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Abstract

Research on the emotional experience of climate change has become a hot topic. Yet
uncertainties remain regarding the interplay between climate change-related emotions
(i.e., eco-anxiety, eco-anger, eco-sadness), general emotions (i.e., regardless of climate
change), and pro-environmental behaviors. Most previous research has focused on
cross-sectional studies, and eco-emotions in everyday life have seldom been considered.
In this preregistered study, 102 participants from the general population rated their eco-
emotions (i.e., eco-anxiety, eco-anger, eco-sadness), their corresponding general
emotions (i.e., anxiety, anger, sadness), and their pro-environmental intentions and
behaviors daily over a 60-day period. Using a multilevel vector autoregressive
approach, we computed three network models representing temporal (i.e., from one
time-point to the next), contemporaneous (i.e., during the same time frame), and
between-subject (i.e., similar to cross-sectional approach) associations between
variables. Results show that eco-anger was the only predictor of pro-environmental
intentions and behaviors over time. At the contemporaneous level, the momentary
experience of each eco-emotion was associated with the momentary emotional
experience of the corresponding emotion, indicating the distinctiveness of each eco-
emotion and the correspondence between its experience and that of its general, non-
climate-related emotion. Overall, our findings 1) emphasize the driving role of eco-
anger in prompting pro-environmental behaviors over time, 2) suggest a functional and
experiential distinction between eco-emotions, and 3) provide data-driven clues for the
field's larger quest to establish the scientific foundations of eco-emotions.

Keywords: climate change, climate anxiety, eco-emotions, eco-anxiety, eco-
sadness, eco-anger, pro-environmental behaviors, temporal network approach,

experience sampling method
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When eco-anger (but not eco-anxiety nor eco-sadness) makes you change!
A temporal network approach to the emotional experience of climate change

Climate change poses a significant threat to the habitats, livelihoods, and health
of the many species and people living on Earth (Intergovernmental Panel on Climate
Change; IPCC, 2022). And, as people become increasingly aware of the current and
future hazards associated with climate change, alarming rates of anxiety feelings about
climate change have been reported worldwide, highlighting it as a potential threat to
mental health.

For instance, in a study of 10,000 adolescents and young adults from 10 different
countries, 59% of the participants reported being "very or extremely" concerned about
climate change (Hickman et al., 2021). In addition, more than 45% revealed that climate
change concerns were debilitating their daily lives (e.g., had a negative impact on their
ability to work or concentrate in school), primarily due to their perception that their
future is doomed and that governments are failing young people (Hickman et al., 2021).

Similar alarming rates of high anxiety regarding climate change have been
reported among adults worldwide (e.g., Clayton & Karazsia, 2020; Gibson et al., 2020;
Mouguiama-Daouda et al., 2022). For example, in two general population samples from
the U.S., about a quarter of the respondents reported levels of anxiety about climate
change that resulted in functional impairments in their daily lives (Clayton and
Karazsia, 2020). Likewise, in a recent international study in European and African
countries (Heeren et al., 2022), one in five participants reported that anxiety vis-a-vis
climate change significantly impaired their ability to function in daily life (e.g., their
ability to socialize, focus on family, and work effectively). This phenomenon is known
as eco-anxiety (also known as climate anxiety), and it refers to the experience of anxiety

and worry about the potential magnitude of climate change impacts and the uncertainty
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of their specific nature, timing, and exact location, even among people who have not
personally been exposed to the direct impacts (Clayton, 2020; Clayton & Karazsia,
2020)". And preliminary evidence has revealed that eco-anxiety can yield detrimental
consequences on mental health (for a systematic review, see Boluda-Verdu et al., 2022).

However, much remains to be learned about eco-anxiety (Heeren & Asmundson,
2023). Amidst the many challenges associated with eco-anxiety, a key question is
whether it can be viewed, by analogy with general anxiety (i.e., regardless of climate
change), as an adaptive response to a real threat that, here, could promote pro-
environmental behaviors and, in turn, help lessen our ecological footprint (Heeren et al.,
2023). Indeed, for decades, basic research has viewed anxiety as a potentially adaptive
response vis-a-vis future-oriented uncertainty- related situations, notably in terms of
adaptive anticipations of possible threats that are not immediately present as well as
readiness for dealing with such threats should they occur (e.g., American Psychological
Association, 2015; Heeren, 2020; Ohman, 2008). With respect to eco-anxiety, some
studies have accordingly shown moderate to strong associations between eco-anxiety
and pro-environmental behaviors (e.g., Heeren et al., 2022; Sangervo et al., 2022;

Verplanken et al., 2020), particularly when eco-anxiety is not too severe or associated

I Although the notion of climate anxiety (and eco-anxiety) has gained traction, there is a
striking lack of consensus among authors regarding its very definition. In a recent
scoping review, Coffey et al. (2021) identified more than 10 operationalizations in the
existing literature. As argued elsewhere (e.g., Heeren & Asmundson, 2023), in addition
to stressing the lack of integrative theoretical formulations regarding climate anxiety,
such a lack of consensus regarding its hallmark features severely hinders scientific
progress. On the other hand, most recent empirical research has aligned with Clayton
(2020) 's operationalization whereby climate anxiety refers to the experience of anxious
feelings and worries associated with the perception of the potential scope of the
anticipated impacts of climate change and the uncertainty over their nature, timing, and
location, even among people who have not personally experienced any direct effect.
Here, in line with recent empirical development, we followed Clayton (2020).
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with debilitating functional impairments (Heeren et al., 2022). Yet, despite their merits,
most of these studies relied upon cross-sectional data, thus precluding any strong
inference regarding the temporal dynamics between this association (Heeren &
Asmundson, 2023).

