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Abstract
Natural disasters are often described as having antagonistic qualities (e.g., 
wildfires ravage). The information deficit model presumes that when people 
assess the risk of weather hazards, they ignore irrelevant metaphoric 
descriptors. However, metaphoric frames affect reasoning. The current 
research assessed whether antagonist metaphors for natural disasters affect 
perceptions of the risk they pose. Three studies (N = 1,936) demonstrated 
that participants forecasted an antagonist-framed natural hazard as being 
more severe, and intended to evacuate more often, than a literal-framed 
natural hazard. Thus, the metaphorical language used to discuss natural 
disasters deserves consideration in the development of effective risk 
communication.
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Public responses to natural disasters are often contingent on how the risks of 
such events are communicated (Glik, 2007). Public health agencies often 
employ an information deficit model of risk communication (Eisenman et al., 
2007). According to this model, agencies merely need to provide the public 
with the necessary information about risk and danger in order for people to 
make rational decisions (Owens, 2000).

However, this model often fails because of flaws in human decision mak-
ing. Humans are poor statistical reasoners, often neglecting or failing to under-
stand diagnostic information (Kahneman & Tversky, 1973). Such processes 
have endangered lives in the past. As an example, many residents of New 
Orleans risked remaining during Hurricane Katrina despite public announce-
ments of severe danger and orders of mandatory evacuation. In postevent 
interviews, those who remained mentioned that they “didn’t take the messages 
seriously” and that there was more danger in facing the evacuation-caused 
traffic than in remaining (Eisenman et al., 2007, p. S111). An estimated 1,500 
people died in Louisiana alone (CNN, 2020). Quite simply, people often fail 
to understand risk and severity when it is communicated to them.

How, then, can communicators convey risk of natural disasters? The cur-
rent studies investigate the potential of antagonist metaphor frames.

Natural disasters are often framed with antagonist metaphors (Matlock 
et al., 2017). Wildfires ravage forests. Hurricanes pummel shorelines. Floods 
creep through cities. These metaphors are unlikely to be mere linguistic flour-
ishes. This is because, according to conceptual metaphor theory, representation 
for abstract, difficult-to-grasp concepts is scaffolded on easier-to-understand 
source domains (for overviews, see Lakoff & Johnson, 1980; Gentner, 1983; 
Gibbs, 1994; Landau et al., 2010). Such relations are evident in the language 
commonly used to discuss these domains. For instance, phrases such as “wash 
away the past” demonstrates an abstract representation of REMOVAL as 
WASHING (Lee & Schwarz, 2011), and phrases such as “spend some time 
together” demonstrates an abstract representation of TIME as MONEY (Lakoff 
& Johnson, 1980).

Importantly, conceptual metaphor theory also suggests that metaphoric 
framing guides reasoning (for reviews, see Holyoak & Stamenković, 2018; 
Thibodeau et al., 2017; Thibodeau et al., 2019). When one comprehends an 
abstract concept that is metaphorically framed, a conceptual metaphor is acti-
vated. The mapping of source concept to target domain highlights attributes 
(i.e., entailments) of the framed concept that align with the source. These 
highlighted attributes are brought to front-of-mind, providing an easy-to-
understand schematic framework for evaluating, reasoning, and making 
inferences related to the target concept (Landau et al., 2010). For instance, 
framing crime as a beast (vs. virus) highlights punitive solutions to a crime 
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wave (Thibodeau & Boroditsky, 2011), framing love as a journey (vs. one-
ness) makes romantic disputes seem more temporary (Lee & Schwarz, 2014), 
and framing stocks as agents (vs. literally) makes them seem like they will 
continue their course of action (Morris et al., 2007). Seemingly innocuous 
metaphoric language affects the perceived danger of aversive entities in 
many domains (climate change—Flusberg et al., 2017; ultraviolet radiation—
Landau et al., 2018; cancer—Hauser & Schwarz, 2015; Hauser & Schwarz, 
2020; influenza—Scherer et al., 2015; and wildfires—Matlock et al., 2017). 
Quite simply, metaphoric descriptors guide the inferences people draw about 
abstract concepts, be it through structure mapping or affective processes 
(Thibodeau et al., 2019).

People often fail to comprehend risk when it is communicated to them 
(Eisenman et al., 2007). Thus, the information deficit model cannot fully 
account for decision making in response to risk communication for natural 
disasters. The mere communication of risk often falls short in effectively con-
veying danger because people have mental models of risks that may not reso-
nate with communications. Mental models are lay beliefs, associations, or 
conceptual metaphors for how difficult-to-understand things work (Johnson-
Laird, 1983; Morgan et al., 2002). People use mental models to reason in many 
domains, and the descriptors that people and media use to describe risks pro-
vide clues as to the common mental models that a population holds (Morgan 
et al., 2002). Similar to metaphor matching effects (Hauser & Schwarz, 2015; 
Thibodeau & Durgin, 2011), information about risks that fits or complements 
those mental models is more likely to be accepted and heeded than information 
that contradicts them (Morgan et al., 2002). Thus, using prevalent metaphorical 
descriptors of natural disasters in risk communications may resonate with a 
common mental model, thereby affecting risk perception.

Even though antagonist metaphors are prevalent frames for communicat-
ing natural disasters (Matlock et al., 2017), these metaphors have been docu-
mented to have a wide array of effects on risk perception (for a review, see 
Flusberg et al., 2018). They motivate risk-reducing behaviors in some domains 
(Flusberg et al., 2017; Landau et al., 2018; Matlock et al., 2017, Scherer et al, 
2015), while they demotivate risk-reducing behaviors in others (Hauser & 
Schwarz, 2015). War metaphors are particularly influential because wars are 
easily understood concepts with well-defined attributes. Wars resemble many 
other concepts, and war metaphors are conventional communicative tools. 
They tend to evoke emotions of fear and conceptually emphasize conflict and 
victory/defeat (Flusberg et al., 2018). However, the effect of any metaphoric 
frame is often dependent on the particular lexicalized metaphors used, the 
manner in which they are used, and the particular concept that is framed. Thus, 
it is hard to know which particular inferences a metaphor will promote for a 
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given domain, or even if it will have an effect at all without empirical studies 
(Flusberg et al., 2018; Hauser & Schwarz, 2016a; Hauser et al., 2017).

