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ABSTRACT: There are lingering questions about the effectiveness of the watch, warning, and advisory system (WWA)
used to convey weather threats in the United States. Recently there has been a shift toward alternative communication
strategies such as the impact-based forecast. The study reported here compared users’ interpretation of a color-coded
impact-based prototype designed for email briefings, to a legacy WWA format. Participants, including emergency manag-
ers and members of the public, saw a weather briefing and rated event likelihood, severity, damage, and population
affected. Then they recommended emergency response actions. Each briefing described the severity of the weather event
and the degree of impact on population and property. In one condition a color-coded impacts scale was added to the text
description. In another, an advisory and/or warning was added to the text description. These were compared with the text-
only control. Both emergency managers and members of the public provided higher ratings for event likelihood, severity,
damage, and population affected and recommended a greater response for higher impact levels regardless of format. For
both groups, the color-coded format decreased ratings for lower-impact events. Among members of the public, the color-
coded format also led to increases for many ratings and greater response at higher levels relative to the other two condi-
tions. However, the highest ratings among members of the public were in the WWA condition. Somewhat surprisingly, the
only effect of the WWA format on emergency managers was to reduce action recommendations, probably because of the
inclusion of the “advisory” in some briefings.
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1. Introduction

In the United States, since 1966 the National Weather Service
(NWS) has communicated severe weather risk using the catego-
ries of the watch, warning, and advisory (WWA; Corfidi 2010).
Each category is intended to indicate a unique combination of
the severity and likelihood of the event. A watch indicates a
potential for a dangerous hazard. A warning indicates an immi-
nent/occurring life-threatening hazard. An advisory indicates an
imminent/occurring less serious hazard (NWS 2017).

However, for the last several years there has been an ongo-
ing discussion about the usefulness of the WWA system due
to persistent misinterpretations and confusions among mem-
bers of the public as well as emergency managers (NWS 2014,
2018; Morss et al. 2016; Weaver et al. 2017). Indeed, the cur-
rent plan is to phase out the “advisory” category by 2024
(NWS 2021). Moreover, some research suggests that interpre-
tations of the precise levels of event likelihood indicated by
the WWA categories tend to differ between members of the
public and the forecasters who issue them (Morss et al. 2016).
However, the same research indicated that when informa-
tional context (e.g., quantity and rate of rainfall; storm track)
accompanied flash-flood warnings, the majority of respond-
ents anticipated taking similar protective action (evacuating
or assessing risk). In addition, an assessment of the tornado
warning system following the deadly 2011 Joplin tornado
found that most people sought additional information outside
the weather service before taking shelter (NWS Central
Region 2011). This suggests that the situational context may

be at least as important to users as the informational terminol-
ogy, if not more so. In summary, it is clear that the WWA ter-
minology remains confusing for many and may be less
important for weather-related decisions than other kinds of
information.

Many believe an impacts-based approach to risk communi-
cation, framing risk communication in terms of the impact to
end users, will improve both understanding and user decisions
(NWS 2014; Williams et al. 2017). In response, in recent years
the National Weather Service has made an effort to communi-
cate impact levels as well as to distinguish levels of urgency
between events (NWS Central Region 2011; NWS 2016),
although there is as yet no standardized format. One instanti-
ation of this policy is the Impact-Based Decision Support
Services (IDSS) email briefing format employed by the
National Weather Service Western Region office (NWS
2020). The briefing consists of three sections (see Fig. 1). At
the top, the key points section summarizes the threat. In the
center, the weather and impact outlook section includes a
7-day outlook table. It uses five levels, color coded as green,
yellow, orange, red, and purple and accompanied by adjec-
tives to indicate the degree of impact (e.g., low, medium, high,
extreme). Just below, a confidence and details section catego-
rizes forecast events as low, moderate, or high forecaster con-
fidence. This is followed by a description that conveys the
severity of the weather event, the impacts (e.g., power out-
ages, property damage, and temporary impairments to roads)
and the geographic area involved.

The impact-level email weather briefings are intended to
provide tailored operational decision support for emergency
managers and other key partners. However, the effect of theCorresponding author: Chao Qin, robertqc@uw.edu
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color-coded IDSS email briefing on users’ understanding of
the risk posed is at present an open question.1 Here we define
risk as a combination of outcome severity and event likeli-
hood (Weber and Milliman 1997). The simple and uniform

organization of the IDSS email briefings is likely be helpful as
it allows users to build a schema that could facilitate compre-
hension (Bartlett 1932). However, one of the most salient
aspects of the new format is the color coding. At the time dur-
ing which this experiment was conducted, the color-coded
scales were provided to recipients without accompanying defi-
nitions beyond the adjectives described above, although more
complete definitions were available on the NWS website (see
appendix A). Thus, users’ understanding of the risk level

FIG. 1. National Weather Service IDSS email weather briefing.

1 The previous version of the email briefings issued by National
Weather Service Western Region included similar components
without the color-coded header.
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intended by the color coding is an important and open ques-
tion because behavioral research suggests that there can be
issues with understanding color coding. The majority of evi-
dence demonstrates inconsistencies in how people rank/order
color-coded risk (Chapanis 1994; Wogalter et al. 1995; Rashid
and Wogalter 1997; Mayhorn et al. 2004; Bryant et al. 2014)
suggesting that colors mean different things to different indi-
viduals. In addition, warnings with color are perceived as
more hazardous overall (Braun et al. 1995). However, as far
as we are aware, little research investigates the precise level
of risk conveyed by color coding. For instance, a user may
understand that orange conveys a greater risk than green,
however, the same person may overestimate the likelihood
conveyed by orange (e.g., 80%) as compared with the
intended likelihood (40%). As a result, people may perceive
the risk to be different than what is intended or systematically
greater than what is intended when color coding is added.
This could, in turn, affect the decisions that people make
based on the forecast.

