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Abstract

This study tests the hypotheses that overall environmental knowledge and climate-specific
knowledge are inversely related to climate change anxiety, such that people who know more
(less) about the environment in general, and about climate in particular, are less (more) anx-
ious about climate change. Time lagged data were collected from N=2,066 individuals in Ger-
many. Results showed that, even after controlling for demographic characteristics, personality
characteristics, and environmental attitudes, overall environmental knowledge and climate-
specific knowledge were negatively related to climate change anxiety (both B=-.09, p <.001).
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1 Introduction

The British mathematician and philosopher Bertrand Russell (1872-1970) is quoted as
saying, “The degree of one’s emotions varies inversely with one’s knowledge of the facts,
the less you know the hotter you get.” Consistent with this idea, we report the results of a
study that tested the hypotheses that overall environmental knowledge and climate-specific
knowledge are negatively related to climate change anxiety. The rationale for investigating
these relationships is that climate change anxiety may be reduced through interventions that
enhance environmental knowledge. Environmental knowledge refers to the body of acquired
facts and learned expertise in the environmental domain (including climate; Geiger et al.
2019). Climate change anxiety involves people’s self-reported negative emotional responses
associated with their awareness of climate change (Clayton 2020). Accordingly, the measure
used in this study assesses responses such as worrying and distress, reduced well-being, as
well as concentration and sleep difficulties due to people’s thoughts about climate change
(Clayton and Karazsia 2020). Compared to more constructive forms of worrying about
global warming that result in adaptive responses (e.g., Verplanken et al. 2020), it seems

< Hannes Zacher
hannes.zacher @uni-leipzig.de

Wilhelm Wundt Institute of Psychology, Leipzig University, Neumarkt 9-19, 04109 Leipzig,
Germany

Department of Psychology, Wayne State University, Detroit, MI, USA

@ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s10584-023-03518-z&domain=pdf
http://orcid.org/0000-0001-6336-2947
http://orcid.org/0000-0002-0536-9638

32 Page2o0of9 Climatic Change (2023) 176:32

desirable to reduce climate change anxiety because it has been shown to have detrimental
consequences for people’s general health and well-being, including higher levels of depres-
sion, anxiety, and distress (Schwartz et al. 2022; Searle and Gow 2010).

Psychological theorizing suggests that a lack of knowledge about a topic leads to
greater feelings of uncertainty which, in turn, may result in anxiety associated with the
topic, whereas greater available knowledge about a topic is likely to reduce experiences
of topic-associated uncertainty and anxiety (Hirsh et al. 2012; Jungermann and Thiiring
1993). Indeed, empirical studies conducted on various topics (e.g., aging, interpersonal
and intergroup relations, finances, entrepreneurship) suggest that knowledge about a
topic is negatively related to uncertainty and anxiety (Nuevo et al. 2009; Stephan et al.
1999; Townsend et al. 2018; Wang et al. 2011). For example, a meta-analysis showed
that knowledge about one’s own and others’ emotions is inversely related to social anxi-
ety (O’Toole et al. 2013).

Several motivational predictors of pro-environmental behavior, such as environmental
awareness, attitudes, values, and identity, are positively related to climate change anxiety
(e.g., Verplanken et al. 2020). So far, however, no research on the association between
environmental knowledge and climate change anxiety exists (Coffey et al. 2021; Whit-
marsh et al. 2022). An exception is a qualitative case study on environmental knowledge
and various emotions experienced by activists (e.g., fear, hope; Martiskainen et al. 2020).
The descriptive evidence presented in this study suggests that both a positive and a nega-
tive relationships may be possible: “Frontline protesters were really concerned about cli-
mate change... They were often the most knowledgeable about climate change ...” (p.
14). In contrast, the researchers also observed that “In terms of cognitive knowledge, a
surprising number of our strikers were not very aware about climate change; with some
even stated that they had no knowledge and were merely striking to impress others (such
as a romantic partner) or to give a friend company” (p. 16). Another study showed that
knowledge about the causes of climate change and its potential health consequences pos-
itively predicted cognitive and affective risk judgments (Sundblad et al. 2007). However,
the risk judgment measures used in this study differ from the more personal and emo-
tional construct of climate change anxiety, in that participants were asked to estimate the
probability of, and their worries about, serious negative consequences of climate change
in three specific countries (i.e., Sweden, the Netherlands, Bangladesh) for three different
time horizons (i.e., 5, 50, 100 years).