Additionally, one potential boundary condition is of particular importance 
for natural disaster risk communication. Many posit that metaphoric framing 
only affects reasoning about ambiguous concepts (Hauser & Schwarz, 2015; 
Keefer et al., 2011; Landau et al., 2014). Metaphoric frames guide reasoning 
for ambiguous judgments but have little affect on unambiguous judgments 
(Robins & Mayer, 2000). This suggests that metaphoric entailments serve as 
stand-in knowledge when people lack the necessary information, but when 
more diagnostic information is available, metaphoric framing has little to no 
effect. An analog is found in set size principles in conceptual accessibility 
effects (Anderson, 1971; Higgins, 1996). Just like accessible concepts, meta-
phoric entailments are merely one piece of information, the impact of which 
should be significantly diluted when other diagnostic information is available 
or when judgments are unambiguous.

On the other hand, metaphoric framing effects may not be bounded to 
merely ambiguous judgments. Metaphoric framing effects have been 
observed even when metaphoric information is presented in tandem with 
other substantive information (Hauser & Schwarz, 2015; Scherer et al., 2015; 
Flusberg et al., 2017). Similar to the primacy effect in person impression 
(Asch, 1946), metaphoric frames may colour the way that even unambiguous 
information is processed, guiding inferences in line with metaphoric entail-
ments (Thibodeau & Boroditsky, 2011).

If metaphoric framing only affects reasoning about ambiguous concepts, 
then metaphors for natural disasters would only affect risk perception when 
relatively little diagnostic information is available (i.e., in limited circum-
stances). However, if metaphoric framing is not bounded to ambiguous judg-
ments, then metaphors for natural disasters may affect risk perception even 
when ample diagnostic information is available (i.e., in most circumstances). 
We assess these possibilities in the last study.

A pilot, three studies, and a meta-analysis shed light on whether antagonist 
metaphors affect risk perception of natural disasters. We hypothesized that 
antagonist metaphors would individually and directly affect three distinct 
outcomes. Because antagonists are dangerous, antagonist-framed natural 
disasters should be perceived as more severe. Because people avoid others 
who seem to intend harm (Cuddy et al., 2008), antagonist-framed natural 
disasters should prompt more participants to express a willingness to evacu-
ate. Finally, because antagonists provoke disaster-related stressors (e.g., 
threats to personal safety, difficulty finding food, etc) in popular narratives 
such as superhero movies, antagonist-framed natural disasters should increase 
predictions of encountering disaster-related stressors.



574 Science Communication 43(5)

A pilot study first assesses whether antagonistic concepts are more associ-
ated with danger than other concepts. Studies 1 and 2 then assess whether 
seemingly innocuous metaphors relating hurricanes and floods to antagonists 
increase their perceived severity and increase evacuation intentions. Finally, 
Study 3 assesses boundary conditions of the effect, examining whether the 
antagonist metaphor only affects risk perception when little other diagnostic 
information about severity is provided or if it affects risk perception even in 
the presence of other diagnostic information.

We report all studies, manipulations, measures, and exclusions. The meth-
ods, predictions, and analyses for all studies were described a priori in detail 
in a grant application. The raw data, materials, and analysis code are openly 
available at https://osf.io/sgwe4/. Sample sizes, hypotheses, and analyses 
were determined a priori. All studies were approved by the author’s research 
ethics board and were carried out in accordance with the Declaration of 
Helsinki for experiments involving humans. Informed consent was obtained 
for all experiments.

Pilot Study: Are Antagonistic Agents Associated 
With Danger?

Conceptual metaphor studies often demonstrate how metaphorically framing 
a target concept as a source domain promotes inferences about the target that 
align with attributes of the source. However, many fail to empirically estab-
lish the emblematic attributes of source domains that differ between compa-
rable metaphoric and literal frames. Without this pilot testing, there is little 
empirical basis for hypothesized effects of metaphoric framing. In this sec-
tion, we aim to provide empirical grounds for the hypotheses in the forthcom-
ing studies by leveraging semantic word embedding models.

Grounding predictions about metaphors via intuitions alone is problematic 
as the meaning of metaphors and idioms is not inherently transparent (Keysar 
& Bly, 1995). However, semantic embedding models apply machine learning 
algorithms to text corpora to derive metrics of relatedness between concepts. 
Associations are determined by the distributive properties of words in natural 
language. The resulting outputs can be used to model human decision making 
with a high degree of accuracy (Bhatia, 2017), supply an ecologically valid 
index of conceptual associations (Mikolov et al., 2013), and can even capture 
implicit biases (Caliskan et al., 2017).

Conceptual metaphor theory (Lakoff & Johnson, 1980) posits that meta-
phorically framing a target domain (e.g., a natural disaster) in terms of a 
source domain (e.g., an antagonist) confers emblematic attributes of the 
source domain (e.g., the dangerousness of antagonists) to the target domain. 

https://osf.io/sgwe4/
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We used semantic embedding models to lend empirical data for whether the 
source domain of antagonists has the emblematic attributes that we intuit it 
has. That is, we investigate whether the concept of antagonists is strongly 
associated with danger, even moreso than the concept of vehicles, which 
serves as a control metaphoric framing in future studies. If so, this would 
provide empirical justification for the research question explored in the forth-
coming studies.

Method

To assess semantic embeddings, we utilized an abbreviated version of a pre-
trained word embedding dataset of word2vec on the Google News corpus. 
The original data set contains 3 million word vectors (Mikolov et al., 2013) 
and has been validated in prior research (Caliskan et al., 2017); we utilized an 
abbreviated version that contained the most frequent 100,000 words in the 
corpus because the words we investigated were among these most frequent 
words.

