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A B S T R A C T

In two experiments, participants who were told that the Earth's average temperature was −24 °C thought that it
was more important to limit climate change than those who were told that it was −16 °C. However, participants
who were told that the average temperature was −11 °F thought it was less important to reduce the carbon
footprint than those who were told that it was 3 °F. The findings contradict each other since −24 °C is the same
as −11 °F, and −16 °C is the same as 3 °F. We draw on research on numerosity and goal-pursuit from behavioral
psychology to explain the intriguingly-opposite findings. We measure both the perceived influence of and actual
behavior to help fight climate change. Thus, we offer the novel hypothesis that presenting climate change figures
in Celsius or Fahrenheit—two primary units to communicate temperature—can influence people's belief in or
concern regarding climate change.

1. Introduction

Climate change refers to the gradual change in the Earth's climate
and physical geography that accompany an increase in the Earth's
temperature. It is one of the greatest challenges facing life on Earth
(Karl, Melillo, & Peterson, 2009; National Research Council, 2011;
Solomon, Plattner, Knutti, & Friedlingstein, 2009). Therefore, it is im-
portant to limit—if not stop entirely—human activities that contribute
to temperature change.

In this research, we focus on how climate change information is
communicated how it might influence individuals' response and beha-
viors to reduce climate change. The literature on scientific commu-
nication is vast. For example, presenting “plain facts, pie charts, or
metaphors” can shape people's belief in the existence of climate change
(Van der Linden, Leiserowitz, Feinberg, & Maibach, 2014). Also,
framing climate change information in various ways can “override”
people's deeply-held beliefs about the existence of climate change
(Aklin & Urpelainen, 2014; Ding, Maibach, Zhao, Roser-Renouf, &
Leiserowitz, 2011; Kahan, Jenkins-Smith, & Braman, 2011; McCright,
Dunlap, & Xiao, 2013). Similarly, framing a message in terms of losses
or gains can shift the perceived influence of a rise in the Earth's tem-
perature (Kahneman & Tversky, 1979; Nisbet, 2009; Spence & Pidgeon,
2010).

This research presents another way to frame climate change in-
formation and change its perceived impact. The two most common
ways of presenting temperature information is either in Celsius or
Farenheit units. Farenheit is used in the United States, the Bahamas,
Liberia, and other select countries. Celsius is more common in most

parts of the world. We predict that people who are told that the average
temperature is, say, −24 °C will think that it is more important to
prevent climate change than those who are told that it is −16 °C as
warmer temperature should have larger and more devastating effects in
colder countries, consistent with tenets of diminishing sensitivity
(Tversky & Kahneman, 1991). But it is also posited that people told that
the average temperature is −11 °F will think that it is less important to
do so than those who are told that it is 3 °F. These two predictions
seemingly contrast each other, since −24 °C is the same as −11 °F, and
−16 °C is the same as 3 °F. As such, people's larger response to −24 °C
than to −11 °F goes against rational predictions. To advance such a
prediction, we draw on numerosity and goal-pursuit in behavioral
psychology.

How scientific information regarding climate change is commu-
nicated is important in shaping concerns about this grave issue facing
the planet and its citizens. But, although Celsius and Fahrenheit are the
two basic ways of presenting temperature information, an under-
standing of their likely impact in climate change information commu-
nication is absent. While Fahrenheit is only used in select nations
around the world, our finding, as counter-intuitive as they may be,
might explain why some countries and their peoples continue to believe
climate change is less of a concern—or not a concern at all.