The two studies reported here were conducted to deter-
mine whether there are differences in risk perception and
emergency decisions using the color-coded IDSS email format
versus the legacy WWA. In both experiments, participants
read a series of email briefings describing weather events.
Some also included the color-coded impacts scale while others
also included an advisory or a warning. Both conditions were
compared with the text-only description that served as the
control. In experiment 1 a group of emergency managers
served as participants. In experiment 2, in an effort to test a
larger sample and increase the power for inferential analyses,
participants were members of the public. This also allowed us to
compare understanding across these two levels of expertise.

2. Experiment 1: Emergency managers

a. Method

1) PARTICIPANTS

Participants (n 5 17) were recruited via email and onsite
at the Washington Emergency Managers Association 2019
Annual Meeting. Participants included public safety officials
from local, state, and federal government and ranged in experi-
ence from 1 to 20 years with an average of 10.6 years. Partici-
pants ranged in age from 27 to 64 years old (mean M 5 48.2;
standard deviation SD5 11.3), and 18% of them were females.

2) PROCEDURE

The experiment was conducted on Qualtrics, a web-based
survey platform, in November 2019, accessed through an
anonymous link on a computer.2 After providing informed
consent, participants were instructed to assume the role of a
consultant to an emergency management organization in
western Washington. The goal was to provide advice to co-
ordinate emergency responses for communities under threat

of severe weather. Background information was provided,
including maps of local counties and major cities as well as
population density (see appendix B).

Next, participants received a series of weather briefings that
were described as occurring weeks apart. To gauge their under-
standing of the key components of weather risk that were
included in all of the briefings, participants rated the likelihood,
severity, resulting damage of the event described, and the pro-
portion of the population that might be affected. Ratings were
made by dragging a handle to the desired position on and
unmarked line between two anchors. This is known as a visual
analog scale (VAS; see Fig. 2).

On the same page, participants decided whether a response
was necessary for the event described in the email briefing. If
the participant selected “Yes, I recommend the following
actions,” a list of four possible actions3 was shown (see Table 1).
Instructions indicated that items lower on the list were appropri-
ate for more serious events but involved greater cost in terms of
time and resources. Therefore, they should only recommend
actions they believed were necessary. They could choose as
many actions as they deemed appropriate. For each action,

FIG. 2. Questions gauging understanding of weather briefings for
both experiments 1 and 2.

2 At the outset, the website stated that the survey was not
intended for use on a smartphone.

3 Actions were drawn from an unpublished interview study con-
ducted on emergency managers’ decision-making process with
respect to a 2016 wind event in Washington State.
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participants clicked on a radio button labeled “No, I do not
advise this action” or “Yes, I advise this action.” Other
actions not listed could be added in an open-ended text
box, although none differed substantially from those pro-
vided and will not be discussed further. If participants
selected “No, I do not want to recommend any action,” the
trial ended, and the next weather briefing was presented.
After participants completed the decision task, they were
asked to rate how well they understood the email briefings
on a VAS from not at all to completely.

3) STIMULI

Participants saw a sequence of 16 email briefings each
describing a wind or a snow event. Wind and snow briefings
were equivalent in terms of word count, impact levels, and
position in trial order. In the context of the experiment, each
briefing indicated only one day during which an event was
expected, occurring within 24 h of issuance,4 although time
frame and lead time can vary in actual briefings. The briefings
used here were based on actual emails distributed by National
Weather Service Seattle office between February 2018 and
2019. Each participant received two briefing formats}text
only, used as a control, and one of two experimental formats
described below. The first eight briefings were in the text-only
format. They included verbal descriptions of the weather
event organized into a simplified version of the email briefing
described above (Fig. 1) comprising two sections labeled “key
points” and “details.” The key-points section described the
severity of the hazard and the geographic extent of its impact.
The details section included information about the severity,
impacts and onset of the weather event at specific locations
(see Figs. 3a,c).

Note that the text-only format included Figs. 3a and 3c; the
advisory/warning format included Figs. 3a, 3c, and 3d; and the
outlook format included Figs. 3a–c.

For the remaining eight briefings, participants were ran-
domly assigned to one of two experimental conditions: the
advisory/warning format or the outlook format. For both, the
description of the event was identical to that in the text-only
condition.

For the advisory/warning format in addition to the two sec-
tions described above (key points and details) there was a
statement at the bottom of the briefing with the advisory or

warning designation (Fig. 3d).5 To reduce the number of trials
required per participant, only events with the designations
“advisory” and “warning” were used here.

Participants in the outlook condition saw the same two sec-
tions (key points and details) with a color-coded 7-day
outlook band across the top (see Fig. 3b) showing Thursday–
Wednesday from left to right. Thursday was designated as
“today,” the day upon which the briefing was issued. The day
for which the weather event was expected was color-coded to
indicate impact level, yellow indicating low, orange indicating
medium, red indicating high or purple indicating extreme. A
key, describing these pairings was provided on the briefing.
Fourteen events occurred on “Friday (tomorrow)” and two
on “Thursday (today),” so that all would have similar time
frames. The days preceding and following impact days were
colored green to indicate that no impacts were expected dur-
ing those times.

The event descriptions were classified according to the
impact-level definitions (see appendix A) used by the NWS
Western Region, although the impact-level itself was shown
only in the outlook condition. Descriptions included relevant
impacts such as power outages, property damage, and tempo-
rary impairments to roads. Those classified as low and
medium impact corresponded to an advisory in the advisory/
warning condition. All high-impact events corresponded to a
warning in the advisory/warning condition. However, one
event in the high-impact category also included an advisory
for a location expected to be less affected. All extreme events
(purple) corresponded to a warning in the advisory/warning
condition. There were four briefings in each impact level.

The descriptions of 16 unique weather events were divided
into two sets of email briefings (referred to as set 1 and set 2).
Both sets included two low, two medium, two high, and two
extreme level briefings. At every impact level, half were snow
events and the other half were wind events.6 The briefings
were placed in a fixed, semirandom order that did not allow
for consecutive stimuli of the same hazard and impact-level
combination (e.g., no consecutive moderate snow) to encour-
age viewing them as independent events. See appendix C for
a list of the briefings shown in the order displayed. Each set
was counterbalanced such that participants were randomly
assigned to see set 1 first and set 2 second (n 5 11) or vice

TABLE 1. Action recommendations for both experiment 1 and experiment 2.