We first compiled groups of words to test: antagonist words (e.g., enemy, 
monster, beast), vehicle words (e.g., vehicle, car, automobile), and a random 
selection of 1,000 words. These words were selected on the basis of their high 
association with the superordinate concepts of antagonists and vehicles and 
to what extent previous research has identified these words as common meta-
phoric frames for weather events (Kilpijärvi, 2014; Landau et al., 2018; 
Matlock et al., 2017). For instance, antagonist and vehicle items were words 
and synonyms that are commonly used to describe weather events as well as 
their behavior (e.g., “striking” and “veering”). Vehicle words served as a con-
trol group, foreshadowing the forthcoming studies, while the random selec-
tion of 1,000 words served as a second control group.

To what extent are antagonist words, vehicle words, and random words 
associated with danger? To assess this, we calculated the each group’s aver-
age association with danger versus safety. We compute the average similarity 
score (i.e., cosine distance) of each word in each group to a set of danger 
attribute words (e.g., powerful, dangerous, deadly) and a set of safety attri-
bute words (e.g., weak, safe, beneficial). Danger (safe) attribute words were 
words and synonyms that are frequently used to describe hazardous (nonhaz-
ardous) entities (Davies, 2016). For each group of test words, we calculated 
the effect size (g) and 95% confidence interval (CI) for the difference of simi-
larity to dangerous versus safe words, such that positive (negative) numbers 
represent association with danger (safe) words and zero represents no asso-
ciation. For the words and code, see https://osf.io/sgwe4/.

https://osf.io/sgwe4/
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As shown in Figure 1, results confirmed predictions. Semantic embed-
dings identified our antagonist agent concepts as being significantly associ-
ated with danger (relative to safety), g = 1.35, 95% CI [1.02, 1.69]. 
Additionally, vehicle concepts were also significantly associated with dan-
ger (relative to safety), g = 0.65, 95% CI [0.34, 0.96]. However, as evi-
denced by the nonoverlapping CIs, antagonist concepts were significantly 
more associated with danger than vehicle concepts. Finally, a random selec-
tion of 1,000 test words showed a small but significant association with 
danger (relative to safety), g = 0.12, 95% CI [0.08, 0.15]. However, this is 
perhaps not surprising since the semantic embeddings are derived from a 
corpus of news articles, which tend to focus on danger and risk. Therefore, 
we conclude that antagonist-related concepts emphasize danger more so 
than vehicle-related concepts, suggesting that antagonist metaphor frames 
should be more associated with danger than vehicle metaphor frames. We 
note that while vehicle concepts were more associated with danger than the 
random selection of words, we hesitate to ground predictions for comparing 
vehicle frames to literal frames. This is because a random selection of 1,000 
words is not a suitable analog for a literal message discussing an incoming 
severe weather event.

Figure 1. Semantic embeddings of antagonist words, vehicle words, and a random 
selection of 1,000 words with danger attribute words (positive) versus safe 
attribute words (negative).
Note. Antagonist words are significantly more associated with danger than are vehicle words 
and 1,000 randomly selected words.
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Study 1: Does Antagonist Framing Increase the 
Perceived Danger of a Hurricane?

Because antagonists are dangerous, metaphorically framing a hurricane as an 
antagonist should confer such qualities to the hurricane, increasing forecasts 
of its severity, encouraging intentions to evacuate, and increasing forecasts of 
disaster-related stressors following the hurricane. Study 1 explores these 
hypotheses.

Participants imagined they faced an incoming hurricane that varied in 
framing (literal, vehicle metaphor, antagonist metaphor). Literal and vehicle 
metaphor framing conditions served as two control conditions against which 
to compare the effect of antagonist metaphor framing. Participants then fore-
casted the extent of the damage, indicated whether they would evacuate and 
forecasted the likelihood of disaster-related stressors.

Method

Participants. Based on prior research (Matlock et al., 2017), we sought an n = 
390 to achieve 80% power for detecting an effect size between independent 
groups of d = .35 (Faul et al., 2009). Four hundred and twenty-five American 
workers from Amazon Mechanical Turk (MTurk) initiated the study in 
exchange for 52 cents. Following best-practice recommendations, workers 
were required to have 100 prior accepted HITs (human intelligence tasks, i.e., 
surveys on the platform) and a HIT acceptance ratio of 95% or higher (Hauser 
& Schwarz, 2016b; Hauser et al., 2019). The median time to complete the 
survey was 3 minutes. Thirty-three participants did not complete the survey, 
and an additional 29 participants did not pass the comprehension check ques-
tions that appeared at the end of the survey. Dropouts and comprehension 
check failure did not differ by metaphor manipulation. This left us with a 
final sample of 363 participants (182 males; age range 20-78 years).

Materials and Procedure. Participants were directed to an English-language 
online survey on reasoning about hurricanes, where they imagined them-
selves facing an incoming hurricane that was framed in one of three ways 
(literal, vehicle metaphors, antagonist metaphors, randomly assigned). The 
hurricane scenario follows with manipulations shown in parentheses and 
conditions displayed in the aforementioned order:

You live in Nags Head, North Carolina, a beach town on the Atlantic coast. The 
local news reports that a storm, Hurricane Lee, has formed in the Atlantic 
Ocean. The reporter states “Hurricane Lee has already (swept through/rumbled 
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over/battered) the Virgin Islands. Now it is (gaining energy/refueling/gaining 
strength) in the Atlantic and is (predicted to make landfall at/veering towards/
poised to strike) Nags Head. The National Guard has been called in (to help/to 
help/as reinforcements), but it appears as if Nags Head will soon (feel Hurricane 
Lee’s arrival/be Hurricane Lee’s next stop/feel Hurricane Lee’s fury).

Participants then forecasted the severity of the storm. In text entry boxes, 
they estimated how many homes would be destroyed, how many lives would 
be lost, and how many days the city would be without power. They also indi-
cated whether they would intend to evacuate if they were in this situation 
(yes/no), and how much damage they thought would result from the hurri-
cane on a 5-point scale (1 = no damage, constructions are mostly unaffected; 
5 = considerable damage, most constructions will be destroyed). Question 
order was randomized.

