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ABSTRACT

Despite near unanimous agreement among climate scientists about global warming, a substantial pro-

portion of Americans remain skeptical or unconcerned. The two experiments reported here tested commu-

nication strategies designed to increase trust in and concern about climate change. They also measured

attitudes toward climate scientists. Climate predictions were systematically manipulated to include either

probabilistic (90% predictive interval) or deterministic (mean value) projections that described either con-

crete (i.e., heat waves and floods) or abstract events (i.e., temperature and precipitation). The results revealed

that projections that included the 90% predictive interval were considered more trustworthy than de-

terministic projections. In addition, in a nationally representative sample, Republicans who were informed

of concrete events with predictive intervals reported greater concern and more favorable attitudes toward

climate scientists than when deterministic projections were used. Overall, these findings suggest that while

climate change beliefs may be rooted in partisan identity, they remain malleable, especially when targeted

communication strategies are used.

1. Introduction

Conveying the implications of climate change, in-

cluding the uncertainties involved, is one of the greatest

challenges currently facing the scientific community

(National Research Council 2011). There is now nearly

unanimous agreement among climate scientists about

the existence of climate change (Anderegg et al. 2010;

Cook et al. 2013), including the effects of anthropogenic

global warming already in evidence (Wuebbles et al.

2017). However, as yet, a full-scale public response has

failed to materialize in the United States (Bierbaum

et al. 2013; Leiserowitz et al. 2013). Although there are

many possible reasons for the lack of public response,

here we investigate the impact of climate communi-

cation strategies on two of them: public distrust in the

information about climate change coming from the sci-

entific community and lack of concern about the con-

sequences of climate change.

Despite a wealth of evidence to the contrary, a full

30% of Americans are not sure that climate change is

happening, and half of those are sure it is not happening

(Leiserowitz et al. 2018). This suggests that some people

distrust the scientific community’s conclusions about

global warming. Indeed, there is abundant research

highlighting the importance of trust for beliefs about

complex and controversial issues such as this (Nisbet

and Markowitz 2016).

Furthermore, skepticism about climate change may

arise, at least in part, from the perception of lack of

scientific consensus on the subject. About a third (33%)

of Americans recently reported that they believe there

is ‘‘a lot of disagreement among scientists’’ (Marlon

et al. 2013). Only 15% are aware of the actual degree

of scientific consensus (by some estimates 97%; Cook

et al. 2013). This is important because there is evidence

that scientific consensus is a gateway belief, increasing

acceptance that climate change is happening, human

caused, and a worrisome threat (van der Linden

et al. 2015).

The perception of lack of consensus may stem from

the considerable uncertainty regarding the extent, time

scale, and consequences of climate change. In some

cases, the best scientific data support a wide range of

outcomes. This may contribute to the misperception

that the scientific community is divided about the exis-

tence of climate change. In other words, a primary cause

of distrust may be the misinterpretation of divergent

information about climate outcomes as a lack of con-

sensus among scientists about climate change per se

(Ding et al. 2011; Freudenburg and Muselli 2010;

Lewandowsky et al. 2013; Moser 2010). In the worstCorresponding author: Susan Joslyn, susanj@uw.edu
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case, climate change described as differing possible

outcomes might give rise to the perception that climate

scientists are incompetent (Johnson 2003; Johnson and

Slovic 1995, 1998) or deliberately manipulating the data

to advance their own agenda, a fundamentally different

and intrinsically less trustworthy kind of uncertainty

(Oreskes and Conway 2010).

If people distrust climate projections because they

think the range of outcomes indicates lack of consensus,

incompetence, or ulterior motives, then providing ex-

plicit numeric uncertainty information may counter-

act these fears by indicating that the range is due

to quantifiable uncertainty inherent in the prediction

process, rather than to other less trustworthy factors

(Rabinovich and Morton 2012). Indeed, there is evi-

dence that conflicting point estimates presented as a

range are consideredmore credible than the same values

attributed to different experts (Benjamin and Budescu

2018). Thus, explicit numeric uncertainty estimates may

restore the perception of credibility and competence,

increasing trust. Moreover, there is some preliminary

evidence, with a nonrepresentative sample, showing

significantly greater trust in global average tempera-

ture increase and sea level rise described as range of

values having a 90% chance of encasing the actual value

than when described as a point estimate (Joslyn and

LeClerc 2016). This finding is in linewith recent research

in a less politicized domain, suggesting that numeric

uncertainty estimates increase people’s trust in weather

forecasts as well as lead to economically better

decisions (Joslyn and LeClerc 2012; Savelli and Joslyn

2013). Importantly, these effects are not dependent

background or education (Grounds and Joslyn 2018;

Grounds et al. 2017), perhaps because most people in-

tuitively understand that weather forecasts involve un-

certainty (Joslyn and Savelli 2010).

However, for climate change, providing explicit un-

certainty information may have the opposite effect

in a nationally representative sample because there is a

sharp division along party lines with conservatives and

Republicans being less accepting than liberals and

Democrats (Wood and Vedlitz 2007; Zia and Todd

2010; Whitmarsh 2011). For those less accepting of cli-

mate change, adding uncertainty information might

decrease rather than increase trust. In other words,

people may react differently to the same information,

based on their prior beliefs. This is predicted by moti-

vated reasoning theory, which asserts that when people

hold strong prior beliefs they process new information

in a manner that is consistent with, and reinforces, those

beliefs (Bolsen and Druckman 2015; Goidel et al. 1997).