Action for recommendation

Lowest cost Share information on social media
↓ Share information with local organizations (schools, hospitals, shelters, news media, private companies, etc.)
↓ Put local response departments on alert (fire department on standby, road/plow crews on standby, etc.)
Highest cost Activate the EOC or other active monitoring situation

4 In fact, such briefings can be sent out several days in advance
and have multiple updates; however, variations in lead time have
been shown to impact perceptions of likelihood (Joslyn and Savelli
2010) so time frame was held constant here to avoid that extrane-
ous variable, which could obscure effects resulting from format.

5 These were similar in format to those used prior to the intro-
duction of the IDSS color-coded format tested here.

6 A comparison between snow and wind events on participants’
ratings (likelihood, severity, damage, and proportion of popula-
tion affected) showed no difference in response due to different
weather events.
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versa (n 5 6), regardless of the experimental format shown in
set 2. The first set was always shown in the text-only format.
Thus, all events were shown in all formats.

4) DESIGN

Experiment 1 employed a within-groups design. There
were two independent variables: Briefing format and impact
level. Briefing format had three levels: advisory/warning, out-
look, and text only. All participants saw the control (text
only) and one of the two experimental formats (outlook, advi-
sory/warning). Impact level was manipulated within groups
and had four levels: low, medium, high, and extreme.

b. Results

To determine the impact of communication format on risk
perception and decision-making, a series of factorial repeated
measures analyses of variance (ANOVA) were conducted on
participants ratings (likelihood, severity, damage, and propor-
tion of population affected), and action recommendations,
with two independent variables: impact level (within: low,
medium, high, extreme) and briefing format (within: text only
vs advisory/warning or outlook). Ratings were summarized as
the percentage of the VAS line between the left anchor and
the position to which participants moved the handle (see
Fig. 2). Effect sizes for ANOVAs were reported as partial eta-
squared values. Because each participant saw the text-only
format and one of the two experimental formats, all compari-
sons with the text-only format were made within groups and
the two experimental formats were not compared directly
with one another. Thus, there are two ANOVAs for each
dependent variable, one for the group that saw the advisory/
warning format (n 5 7) and another for the group that saw
the outlook format (n 5 10). Where appropriate, P values

were corrected (more conservative) for violations of spheric-
ity by adjusting the degrees of freedom associated with the F
statistic according to the Greenhouse–Geisser estimate of
sphericity. Understanding (self rating) of forecasts was ana-
lyzed between groups using an independent t test.

1) LIKELIHOOD RATING

First, we conducted an ANOVA on event likelihood ratings
including the advisory/warning format. Likelihood ratings
increased with impact level (see Fig. 4) and the main effect
was marginally significant [F(1.56, 9.36) 5 4.06, p 5 0.061,
and h2

P 5 0:40]. The effect of format [F(1, 6) 5 0.13, p 5 0.73,
and h2

P 5 0:02] and the interaction between format and
impact level [F(3, 18) 5 0.54, p 5 0.662, and h2

P 5 0:08] failed
to reach significance. See Fig. 4 for mean likelihood ratings.

Next, we conducted an ANOVA on event likelihood ratings
with the outlook format. Here, likelihood ratings increased
significantly with impact level (see Fig. 4) [F(3, 27) 5 21.07,
p , 0.001, and h2

P 5 0:70]. There was also a main effect of

FIG. 3. (a)–(d) Example of weather briefing in all formats for both experiment 1 and experiment 2.

FIG. 4. Likelihood ratings in the text only1 advisory/warning and
text only1 outlook conditions for experiment 1.
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format [F(1, 9)5 5.80, p 5 0.039, and h2
P 5 0:39]. Mean likeli-

hood rating was significantly lower in the outlook format
(M 5 64.76; SD 5 26.22) than in the text-only format (M 5

72.37; SD5 26.22). In addition, there was a significant interac-
tion between impact level and format such that likelihood rat-
ings in the outlook format were lower than in the text format
at the low and medium impact levels but not at the high and
extreme levels where the two formats were rated similarly
[F(3, 27) 5 3.15, p 5 0.041, and h2

P 5 0:26]. Thus, although
neither the effect of impact level nor format reached signifi-
cance in the advisory/warning analysis, both were significant
in the outlook condition, which reduced likelihood ratings at
the lower levels relative to text-only control.

2) SEVERITY RATING

For the ANOVA on severity ratings that included the advi-
sory/warning format, ratings increased significantly with
impact level (see Fig. 5) [F(3, 18) 5 27.41, p , 0.001, and
h2
P 5 0:82]. However, the effects of format [F(1, 6) 5 0.02,

p 5 0.89, and h2
P 5 0:00] and the interaction between impact

level and format [F(3,18) 5 0.29, p 5 0.83, and h2
P 5 0:05]

failed to reach significance.
For the ANOVA including the outlook format, severity rat-

ings also increased significantly with impact level (see Fig. 5)
[F(3, 27) 5 72.91, p , 0.0001, and h2

P 5 0:89]. In addition, the
outlook format led to significantly lower severity ratings
(M 5 53.01; SD 5 29.96) than did text-only format (M 5 60.41;
SD 5 27.72), with F(1, 9) 5 5.17, p 5 0.049, and h2

P 5 0:36.
The interaction between impact level and format failed
to reach significance [F(2.07, 18.63) 5 2.47, p 5 0.11, and
h2
P 5 0:22], although the trend was similar to the likelihood

analysis with greater reduction at lower impact levels. Thus,
for severity ratings, the effect of impact level was seen in both
formats, although only in the outlook condition did format
matter. The outlook format reduced severity ratings relative
to text-only control.