On a separate survey page, participants rated how worried, fearful, and 
anxious they would be about the hurricane on 7-point scale (1 = not at all, 7 
= very much). Item order was randomized. Hurricane framing did not affect 
responses to these questions as most responses were at the top of the scale 
(the median response to each was 6), so these questions will not be discussed 
further.

On another survey page, participants estimated the likelihood of encoun-
tering hurricane-related stressors—robbery, difficulty finding food, difficulty 
finding warmth, difficulty finding gasoline, threats to personal safety—in the 
aftermath of the storm on a 7-point scale (1 = not at all likely, 7 = extremely 
likely; adapted from Kujawa et al., 2016). Item order was randomized.

On the next survey page, participants imagined that their home was 
destroyed in the hurricane and rated their emotional response and who was to 
blame. Hurricane framing had no affect on these measures either, so they will 
not be discussed further.

Finally, participants described what the opening scenario was about (text 
entry box) and described the content of a picture of potatoes (text entry box) 
as indices of attention (Litman & Robinson, 2020). A research assistant (and 
now coauthor), blind to condition, coded responses for accuracy. Participants 
also provided demographic information (gender, age, occupation, household 
income, education, political orientation, and state of residence) before being 
debriefed and compensated.

Results and Discussion

Because antagonists are dangerous, metaphorically framing a hurricane as an 
antagonist should confer such qualities to the hurricane, increasing forecasts 
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of its severity. As shown in Table 1, this hypothesis was supported for open-
ended forecasts of severity across all items.1 Antagonist framing of the hur-
ricane consistently increased participants’ forecasts of the number of homes 
destroyed, lives lost, and days without power caused by the hurricane.

As shown in Table 2 (first column), the same was true for close-ended 
forecasts of hurricane damage. Antagonist framing increased participants’ 
forecasts of hurricane damage relative to literal framing and to vehicle fram-
ing. Over several measures of severity, hurricanes that are “poised to strike” 

Table 1. Responses to Open-Ended Forecasts of Severity, 5% Trimmed Mean and 
Median (Standard Deviation), by Metaphor in Study 1.

Framing
How many homes 

destroyed? How many lives lost?
How many days 
without power?

Literal 572, 100 (3452) 25, 10 (937) 8, 7 (31)
Vehicle 508, 150 (15411) 20, 10 (77) 8, 6 (14)
Antagonist 654, 200 (5147) 49, 21 (411) 10, 8 (9)
Omnibus test H(2) = 9.90, p = .007 H(2) = 19.55, p < .001 H(2) = 9.47, p = .009
Planned contrasts
 Literal versus 

antagonist
U = 6,381, z = 3.06,  

p = .002, d = .39
U = 6,034, z = 3.65,  

p < .001, d = .47
U = 6,972, z = 2.07, 
 p = .039, d = .26

 Vehicle versus 
antagonist

U = 5,911, z = 2.08, 
 p = .037, d = .27

U = 4,945, z = 3.92,  
p < .001, d = .52

U = 5,455, z = 2.96,  
p = .003, d = .39

Table 2. Average Responses to Close-Ended Dependent Measures by Metaphor 
in Study 1.

Framing

How much damage? 
(1 = none, 5 = 

considerable)
Would you evacuate? 

(yes vs. no)

How likely are 
stressors? (1 = not at 

all, 7 = extremely)

Literal 3.83 (0.70) 90% yes 5.2 (1.31)
Vehicle 3.64 (0.66) 88% yes 4.8 (1.32)
Antagonist 4.01 (0.61) 96% yes 5.4 (1.14)
Omnibus test H(2) = 16.91,  

p < .001
χ2 (2, n = 363) = 6.08,  

p = .048
H(2) = 5.48, p = .065

Planned contrasts
 Literal versus 

antagonist
U = 7,066, z = 2.17,  

p = .030, d = .24
χ2 (1, n = 256) = 4.24,  

p = .039, ϕ  = .13
U = 7,766, z = 0.71,  

p = .476, d = .09
 Vehicle versus 

antagonist
U = 5,080, z = 4.11,  

p < .001, d = .49
χ2 (1, n = 238) = 5.85,  

p = .016, ϕ  = .16
U = 5,695, z = 2.38, 
 p = .017, d = .31

Note. Average responses per metaphor framing condition for “how much damage” are 5% trimmed M (SD), 
for “would you evacuate” are the proportion saying yes, and for “how likely are stressors” are medians (SD).
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are forecasted as being more severe than those that “veer” or those that “make 
landfall.”

Because antagonists are best avoided, we also hypothesized that this fram-
ing would increase intentions to evacuate. As shown in Table 2 (second col-
umn), that hypothesis was also supported. Significantly more participants 
intended to evacuate an antagonist-framed hurricane than a literal-framed 
hurricane and a vehicle-framed hurricane. Thus, more people intend to evac-
uate a “furious” hurricane more than one that makes “stops” or that “arrives.”

Because antagonists provoke disaster-related stressors, we hypothesized 
that antagonist-framed hurricanes would be more associated with expecta-
tions of encountering them.2 As shown in Table 3 (third column), this hypoth-
esis was partially supported. Antagonist framing increased forecasts of 
disaster-related stressors compared to vehicle framing but had no effect on 
forecasts of disaster-related stressors compared to literal framing. Thus, 
antagonist framing partially increases forecasts of disaster-related stressors in 
the aftermath of a hurricane. However, effects were marginal and did not 
fulfil the hypothesized pattern’s entirety, so we first sought to replicate this 
effect in another study before interpreting it.

Study 2: Does Antagonist Framing Increase the 
Perceived Danger of a Flood?

Flooding is the costliest natural disaster in Canada in terms of property dam-
age and floods attract significant media attention (Public Safety Canada, 
2018). Thus, Study 2 was assessed generalizability of antagonist metaphors 
by conceptually replicating their effects on perceptions of flood severity. 
Participants imagined they faced a flash flood warning that varied in meta-
phoric framing (vehicle vs. antagonist). Pretesting indicated that participants 

Table 3. Average Responses to Dependent Measures by Metaphor in Study 2.