In fact, there is considerable supporting evidence. For

instance, although greater knowledge is associated with

more support for climate mitigation among liberals,

it is associated with less support among conservatives

(Hart et al. 2015). The idea is that as partisans become

more factually knowledgeable, or scientifically literate,

they are more likely to find reasons to discount in-

formation that challenges their existing viewpoints

(Bolsen et al. 2015; Kahan 2015). Similarly, reduction of

social distance manipulations (news stories describing

victims of global warming) that increased support for

mitigation policies among Democrats, reduced support

among Republicans (Hart and Nisbet 2012). In general,

this is known as a boomerang effect: Manipulations

that have an effect on one group can have the opposite

effect on another group. Therefore, while including

uncertainty estimates may increase trust in climate

projections among liberals, it may also open the door

for motivated reasoning among conservatives. Among

conservatives uncertainty estimates may be taken as an

indication of lack of consensus, incompetence or of

being deliberately misleading. In other words, the same

information may be regarded as a fundamentally dif-

ferent kind of uncertainty by this group. As such, it

may reduce trust in the source of the information,

sometimes referred to as ‘‘relational trust,’’ as well as

trust in the quality of information, called ‘‘calculative

trust’’ (Earle and Siegrist 2006). We test these ques-

tions in the two experiments reported here.

The other issue addressed in these experiments is the

impact of communication strategies on concern. Even

those Americans who believe that the global climate is

warming, that is, they trust climate scientists conclu-

sions, remain relatively unconcerned about it. Accord-

ing to recent polls, only 31% of Americans think

immediate action is necessary, only 27% supported a

large-scale effort to reduce global warming, and only

38% think that dealing with global warming should be

a top priority (Bowman et al. 2016). Furthermore, 38%

of Americans are not very or not at all worried about

global warming (Leiserowitz et al. 2018).

While there are many possible reasons for the relative

lack of concern about climate change (including being

supplanted by other more pressing concerns; Riffkin

2014) one possible contributing factor is the way in

which climate change is expressed. Climate projections

are generally statistical abstractions, such as global av-

erage change values, that do not convey information

about specific events. Perhaps a global average tem-

perature increase of, for example, 38C, seems trivial,

making it difficult for people to imagine how climate

change would affect their lives. Perhaps if climate

communication emphasized outcomes as they might be

experienced by individuals, concern would be greater.

Although increasing salience of climate communication
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is a common suggestion (Center for Research on

Environmental Decisions 2009), evidence supporting

the effectiveness of this strategy is sparse andmixed. For

instance there is some evidence of an increase in concern

among low numerate participants for the impacts of

climate change on polar bears, when combined with

numeric as opposed to nonnumeric descriptors (Hart

2013). There is other evidence that descriptions of the

impact of sea level rise on coastal communities in-

creases risk perception, although the effects on con-

cern were weak or nonsignificant (Bolsen et al. 2018).

In addition there is evidence that the term ‘‘global

warming’’ increases concern compared to ‘‘climate

change’’ in some cases (Benjamin et al. 2017; Bolsen

and Shapiro 2018; Whitmarsh 2009). However, in our

own laboratory, attempts to reduce temporal (out-

comes within as compared to beyond the participants’

lifetime) and spatial distance (local instead of global)

did not increase concern (Joslyn and LeClerc 2016). In

the experiment we report here, we increase what we

will refer to as the ‘‘concreteness’’ of climate infor-

mation. We ask whether substituting increases in heat

waves and floods for global average temperature

change and sea level rise impacts concern. Perhaps it

will be easier for participants to imagine the effects of

heat waves and floods and that, in turn, may increase

concern.

We tested these hypotheses in the two experiments

described below. To refine the measures, we first used

Amazon Mechanical Turk (MTurk), a data-collection

domain administered by Amazon. Then we conducted

an experiment on a nationally representative sample.

In both experiments, we compared what we refer to as

abstract expressions (e.g., average temperature change)

to concrete expressions (e.g., increase in heat waves). In

addition, we compared point estimates for each of these

values with 90% predictive intervals (see Table 1). We

hypothesized that concrete expressions would increase

concern, while 90% predictive intervals would increase

trust. However, each manipulation might interact with

political views. Here we use political party affiliation,

which is correlated with but not identical to political

ideology, a direct measure of the individuals system of

values, norms and political preferences (Zia and Todd

2010). We anticipated that our predictions would be

confirmed among Democrats but not among Republi-

cans. In fact, we anticipated a boomerang effect among

Republicans, particularly in the probabilistic condition,

leading to decreased trust.

2. Experiment 1

In experiment 1 we posted a questionnaire on MTurk

between March and May 2016. MTurk is an opt-in

platform on which volunteers sign up to complete sur-

veys for incentives. Although MTurk samples tend to

differ from probability samples of the public (e.g.,

MTurkers tend to be more liberal), they have produced

results similar to national samples recruited using more

conventional procedures (Amir and Rand 2012; Clifford

et al. 2015; Gosling and Mason 2015; Horton et al. 2011;

Simons and Chabris 2012; Weinberg et al. 2014). Be-

cause we anticipated effects due to political party, only

those who described themselves as Democrats or Re-

publicans were included. Participants were paid $0.05

for their participation in this study.

TABLE 1. Climate projections provided to participants in each of the between groups conditions.

Abstract Concrete

Deterministic Scientists estimate that by the end of the next

century the average yearly temperature will

increase by 78F compared to the end of the

last century.

Scientists estimate that by the end of the next

century, heat waves will occur on 19more days

per year compared to the end of the last

century.

Scientists estimate that by the end of the next

century the average yearly precipitation will

increase by 3 inches compared to the end of

the last century.

Scientists estimate that by the end of the next

century, floods will occur on 5 more days per

year compared to the end of the last century.

Probabilistic Scientists estimate that by the end of the next

century the average yearly temperature will

increase by 78F compared to the end of the

last century, with a 90% chance that the

increase will be between 48 and 118F.

Scientists estimate that by the end of the next

century, heat waves will occur on 19more days

per year compared to the end of the last

century, with a 90% chance that they will

occur on between 5 and 48more days per year.

Scientists estimate that by the end of the next

century the average yearly precipitation will

increase by 3 inches compared to the end of

the last century, with a 90% chance that the

increase will be between 1 and 5 inches.