3) DAMAGE RATING

For the ANOVA on damage ratings that included the advi-
sory/warning format, damage ratings increased significantly
with impact level (see Fig. 6) [F(3, 18) 5 33.89, p , 0.001,
and h2

P 5 0:85]. Neither the effect of format [F(1, 6) 5 0.25,
p 5 0.64, and h2

P 5 0:04] nor the interaction between impact

level and format [F(3,18) 5 0.20, p 5 0.89, and h2
P 5 0:03]

reached significance.
For the ANOVA including the outlook format, again,

damage ratings increased significantly with impact level (see
Fig. 6) [F(1.38, 12.42) 5 58.01, p , 0.001, and h2

P 5 0:87]. In
addition, damage ratings in the outlook format (M 5 42.74;
SD 5 29.36) were significantly lower than in the text format
(M 5 51.58; SD 5 27.42), with F(1, 9) 5 5.67, p 5 0.041, and
h2
P 5 0:39. The interaction between impact level and format

failed to reach significance [F(3, 27) 5 2.27, p 5 0.10, and
h2
P 5 0:20]. In sum, the effect of impact level on damage was

seen in both conditions; however, the effect of format was
seen only in the outlook condition, which had reduced ratings
relative to text-only control.

4) PROPORTION OF POPULATION AFFECTED

For the ANOVA on the proportion of the population
affected that included the advisory/warning condition, propor-
tion ratings increased significantly with impact level (see
Fig. 7) [F(3, 18) 5 25.32, p , 0.0001, and h2

P 5 0:81]. Neither
the effect of format [F(1, 6) 5 0.18, p 5 0.69, and h2

P 5 0:03]
nor the interaction between impact level and format [F(3, 18)5
0.36, p5 0.79, and h2

P 5 0:06] reached significance.
For the ANOVA including the outlook format, again,

proportion ratings increased significantly with impact level
(see Fig. 7) [F(3, 27) 5 31.92, p , 0.001, and h2

P 5 0:78]. The
proportion ratings in the outlook format were lower (M 5

0.47; SD 5 0.25) than in the text-only format (M 5 0.55;

FIG. 5. Severity ratings in the text only1 advisory/warning and text
only1 outlook conditions for experiment 1.

FIG. 6. Mean damage ratings in the text only1 advisory/warning
and text only1 outlook conditions for experiment 1.

FIG. 7. Mean proportion of population affected in text only1 advisory/
warning and text only1 outlook conditions for experiment 1.
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SD 5 0.28), but the difference failed to reach significance
[F(1, 9) 5 3.94, p 5 0.08, and h2

P 5 0:30]. The interaction
between impact level and format failed to reach significance
[F(1.41, 12.69) 5 58, p 5 0.52, and h2

P 5 0:06]. Thus, as with
likelihood and severity ratings, the effect of impact level on
proportion of the population was seen in both conditions.

5) ACTION RECOMMENDATIONS

Next, we examined the effect of format and impact level on
participants’ action recommendations. For this analysis, rec-
ommended actions were categorized from 1 (lowest cost
action) to 4 (highest cost action). A value of 0 was assigned to
decisions not to act at all (see Table 1 in the methods section,
section 2a). For every email briefing the highest number cho-
sen by the participant (highest response cost) was assigned as
the score for that trial. Then, means were calculated across tri-
als by impact level and format. A pair of factorial repeated
measures ANOVAs were conducted on mean action scores
with impact level (low, medium, high, and extreme) and for-
mat (control, advisory/warning, outlook) as the within-groups
independent variables.

For the ANOVA including the advisory/warning format,
action recommendations increased significantly with impact
level (see Fig. 8) [F(3, 18) 5 30.30, p , 0.001, and h2

P 5 0:83].
For this analysis, mean action recommendations in the advi-
sory/warning format were significantly lower (M 5 2.50;
SD 5 1.16) than in the text-only format (M 5 2.88; SD 5

1.11), with F(1, 6)5 13.50, p5 0.01, and h2
P 5 0:69. The inter-

action between impact level and format failed to reach signifi-
cance [F(3, 18)5 1.27, p5 0.32, and h2

P 5 0:17] (see Fig. 8).
For the ANOVA including the outlook format, again

action recommendations increased significantly with impact
level (see Fig. 8) [F(3, 27) 5 40.68, p , 0.001, and h2

P 5 0:82].
There was also a significant effect of format such that action
recommendations in the outlook format (M 5 2.28; SD 5

1.45) were significantly lower than in the text-only format
(M 5 2.74; SD 5 1.19), with F(1, 9) 5 6.35, p 5 0.03, and
h2
P 5 0:41. The interaction between impact level and format

failed to reach significance [F(3, 27) 5 2.12, p 5 0.12,
h2
P 5 0:19]. Thus, action recommendations increased with

impact level regardless of format. However, unlike the pre-
vious dependent variables, the effect of format on action

recommendations was observed in both format conditions.
Surprisingly, both the color coding in the outlook condition
and the addition of an advisory or a warning reduced action
recommendations on average.

6) EFFECT OF IMPACT LEVEL

The previous analyses suggest that the effect of impact level
was conveyed by the text alone. To verify this, we examined
all ratings (likelihood, severity, damage, and percent of popu-
lation affected) as well as action recommendation in the text-
only condition. Indeed, all five ANOVAs showed a significant
effect of impact level with higher ratings for higher levels
[likelihood: F(1.83, 29.28) 5 12.07, p , 0.001, and h2

P 5 0:43;
severity: F(3, 48) 5 50.27, p , 0.0001, and h2

P 5 0:76; damage:
F(3, 48)5 45.84, p , 0.001, and h2

P 5 0:74; proportion of pop-
ulation affected: F(3, 48) 5 25.22, p , 0.001, and h2

P 5 0:61;
action recommendations: F(1.68, 26.88) 5 55.27, p , 0.001,
and h2

P 5 0:78]. This suggests that the text alone conveyed the
increase in impact levels.