In summary, drawing on psychological theorizing and research on associations
among knowledge, uncertainty, and anxiety, we hypothesize that people with greater
overall environmental knowledge and climate-specific knowledge experience gener-
ally less climate change anxiety. In contrast, people with less overall environmental
knowledge and climate-specific knowledge should be more likely to experience higher
climate change anxiety.

Hypothesis 1: Overall environmental knowledge is inversely associated with climate
change anxiety.

Hypothesis 2: Climate-specific knowledge is inversely related to climate change anxiety.
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2 Method
2.1 Participants and procedure

Time lagged data were collected from a large sample in Germany at four time points across
three months (i.e., Time [T] 1=August, T2=September, T3 =October, and T4=November
of 2022). The time lags help reduce the potential problem of common method bias and allow
drawing stronger inferences regarding the assumed temporal ordering of variables. Collecting
constructs at different time points was also necessary to reduce the length of each survey. Par-
ticipants were recruited by an ISO 26362 certified professional online panel company. At T1,
participants provided information on demographic characteristics and environmental attitudes
as control variables. At T3, participants took an environmental knowledge test (n.b., no data
collected at Time 2 is used in the current study). Finally, at T4, participants reported their cli-
mate change anxiety, as well as the Big Five personality characteristics as control variables.

A sample of 2,066 employed adults in Germany participated in this study. The sample
was 50.39% female and on average 47.07 years of age (SD=12.18, range 18-85 years).
Most participants (43.47%) held a college/university or technical college degree. The sam-
ple was not representative of the general population, as it did not include children, retir-
ees, and unemployed people. The sample was also older and more highly educated than
the working population in Germany (i.e., average age of 44 years, 24% college/university
degree). Further information on the sample (e.g., income, industry) is available in Table S1
in the online supplemental materials (OSM; https://osf.io/Smqjh).

The first survey was initiated by 3,566 people. Sample sizes for observed variables var-
ied by time point (T1: 3,256—3,562; T3: 2,350—2,353; T4: 2,336—2,337), suggesting
some degree of attrition over time and some degree of missingness within each time point.
Our analyses are based on a sample of 2,066 individuals who provided complete data on
our substantive and control variables across all time points. Table S1 compares these com-
plete responders to incomplete responders (n=1,500). We also ran a logistic regression
model showing that T1 demographics predicted less than 2% of the variance in attrition,
suggesting that bias due to attrition was not a significant concern. Complete data and R
code to reproduce the analyses reported in this paper can be found in the OSM.

2.2 Measures
Reliability information for all measures is reported in Table S2 in the OSM.

Environmental knowledge A 35-item multiple-choice environmental knowledge test, in
which answers to the questions can be scored as “correct” or “incorrect,” was collected
from participants at T3 (Geiger et al. 2019). An example item is: “Which of the following
phenomena has been the main cause of global warming over the last 20 years? (a) Reduc-
tion of the ozone layer (the so-called ozone hole), (b) Increased emissions of greenhouse
gases (the so-called greenhouse effect), (c) Changes in ocean currents, (e.g., “el Nifio”),
(d) Changes in the skewness of earth’s axis.” Each participant’s overall environmental
knowledge score was represented as the number of correct answers out of 35. Consistent
with Geiger et al. (2019), we further computed seven dimension scores based on subsets of
the items, including basic ecology (5 items), economy (3 items), consumption behavior (9
items), environmental contamination (5 items), climate (5 items), resources (4 items), and
society/politics (4 items).
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Climate change anxiety A 13-item measure of climate change anxiety was collected at T4
(Clayton & Karazsia 2020; Wullenkord et al. 2021). Example items are “Thinking about
climate change makes it difficult for me to concentrate” and “I find myself crying because
of climate change.” Responses were provided on a 7-point scale ranging from 1 =strongly
disagree to 7=strongly agree. Clayton and Karazsia (2020) suggested that their scale
consists of two dimensions, cognitive-emotional and functional impairment, which were
strongly correlated in their studies (i.e., ¥=0.78, r=0.84). Consistent with Wullenkord
et al. (2021), who were unable to replicate this two-dimensional structure using the Ger-
man version of the scale, we used a single score of climate change anxiety in our focal
analyses. As shown in our correlation table (Table S3 in the OSM), the two dimensions
were also strongly correlated in our study (r=0.88). However, we report results of supple-
mental analyses for each climate change anxiety dimension. As shown in Table S4 in the
OSM, these results were very similar to our focal results.