Scientists estimate that by the end of the next

century, floods will occur on 5 more days per

year compared to the end of the last century,

with a 90% chance that they will occur on

between 2 and 7 more days per year.
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a. Method

1) PROCEDURE

After providing informed consent, participants read a

pair of climate change projections described as being for

‘‘a location in the USA.’’ Half of participants received

conventional projections for average change in tem-

perature and precipitation by the end of this century

compared to the end of the last century, to which we

refer as the abstract condition. The other half received

concrete expressions describing the increase in heat-

wave and flood days by the end of this century com-

pared to the end of the last century1 (see Table 1). For

geographic consistency, the numbers were all for the

Puyallup River watershed and the city of Tacoma,

Washington, although this information was not made

explicit to avoid any biases that could have occurred by

specifying the location. All projections were based on

phase 5 of the Coupled Model Intercomparison Project

(CMIP5). With the exception of precipitation and heavy

rainfall events,2 projections that were obtained by

combining the 10 model projections for each of the 2

greenhouse gas scenarios (high and low), 20 in all, and

calculating average, minimum and maximum values.

The range between the minimum and maximum was

regarded as a 90% predictive interval and the average

became the point estimate. Heat waves were defined

as number of days with daily maximum temperature

greater than 908F.3 Similarly, floods were defined

as number of days with daily precipitation above the

historical 99th percentile event.4

Because the calculations for temperature were better

theoretically grounded, for all conditions, the tempera-

ture (heat waves) projections were presented first and

the precipitation (flood) projections were presented

second. After reading the first climate projection, par-

ticipants indicated whether they believed that by the end

of this century the observed average value would be

greater, less, or the same compared to the end of the

last century. Then, participants provided their own

estimate for the increase (or decrease) and a lower

and upper bound estimate they would not be surprised

to observe. Next participants rated how much they

trusted the projection and how concerned they were

about it. Both responses were given on a 5-item pull-

down menu ranging from ‘‘not at all’’ to ‘‘completely’’

for trust and between ‘‘not at all’’ to ‘‘extremely’’ for

concern (see the appendix for exact wording of

questions). Then on the next screen, the second cli-

mate projection was presented and participants an-

swered the same six questions. Once participants

advanced to the subsequent page, they could not change

previous answers.

On the next screen, participants were told that the

climate information had come from scientists on the

Intergovernmental Panel on Climate Change. To as-

sess the potential impact of uncertainty estimates on

the perception of scientific consensus, participants

were asked to indicate how much agreement about

climate change they thought there was among climate

scientists. To assess whether uncertainty estimates af-

fected participants opinion of scientists’ competence,

they answered a question about scientists’ expertise

and another about scientists understanding of the

problem (based on Allum 2007). Answers were indi-

cated on a 6-point pull-down menu ranging between

‘‘no agreement’’ to ‘‘complete agreement’’ for con-

sensus, ‘‘none’’ to ‘‘all’’ for expertise and ‘‘not at all’’ to

‘‘completely’’ for understanding.

Although the trust question described above assessed

trust in the climate projection itself (calculative trust),

we thought it was important to also assess the impact

on relational trust because of its psychological impor-

tance to this issue as well as the fact that it may be more

sensitive to the manipulations tested here (Earle and

Siegrist 2006). To that end, participants were asked

how similarly scientists acted and thought to them-

selves, and to what extent scientists held opinions similar

as their own. The answers to all six questions were

provided on a 6-point pull-down menu ranging between

‘‘not at all’’ and ‘‘identical(ly).’’ Finally, participants

were asked to indicate the extent to which their per-

sonal actions could help to mitigate climate change.5

At the end, participants answered demographic ques-

tions (age, gender, education, political party affiliation;

see the appendix) and were debriefed and thanked for

their time.

1 In all cases the comparison was between the years 2070–99

and 1970–99.
2 This was based on representative concentration pathway

(RCP) 8.5 and was for October–March precipitation (Warner et al.

2015), although very few heavy rainfall events occur outside of that

season. The numbers for precipitation are remarkably similar in

the combined and extreme scenario.
3 Although this threshold varies by location (908F is specific to

Tacoma) and ‘‘waves’’ are in fact a certain number of days (e.g., 3)

for the sake of simplicity, we omitted these details and described

the number of additional ‘‘heat-wave days’’ defined as those that

met the 908F criterion for Tacoma.
4 Granted, many other factors contribute to floods (which are

defined differently depending on geographic location); again,

however, we chose to simplify.

5 No significant effects on this measure of either independent

variable were detected in this or experiment 2 so discussion of

these analyses are omitted.
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2) PARTICIPANTS

A total of 553 respondents completed the survey and

declared a political party affiliation that was either

Democrat or Republican. We omitted those who failed

our attention check questions. We assumed that the

37 participants who provided estimates that were 4 times

the projection provided and/or their lower bound esti-

mate exceeded their upper bound estimate were not

paying attention, not taking the task seriously or had

misunderstood it. Of the 516 remaining,6 the mean age

was 35 [standard deviation (SD)5 12], 63%were female

and 65% were Democrats.

3) DESIGN

There were two independent variables, Event Type

(abstract/concrete) and Projection Format (deterministic/

probabilistic) manipulated between groups in a 2 3 2

complete factorial design. Participants were randomly

assigned to one of the four resulting conditions.

4) RESULTS

Prior to conducting the main analyses, Pearson chi-

square analyses were conducted to verify that random

assignment had resulted in roughly equal proportions

of Democrats in each condition. Then, a series of

ANOVAs were conducted on the key dependent vari-

ables with Projection Format (probabilistic/deterministic),

Event Type (concrete/abstract), and Political Party

(Democrat/Republican) as the independent variables

using an alpha level of 0.05. All pairwise comparisons

were conducted with Statistical Package for the Social

Sciences (SPSS) Bonferroni adjustments.7 Our main

hypotheses were that probabilistic projections would

increase trust (main effect) and concrete expressions

would increase concern (main effect) although we an-

ticipated smaller or opposite effects among Republicans

(interaction between Projection Format or Event Type

and Political Party).We expected thatDemocrats would

be higher on all measures than Republicans.