2. Theoretical framework

Wee draw on two streams of literature to make our prediction that
attitudinal and behavioral responses to climate change information
presented in Celsius and Fahrenheit might differ. The first is
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numerosity. Numerosity research posits that numeral units impact
judgments due to the size of the associated number, and that people
tend to disregard the base unit. A well-known example is the “money
illusion”, where people anchor on the nominal value of a foreign cur-
rency and adjust it for the exchange rate (Pelham, Sumarta, &
Myaskovsky, 1994; Raghubir & Srivastava, 2002; Shafir, Diamond, &
Tversky, 1997). But because this conversion is difficult to make, the
adjustment is inadequate, causing a biased evaluation towards the
nominal value of the foreign price. Thus, people consider $16 Hong
Kong Dollars to be “more expensive” than $2 U.S. Dollars because “16”
is larger than “2”, even though $16 HKD and $2 USD are equal when
considering exchange rates. Similarly, in judgments about time, one
year can be represented as 365 days, 52 weeks, or 12 months. Pre-
senting time information as 12 months would increase how “long”
people feel the duration is, compared to “1 year” since “12” is larger
and thus feels longer than “1” (Chandran & Menon, 2004; Zhang &
Schwarz, 2012).

Interestingly, one area in which numerosity effects have not been
studied is in temperature judgments. Despite differences in popularity
depending on country and region, temperature information can be
presented in either Celsius or Fahrenheit. One key difference between
temperature units and other units such as money and time lies in the
reference point. Consider money judgments, $0 USD is $0 CAD, which
is $0 AUD and €0 and £0. Similarly, in time, 0 months is the same as 0
years and as 0 days.

But in temperature, the reference point differs. In Celsius, the most
obvious “anchor” from which people could make temperature evalua-
tions is 0° C—or the point at which water freezes. Values above indicate
warm temperatures and values below indicate cold temperatures. But in
Fahrenheit, there are two possible anchors. One might be 32 °F, the
point at which water freezes. Individuals who are familiar with
Fahrenheit especially would recognize that 32 °F is the point at which
water freezes, making it a likely reference point. But there is also an-
other possible reference point, 0 °F. It is semantically meaningless. As it
is equivalent to −18 °F, it is impossible to determine, relatively, if 0 °F
is “cold” or “hot,” unlike 32 °F at which it is a useful anchor since water
freezes at this point, making it possible to determine whether the
temperature is freezing or hot. Yet 0 °F could still be useful psycholo-
gically as it is a nice round number and salient figures are often con-
sidered as reference points (Dehaene, 1992). This “two-reference point”
possibility for Fahrenheit, we suggest, can have implications for how
people consider or judge deviations in temperature in this particular
unit.

Consider 64 °F. People familiar with Fahrenheit could conceivably
assume that it is “twice as warm” as 32 °F. Scientifically, such a judg-
ment is erroneous. Although 32 °F is the point at which water freezes, it
is not a scientifically-correct reference point since 64 °F could just as
easily be compared to any other temperature. Yet, since 32 °F, we
suggest, might be a possible reference point, individuals might make
such a conclusion about 64 °F being “twice as warm” as 32 °F. Assessing,
say, 16 °F to 32 °F also makes sense, as people likely assume that it is
about “half the temperature” from 32 °F. But what about −14 °F, or any
temperature below 0 °F? How cold (or warm) might this be? Comparing
this temperature against 32 °F is difficult, as one must not only calculate
the difference between −14 °F and 0 °F, but also that between 0 °F and
32 °F. This mental addition is cumbersome and draws on cognitive re-
sources that are limited. Thus, we posit that, with temperatures below
0 °F, a more natural reference point might be 0 °F. Meanwhile, tem-
peratures above 0 °F are likely anchored at 32 °F since it is more
meaningful—at least psychologically—to evaluate. 16 °F is easy to
compare to 32 °F, but not to 0 °F. One would likely find it hard to de-
scribe 16 °F as “colder than 0 °F” since 0 °F does not refer to any specific
temperature that is useful. The implication of these possibilities is that
−14 °F might be perceived as relatively warmer than 3°, because
−14 °F is only about 15° colder than 0 °F, but 3° is about 30° colder than
32 °F. At least, −14 °F may not feel as cold as 3 °F because judgments

about how cold (or warm) need to be made against some comparison
point as with other judgments such as about money or time (Kahneman
& Tversky, 1979). We stress that these are “lay judgments; ” doubling of
Celsius or Fahrenheit, which are interval scales, does not double the
temperature.

