outside experts (e.g., risk communication experts, linguists, graphic designers), the weather
enterprise could form a diverse and representative ad hoc committee to explore message
consistency from an enterprise-wide perspective. This strategy is adapted from the field of
warning communication, where warning safety signs, labels, and placards once lacked a
consistent visual design. To overcome these consistency challenges, private sector companies
collaborated and developed voluntary standards that helped establish a consistent warning
graphical format (Wogalter et al. 1999). Drawing on their successes, an ad hoc committee
could consider the strengths and weaknesses of developing voluntary graphical standards
for weather-related graphics (e.g., uniform colors, risk language) and other enterprise-wide
best practices that promote message consistency in the weather community.

Conclusions

Like the field of warning communication, the meteorological community values the importance
of consistent weather risk messaging. As such, understanding how to “achieve” message con-
sistency and what encompasses it are critical areas of interest within the weather enterprise.
Research scholars in the fields of psychology and communication studies, for example, offer
important theoretical insights that highlight the need for a consistent message in our commu-
nity. What deserves more attention, however, is 1) whether end users perceive inconsistencies
in our weather risk messaging and, if so, 2) when, where, and under which circumstances
consistency matters, and equally, where it does not. Only then will operational meteorologists,
weather enterprise practitioners, and other message designers have the knowledge they need
to create and construct more consistent weather risk messages.

As a first step toward addressing this gap in both research and practice, this paper combines
the needs of operational meteorologists with insights from social science research to offer a
definition of message consistency to the weather enterprise. It is our hope that by providing
a definition, weather enterprise researchers will be able to measure end user perceptions of
message consistency and, in the process, more explicitly explore the bounds of this construct
and consider how to best integrate these research findings into practice. Further, this paper
also recommends that researchers and practitioners collaboratively develop a message consis-
tency evaluation process. While this recommendation gives the impression that consistency
is achievable, the constant influx of new weather messages calls into question the practical-
ity of achieving consistency on a larger scale. For this reason, we emphasize that achieving
consistency is a dynamic and evolving process that requires the full participation of the entire
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weather enterprise. To work toward this common goal, we ask that the research and practitio-
ner communities’ critique and refine the definition offered in this manuscript, collaborate on
research initiatives to further explore message consistency among both meteorologists and
their respective end users, and work together to develop research-guided best practices. A
persistent community effort will shed light on when, where, and under which circumstances
consistency is necessary, and more importantly, move us one step closer toward achieving a
more consistent message within the weather enterprise.
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