7) UNDERSTANDING (SELF) RATING

Ratings for (self reported) understanding of email briefings
were compared between the two experimental conditions.
Although ratings did not differ by format, participants’ rated
their own understanding as high. Understanding in the advi-
sory/warning condition (M 5 80.14; SD 5 11.14) was slightly
but not significantly lower than in the outlook condition
(M 5 81.3; SD 5 15.5), with t(15) 5 20.17 and p 5 0.87.

c. Discussion

These results suggest that risk perception among emer-
gency managers was influenced mainly by the descriptions in
the text rather than by the inclusion of either a warning or
advisory designation. Ratings of likelihood, severity, damage,
and proportion of the population, all increased significantly
and systematically with the designated levels in the text-only
format. Somewhat surprisingly, the effect of the color-coded
outlook format was mainly to reduce risk perception, primar-
ily at the lower levels. This contradicts the literature indicat-
ing that color coding increases perceived hazardousness
(Wogalter et al. 2002) and risk perception overall (Braun et al.
1995). Our result suggests instead that the precise impact of
color may depend on the context. The significant interaction
between format and impact level for likelihood ratings,
revealed that the observed reduction was mainly at the lower
levels, color-coded yellow and orange. Thus, there may be an
advantage for the color coding in that it allows for greater dif-
ferentiation between the lower and higher likelihood levels.

Also, somewhat surprisingly, the only effect on action rec-
ommendations of either format was to reduce recommenda-
tions. Although the interaction failed to reach significance in
this small sample, the reduction appears to be again mainly at
the lower impact levels where the yellow color or the advisory
was shown, perhaps signaling less urgency to these experi-
enced participants.

To determine whether these results would hold in a larger
sample, and whether there were differences between expert

FIG. 8. Mean response cost (of recommended action) in the text
only 1 advisory/warning and text only 1 outlook conditions for
experiment 1.
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and nonexpert decision-makers, we conducted a similar study
among a group of online nonexpert participants.

3. Experiment 2: Members of the public

a. Method

1) PARTICIPANTS

Participants (n 5 117), all U.S. residents, were recruited via
Amazon Mechanical Turk (Mturk), a data-collection domain
administered by Amazon. Participants ranged in age from 19 to
69 years old (M5 37.7; SD5 11.42), and 41% were females.

2) PROCEDURE

The experiment, conducted in November 2019, was similar
to experiment 1 in terms of platform and procedure, including
the same instructions and background information. However,
there was additional explanation about the function of emer-
gency management and emergency operations centers (EOCs)
because these were nonexpert participants (see appendix B).
In addition, Mturk participants received an orientation to the
layout and content of the email briefings prior to the experi-
mental task because, unlike emergency managers, they had no
previous exposure to this format. For the same reason, in the
experimental conditions, participants were provided with defi-
nitions of advisory and warning, or the table of impact-level
definitions that they could review at any point (appendix A).
Participants in experiment 2 were asked the same questions
(Fig. 2) as the emergency managers in experiment 1. In addi-
tion, after each of the 12 trials, attention check questions were
shown asking participants to name the hazardous weather
event or quantity (e.g., wind speed) described in the previous
briefing.

3) STIMULI

Participants saw a sequence of 12 email briefings (a subset
of the 16 briefings in experiment 1) each one for either a wind
or snow event.7 Each participant received email briefings in
either the control (text only), advisory/warning, or outlook
(Figs. 3a–c) format.

As with experiment 1, the email briefings were divided into
two sets of 12. In experiment 2, participants were randomly
assigned to one of three format groups, the 1) control, 2) advi-
sory/warning, or 3) outlook format. They were also randomly
assigned to see text from either set 1 or set 2. Thus, both brief-
ing text sets, were paired with each format, although the pair-
ing differed by participant. Both sets included two low-, four
medium-, four high-, and two extreme-level briefings. The
briefings were placed in a fixed semirandom order that did
not allow for consecutive stimuli of the same hazard and
impact-level combination (e.g., no consecutive moderate
snow) to avoid the impression that events were related. See
appendix C for the order of briefings.

4) DESIGN

The experiment employed a 3 3 4 full factorial design.
Briefing format was manipulated between groups and had
three levels: advisory/warning, outlook, and text-only control.
Impact level was a within-groups factor and had four levels:
low, medium, high, and extreme.

b. Results

To determine the impact of communication format on risk
perception and decision-making, a series of ANOVA was
conducted on participant ratings (likelihood, severity, dam-
age, and percent of population affected), and action recom-
mendations, with impact level (low, medium, high, and
extreme) as the within-groups independent variable. Most
also included briefing format (control, outlook, and advisory/
warning) as the between-groups independent variables.
Planned contrasts were corrected for familywise error using
the Bonferroni correction (a 5 0.0167).

To determine whether the effect of impact level was con-
veyed by the text alone, as had been the case among emer-
gency managers in experiment 1, we first examined all ratings
(likelihood, severity, damage, and percent of population
affected) as well as action recommendations in the text-only
control condition. Indeed, all ANOVAs showed a significant
effect of impact level with higher ratings for higher levels
[likelihood: F(2.28, 109.44) 5 31.38, p , 0.001, and h2

P 5 0:40;
severity: F(2.49, 119.52) 5 118.45, p , 0.0001, and h2

P 5 0:71;
damage: F(3, 144) 5 73.48, p , 0.001, and h2

P 5 0:60; percent
of population affected: F(2.4, 115.2) 5 45, p , 0.0001, and
h2
P 5 0:22; action recommendations: F(2.19, 105.12) 5 58.78,

p, 0.001, and h2
P 5 0:55]. This suggests that, as with the small

group of emergency managers, the text alone conveyed the
increase in impact levels to members of the public.

1) LIKELIHOOD RATING

Next, we asked whether the differences in email briefing
format influenced any of these same dependent variables
and/or interacted with impact levels. For the ANOVA on likeli-
hood rating, neither the main effect of format [F(2, 114) 5 0.19,
p 5 0.83, and h2

P 5 0:00] nor the interaction between format
and impact level [F(4.26, 242.82) 5 0.44, p 5 0.79, and
h2
P 5 0:01] reached significance (see Fig. 9). There was a

significant main effect of impact level (see Fig. 9) [F(2.13,
242.82) 5 73.42, p , 0.0001, and h2

P 5 0:39]. Thus, although
participants indicated higher likelihood with higher impact levels
neither color-coded outlook format nor advisory/warning label
influenced likelihood ratings.