To determine whether probabilistic projections in-

creased trust, we averaged the trust ratings provided by

each participant, one for each of the two projections.

Participants with probabilistic projections reported mar-

ginally significantly higher trust (M 5 3.47, SD 5 1.11)

than did participants with deterministic projections

(M 5 3.32, SD 5 1.13), F (1, 508) 5 3.15, p 5 0.077

(Cohen’s d5 0.16). The interaction between Projection

Format and Event Type was also marginally significant,

F (1, 508) 5 3.35, p 5 0.068. Pairwise comparisons re-

vealed that participants reported significantly higher

trust when given probabilistic (M 5 3.55, SD51.08)

as opposed to deterministic projections (M 5 3.31,

SD5 1.12), t (273)5 2.58, p5 0.01 (Cohen’s d5 0.23) in

the abstract condition alone. Not surprisingly, Demo-

crats reported significantly higher trust (M 5 3.85,

SD5 0.85) than did Republicans (M5 2.56 SD5 1.08),

F (1, 508) 5 227.09, p , 0.001 (Cohen’s d 5 1.34). The

interaction between Projection Format and Political

Party (that might have indicated a boomerang effect)

did not reach significance F (1, 508) 5 0.017, p 5 0.90

(see Fig. 1).

To determine whether concrete expressions increased

concern, we examined the average of the two ratings

provided by each participant, one for each projection.

Contrary to our hypothesis, ratings were virtually iden-

tical for the concrete and abstract conditions (M5 3.5).

Not surprisingly, Democrats (M 5 3.87, SD 50.92) re-

ported significantly higher concern than did Republi-

cans (M 5 2.41, SD 5 1.21), F (1, 508) 5 234.48, p ,
0.001 (Cohen’s d 5 1.36).

Thus, although there was no support for the hypoth-

esis that concrete expressions increase concern, there

was partial support for the hypothesis that probabilis-

tic expressions increase trust in climate projections in

the abstract condition. To investigate whether there

were any negative impacts of probabilistic expressions,

we next analyzed ratings of scientific agreement and the

expertise and understanding of climate scientists.

For ratings of scientific agreement, the main effect

of Projection Format did not reach significance. How-

ever, there was a marginally significant interaction be-

tween Projection Format and Event Type, F (1, 508) 5
3.15, p 5 0.077 (Cohen’s d 5 0.16). Pairwise compar-

isons revealed that probabilistic projections led to

higher ratings of scientific agreement (M 5 4.21, SD 5
1.19) than did deterministic projections (M 5 3.97,

SD5 1.33), t (273)5 2.02, p5 0.043 (Cohen’s d5 0.19)

in the abstract condition alone. Not surprisingly, ratings

were significantly higher among Democrats (M 5
4.47, SD 5 1. 04) than Republicans (M 5 3.18,

FIG. 1. Mean trust by Political Party, Projection Format, and Event

Type in experiment 1. Error bars indicate the standard error.

6 The dataset is available upon request from the authors.
7 SPSS takes the observed (uncorrected) p value andmultiplies it

by the number of comparisons made.
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SD5 1.28), F (1, 508)5 155.28, p, 0.001 (Cohen’s d5
1.11) (see Fig. 2).

Similarly, for ratings of climate scientists’ under-

standing, the interaction between Projection Format

and Event Type was significant, F (1, 508) 5 8.09, p 5
0.005. Pairwise comparisons revealed that probabilistic

projections led to significantly higher ratings (M 5 4.64,

SD5 1.1) than did deterministic projections (M5 4.44,

SD5 1.26), t (273)5 2.12, p5 0.035 (Cohen’s d5 0.19)

in the abstract condition alone. Not surprisingly, Dem-

ocrats (M 5 4.90, SD 5 0.92) gave higher ratings of

scientists’ understanding than did Republicans (M 5
3.72, SD5 1.31), F (1, 508)5 147.78, p, 0.001 (Cohen’s

d 5 1.08) (see Fig. 3).

The pattern was repeated for participants’ rating of

climate scientists’ expertise: The interaction between

Projection Format and Event Type was significant,

F (1, 508) 5 13.87, p , 0.001. Pairwise comparisons re-

vealed that probabilistic projections led to signifi-

cantly higher ratings of expertise (M 5 4.46, SD 5 1.1)

than did deterministic projections (M 5 4.17, SD 5
1.34), t (273)5 2.72, p5 0.007 (Cohen’s d5 0.24) in the

abstract condition alone. Again, Democrats (M 5 4.66,

SD 5 0.99) gave significantly higher ratings of scien-

tists’ expertise than Republicans (M 5 3.52, SD 5
1.24), F (1, 508) 5 13.87, p , 0.001 (Cohen’s d 5 1.04)

(see Fig. 4).

The next set of analyses was conducted on the mea-

sures of relational trust to determine whether either

communication strategy impacted these variables. Here

the patterns were weaker but roughly the same as in the

previous set of analyses. Participants were significantly

more likely to indicate that climate scientists acted like

themselves [t (273)5 2.51, p5 0.01 (Cohen’s d5 0.22)]

andmarginally more likely to indicate that scientists had

opinions like themselves [t (273) 5 1.71, p 5 0.09

(Cohen’s d 5 0.26)] when given probabilistic as com-

pared to deterministic projections in the abstract con-

dition. Not surprisingly, in all three analysis, Democrats

provided higher overall ratings of relational trust than

did Republicans [think like me: Democrats (M 5 3.94,

SD 5 1.24) Republicans (M 5 2.43, SD 5 1.30),

F (1, 508) 5 170.38, p , 0.001 (Cohen’s d 5 1.16); act

like me: Democrats (M5 3.96, SD5 1.24) Republicans

(M 5 2.71, SD 5 1.25), F (1, 508) 5 120.47, p , 0.001

(Cohen’s d5 0.97); Opinions like me: Democrats (M5
4.14, SD 5 1.21) Republicans (M 5 2.42, SD 5 1.28),

F (1, 508) 5 229.93, p , 0.001 (Cohen’s d 5 1.35)]. No

other effects reached significance.

b. Discussion experiment 1

In experiment 1 we found partial support of the hy-

pothesis that probabilistic projections increase, rather

than decrease user trust. However, this effect was seen

primarily in the abstract condition. The lack of effect in

the concrete condition may have been due to the wider

predictive interval for heat waves. Recall that the pro-

jection was for an increase of between 5 and 48 more

heat-wave days. Perhaps there is a degree of uncertainty

above which the previously noted positive effects on

trust are no longer observed. In other words, an interval

that is too wide may be tantamount to saying, ‘‘we don’t

know.’’ Because the heat-wave projection was always

presented first, the effect may have carried over to the

narrower interval flood projection, depressing trust for

the concrete–probabilistic condition overall. This may

be the reason that the increase in trust with probabilistic

projections was not observed in the concrete condition

in experiment 1.