Demographic characteristics We controlled for age (in years), sex (0=male, 1 =female),
and education (0=lower secondary school, 1 =intermediate secondary school, 2=upper
secondary school, 3 =college/university or technical college) collected at T1. Younger
and female persons are more likely to experience climate change anxiety (Searle and
Gow 2010). Moreover, people with higher education may possess greater environmental
knowledge.

Personality characteristics We additionally controlled for core personality characteristics
classified by the “Big Five” model (i.e., extraversion, agreeableness, conscientiousness,
emotional stability, openness). Emotional stability (the opposite of neuroticism) is associ-
ated with clinically-relevant indices of anxiety (Kotov et al. 2010) and climate change anxi-
ety (Clayton 2020). Moreover, people with higher conscientiousness and openness may be
more motivated to obtain environmental knowledge. We collected the 21-item Big Five
Inventory at T4 (Rammstedt and John 2005). Participants provided their responses on a
7-point rating scale ranging from 1 =strongly disagree to 7=strongly agree.

Environmental attitudes Finally, we controlled for environmental attitudes using a well-
established eight-item scale collected at T1 (Bamberg 2003). Environmental attitudes (and
closely related motivational constructs, such as environmental awareness) are positively
related to climate change anxiety (e.g., Verplanken et al. 2020). An example item is “For
the benefit of the environment we should be ready to restrict our momentary style of liv-
ing.” Responses were provided on a 5-point scale ranging from 1=strongly disagree to
7=strongly agree.

2.3 Statistical analyses

We used ordinary least squares (OLS) regression for our focal analyses. In a first model,
T4 climate change anxiety was regressed onto T1 demographics and environmental atti-
tudes, T4 personality characteristics, and T3 overall environmental knowledge. In a second
model, we regressed climate change anxiety on the control variables and the seven environ-
mental knowledge dimensions (instead of overall environmental knowledge).
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3 Results

Descriptive statistics and correlations are provided in Tables S1 and S3 in the OSM.
The mean of climate change anxiety was 2.10 (on a scale ranging from 1 to 7), and
on average there were 21.50 correct responses to the 35 environmental knowledge
questions (range: 5-35). The bivariate correlations of overall environmental knowl-
edge and climate-specific knowledge with climate change anxiety were r=-0.34 and
r=-0.24, respectively.

Results of regression analyses (see Table 1) showed that overall environmental knowl-
edge negatively predicted climate change anxiety (B=-0.09, p<0.001), above and
beyond the effects of demographics, environmental attitudes, and personality character-
istics (see Fig. 1). Thus, Hypothesis 1 was supported: people who possess more (less)
overall environmental knowledge experience less (more) climate change anxiety. Moreo-
ver, scores of six out of the seven content domains were negatively associated with cli-
mate change anxiety in a separate analysis, including knowledge about consumption
behavior (B=-0.10, p <0.001), basic ecology (B=-0.06, p=0.022), economy (B=-0.12,
p<0.001), society/politics (B=-0.06, p=0.015), contamination (B=-0.09, p <0.001),
and climate (B=-0.09, p<0.001, see Table 1). The latter finding supports Hypothesis
2: people who possess more (less) climate-specific knowledge experience less (more)
climate change anxiety.

The effects of the control variables were largely consistent with expectations and previ-
ous research (e.g., Whitmarsh et al. 2022). Specifically, in both models, education, environ-
mental attitudes, and openness positively predicted climate change anxiety, whereas age,
conscientiousness, and emotional stability negatively predicted climate change anxiety. In
contrast to previous research, sex was not significantly correlated with climate change anx-
iety at the bivariate level (Table S3), but negatively predicted it in the regression analyses,
suggesting that women experience less climate change anxiety when men. A supplemental
specification curve analysis suggested that environmental attitudes, emotional stability, and
environmental knowledge may be masking this effect in the correlations (see Figure S1 in
the OSM).

3.1 Supplemental analyses

Due to a skewed distribution of climate change anxiety, we additionally considered gen-
eralized linear models (inverse Gaussian with an identity link) as a robustness check. The
results of these models were equivalent to the OLS models in terms of the statistical con-
clusions drawn from our primary analysis (see Table S5 in the OSM).