Framing

How much damage? 
(1 = none, 5 = 

considerable)
Would you prepare to 
evacuate? (yes vs. no)

How likely are 
stressors? (1 = not 
at all, 7 = extremely)

Vehicle 3.88 (0.81) 86% yes 4.87 (1.28)
Antagonist 4.01 (0.79) 91% yes 4.90 (1.34)
Statistical 

test
U = 46,115, z = 2.05, 

p = .041, d = .15
χ2 (1, n = 636) = 4.31, 

p = .038, ϕ  = .08
F < 1

Note. Average responses per metaphor framing condition for “how much damage” are 
M (SD), for “would you evacuate” are the proportion saying yes, and for “how likely are 
stressors” are M (SD).
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found the literal flood message to be less vivid than the metaphorically 
framed flood messages. In metaphor research, literal frames are seldom true 
“neutral” frames because they often differ from metaphorical frames in sev-
eral dimensions such as valence, vividness, conventionality, and arousal 
(Thibodeau & Boroditsky, 2015). Thus, Study 2 utilized no literal framing 
condition.

Because antagonists are dangerous, metaphorically framing a flood as an 
antagonist should confer such qualities to the event, increasing forecasts of 
its severity. Additionally, because antagonists are best avoided, such meta-
phors should encourage intentions to evacuate. Finally, because antagonists 
provoke disaster-related stressors, metaphorically framing a flood as one 
should increase expectations of encountering them following the event. Study 
2 explores these hypotheses.

Method

Participants. Based on Study 1’s average effect size (d = .30), we sought an 
n = 300 per group to achieve 95% power for detecting an effect of that size 
between independent groups (Faul et al., 2009). Six hundred and fifty-five 
American and Canadian workers from MTurk initiated the survey in exchange 
for 45 cents. Following best-practice recommendations, workers were 
required to have not participated in Study 1, have 100 prior accepted HITs, 
and a HIT acceptance ratio of 95% or higher (Hauser et al., 2019). The 
median time to complete the survey was 2 minutes. Nineteen participants did 
not complete the measures, but attrition did not differ by metaphor manipula-
tion. This left us with a final sample of 636 participants (320 men, 301 
women, 4 nonbinary, 11 preferred not to answer; age range: 18-99 years).

Materials and Procedure. Participants were directed to an English-language 
online survey about reasoning about natural disasters, where they imagined 
themselves caught in a flash flood warning that was metaphorically framed as 
a vehicle or an antagonist (randomly assigned). The scenario follows with 
manipulations shown in parentheses in the aforementioned order:

You live in downtown Kingston, Ontario, a moderately-sized town on the 
banks of Lake Ontario. The local news reports that, as a result of heavy rainfall 
in the area, your town is under a flash flood warning. The reporter states, “The 
(flood/monster flood) has already (reached/struck) neighbourhoods on the 
outskirts of town. Unfortunately, there is no way to (stop/contain) it. There is 
concern that it will (veer/creep) into downtown overnight and (affect/threaten) 
the area. Canadian Armed Forces have been called in (to help/to tame it).”
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Participants then forecasted the severity of the flood by estimating how much 
damage they thought would result from the flood on a 5-point scale (1 = no 
damage, 5 = considerable damage). They also indicated whether they would 
intend to pack an evacuation bag and emergency kit if they were in this situ-
ation (no/yes). Question order was randomized.

On another survey page, participants estimated the likelihood of encoun-
tering disaster-related stressors—robbery, difficulty finding food, difficulty 
finding warmth, difficulty finding gasoline, threats to personal safety—in the 
aftermath of the flood on a 7-point scale (1 = not at all likely, 7 = extremely 
likely; adapted from Kujawa et al., 2016). Item order was randomized.

Finally, participants also provided demographic information (gender, age, 
occupation, etc.) before being debriefed and compensated.

Results and Discussion

Because antagonists are dangerous, metaphorically framing a flood as an 
antagonist should confer such qualities to the event, increasing perceptions of 
its severity. As shown in Table 3 (first column), this was indeed the case3. A 
flood framed as an antagonist was forecasted as causing more damage than a 
flood framed as a vehicle. Similarly, because one avoids antagonists, we also 
hypothesized that this framing would increase intentions to evacuate. As 
shown in Table 3 (second column), it did. Antagonist framing also increased 
intentions to evacuate. Thus, similar to an antagonist-framed hurricane, an 
antagonist-framed flood was expected to be more severe and encouraged 
more people to evacuate than a vehicle-framed flood.

Because antagonists provoke disaster-related stressors, we hypothesized 
that antagonist framing would promote forecasts of similar events following 
the flood.4 However, in contrast to Study 1, this hypothesis was not sup-
ported, F < 1 for the effect of metaphor. Thus, antagonist framing may not 
affect forecasts of disaster-related stressors in the aftermath of natural disas-
ters. Because this effect was not fully consistent with expectations in Study 1 
and failed to generalize to floods in Study 2, we chose not to pursue it further 
in the last study.

Study 3: Does Antagonist Framing Still Portray 
Danger When Other Information Is Available?

The goal of Study 3 was to conceptually replicate the results of Study 2 while 
also investigating whether the effect generalizes to situations where addi-
tional risk information is provided.
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Many posit that metaphoric framing only affects reasoning about ambigu-
ous concepts for which people have little information to draw on (Hauser & 
Schwarz, 2015; Keefer et al., 2011; Landau et al., 2014). Metaphoric frames 
guide reasoning for ambiguous judgments but have little affect on unambigu-
ous judgments (Robins & Mayer, 2000). Essentially, metaphoric entailments 
serve as stand-in knowledge when people lack the necessary information to 
make a decision. With more diagnostic information, metaphoric framing 
should have little to no effect. This suggests that an antagonist metaphor 
would only increase perceptions of severity when the severity of the event is 
ambiguous.