2) SEVERITY RATING

In the ANOVA on severity ratings, there was a significant
main effect of format [F(2, 114) 5 3.34, p 5 0.04, and
h2
P 5 0:06]. The mean severity rating in the advisory/warning

condition (M 5 58.07; SD 5 25.07) was significantly higher
than in the control condition (M 5 49.72; SD 5 26.43), with
t(86) 5 22.73 and p 5 0.008. Neither differed significantly
from the outlook condition (M 5 54.03; SD 5 28.50), which

7 Participants’ ratings were significantly higher for snow than wind
for severity [t(232)5 2.65; p5 0.01], damage [t(232)5 1.43; p5 0.15],
and proportion of population affected [t(232)5 2.58; p5 0.01].
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fell in between. There was also a significant interaction
between format and impact level [F(4.26, 242.82) 5 11.11,
p , 0.001, and h2

P 5 0:16]. The greatest differentiation in
impact levels was seen in the outlook condition: Mean ratings
were lowest at the low impact level (M 5 19.07; SD 5 17.69),
and the highest ratings were in the extreme impact level (M5

84.50; SD 5 28.50) (see Fig. 10). There was also a significant
main effect of impact level on severity (see Fig. 10) [F(2.13,
242.82) 5 354.99, p , 0.001, and h2

P 5 0:76]. Thus, although
all participants indicated higher severity with higher impact
levels, the advisory/warning format was perceived as indicat-
ing greater severity overall and the outlook format gave rise
to the greatest differentiation between levels.

3) DAMAGE RATING

In the ANOVA on damage ratings there was a significant
main effect of format [F(2, 114) 5 4.0, p 5 0.021, and
h2
P 5 0:07]. As with severity, the mean damage rating was sig-

nificantly higher for the advisory/warning format (M 5 50.61;
SD 5 25.85) than for the text-only control (M 5 40.94; SD 5

25.04), with t(86) 5 22.93 and p 5 0.004, but not significantly
different than the outlook format (M 5 44.20; SD 5 27.14),
with t(66) 5 21.81 and p 5 0.07, which fell in between. Mean
damage rating in the outlook condition was not significantly
different from the control, t(76)520.98, with p5 0.33.

There was also a significant interaction [F(4.38, 249.66) 5

7.80, p , 0.001, and h2
P 5 0:12], such that the greatest differ-

entiation was seen in the outlook condition: Mean ratings
were the lowest at the low impact level (M 5 25.00; SD 5

23.26) and the highest at the extreme impact level (M 5

62.89; SD 5 19.56). There was also a significant main effect of
impact level (see Fig. 11) [F(2.19, 249.66)5 262.06, p , 0.001,
and h2

P 5 0:70]. Thus, although participants indicated greater
damage with higher impact level, the advisory/warning was

perceived as indicating greater damage overall, as with the
previous two analyses, there was greater differentiation in lev-
els with the outlook format.

4) PROPORTION OF POPULATION AFFECTED

In the ANOVA on proportion of population affected ratings,
both the main effect of format [F(2, 114) 5 0.85, p 5 0.43, and
h2
P 5 0:01] and the interaction between format and impact level

[F(5.22, 297.54) 5 1.46, p 5 0.20, and h2
P 5 0:02] failed to reach

significance. There was a significant main effect of impact level
(see Fig. 12) [F(2.61, 297.54)5 116.38, p, 0.001, and h2

P 5 0:51].
Thus, in all formats, ratings increased with impact level.

5) ACTION RECOMMENDATION

Next, we examined the effect of briefing format and impact
level on participants’ decisions to recommend actions in
response to the event. In the ANOVA on the mean action
recommendations score, although the effect of format failed
to reach significance [F(2, 114) 5 0.39, p 5 0.68, and
h2
P 5 0:01], there was a significant interaction [F(4.2, 239.4) 5

4.13, p 5 0.002, and h2
P 5 0:07]. The mean action recommen-

dations score in the outlook condition was the lowest at the
low impact level (M 5 0.72; SD 5 1.18) and the highest at the
extreme level (M 5 3.38; SD 5 0.95). There was also a signifi-
cant main effect of impact level (see Fig. 13) [F(2.1, 239.4) 5
215.99, p , 0.001, and h2

P 5 0:65]. Thus, although in all for-
mats, ratings increased with impact level, there was greater
differentiation in levels with the outlook format.

6) UNDERSTANDING RATING

Ratings for (self reported) understanding of email briefings
were analyzed using a one-way ANOVA with briefing format

FIG. 9. Likelihood ratings in all formats for experiment 2.

FIG. 10. Severity ratings in all formats for experiment 2.

FIG. 11. Damage ratings in all formats for experiment 2.

FIG. 12. Ratings of proportion of population affected in all formats
for experiment 2.
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(text only, advisory/warning, and outlook) as the independent
variable. As with emergency managers, although understand-
ing ratings were generally high, there was no significant differ-
ence between formats (advisory/warning: M 5 80.14; SD 5

11.85 and outlook: M 5 81.3; SD 515.5), with F(2114) 5 1.83,
p. 0.05, and h2

P 5 0:03.

c. Discussion

As with emergency managers the text description alone
allowed nonexpert participants to distinguish between impact
levels in terms of likelihood, severity, damage, percent of
population, as well as to recommend increasing degrees of
response (action recommendations). However, there were
important differences due to format. Some of these were simi-
lar to those seen among emergency managers. The color-
coded impact level tended to increase the differentiation
between the highest (purple) and lowest (yellow) levels for
severity and action recommendations. However, for this non-
expert user group, unlike emergency managers, including the
additional terms “advisory” or “warning” tended to increase
the perception of severity and damage overall. Surprisingly
however, this was not true of action recommendations, which,
as with the outlook format, tended to be similar to the text-
only control condition. Thus, although there are some clear
similarities in the two studies, there are important differences
as well.

4. Conclusions

The results of two studies, one with the small group of
emergency managers and the other with members of the pub-
lic, suggest that the verbal descriptions of weather events,
taken from actual NWS email briefings, are sufficient to com-
municate differences in the degree of event likelihood, sever-
ity, damage, and proportion of population affected. Ratings
for all of these dependent variables increased significantly
with impact level based on the text description alone. In addi-
tion, more serious and costly responses were recommended
for higher impact levels. This aligns with previous research
suggesting that context, in this case provided by the text
descriptions, is critical for such judgements (Morss et al.
2016).