FIG. 2. Mean participant rating of the scientific agreement on

climate change by Political Party, Projection Format, and Event

Type in experiment 1. Error bars indicate the standard error.

FIG. 3. Mean participant rating of the understanding among

climate scientists by Political Party, Projection Format, and Event

Type in experiment 1. Error bars indicate the standard error.

FIG. 4. Mean participant rating of the expertise of climate sci-

entists by Political Party, Projection Format, and Event Type in

experiment 1. Error bars indicate the standard error.
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However, it is interesting to note that the positive

effect of probabilistic projections was observed in

variables that might have shown negative effects of

uncertainty. In the abstract condition, probabilistic

expressions increased rather than decreased the per-

ception of scientific consensus as well as the expertise

and understanding of climate scientists. In fact, the

same positive effect of probabilistic projections was

seen in two of the relational trust measures (‘‘act like

me’’ and ‘‘opinions like me’’). This suggests that the

feared negative effects of including uncertainty esti-

mates in climate projections may not be a problem.

In fact, probabilistic projections may make scientists

seem more rather than less forthright, competent, and

reliable.

We did not see the hypothesized increase in con-

cern with concrete as opposed to abstract expressions.

However, it is important to note that this was not a na-

tionally representative sample. In fact, it was consider-

ably more liberal overall. It is possible that different

effects might be seen when more Republicans are in-

cluded. There is some evidence that manipulations

such as this are particularly strong among conserva-

tives (Feldman and Hart 2018), perhaps because of

differences in value structure or perhaps simply be-

cause they were lower on key measures to begin with,

providing more room to increase. Therefore we con-

ducted experiment 2 on a nationally representative

sample.

3. Experiment 2

Experiment 2 was conducted to test the effects of

probabilistic projections and concrete expressions in a

nationally representative sample, obtained by Knowl-

edge Networks, a consumer information research com-

pany. The experiment was conducted between the dates

of 25 January and 21 March 2017 using an online re-

search panel that was randomly recruited by telephone

and mail surveys. Households were provided with ac-

cess to the Internet and hardware if needed. Thus, the

sampling frame included both listed and unlisted num-

bers, those with and without a landline telephone, and

those with and without computer and Internet access.

Self-selected volunteers were not accepted.

a. Method

1) PROCEDURE

The procedures used in experiment 2 were similar to

those used in experiment 1 with the following excep-

tions. Although the projections were identical, we

counterbalanced presentation of the temperature (heat

wave) and precipitation (flood). Half of participants saw

temperature (heat wave) projections first and half saw

precipitation (flood) projections first. The goal was to

neutralize some of the effects of the wide predictive

interval that accompanied heat waves. Although artifi-

cially holding the range constant across conditions is a

possible solution, it is important to use valid predictions

whenever possible to avoid contradicting intuitions

gleaned from extraexperimental exposure. In addition,

it allows for the discovery of unpredicted effects, such

the possible effect of wide predictive intervals, which

may be critical in applied situations.

The questions participants answered after being

shown each projection were identical to those used in

experiment 1 except, in the interest of time, the re-

lational trust measures were omitted. In addition, for

the trust and concern measures pertaining to each pro-

jection, we extended the 5-point to a 6-point drop-down

scale, so that they would match other measures, with

the same anchors as in experiment 1, ‘‘not at all’’ and

‘‘completely’’ for trust and ‘‘not at all’’ and ‘‘extremely’’

for concern.

2) PARTICIPANTS

A total of 383 Republicans or Democrats partici-

pated.8 After omitting those who did not pass the at-

tention check questions, there were 332 participants.

The median age was 57 (range 5 18–92), 53% were fe-

male and 54% were Democrats.

3) RESULTS

Prior to running the main analyses, Person’s chi-

square analyses were conducted to verify that the pro-

portion of Democrats did not differ significantly by

condition. Then, as with experiment 1, we conducted a

series of ANOVAs on the key dependent variables with

Projection Format (probabilistic/deterministic), Event

Type (concrete/abstract), and Political Party (Democrat/

Republican) as the independent variables.9

Confirming our hypothesis, participants with proba-

bilistic projections reported significantly higher trust

(M5 3.43, SD5 1.43) than did those with deterministic

8 These data were collected as part of a larger study but only the

responses of participantwho clearly identifiedwith one or the other

of the two major political parties were included here.
9 Trust and concern ratings were averaged across the two pro-

vided (one for each projection) unless a participant failed to re-

spond to one (this was true of 3 participants for each measure). In

that case the value of the other was used. If participants failed to

respond to either or to any of the other questions for which there

was a single response, they were omitted from that analysis.