On the other hand, metaphoric framing guides the interpretation of avail-
able information in line with metaphoric entailments (Thibodeau & 
Boroditsky, 2011). Essentially, metaphoric frames colour the way that diag-
nostic information is processed. This suggests that antagonist metaphors 
could encourage evacuation intentions even when severity information is 
provided. Thus, metaphor may function as diagnostic information for sever-
ity even when other suitable information is available.

This potential ambiguity boundary condition is of particular importance 
for natural disaster risk communication. Most warnings regarding weather 
hazards are accompanied by ample diagnostic information. If metaphoric 
framing only affects reasoning about ambiguous weather events, then their 
effects on risk perception may be limited. However, if metaphoric framing is 
not bounded to ambiguous judgments, then their effects may be more appli-
cable to more ecologically valid circumstances. Study 3 addresses these 
possibilities.

Method

Participants. Given the prior observed effect sizes for metaphor effects (Study 
1 d = .3; Study 2 d = .15), we sought a minimum n = 400 per metaphor group 
(after exclusions) to achieve 80% power for detecting an effect size d = .20 
between independent groups (Faul et al., 2009). One thousand four hundred 
and eight American and Canadian workers from MTurk initiated the survey in 
exchange for 30 cents. Following best-practice recommendations, workers 
were required to have not participated in Study 1 or Study 2, have 100 prior 
accepted HITs and a HIT acceptance ratio of 95% or higher (Hauser et al., 
2019). The median time to complete the survey was 1 minute. Forty-four par-
ticipants (4%) did not complete all measures, and 67 participants (6%) pro-
vided incorrect responses to one of the comprehension checks, but attrition 
and comprehension check accuracy did not differ by condition. Excluding 
these cases left us with a final sample of 937 participants (452 men; 479 
women; 3 nonbinary; 3 preferred not to answer; age range: 18-88 years).
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Materials and Procedure. Participants were directed to an English-language 
online survey about reasoning about natural disasters, where they imagined 
themselves caught in a flash flood warning that was metaphorically framed as 
a vehicle or an antagonist (randomly assigned between subjects). The sce-
narios were the same as those presented in Study 2 with the inclusion of one 
sentence at the end stating either that the network’s weather forecasters can-
not predict the severity of the flood, forecasters expect the severity of the 
flood to be minor, or forecasters expect the severity of the flood to be major 
(severity information randomly assigned between subjects).

Participants then predicted the severity of the flood by estimating how 
much damage they thought would result from the flood on a 5-point scale (1 
= no damage, 5 = considerable damage). They also indicated whether they 
would intend to pack an evacuation bag and emergency kit if they were in this 
situation (no/yes).

Participants then completed comprehension check questions, where they 
responded to open text boxes regarding what the opening scenario was about 
and what was contained in a picture (of potatoes). Finally, participants com-
pleted several demographic questions and were debriefed.

Results and Discussion

Did Participants View the Newscaster Forecasts of Severity as Being Diagnostic for 
Estimates of Severity? We conducted a 2 (metaphor: vehicle, antagonist) × 3 
(forecaster severity: minor, ambiguous, major) between-subjects analysis of 
variance on estimates of flood severity.5 There was an omnibus main effect 
of forecasted severity, F(2, 931) = 200.70, p < .001, ηp

2  = .30. A flood 
forecasted as being major was estimated to be more severe (M = 4.33, SD = 
.74) than a flood that could not be forecasted (M = 4.10, SD = .80), t(931) = 
3.01, p = .003, 95% CI [0.07, 0.33], r = .10 for the planned contrast. Addi-
tionally, a flood forecasted as being minor (M = 3.06, SD = .95) was esti-
mated to be less severe than a flood that could not be forecasted, t(931) = 
15.89, p < .001, 95% CI [0.92, 1.18], r = .46 for the planned contrast. Thus, 
the newly added line to the vignette served as a valid manipulation of diag-
nostic information. Minor floods seemed less severe than ambiguous floods, 
which seemed less severe than major floods. Participants clearly draw on this 
information to inform their judgments of risk.

Do Antagonist Metaphors Increase Perceptions of Severity Only When More Diag-
nostic Information Is Absent, or Do They Increase Perceptions of Severity Regard-
less of the Presence of Diagnostic Information? Because antagonists are 
dangerous, such metaphors should increase the participants’ forecasts of the 
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flood’s severity. This was indeed the case. Replicating Study 2, a flood 
framed as an antagonist seemed more severe (M = 3.92, SD = 1.01) than a 
flood framed as a vehicle (M = 3.73, SD = .98): F(1, 931) = 11.02, p = .001, 
95% CI [.07, .29], d = .20, for the main effect of metaphor across newscaster 
severity conditions. Additionally, as shown in Figure 2, the interaction 
between metaphor and severity was not significant, F < 1, indicating that the 
effect of metaphor did not depend on how ambiguous or unambiguous the 
severity of the event seemed. This combination suggests that antagonist met-
aphors do not merely provide risk information when more diagnostic infor-
mation is absent. Rather, they function as diagnostic information for severity 
even when other suitable information is available.

Evacuation Preparations. Because antagonists are best avoided, such meta-
phors should increase the participants’ intentions to make evacuation prepa-
rations. Results for this measure followed similar patterns as severity 
forecasts. We submitted evacuation decisions (no vs yes) to a binary logistic 
regression, with metaphor, severity, and their interactions entered simultane-
ously as mean-centered predictors. Two orthogonal contrasts for severity 
were included. Because the primary question was whether the effect of meta-
phor depended on ambiguity, the primary contrast compared the message of 
ambiguous severity to the messages of minor and major severity. The second-
ary contrast compared the messages of minor and major severity.
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Figure 2. Mean (±1 Standard Error) forecasted flood severity by metaphoric 
frame and by weather forecaster severity in Study 3.
Note. Antagonist-framed floods were forecasted by participants as being more severe than 
vehicle-framed floods, and the effect did not depend on the severity of the flood as predicted 
by weather forecasters.
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As indicated by the secondary contrast, a lower proportion of participants 
intended to make evacuation preparations when the flood was forecasted as 
being minor (72%) than when it was forecasted as being major (94%), β = 
1.74, Wald = 42.08, p < .001, odds ratio = 5.72. Thus, participants saw the 
severity information as being diagnostic information for evacuation deci-
sions. However, the interaction of metaphor and the primary severity contrast 
was not significant, β = −0.15, Wald = 0.10, p = .751, odds ratio = 0.86. 
This again suggests that the effect of antagonist framing is not dependent on 
severity information being absent. While the main effect of metaphor was not 
significant, β = 0.26, Wald = 1.48, p = .224, odds ratio = 1.30, proportions 
were in similar directions to those observed in prior measures and studies; a 
higher proportion of participants intended to make evacuation preparations 
for an antagonist-framed flood (87%) than a vehicle-framed flood (83%). We 
explore the consistency of this pattern further in the summary analysis.