To test this “two-reference” possibility, we conducted a pilot test
with 101 American participants recruited from an online panel man-
aged by Qualtrics (mean age of 34.2 years old). They were randomly
placed into the Celsius or Fahrenheit condition. In the Celsius condi-
tion, they were given four temperatures in Celsius and asked to write
down the temperature in Celsius that would be “twice as cold” for
temperatures below 0 °C or “twice as warm” for temperature above it.
As we predicted, for the value that would be twice as cold as −20 °C,
the mean was −34 °C (S.D.=7.56 °C). For the value twice as cold as
−10 °C, the mean was −17 °C (S.D.=3.24 °C). For the value twice as
warm as 10 °C, the mean was 20 °C (S.D.=0.45 °C). Finally, for the
value twice as warm as 20 °C, the mean was 41 °C (S.D.=1.23 °C). The
responses suggest a reference point at 0 °C. In the Fahrenheit condition,
participants were also given four temperatures and also asked to write
down the temperature that would be “twice as cold” for temperatures
below 32 °F or “twice as warm” for those above. Here, for the value
twice as cold as −4 °F, the mean was −10 °F (S.D.=2.31 °F). For the
value twice as cold as 14 °F, the mean was −11 °F (S.D.=5.11 °F). For
the value twice as warm as 50 °F, the mean was 92 °F (S.D.=4.36 °F).
And, for the value twice as warm as 68 °F, the mean was 129 °F
(S.D.=10.45 °F). These results imply a reference point at 0 °F for
temperatures below it but one at 32° for temperatures above 0 °F.

These findings provide evidence that people's reference points differ
for Celsius and Fahrenheit. So, how does this impact the communica-
tion of climate change information? Much of this information tends to
use statements such as “the Earth will rise by X° in Y years”, where there
is a degree change in temperature within a certain timespan. Though,
the aforementioned findings regarding the differing reference points
depending on the temperature unit suggest that this stated rate of
change and its temperature unit together influence the perceived im-
pact of the information about the seriousness of climate change. Here,
we draw on the goal-pursuit theory, in which people have a motivation
to avoid an undesired end-state. According to this body of research,
early changes are significant, but subsequent changes are less so
(Bonezzi, Brendl, & De Angelis, 2011; Förster, Higgins, & Idson, 1998;
Koo & Fishbach, 2012). That is, perceived progress towards a goal at the
beginning might be more motivating than perceived progress near the
end. For example, suppose that a student beginning college would like
to avoid gaining the “Freshman 15” during freshman year. (“Freshman
15” is an American expression that suggests that first-year university
students tend to gain 15 pounds.) The first pound that she gains would
seem disastrous to her avoidance goal, but any subsequent pound
gained would have a marginal, diminishing effect; it would seem less
concerning.

Such a motivation to avoid an undesired end state could be applied
to climate change behaviors. In particular, since the undesired end-state
to avoid is a “warm” planet, a perceived increase in temperature when
it is relatively cold might seem impactful and disastrous, leading one to
think the end-goal is far away and perhaps even unattainable. But, a
perceived increase when it is relatively warm might seem less impactful
as the Earth is already “quite warm” and any further increase would
have marginal impact. Yet, the consideration of reference points in
Celsius and Fahrenheit is important here. In Celsius, an increase in
temperature when the Earth's average temperature is, say, −24 °C, can
seem more harmful of a rise than when the temperature is, say, −16 °C.
This is because people perceive −24 °C to be relatively colder than
−16 °C, and any increase is more impactful upon the first than the
second figure. In Fahrenheit, the possibility of two-reference points
leads to interesting implications. It proposes that an increase in tem-
perature when the Earth's temperature is, say, −11 °F, would seem less
impactful of a rise than when the average temperature is, say, 3 °F. This
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is because people perceive −11 °F to be relatively warm (“only 10°
colder than 0 °F”), and any rise seems less impactful than 3 °F, which
they perceive to be relatively cold (“nearly 30° colder than 32 °F”). 3 °F
feels colder than −11°—at least initially and psychologically.
Accordingly, a rise in temperature is seen as more impactful from 3 °F
than from 11 °F.