Therefore, the degrees of freedom vary slightly in the analysis

reported below.
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projections (M 5 3.12, SD 5 1.49), F (1, 322) 5 4.86,

p 5 0.028 (Cohen’s d 5 0.25). There was also an un-

predicted effect of Event Type such that those in-

formed of concrete events reported higher trust (M 5
3.36, SD5 1.48) than those informed of abstract events

(M 5 3.19, SD 5 1.45), F (1, 322) 5 5.02, p 5 0.026

(Cohen’s d 5 0.25). Democrats reported significantly

higher trust (M 5 4.03, SD 5 1.22) than did Re-

publicans (M5 2.4, SD5 1.22), F (1, 322)5 146.93, p,
0.001 (Cohen’s d 5 1.35). The three-way interaction

was also significant, F (1, 322)5 3.94, p 5 0.048. In the

concrete condition, the difference in trust between

probabilistic (M 5 3.05, SD 5 1.38) and deterministic

projections (M 5 2.13, SD 5 1.14) was greater for

Republicans than for Democrats (probabilistic: M 5
4.17, SD 5 1.14; deterministic: M 5 4.20, SD 5 1.11).

Only the pairwise comparison for Republicans reached

significance [t (75)5 3.33, p5 0.001, Cohen’s d5 0.74]

(see Fig. 5).

In line with our hypothesis, Republicans reported

greater concern for concrete events (M 5 2.68, SD 5
1.57) than for abstract events (M 5 1.97, SD 5 1.02),

t (70) 5 2.25, p 5 0.025 (Cohen’s d 5 0.54) in the

probabilistic condition, although the three-way in-

teraction did not reach significance, F (1, 323) 5 2.35,

p 5 0.13. Nor was the predicted main effect for Event

Type, F (1, 323) 5 2.52, p 5 0.11 (Cohen’s d 5 0.18)

significant. There was a significant effect of Political

Party such that Democrats reported greater concern

overall (M 5 3.99, SD 5 1.39) than did Republicans

(M 5 2.12, SD 5 1.25), F (1, 323) 5 160.24, p , 0.001

(Cohen’s d 5 1.41). The main effect of Projection For-

mat, F (1, 323) 5 2.09, p 5 0.15 (Cohen’s d 5 0.16) was

not significant (see Fig. 6).

These results provide support for the hypothesis that

including probabilistic uncertainty expressions increases

rather than decreases trust. Interestingly among Re-

publicans, not well represented in experiment 1, this

effect was particularly strong in the concrete condition.

This effect appeared to carry through into concern

ratings, suggesting that the combination of concrete

probabilistic expressions was particularly effective for

this group.

In the analyses of participants’ attitudes toward cli-

mate scientists, reported next, the effects were also

largely among Republicans. Among Republicans in

the concrete condition, probabilistic projections led

to significantly higher ratings of scientific agreement

(M 5 3.06, SD 5 1.23) than deterministic projections

(M 5 2.55, SD 5 1.10), t (76) 5 1.94, p 5 0.05 (Cohen’s

d 5 0.21) (see Fig. 7). It is interesting to note that the

effect reversed among Democrats in the concrete con-

dition. Probabilistic projections led to lower ratings of

agreement (M 5 4.10, SD 5 1.29) than deterministic

projections (M 5 4.40, SD 5 1.17), although the dif-

ference failed to reach significance, t (77) 5 –1.13, p 5
0.26 (Cohen’s d 5 –0.24). There was, of course, a main

effect of political party withDemocrats providing higher

ratings of scientific agreement (M 5 4.19, SD 5 1.20)

than Republicans (M 5 2.68, SD 5 1.13), F (1, 323) 5
137.29, p , 0.001 (Cohen’s d 5 1.3). No other main ef-

fects or interactions reached significance.

Similarly, for ratings of climate scientists’ under-

standing, there was a significant interaction between

Political Party and Projection Format F (1, 321) 5 3.87,

p 5 0.05 (Cohen’s d 5 0.22) (see Fig. 8). For Re-

publicans, probabilistic expressions led to higher ratings

of scientists understanding, whereas for Democrats,

deterministic projections led to high ratings. However,

the only pairwise comparison to reach significance was

FIG. 5. Mean trust by Political Party, Projection Format, and

Event Type in experiment 2. Error bars indicate the standard

error.

FIG. 6. Mean concern by Political Party, Projection Format,

and Event Type in experiment 2. Error bars indicate the

standard error.

FIG. 7. Mean participant rating of the Scientific Agreement on

Climate Change by Political Party, Projection Format, and Event

Type experiment 2. Error bars indicate the standard error.
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for Republicans in the concrete condition: Ratings

of scientists’ understanding were significantly higher

in the probabilistic (M 5 3.45, SD 5 1.35) than in the

deterministic condition (M 5 2.86, SD 5 1.42), t (75) 5
2.15, p 5 0.033 (Cohen’s d 5 0.42). The effect reversed

among Democrats in the concrete condition (deter-

ministic: M 5 4.75, SD 5 1.15; probabilistic: M 5 4.31,

SD 5 1.03), although the difference failed to reach sig-

nificance, t (77)521.64, p5 0.101 (Cohen’s d520.4).

There was, of course, a main effect of political party

such that Democrats rated scientific understanding

higher (M 5 4.57, SD 5 1.08) than did Republicans

(M 5 3.08, SD 5 1.32), F (1, 321) 5 121.63, p , 0.001

(Cohen’s d 5 1.23).

Although the pattern was similar for participants’

rating of climate scientists’ expertise (see Fig. 9) the only

difference that reached significance was the main effect

indicating that Democrats thought climate scientists

had greater expertise (M 5 4.46, SD 5 1.1) than did

Republicans (M5 2.88, SD5 1.08), F (1, 322)5 169.72,

p , 0.001 (Cohen’s d 5 1.45).

b. Discussion experiment 2

In experiment 2, with a nationally representative

sample, there was convincing support for the hypothesis

that uncertainty information increases rather than de-

creases trust in climate predictions. Because these ef-

fects were particularly strong among Republicans, it

may be that the main effect failed to reach significance

in experiment 1 because the sample was too liberal,

leaving little room for increase in trust, a ceiling effect.

Moreover, in experiment 1 because the effect of

probabilistic projections on trust only reached signifi-

cance in the abstract condition, we speculated that the

wide predictive interval for heat waves in the concrete

condition may have been a problem. In experiment 2,

however, concrete expressions led to greater trust

overall than did abstract expressions, despite the fact

that the same wide heat-wave interval was used. This

may have been due in part to the fact that presentation

order was counterbalanced (heat waves were presented

first for only half of participants in experiment 2, rather

than for the full sample as in experiment 1) muting the

negative effects of the wide heat-wave interval on

mean trust.