Summary Analyses

We conducted a meta-analysis of the current studies to assess the strength of 
the evidence for the effect of antagonist metaphors on evacuation intentions. 
The effect of antagonist metaphoric framing versus other framing was trans-
formed into a risk difference score in “stay” intentions (i.e., intending to not 
evacuate or not make evacuation preparations) for each effect. Because each 
study had similar designs, we used fixed effect models to estimate average 
risk difference score across effects using the r package metafor (Hedges & 
Vevea, 1998; Viechtbauer, 2010).

As seen in the bottom row of Figure 3, the meta-analysis showed an aver-
age risk difference of −0.05 (SE = 0.01, z = 3.83, p < .001, 95% CI [−0.03, 
−0.08]) for the effect of antagonist framing on “stay” intentions. When the 
natural disaster was framed as an antagonist (vs. alternative framing), it 
reduced the percentage of participants who intended to stay by 5 percentage 
points on average.

Meta-analyses of other dependent measures were not undertaken given 
the lack of firm methods for meta-analyses of nonparametric effects sizes. 
However, Table 4 displays a summary of effect sizes for the effect of antago-
nist framing for the remaining dependent measures. Effect sizes appear to fall 
mostly within the “small” to “moderate” range. Study 1 showed larger effect 
sizes than Studies 2 and 3. This could be attributable to sample size; Study 1 
had a smaller sample, and smaller samples tend to inflate effect size estimates 
(Maxwell et al., 2015). Or, this could be attributable to domain differences; 
Study 1 investigated metaphors for hurricanes while Studies 2 and 3 investi-
gated metaphors for floods, and perhaps antagonist metaphors are less 
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applicable to popular mental models of floods than for hurricanes (Thibodeau 
& Durgin, 2011).

General Discussion

Hurricanes and floods that “strike” an area seem more dangerous than hur-
ricanes that “make landfall” and floods that “reach” an area. Antagonist 

Table 4. Summary of Effect Sizes (d) of Antagonist Framing Versus Other 
Conditions on the Dependent Variables Across Studies.

Effect size (d) 
of antagonist 
(vs. vehicle)

Effect size (d) 
of antagonist 
(vs. literal)

Study 1 (n = 363)  
 Homes destroyed .27 .39
 Lives lost .52 .47
 Days without power .39 .26
 Severity .49 .24
Study 2 (n = 636)  
 Severity .15 —
Study 3 (n = 937)  
 Severity .20 —

Figure 3. Forest plot of the effect of antagonist metaphoric framing (vs. other 
framing) on percentage difference in “stay” intentions, including a fixed effects 
model estimate of the meta-analytic percentage difference.
Note. The vertical dotted line represents no significant effect. For each row, squares 
represent effect sizes and bars represent 95% confidence intervals. When the natural disaster 
was framed as an antagonist, it significantly reduced the amount of people who intended to 
stay by 5 percentage points on average.
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metaphors for natural disasters increase perceptions of their severity. In 
natural language, concepts relating to antagonists (e.g., enemy, monster, 
beast) are more associated with danger (vs. safety) than concepts relating to 
vehicles and other concepts (pilot study). When hurricanes are framed as 
antagonists (vs. framed as vehicles or framed literally), people forecast more 
lives lost, more homes destroyed, more days without power, and a more 
severe storm. Additionally, an antagonist-framed hurricane encouraged 
more evacuation intentions than the other frames (Study 1). Similar patterns 
persisted for floods framed as antagonists versus vehicles (Study 2).

Finally, people treat antagonist metaphors as diagnostic information even 
when other diagnostic information about severity is available. Antagonist-
framed floods were perceived as being more severe than vehicle-framed 
floods even when the message contained diagnostic information about flood 
severity (Study 3). Thus, in natural disaster risk communication, metaphors 
are not merely information of a last resort, only to be drawn on when other 
information is unavailable. They affect judgments even when other more 
diagnostic information is available. The common metaphors that pervade dis-
course on natural disasters have a seemingly robust effect on perceptions of 
their severity.

The current results suggest that the metaphorical language used to discuss 
natural disasters deserves consideration in the development of models of 
effective risk communication (Glik, 2007). Metaphors serve epistemic func-
tions, resolving uncertainty and helping people make sense of ambiguous 
events (Keefer et al., 2011). Natural disasters are inherently ambiguous future 
events that people have strong motivations to understand and forecast, espe-
cially when they suspect that they will be affected. Thus, it seems sensible 
that they seize on the language used to discuss such events, especially when 
conceptual metaphors provide simple conclusions regarding severity. 
Because antagonist metaphors for natural disasters are commonplace 
(Matlock et al., 2017), they serve as common mental models that people use 
to reason about such events (Johnson-Laird, 1983; Morgan et al., 2002). 
Thus, it is important to know that such metaphors are not merely linguistic 
flourishes that can be added or removed from messages without affecting 
perceptions. Message recipients draw on them to ascertain severity and plan 
behavior, so such language needs attention and further investigation.