The discussion and application of numerosity and goal-pursuit re-
search in behavioral psychology lead to interesting predictions re-
garding the importance of which temperature units are presented in
climate change communications. To summarize again, people who are
told that the average temperature is, say, −24 °C might think that it is
more important to prevent climate change than those who are told that
it is −16 °C. However, people who are told that the average tempera-
ture is −11 °F might think that it is less important to do so than those
who are told that it is 3 °F. These two predictions seemingly-contrast
each other, since −24 °C is the same as −11 °F, and −16 °C is the same
as 3 °F. But, numerosity and goal-pursuit research lead to these intri-
guing predictions.

We designed two experiments to test these hypotheses. The first
tests the basic effect. The second replicates the effect; it also rules out
alternative explanations for the effect. Thus, how climate change in-
formation is presented—in either Celsius or Fahrenheit—may impact
the perceived harm and impact of climate change.

3. Experiment 1

3.1. Procedure

A total of 332 Americans recruited via Qualtrics (mean age of 33.4
years old, S.D.=8.65, 198 men, 134 women) read a short paragraph
about climate change that we adapted from popular climate change
concern websites and brochures. In this sample, 48% participants self-
reported as holding at least an undergraduate degree, compared to 52%
who did not; 67% of the sample identified as religious, 33% as non-
religious; and the median annual income was $40,000 USD before
taxes. There was no attention check measure in this experiment.

Participants were assigned to one of four conditions in a 2 (unit
presented: Celsius, Fahrenheit)× 2 (base temperature: 24 °C/-11 °F,
−16 °C/3 °F) between-participants design, randomly. −24 °C is the
same as −11 °F, and −16 °C is the same as 3 °F. Crucially, participants
read that the average global temperature in Antarctica was [unit con-
dition], and that 500 years from now, that temperature will rise by 5 °C
or 9° F—depending on the Celsius or Fahrenheit condition. Again, 5 °C
is the same as 9 °F. Please see Appendix 1 for the stimuli. Participants
indicated (1) how concerned they were by the rise in the average global
temperature and (2) how important it was to limit, if not stop, climate
change, on separate scales (1=Not at All, 9=Very Concerned/Im-
portant). All participants received $9.00 for completing this study.

3.2. Results

Participants’ concern with and importance of limiting climate
change were averaged to form a single index of concern (r=0.77,
p < .001), with higher scores indicating greater concern. A 2× 2
ANOVA revealed a significant two-way interaction, F (1, 328)= 34.01,
p < .001, d=0.18. For Celsius, participants were more concerned
when they read that the global temperature was −24 °C (M=8.18,
S.D.=1.06) than when it was −16 °C (M=7.40, S.D.=1.56), t
(170)= 3.76, p < .001, d=0.58. That is, the colder the objective
temperature, the greater the concern for the rising temperature. But for
Fahrenheit, they were less concerned when the temperature was−11 °F
(M=5.94, S.D.=2.05) than when it was 3 °F (M=7.33, S.D.=1.91),
t (158)= 4.40, p < .001, d=0.70. That is, the colder the objective
temperature, the less the concern for climate change, which is in con-
trast to the findings for Celsius. Fig. 1 presents the results.

3.3. Discussion

How climate change information is presented—in either Celsius or
Fahrenheit—can influence the degree of its concern. In Celsius, the
colder the objective temperature, the greater the perceived impact of
climate change. When the temperature was −24 °C, concern was
greater than when it was said to be −16 °C. But in Fahrenheit, the
perception changes depending on the base temperature presented.
When it was 3 °F (which is identical to −16 °C), perceived harm was
greater than when it was −11 °F (which is the same as −24 °C). This is
inconsistent with the results for Celsius. However, they are in-line with
our proposed application of and interaction between numerosity effects
and goal-pursuit research.