However, as the post hoc analyses revealed, the pos-

itive effects of the concrete–probabilistic combination

were especially strong among Republicans, suggesting

that some of the difference with experiment 1 may be

due to the difference in the sample characteristics. In-

deed similar positive effects among Republicans were

observed for concern, scientific agreement (our measure

of perceived consensus), and scientists understanding

in experiment 2. This suggests that the probabilistic–

concrete combination is particularly effective for this

group that was not well represented in experiment 1.

4. Conclusions

The goal of the research reported here was to identify

climate communication strategies that increase either

trust in or concern about climate change information.

The results suggest that including probabilistic uncer-

tainty estimates will serve to increase rather than de-

crease trust in climate change projections provided to

the general public. In experiment 1, the increase reached

significance in the abstract condition, and in experi-

ment 2, it reached significance overall. It is likely that

probabilistic expressions increase trust because even

nonexperts understand that predictions such as these

involve uncertainty (Joslyn and Savelli 2010). When

predictions exclude uncertainty information, they seem

less plausible because people know that such outcomes

cannot be predicted with the precision implied by de-

terministic expressions. Therefore communication that

acknowledges uncertainty seems more honest and more

accurate.

There was some fear that admitting uncertainty

would boomerang among Republicans who tend to be

less trusting of climate change information to begin

with (Wood and Vedlitz 2007; Zia and Todd 2010;

Whitmarsh 2011). Motivated reasoning can cause new

FIG. 8. Mean participant rating of the Understanding among

Climate Scientists by Political Party, Projection Format, and Event

Type in experiment 2. Error bars indicate the standard error.

FIG. 9. Mean participant rating of the Expertise of Climate

Scientists by Political Party, Projection Format, and Event Type.

Error bars indicate the standard error.
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information to be evaluated in a manner that reinforces

strongly held prior beliefs (Bolsen and Druckman

2015; Goidel et al. 1997). Here we hypothesized that

uncertainty information might decrease perceptions

of scientific consensus and the competence of climate

scientists. In fact, exactly the opposite occurred. Prob-

abilistic expressions increased ratings of scientific

agreement, scientists’ understanding and scientists’ ex-

pertise among the entire sample in the abstract condi-

tion in experiment 1 and among Republicans in the

concrete condition in experiment 2. Thus, the inclusion

of probabilistic uncertainty estimates seems to have

conveyed the idea that the range of values is a function

of the prediction process rather than an indication of

disagreement or incompetence. It is important to note

that in no conditions and among neither group did un-

certainty information decrease either trust (including

relational trust measured in experiment 1) or percep-

tions of scientific consensus or scientists’ competence.

In fact, the combination of concrete–probabilistic

expressions was particularly effective among Republi-

cans. It may be that the concrete expression enhanced

processing of the uncertainty information by translat-

ing it into an ‘‘ensemble of experiences’’ (seeMarx et al.

2007 for a more complete explanation). In other words,

it might have been easier to grasp the full range of im-

pacts when described as heat waves and floods, allowing

participants to fully appreciate the uncertainty.

Moreover, amongRepublicans concrete–probabilistic

expressions increased not only those variables described

above, but also concern in experiment 2. Recall that

we predicted that concrete expressions would increase

concern overall because it would be easier to imagine

the consequences of climate change for the individual.

Although this effect did not reach significance among

Democrats, whose concern ratings were already past

the midpoint on the scale, it was significant among

Republicans in the concrete condition in experiment

2. This may have been due to the fact that the trust in-

spired by acknowledging uncertainty allowed partici-

pants to fully consider the implications of climate

change that were particularly accessible because of the

concrete nature of the expression. Alternatively, some

Republicans in the deterministic condition, intuitively

aware of the underlying uncertainty, may have mis-

takenly thought that scientists, in an effort to persuade

the public, had chosen the upper bound of the distri-

bution as the point estimate. For that reason, concern

in the deterministic condition might have been de-

pressed, compared to the probabilistic condition in

which the actual much higher upper bounds were pro-

vided. Regardless of the mechanism, it may well be

that concrete–probabilistic expressions are particularly

effective for reaching this subgroup, leading to strong

positive (nonboomerang) effects. Indeed, similar effects

specific to this subgroup have been reported in other

studies (Bolsen et al. 2018, 2019; Feldman and Hart

2018; Whitmarsh and Corner 2017).

There were some key differences in the results of

the experiment 1 and experiment 2 that may have had to

do with the more liberal MTurk sample used in experi-

ment 1 and point to an important issue that requires

more research. In particular, the advantage for proba-

bilistic projections was only seen in the abstract condi-

tion in experiment 1 suggesting that wide heat-wave

interval may have depressed the positive effect of

probabilistic expressions in the concrete condition for

this sample. Indeed there were some hints of a similar

effect in experiment 2 in which Democrats reported

slightly lower agreement and scientific understanding in

the concrete–probabilistic condition, although neither

effect reached significance. Granted the evidence here is

only suggestive, but it may be that a particularly wide

predictive interval attenuates or even reverses the pos-

itive effects of probabilistic expressions at the higher

end of the trust-related measures used here. This is

clearly an important direction for future research to

explore.

Perhaps the strongest effects, across both experi-

ments were those due to political party. Democrats

trusted climate projections more, had greater concern

about them, perceived greater consensus among cli-

mate scientists as well greater understanding and

expertise among climate scientists. In experiment 1

(where these questions were asked), Democrats in-

dicated that climate scientists, thought, acted, and had

opinions more like themselves than did Republicans.

This adds to the growing literature suggesting the

highly politicized nature of this issue (Lorenzoni et al.

2007; Whitmarsh 2011).