This is not to say, however, that format did not matter. In
both groups the color-coded outlook format allowed for
greater differentiation of likelihood [among emergency man-
agers (EMs)], severity, damage, and action recommendations

(among members of the public). In other words, for these
dependent variables, the difference in ratings between the
low and high levels was greater when color coding was
added. For severity and damage among EMs, although
trending in the same direction, the interactions failed to
reach significance, likely because of the small sample size
and lack of power in the experiment.8 Taken together, this
suggests that similar formats incorporating color coding,
may allow users to better differentiate between high and
low impact events.

In addition, the effect of the color-coded outlook format,
when it had an overall effect (as with likelihood, damage,
severity, and action recommendations among EMs), was to
lower ratings overall. This is somewhat surprising because
previous research had suggested the opposite effect of color
coding, that it implies greater hazard (Braun et al. 1995). A
possible explanation for the difference in the research
reported here is the rich context provided in the task that par-
ticipants completed in these experiments, including the realis-
tic goal, background information and details of the weather
events provided in “key points” and “details” in each briefing.
This may have reduced the role of color coding in the decision
process relative to tasks in which color coding is one of few
sources of information. Availability of contextual information
may have functioned to lower ratings overall when combined
with the effect of greater differentiation provided by color,
which lowered responses for low impact events. Thus, more
research, employing realistic stimuli and contexts such as
those employed in the research reported here, is required to
fully understand this effect.

Important was that there were many similarities between the
expert and nonexpert user groups. Both appeared to be relying
mainly upon the text description to judge the risk posed by the
events described in the email briefings. Moreover, for both
groups, the major effect of the color-coded format was to
encourage greater differentiation between high and low impact
levels. This suggests that color coding might be a useful
approach when communicating to both professionals as well as
to members of the public when such distinctions are crucial.

The main differences between the expert and nonexpert
groups were in the advisory/warning format. Among nonex-
perts the legacy advisory/warning format tended to increase
the perceived risk of the described events, increasing severity
and damage ratings relative to the text alone; however, it had
almost no effect on these variables for emergency managers.
It is possible that emergency managers’ familiarity with the
advisory/warning terms may have neutralized their impact on
risk perception. Among members of the public with less direct
experience, the advisory/warning terms may have elevated
perceived risk or heightened awareness to a dangerous devel-
oping situation, perhaps because they are less familiar, rela-
tive to the text alone. Whether or not this is advantageous,

FIG. 13. Recommended action in all formats for experiment 2.

8 For damage ratings, an n of 27 is required to detect an interac-
tion effect of h2

P 5 0:12 and power of .95. For severity ratings, an n
of 21 is required to detect an interaction effect of h2

P 5 0:16 on
severity ratings.
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may depend on the specific situation. Thus, if these terms con-
tinue to be used among members of the public, it might be
advisable to include clarifying language.

In addition, the advisory/warning had no effect on resource
allocation among members of the public. However, somewhat
surprisingly, among emergency managers both the advisory/
warning and the outlook formats tended to decrease response
recommendations relative to text alone. In the advisory/warn-
ing condition this may have been because emergency managers
interpreted the “advisory” designation, used in 56% of emails,
as an indication that they could delay resource allocation until
more information was available. A related explanation may
account for the reduction in recommendations for the color-
coded outlook format, which tended to lead to greater differ-
entiation in risk perception. Greater differentiation among
emergency managers may translate into greater effort to

preserve resources for more serious emergencies. Although
these are interesting and plausible interpretations of the
differences between experts and novices, we are reluctant
to draw firm conclusions based on the limited sample of
experts tested here.

Thus, although much of the relevant risk information
appears to be communicated in the text alone, there is a
slightly different contribution of each of the formats tested
here. The advisory/warning designation may serve as an alert
to members of the public that a significant event is develop-
ing, while the same terms may be less useful to experienced
emergency managers. The color-coded outlook format
appears to allow both experts and members of the public
to better differentiate between more and less serious
events. This is an important advantage in that it may help
decision-makers across levels of expertise and experience

FIG. A1. Impact-level definitions and advisory and warning criteria used by the National
Weather Service (retrieved from https://www.weather.gov/sew/briefing). Note that the image
that was provided to participants was colored.

TABLE A1. Advisory and warning definitions (NWS 2020).

Definition Threat Action

Warning Hazard is occurring, is imminent, or is very likely Threat to life and property Take protective action
Advisory Hazard is occurring, imminent, or very likely Threat of significant inconvenience Use caution
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to rapidly distinguish the situations that warrant more
attention.
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APPENDIX A

Definitions Provided to Participants

Figure A1 shows the impact-level definitions and advisory
and warning criteria used by the NWS. Table A1 lists the
NWS advisory and warning definitions.

APPENDIX B

Background Information and Instructions for
Experiments

The following information was provided to participants
prior to the experimental task:

FIG. B1. Western Washington counties, shown by the dark
shades (source: Wikipedia). Note that the image that was provided
to participants was colored, and the caption of their version read
“highlighted in red.”

FIG. B2. Population in Washington State (source: Wikipedia). Note that the image provided to
participants was colored, and the caption of their version read “Orange and Red indicate a
higher population density (more people per square mile), while greens and yellows indicate
lower densities.”

FIG. B3. Major cities in western Washington along with some of
the more major roads, including Interstate Highway 5 (I-5). Note
that the image provided to participants was colored.
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“In this task, you will be given the role of a consultant to
an emergency management organization. You will receive a
series of emails with weather forecasts. You will then need
to answer several questions about each of these emails, and
make suggestions about the actions that should be taken.”

“All of these emails will affect areas in Western Washing-
ton (see Fig. B1), which includes several large cities includ-
ing Seattle, Tacoma, Everett, Vancouver, and Olympia (see
Fig. B3 [below]). In Western Washington, two kinds of

severe weather include high winds and snowfall. In extreme
events, both can cause significant damage and potentially
loss of life.”

“Since your goal is to provide the best advice possible to
emergency managers in the forecast areas, you may need to
consider the geography and population in the region.”