Yet, there are at the very least two possible limitations to this ex-
periment. We recruited American participants—and the United States is
one of the few countries that use Fahrenheit as the primary temperature
unit. Might a sample from a country that uses Celsius in everyday life,
say Canadians or Australians, produce the same effect? The results
should be similar, and results here should not be specific to Americans
or those familiar with Fahrenheit. If it were, then there should actually
be consistent findings with Fahrenheit, with people familiar with the
temperature unit being less susceptible to numerosity effects, less likely
to use 0 °F as the alternative point of reference. To rule this possibility
out further, we conducted Experiment 2 comparing participants from
the United States and Australia, the latter a country that uses Celsius.
Further, we assessed actual behavior that would help limit climate
change, as Experiment 1 only measured perceived impact but beha-
vioral researchers are acutely aware that there can be a disconnect
between stated intentions or concern and actual behavior (Ajzen &
Fishbein, 1977).

4. Experiment 2

4.1. Procedure

The procedure was largely similar to Experiment 1. Ninety-six
participants from an online panel recruited via Qualtrics (n=43 from
the United States, mean age of 43.9 years old, S.D.=8.34, 22 men, 21
women; 53 from Australia, mean age of 35 years old, S.D.=9.67, 28
men, 25 women) took part in this study. There was difference in age, t
(94)= 4.76, p < .001, d=0.98, but there was no difference in the
proportion of men and women across the American and Australian
samples, χ2= 0.03, p= .87. In the American sample, 70% participants
self-reported as holding at least an undergraduate degree; 74% of the
sample identified as religious; and the median annual income was

Fig. 1. Experiment 1: Concern for Climate Change Depending on Unit and
Base Temperature. Average of self-reported concern for climate change (1=
Not at All, 9= Very Concerned) and importance of reducing climate change
(1= Not at All, 9= Very Important) depending on the unit and the base
temperature presented. 95% confidence intervals presented.
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$40,000 USD before taxes. In the Australian sample, 66% of the parti-
cipants held at least an undergraduate degree; 47% identified as re-
ligious; and the median annual income was $50,000 AUD before taxes.
There was no difference in education levels, χ2= 0.15, p= .69, but
there was a difference in religiosity, χ2= 7.30, p= .01, φ=0.27.
There was also a significant difference in income, t (94)= 3.24,
p < .01, d=0.66. The difference in religiosity and in income are
consistent with population-level differences between the two nations
(ABC News Australia, 2016; Fahmy, 2018).

All participants read a paragraph about climate change, just like
Experiment 1. But, instead of four base temperatures, there were only
two; the numbers were identical but not the temperature unit.
Therefore, this was a 2 (country: United States, Australia)× 2 (unit:
Celsius, Fahrenheit)× 2 (temperature: 11°, 3°) between-participants
experimental design. The Celsius and Fahrenheit temperatures were not
equivalent scientifically, but by fixing the numbers and only changing
the temperature unit, this gave us with another means to test our hy-
pothesis and also to rule out the possibility that the earlier results only
occurred with those base temperatures and corresponding units stated.
In the paragraph about climate change, the expected rise was also fixed
at 5°, in Celsius or Fahrenheit. Please see Appendix 2 for the stimuli.

Participants received $10 (in USD or AUD) for participating in this
study. Near the end, participants were offered the opportunity to do-
nate any amount of their payment to Greenpeace to fight climate
change in particular. A short description of Greenpeace was provided in
case that participants had not heard of it before. Any amount not do-
nated, participants would receive as payment for taking part in this
study. The higher the amount offered, the greater the participants’
concern for climate change.

In this experiment, we included an attention check measure. After
participants indicated the amount to donate to Greenpeace, but before
they answered demographic questions at the end of the study, we asked
gave them a 9-point scale marked from “1” to “9” and asked them, if
they were paying attention, to select 7. Four participants failed the
attention check but excluding their responses did not change any of the
results. We therefore analyzed the data for all participants in our pri-
mary analysis. Participants received compensation for this experiment
whether or not they passed the attention check.