While antagonist agent metaphors increase the perceived severity of natu-
ral disasters, it is important to note that further research is necessary in order 
to shed light on the full spectrum of inferences such metaphors promote. We 
hypothesized they would impact severity estimates because of common asso-
ciations of antagonists with danger. However, antagonists may have entail-
ments for other attributes of natural disasters. For instance, antagonists tend 
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to have agency and intentionality, and such framing tends to promote infer-
ences that concepts will continue along current trajectories (Morris et al., 
2007). Applied to natural disasters, such metaphors may affect inferences of 
where the event will strike, increasing the perceived danger for those within 
a projected path but decreasing it for those outside a projected path. 
Additionally, our studies examined lay audiences, but narrative information 
such as metaphors may carry less weight for experts (Dieckmann et al., 
2009). Nuances such as these may prove fruitful for future research to 
explore.

While our studies measured evacuation intentions as an outcome of inter-
est, we note that our measure is not parallel across studies. Study 1 asked 
participants whether they would evacuate, while Studies 2 and 3 asked par-
ticipants if they would make evacuation preparations (i.e., pack an evacua-
tion bag and emergency kit). Many factors apart from perceived severity of 
the weather event motivate evacuation behavior, including education, income, 
and personal risk (Whitehead et al., 2000). Antagonist metaphors are just one 
of many factors.

Finally, while we designed the stimuli to vary between antagonist meta-
phors, vehicle metaphors, and literal frames, there may have been additional 
metaphorical differences between conditions and studies that are difficult to 
control. For instance, the literal condition in Study 1 may have contained 
“journey” metaphors (e.g., the “arrival” of the hurricane) and personification 
metaphors (e.g., the hurricane “swept through”). Additionally, the vehicle 
condition in Studies 2 and 3 may not have evoked a vehicle schema to the 
same degree as the vehicle condition in Study 1. These are frequent conse-
quences of attempting to apply metaphors to different domains, while also 
attempting to craft fluent messages that participants comprehend. While the 
effect of antagonist frames (vs. other frames) appears reliable across studies, 
the current research may be limited in its ability to forecast the unique effects 
of vehicle or literal frames.

The current results carry implications for how media discuss natural 
disasters. Television meteorologists on local news programs are trusted 
sources of climate information for many (Maibach et al., 2016). If a severe 
weather event is imminent, ought meteorologists leverage antagonist frames 
to encourage evacuation preparations? If a weather event is forecasted to be 
severe and evacuation is strongly suggested by authorities, we think yes. 
Study 3 found that even when a local meteorologist unambiguously fore-
casted a flood as being severe, describing the flood with antagonist meta-
phors further increased its perceived danger. Antagonist metaphors may be 
useful for establishing injunctive norms (i.e., norms for what people ought 
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to do) that benefit public health in these circumstances. However, descrip-
tive norms (i.e., norms for what people actually tend to do) are far more 
powerful at guiding behavior (Cialdini et al., 1991). So, if evacuation is 
necessary, mandatory evacuation orders will be far more effective than 
antagonist metaphors.

Additionally, like all persuasive tactics, antagonist metaphors in news-
casts may be subject to source credibility effects (for a review, see Kelman & 
Hovland, 1953). People living in disaster-prone areas are often able to recall 
past forecasts of “dangerous weather events” that were overblown (Eisenman 
et al., 2007), causing them to doubt the credibility of all severe weather warn-
ings. Antagonist metaphors may not have any impact if they come from 
sources that lack credibility. Future research could manipulate the credibility 
of a new source, crossed with metaphoric frame (antagonist vs. control), to 
see if “monster” storms on less credible news sources still garner the same 
increases in risk perception that they do in our studies.

Overall, antagonist metaphors for natural disasters increase perceptions of 
their severity. Mere mention of a hurricane “striking” a region (as opposed to 
“making landfall at” a region) increased estimates of how much damage 
would ensue as well as increased the proportion of people who intended to 
evacuate. These patterns persisted even when more diagnostic information 
was available. Because antagonist metaphors commonly frame natural disas-
ters in popular media and news broadcasts, designers of risk communications 
should be aware that such metaphors are not mere linguistic flourishes. 
Rather, they convey meaningful information that people draw on to infer risk 
and plan behavior.
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Notes

1. Levene’s test indicated that there were violations of the heterogeneous variances 
assumption for all but one of the severity items (homes destroyed p = .008; lives 
lost p = .032; days without power p = .280; and damage p = .001), so we used 
nonparametric tests—Kruskal-Wallis tests for omnibus tests and Mann-Whitney 
U tests for planned contrasts.

2. A principal components analysis indicated that forecasts of encountering disaster-
related stressors in the aftermath of the hurricane (robbery, difficulty finding food, 
difficulty finding warmth, difficulty finding gasoline, threats to personal safety) 
all loaded positively, with all loadings over .71, onto a single factor solution that 
explained 60% of the variance. Thus, items were averaged to create an index of 
forecasts of disaster-related stressors (α = .83). Once again, Levene’s test indi-
cated the heterogeneous variances assumption was violated (p = .046). Thus, we 
turned to nonparametric tests: Kruskal-Wallis tests for omnibus tests and Mann-
Whitney U tests for planned contrasts.

3. Levene’s test for violations of the heterogeneous variance assumption 
approached significance for our severity measure (p = .09). Because that same 
measure showed a similar violation in Study 1, we conducted a nonparametric 
test (Mann-Whitney U) for that item.

4. As in Study 1, forecasts of encountering disaster-related stressors in the after-
math of the flood (robbery, difficulty finding food, difficulty finding warmth, 
difficulty finding gasoline, threats to personal safety) were averaged to create an 
index of forecasts of disaster-related stressors (α = .87).

5. Just as in the previous studies, we checked for violations of homogeneity of vari-
ances for continuous measures, which again occurred for our severity measure (p 
= .001). Distributions were skewed towards the upper limits of the scale for most 
groups. However, factorial analyses of variance provide robust results for nonnor-
mal distributions when n > 30 per cell (Lumley et al., 2002). Given that our study 
had a minimum n per cell of 135 and given limited nonparametric methods of 
testing interactions, we utilized parametric tests. However, we note that nonpara-
metric tests of main effects (via Mann-Whitney U) yield the same conclusions.
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