In addition, although previous research suggests a linear relationship between knowl-
edge and anxiety, we explored nonlinear associations between environmental knowledge
and climate change anxiety. As shown in Table S6 in the OSM, there was evidence for non-
linear effects of overall environmental knowledge and its consumption and climate dimen-
sions on climate change anxiety. However, as shown in Figure S2, these relations had a
very similar form as the linear relations (i.e., “L-shaped,” suggesting “diminishing returns”
rather than “U-shaped” effects).
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Table 1 Results of Ordinary Least Squares Regression Analyses Predicting Climate Change Anxiety

T4 Climate Change Anxiety

Estimate [SE]

T4 Climate
Change Anxi-
ety

Estimate [SE]

(Intercept)

T1 Age

T1 Sex (O=male, 1 =female)

T1 Education

T1 Env. Attitudes

T4 Extraversion

T4 Agreeableness

T4 Conscientiousness

T4 Emotional Stability

T4 Openness

T3 Overall Env. Knowledge

T3 Env. Knowledge — Basic Ecology

T3 Env. Knowledge — Economy

T3 Env. Knowledge — Consumption Behavior

T3 Env. Knowledge — Env. Contamination

T3 Env. Knowledge — Climate

T3 Env. Knowledge — Resources

T3 Env. Knowledge — Society/Politics

N

AIC

BIC

R-squared
R-squared Adjusted
RMSE

4.524%%%
[0.192]
-0.004*
[0.002]
-0.337%**
[0.048]
0.1117%%%
[0.024]
0.341%%*
[0.028]
0.029
[0.020]
-0.007
[0.022]
-0.154%%*
[0.025]
-0.254%%*
[0.020]
0.067**
[0.023]
-0.085%**
[0.004]

2,066
5944.351
6011.951
316
313
1.014

4.515%%*
[0.199]
-0.004*
[0.002]
-0.322%%*
[0.048]
0.109%**
[0.024]
0.342%**
[0.028]
0.03
[0.020]
-0.01
[0.022]
20,151 %%
[0.025]
-0.254%%*
[0.020]
0.065%*
[0.023]

-0.059*
[0.026]
-0.116%**
[0.028]
-0.101%**
[0.016]
-0.093%#*
[0.023]
-0.092%#*
[0.026]
-0.038
[0.024]
-0.061*
[0.025]
2,066
5948.815
6050.215
319

313
1.012
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Table 1 (continued)

T4 Climate Change Anxiety T4 Climate

Change Anxi-
ety
Estimate [SE] Estimate [SE]
Sigma 1.017 1.016

T =Time; Env.=Environmental. Regression coefficients are unstandardized
*p<.05

** p<.01

% p <.001

Time 4 Climate Change Anxiety
SN

5 10 15 20 25 30 35
Time 3 Overall Environmental Knowledge

Fig. 1 Inverse Association between Time 3 Overall Environmental Knowledge and Time 4 Climate Change
Anxiety. Note. Data points have been “jittered” to avoid overplotting

4 Discussion

The results of this study add to the growing body of evidence that higher domain-specific
knowledge is associated with lower domain-associated anxiety. They also contribute to the
emerging literature on the construct of climate change anxiety, which so far has focused
on demographics, attitudes, and personality characteristics as predictors and neglected the
role of environmental knowledge (Clayton 2020). In terms of practical implications, the
main finding that environmental knowledge is negatively related to climate change anxiety
suggests that efforts to improve environmental knowledge, for instance through educational
and training interventions, may help reduce such anxiety. This seems important given
demonstrated links between climate change anxiety and more general forms of mental ill-
health, including generalized anxiety, depression, and distress (Schwartz et al. 2022; Searle
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and Gow 2010). These interventions could be targeted especially at younger people and
people with higher environmental awareness and attitudes (e.g., climate scientists), who are
at risk of experiencing higher climate change anxiety (Clayton 2020; Crandon et al. 2022;
Verplanken et al. 2020).

However, consistent with previous research (Wullenkord et al. 2021), the average level
of climate change anxiety in our sample was already quite low and, thus, it may not be
possible to decrease it much further through interventions. It could also be questioned
whether climate change anxiety has only (and always) negative consequences or, under
certain circumstances, may even lead to positive outcomes. For example, recent research
has suggested that engaging in collective action to address climate change can buffer the
effect of climate change anxiety on depressive symptoms (Schwartz et al. 2022). Moreo-
ver, the measure used in our study is based on a definition of climate change anxiety as “a
more clinically significant ‘anxious’ response” (Clayton and Karazsia 2020, p. 9). Future
research should also focus on the potentially beneficial outcomes of more adaptive forms
of climate change anxiety, such as practical anxiety (Pihkala 2020) or rational worrying
(Verplanken and Roy 2013). Compared to clinical forms of climate change anxiety, these
more adaptive forms may be constructively channeled into productive responses, such as
increased information seeking and pro-environmental behavior (Verplanken et al. 2020).
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