4.2. Results

A 2 (country)× 2 (unit presented)× 2 (base temperature) ANOVA
on participants’ donation to Greenpeace revealed a significant two-way
interaction between unit presented and base temperature, F (1,
79)= 10.31, p < .001, d=0.23. For Celsius, participants donated
more to Greenpeace when they read that the average global tempera-
ture was −11 °C (M=$6.89, S.D.=$1.25) than when it was 3 °C
(M=$5.88, S.D.=$1.47), t (39)= 2.35, p < .03, d=0.75. That is,
the colder the objective temperature, the greater the concern for the
rising temperature. But, for Fahrenheit, they donated less to
Greenpeace when the temperature was −11 °F (M=$5.65,
S.D.=$1.36) than when it was 3 °F (M=$6.58, S.D.=$1.69), t
(53)= 2.05, p < .05, d=0.62. That is, the colder the objective tem-
perature, the less their concern for climate change, in contrast to results
for Celsius. There crucially was neither a main effect of country nor a
three-way interaction with country (ps > .11). Fig. 2 presents the 2
(unit)× 2 (temperature) results.

4.3. Discussion

These results replicate those from Experiment 1 by demonstrating
that the colder the objective temperature, the greater the perceived
impact of climate change. But in Fahrenheit, perception changed—but
depending on the base temperature presented. When it was 3 °F, the
perceived impact was greater than when it was −11 °F, which is not
only inconsistent with the findings for Celsius, but it is also inconsistent

with how concerns should be greatest when the base temperature is
low, since any temperature rise would have significant effects. We draw
on both numerosity and goal-pursuit theory to predict these effects,
however.

Moreover, we measured actual behavior to help fight climate
change; the results were consistent with self-reported intentions that we
measured in Experiment 1. Finally, the results were obtained without
any country difference, and thus our results from Experiment 1 could
not be attributed to the fact that we only recruited Americans in that
experiment who would be most familiar with Fahrenheit and our effect
might not be obtained with individuals more familiar with Celsius in-
stead.

5. General discussion

In Experiment 1, we found that individuals told that the average
temperature wa −24 °C felt that it was more important to prevent
climate change than those who were told that it was −16 °C. However,
people who were told that the average temperature was−11 °F thought
that it was less important to do so than those who were told that it was
3 °F. The results contradict one another since for Celsius, the colder the
temperature, a rise in temperature elicits greater concern, but for
Fahrenheit, the results seemingly suggest that concern would be
greatest when the Earth's base temperature is warmer. But we draw
upon numerosity and goal-pursuit theory to explain the findings.
According to numerosity, individuals typically focus on the number
failing to adjust for the base unit. According to goal pursuit, changes are
more noticeable and more impactful at the beginning than at the end of
goal pursuit. Because there are at least two possible reference points for
Fahrenheit, depending where they fall relative to 0 °F and 32 °F, and
how individuals judge how “cold” or “warm” temperatures in
Fahrenheit might be, 3 °F can feel colder than −11 °F, and concern for
climate change could be greater when the Earth's base temperature is
the former than the latter.

The main implications of current research are primarily for scien-
tific communication. When communicating changes in the Earth's
temperature to convey the importance of climate change, one needs to
take into account the temperature unit as well as the base temperature.
In most modern communications, phrases incorporating such rate
changes an X number of years is popular. But our findings suggest that
one needs to consider which temperature unit is used. In countries
where Fahrenheit is common, the base temperature is important. When
the proper base temperature is not selected, concern for climate change
may not be as great as hoped. The base temperature is typically the
mean or common temperature in a particular country. But it could also
be the base temperature for the entire Earth or even in another part of

Fig. 2. Experiment 2: Donation to Greenpeace Depending on Unit and Base
Temperature. Donation amount to Greenpeace depending on the unit and the
base temperature presented. 95% confidence intervals presented.
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the world. Indeed, it is common to highlight concern for climate change
by emphasizing the impacts for the Arctic and cooler parts of the world.
But by not considering the temperature unit also, this can actually not
increase concern for climate change as the recipient may not be as
worried about it as they could or should be.