“Interstate 5 (I-5) is one of the major roads that runs north
to south through Washington. Approximately 5.2 million
residents live in Western Washington, and most live along

TABLE C1. Order of stimuli. For emergency managers, both set-1 and set-2 stimuli were shown in outlook (see impact level and
color columns) or advisory/warning format (see category column) or with text only. For members of the public, participants saw
either set-1 or set-2 stimuli in an experimental format or text only.

Impact level Color Weather Category Onset

For emergency managers
Set-1 trials

1 Medium Orange Snow Advisory Today
2 Extreme Purple Snow Warning Tomorrow
3 Medium Orange Wind Advisory Tomorrow
4 Low Yellow Wind Advisory Tomorrow
5 High Red Wind Warning Tomorrow
6 Extreme Purple Wind Warning Tomorrow
7 Low Yellow Snow Advisory Tomorrow
8 High Red Snow Advisory and warning Tomorrow

Set-2 trials
1 High Red Snow Warning Tomorrow
2 Medium Orange Wind Advisory Tomorrow
3 Extreme Purple Wind Warning Today
4 Extreme Purple Snow Warning Tomorrow
5 Low Yellow Wind Advisory Tomorrow
6 High Red Wind Warning Tomorrow
7 Medium Orange Snow Advisory Tomorrow
8 Low Yellow Snow Advisory Tomorrow

For members of the public
Set-1 trials

1 Medium Orange Snow Advisory Today
2 Extreme Purple Snow Warning Tomorrow
3 Medium Orange Wind Advisory Tomorrow
4 Low Yellow Wind Advisory Tomorrow
5 High Red Wind Warning Tomorrow
6 Medium Orange Snow Warning Tomorrow
7 High Red Wind Warning Tomorrow
8 Extreme Purple Wind Warning Tomorrow
9 Low Yellow Snow Advisory Tomorrow
10 High Red Snow Advisory and warning Tomorrow
11 Medium Orange Wind Advisory and warning Tomorrow
12 High Red Snow Advisory and warning Tomorrow

Set-2 trials
1 High Red Snow Warning Tomorrow
2 Medium Orange Wind Advisory Tomorrow
3 Extreme Purple Wind Warning Today
4 Extreme Purple Snow Warning Tomorrow
5 Low Yellow Wind Advisory Tomorrow
6 High Red Wind Warning Tomorrow
7 Medium Orange Snow Advisory Tomorrow
8 Low Yellow Snow Advisory Tomorrow
9 Medium Orange Wind Warning Tomorrow
10 High Red Snow Warning Tomorrow
11 Medium Orange Snow Advisory Today
12 High Red Wind Warning Tomorrow
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I-5, which runs along the Puget Sound, an inlet of the Pacific
Ocean. In Fig. B2, the most densely populated areas are col-
ored orange and red. As can be seen in Figs. B2 and B3,
most of the population is between Tacoma and Everett
focused largely around Seattle.”

“Each of these diagrams will be available to view
throughout your task.”

a. Task instructions for emergency manager participants

Emergency managers were given the following additional
instructions:

“In this task, you will act as a consultant. You will need
to interpret weather forecasts and suggest actions.”

“You will be making decisions today to advise emergency
managers ahead of weather events in Western Washington.
You will experience 16 weather events. Please regard these
as separate events occurring a few weeks apart from one
another. Your job will be to read email briefings from the
National Weather Service and to answer a few questions
about your personal understanding of the email. You will
then be asked if you want to advise any actions to the local
emergency managers. The actions below are listed in order
from lowest cost, appropriate for less serious events to
highest cost, appropriate for more serious events. These
actions include sharing information on social media (share,
retweet, post), sharing information with private organiza-
tions or news media (e.g., email, conference call), putting
emergency responders on alert to take preparative actions
(fire department, police department, road maintenance, util-
ities, etc.), and activating an emergency operations center
(EOC). Because the actions are listed in order of increasing
cost, you should only advise actions you believe are truly
necessary to protect people, property, and businesses in
Western Washington.”

b. Task instructions for participants who were members
of the public

Members of the public were instead given the following
additional instructions:

“In this task, you will act as a consultant. As a consul-
tant, you will need to interpret weather forecasts and sug-
gest actions. Emergency managers are individuals who plan
and coordinate community responses to threats like severe
weather. Although many are found in government posi-
tions, they also exist in many large organizations like hospi-
tals, universities, and companies. Before events they may
coordinate resources and notify emergency responders (fire
and medic) to be on standby in case they are needed.”

“In this task, the types of actions you can suggest are lim-
ited. The actions below are listed in order from lowest cost,
appropriate for less serious events to highest cost, appropri-
ate for more serious events. These actions include sharing
information on social media (share, retweet, post), sharing
information with private organizations or news media (e.g.,
email, conference call), putting emergency responders on
alert to take preparative actions (fire department, police
department, road maintenance, utilities, etc.), and activating

an emergency operations center (EOC). An EOC is a cen-
tral location for command and coordination during emer-
gency events. Officials and volunteers from multiple areas
of government can use the central location to communicate,
coordinate, and ultimately manage the response. Each of
these actions have [sic] a cost, so suggesting action when it
is unnecessary can be costly, but an important part of an
emergency managers [sic] job is to manage situations so
that they do not spiral out of control.”

“You will be making decisions today to advise emergency
managers ahead of weather events in Western Washington.
You will experience 12 weather events. Please regard these
as separate events occurring a few weeks apart. Your job
will be to read emails [sic] briefings from the National
Weather Service and to answer a few questions about your
personal understanding of the email. You will then be
asked if you want to advise any actions to the local emer-
gency managers. The actions are listed in order of increas-
ing cost, so you should only advise actions you believe are
truly necessary to protect people, property, and businesses
in Western Washington.”

“Please read the email briefings carefully. There will be
questions in each trial about the briefing contents.”

APPENDIX C

Order of Stimuli

Table C1 lists the order of stimuli for emergency manag-
ers and members of the public, and Table C2 lists the possi-
ble combinations of conditions and stimuli sets.
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