Nonetheless, the positive effects of the concrete–

probabilistic expression observed among Republican

participants in these experiments suggest that climate

communication can make a difference despite the

division. Importantly, this research suggests that cli-

mate communication aimed at nonexpert audiences in

general, should include an estimate of predictive un-

certainty, such as the 90% intervals tested here. Peo-

ple understand that prediction involves uncertainty

and they find projections that acknowledge uncertainty

more plausible.
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APPENDIX

Questionnaire

The following are questions that participants in ab-

stract probabilistic condition would be given.

Please read the following climate predictions for a lo-

cation in the USA and answer the questions thoughtfully.

Scientists estimate that by the end of the next century

the average yearly temperature will increase by 78F
compared to the end of the last century, with a 90%

chance that the increase will be between 48 and 118F.

 1) Please indicate whether you believe that by the

end of the next century the average yearly

temperature will be greater, less, or the same,

compared to the end of the last century.

 _Greater

 _Less

 _The same

If participants answered Greater they will be

exposed to the following question:

2a) I think that by the end of the next century the

average yearly temperature will increase by

_____8F compared to the end of the last century.

If participants answered Less they will be ex-

posed to the following question:

2b) I think that by the end of the next century the

average yearly temperature will decrease by

_____8F compared to the end of the last century?

All participants answer the following questions:

 3) I would not be surprised if, by the end of the next

century, the change in average yearly temperature

was as little as ____ 8F.
 4) I would not be surprised if, by the end of the next

century, the change in average yearly temperature

was as great as ____ 8F.
 5) How much do you trust scientists’ estimate that,

by the end of the next century, the average yearly

temperature will increase by 78F compared to the

end of the last century, with a 90% chance that the

increase will be between 48 and 118F?
 1) Trust: Not at all

 2) Trust: A little

 3) Trust: Somewhat

 4) Trust: Quite a bit

 5) Trust: Extremely

 6) How concerned are you about scientists’ estimate

that, by the end of the next century, the average

yearly temperature will increase by 78F compared

to the end of the last century, with a 90% chance

that the increase will be between 48 and 118F?
 1) Concern: Not at all

 2) Concern: A little

 3) Concern: Somewhat

 4) Concern: Quite a bit

 5) Concern: Extremely

Scientists estimate that by the end of the next century

the average yearly precipitation will increase by 3

inches compared to the end of the last century, with a

90% chance that the increase will be between 1 and 5

inches.

 7) Please indicate whether you believe that by the

end of the next century, average yearly precipi-

tation will be greater, less or the same compared

the end of the last century.

 _Greater

 _Less

 _The same

If participants answered ‘‘greater’’ they were

exposed to the following question:

8a) I think that by the end of the next century the

average yearly precipitation will increase

_____inches compared to the end of the last

century.

If participants answered ‘‘less’’ they were

exposed to the following question:

8b) I think that by the end of the next century the

average yearly precipitation will decrease by

_____inches compared to the end of the last

century.

 9) I would not be surprised if, by the end of the next

century, the change in average yearly precipita-

tion was as little as ____ inches.

10) I would not be surprised if, by the end of the next

century, the change in average yearly precipita-

tion by the end of the next century was as great

as ____ 8F.
11) Howmuch do you trust scientists’ estimate that by

the end of the next century, average yearly pre-

cipitation will increase by 3 inches compared to

the end of the last century, with a 90% chance that

the increase will be between 1 and 5 inches.’’

 1) Trust: Not at all

 2) Trust: A little

 3) Trust: Somewhat

 4) Trust: Quite a bit

 5) Trust: Extremely

12) How concerned are you about scientists’ estimate

that by the end of the next century, average yearly

precipitation will increase by 3 inches compared

to the end of the last century, with a 90% chance

that the increase will be between 1 and 5 inches?
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 1) Concern: Not at all

 2) Concern: A little

 3) Concern: Somewhat

 4) Concern: Quite a bit

 5) Concern: Extremely

The following questions are presented on the next

page and participants cannot go back and change

answers on previous pages

The climate predictions presented above were based

on a report by the Intergovernmental Panel onClimate

Change (IPCC).

13) How much agreement is there among scientists

about climate change?

 1-No agreement

 2-A little

 3-Some

 4-Quite a bit

 5-Very much

 6-Complete agreement

14) Thinking about the scientists contributing to the

IPCC report, how much of the expertise necessary

expertise do they have tomake climate predictions?

 1-None

 2-A little

 3-Some

 4-Quite a bit

 5-Very much

 6-All

15) How well do scientists contributing to the IPCC

report understand the issues relevant to climate

change?

 1-Not at all

 2-A little

 3-Some

 4-Quite a bit

 5-Very much

 6-Completely

16) To what degree do scientists contributing to the

IPCC report act the same as you would?

 1-Not at all

 2-A little

 3-Somewhat

 4-Quite a bit

 5-Very much

 6-Identically

17) To what degree do scientists contributing to the

IPCC report think like you do?

 1-Not at all

 2-A little

 3-Somewhat

 4-Quite a bit

 5-Very much

 6-Identically

18) To what degree are the opinions of scientists

contributing to the IPCC report the same as yours?

 1-Not at all

 2-A little

 3-Somewhat

 4-Quite a bit

 5-Very much

 6-Identical

19) How much can your personal actions help to

mitigate climate change?

 1-Not at all

 2-A little

 3-Some

 4-Quite a bit

 5-Very much

 6-Completely

 Please enter your age. _____

 Please select your gender.

 Please enter your zip code. _____

 Please provide the name of the city and state you

are currently answering these questions.

 Please select which of the following best describes

your highest achieved education level.

 (1) High school diploma or less

 (2) Technical school/some college

 (3) College degree

 (4) Postgraduate work or degree

 (5) Other

 Please select howmuch knowledge of atmospheric

and climate science you have.

 (1) none

 (2) a little

 (3) some

 (4) a lot

 Please select your political party affiliation.

 (1) Republican

 (2) Democrat

 (3) Independent

 (4) Unaffiliated

 (5) Other
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