Indeed, in the behavioral literature, there is abundant research on
how information and messages should be “framed”—whether in terms
of losses or gains, or otherwise. For example, whether the perceived
impacts of climate change are far away or close by can affect the con-
cern that one might have about their own actions (Nisbet, 2009;
Scannell & Gifford, 2013; Spence & Pidgeon, 2010). Similarly, whether
the term “global warming” or “climate change” is used can also impact
concern and behaviors (Kellstedt, Zahran, & Vedlitz, 2008). Framing
can influence attitudes and behaviors by highlighting certain aspects of
the situation or by changing the way in which one might think and
consider the presented information. In the same vein, we show that a
Celsius- or Fahrenheit-presented frame could also affect decision-
making, drawing on the larger body of work in numerosity effects. Our
results thus add to the numerosity literature in a context that can exert
effects near and far, in the present and in the future.

We also draw on goal-pursuit research, and in our experimental
stimuli, we present a projected change in the Earth's temperature (see
Appendices 1 and 2). This is also something worthy to pursue further.
Firstly, it should also matter whether the projected rate of change is in
Celsius or Fahrenheit. A simple thesis based on numerosity would argue
that a 9 °F rise is “more concerning” than a 5 °C rise, as “9 is larger than
5” and individuals may disregard or at least fail to adjust sufficiently for
the base unit (Fahrenheit or Celsius). This could also be dependent
upon the timeframe in question. For example, a 9 °F rise in 100 years
may not seem to be a “big deal” as this may seem “only” a 9% difference
(9/100) if individuals focus on the number but not the two base units.
But a 5 °C rise in 10 decades might seem more substantial—despite that
both the rate of change and timeframe are constant—since it could feel
like a 50% difference (5/10). The possible interaction between the
projected rise and the stated timeframes could potentially lead to in-
teresting effects on concern about climate change.

Beyond implications for scientific communication, we also shed
light on the need for a better understanding of behavioral psychology in
understanding scientific communication about climate change, or other
aspects involving climate more broadly. In the area of climate change,
individuals also need to understand and interpret the numbers, figures,
and statistics presented. In many ways, the basic tenets of behavioral
work from the financial and medical domains can be applied to a cli-
mate change context, but there are some unique differences. For ex-
ample, the fact that Celsius and Fahrenheit are two different tempera-
ture units with different reference points, in particular, makes it a
distinct effect to be considered in numerosity aside from judgments in
time or money. We also only touched on it briefly, but ow individuals
“judge” temperatures should be considered as well, since warm and
cool temperatures shape how consumers perceive others and make
decisions (Cheema & Patrick, 2012; Huang, Zhang, Hui, & Wyer, 2014).
We suggest that individuals judge temperatures relative to a reference
point, but such judgments might also depend on internal and external
factors—there are cognitive processes and situational forces as well. All
of these factors can shape individuals’ perceived concern for climate
change. Our work is only on numerosity, so more work is needed.

That said, there are limitations to take into concern. We show in our
pilot study that individuals might judge how “warm” or “cold” a tem-
perature relative to some reference point that might differ depending on
Celsius or Fahrenheit, and our findings in two experiments are con-
sistent with this, but the underlying process for the particular experi-
mental results might not be as clear as hoped. We did not measure
participants’ understanding of climate change (or even global warming)
beyond what we stated in our stimuli. We also did not measure nu-
merosity or literacy skills, which could impact whether participants
truly understood the numbers that were presented. Political ideology

might also moderate the results (Aasen, 2017; McCright, Dunlap, &
Marquart-Pyatt, 2016). Perhaps we found the results we did, at least in
Experiment 1, because a Fahrenheit frame might make things seem “at
ease” (because Americans use Fahrenheit), which is in-line with how
feelings of fluency might reduce the seriousness of a task (Reber,
Schwarz, & Winkielman, 2004; Song & Schwarz, 2008). Our Experiment
2, in some ways, can argue against such a possibility, but since we have
no “fluency” or “familiarity” measures of such, it can not be ruled out
unequivocally for the moment.

Is it possible that a mere change in whether the information pre-
sented is in Celsius or Fahrenheit to influence one's perceived concern
about climate change? Our results suggest that the answer may be
“yes”. Our research is only one toolbox for policy makers to adopt.
Efforts come from many perspectives (Aklin & Urpelainen, 2014; Ding
et al., 2011; Kahan et al., 2011; McCright et al., 2013; Van der Linden
et al., 2014), including the use of loss and gain framing in prospect
theory (Kahneman & Tversky, 1979). We are the first to apply the nu-
merosity effect to a climate change or temperature context. We suggest
that the two most common units to present temperature (e.g., Celsius or
Fahrenheit) might not just be a different way to convey temperature
information but may shape concern for climate change.

Appendix A. Supplementary data

Supplementary data to this article can be found online at https://
doi.org/10.1016/j.jenvp.2018.09.002.

Appendix 1

Experiment 1: stimuli

Celsius condition:
Climate change should be a concern for everyone on this planet.

Currently, the average temperature in Antarctica is −24 °C [−16 °C]. A
5 °C rise in the Earth's temperature over the next 500 years can have
devastating impacts on the ecology and economy of the world in which
we and our children live—not just in Antarctica. A rise in temperature
means a rise in the ocean level, more extreme weather events, and af-
fects the quality of the air and water even in the United States.
Decisions made today will have lasting consequences for future gen-
erations.

Fahrenheit condition:
Climate change should be a concern for everyone on this planet.

Currently, the average temperature in Antarctica is−11 °F [3 °F]. A 9 °F
rise in the Earth's temperature over the next 500 years can have de-
vastating impacts on the ecology and economy of the world in which we
and our children live—not just in Antarctica. A rise in temperature
means a rise in the ocean level, more extreme weather events, and af-
fects the quality of the air and water even in the United States.
Decisions made today will have lasting consequences for future gen-
erations.

Questions for all:

1. How concerned are you by the rise in the Earth's temperature?
(1=Not at All, 9=Very Concerned)

2. How important is it to limit, if not stop, climate change? (1=Not at
All, 9=Very Important)

Appendix 2

Experiment 2: stimuli

Celsius condition:
Climate change should be a concern for everyone on this planet.
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Currently, the average global temperature is −11 °C [3 °C]. A 5 °C rise
in the Earth's temperature over the next 500 years can have devastating
impacts on the ecology and economy of the world in which we and our
children live. A rise in temperature means a rise in the ocean level,
more extreme weather events, and affects the quality of the air and
water around us. Decisions made today will have lasting consequences
for future generations.

Fahrenheit condition:
Climate change should be a concern for everyone on this planet.

Currently, the average global temperature is−11 °F [3 °F]. A 5 °F rise in
the Earth's temperature over the next 500 years can have devastating
impacts on the ecology and economy of the world in which we and our
children live. A rise in temperature means a rise in the ocean level,
more extreme weather events, and affects the quality of the air and
water around us. Decisions made today will have lasting consequences
for future generations.

Questions for all:
You are receiving $10 USD [AUD] for completing this study. Thank

you very much in advance for your time! But, we are also collecting
some money for Greenpeace, a non-profit agency that is dedicated to
fighting for a greener, healthier world for our oceans, forests, food,
climate, and democracy—no matter what forces stand in the way. You
can donate any amount from $0 to $10 to Greenpeace if you wish. Your
donation will go a long way in fighting climate change! How much
would you like to donate? You will keep any amount not donated.

Of my $10, I would like to donate $__ USD [AUD] to Greenpeace.
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