In addition to eco-anxiety, there is evidence of other emotions that people may
feel in the face of climate change, a phenomenon known as eco-emotions (for reviews,
see Cianconi et al., 2023; Pihkala, 2022; Zaremba et al., 2022). However, although the
construct of eco-emotions has gained traction, it has seldom been empirically studied.
First, some scholars have even suggested that the experience of eco-anxiety might
actually encompass a larger gamut of emotions than merely anxiety vis-a-vis climate
change and the ecological crisis, with a few scholars even suggesting that eco-anxiety
may include despair, anger, and sadness (e.g., Dodds, 2021; Kurth, & Pihkala, 2022; for
a review, see Coffey et al., 2021). As such, questions arise whether one can experience
eco-anxiety without contemporaneously (i.e., at the same time-point) experiencing other
emotions vis-a-vis climate change and the ecological crisis.

Second, the plethora of new neologisms—i.e., newly coined words—developed
to capture these emotional responses to climate change (e.g., solastalgia; Albrecht et al.,
2007) has prompted a dismissive appraisal of the prospect that eco-emotions are a
viable psychological construct, notably because the theoretical foundations behind most
of the conceptual and empirical works on eco-emotions are not always directly
entrenched in the psychological sciences of emotion, nor in the broader domain of
affective (neuro)sciences. As a result, this lack of theoretical basis has cast doubt on the
relevance and distinction (and potential overlap) between these eco-emotions. For
instance, one may wonder whether the momentary emotional experience of anger vis-a-

vis climate change differs from the momentary experience of anxiety or sadness
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regarding climate change? For all these reasons, the authoritative Intergovernmental
Panel on Climate Change (IPCC, 2022) has even expressed, in its most recent report,
serious concerns about the lack of serious empirical research regarding this emerging
field (Cissé et al., 2022).

Aside from the many theoretical speculations about eco-emotions, a few
empirical studies have been published (Clayton & Karazsia, 2020; Doherty & Clayton,
2011), however, and point to three key climate change-related emotions, namely: Eco-
anger (or feelings of anger about climate change); Eco-anxiety (as defined above);
and Eco-sadness (or feelings of sadness about climate change). Interestingly, in a recent
large study that aimed to inductively explore the emotional landscape associated with
the perception of climate change, these three eco-emotions were the most frequently
reported, as well as the most frequently co-occurring emotional experiences related to
climate change (Marczak et al., 2023). Moreover, Stanley et al. (2021) recently found
that these three eco-emotions were all positively associated with collective pro-
environmental behaviors, such as taking part in a protest. But, when controlling for all
other eco-emotions (that is, when examining the unique contribution of each variable in
the model), only eco-anger remained significantly associated with both personal (i.e., at
the individual level) and collective pro-environmental behaviors, suggesting that eco-
anger might be the only emotional response that can really prompt ecological-friendly
behaviors and, therefore, be considered as adaptive in the fight against climate change.

However, much is still unknown about the distinction between eco-emotions and
their general, non-climate-related emotional counterparts. A first clue arises from the
literature on the associations between eco-emotions and other negative general emotions
such as fear, sadness/depression, or anger. But despite numerous studies showing small-

to-moderate associations between eco-anxiety with either depression or anxiety (e.g.,
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Clayton & Karazsia, 2020; Mouguiama-Daouda et al., 20220; Wullenkord et al., 2021),
only Stanley et al. (2021) examined the relationships between the three distinct eco-
emotions (i.e., eco-anxiety, eco-sadness, and eco-anger) with depression, anxiety, and
stress. They found that higher levels of eco-anxiety and eco-sadness were associated
with higher symptoms of depression, anxiety, and stress, but eco-anger was the only
eco-emotion that was not negatively associated with general emotions. This observation
was interpreted by the author as eco-anger being potentially protective and a uniquely
adaptive emotional response to the climate crisis (Stanley et al., 2021). Yet this study
was based solely on cross-sectional data. Moreover, given that prior research focused on
the mental health impact of eco-emotions, this research has mostly relied upon measures
of depression or anxiety symptoms. But, none of these studies examined whether the
momentary experience of each of the three eco-emotions (i.e., eco-anger, eco-anxiety,
and eco-sadness) actually relate to the momentary experience of their non-climate-
related specific emotional counterpart (i.e., anger, anxiety, sadness).

Yet, one might ask whether experiencing eco-anger would also activate the
feeling of anger? Or can one feel eco-anxiety without also simultaneously feeling
anxiety? Although this point may seem trivial, it is crucial for the scientific foundation
of eco-emotions to ensure that the momentary emotional experience of each eco-
emotion shares the same momentary subjective experience of the corresponding general
emotion. Should the momentary experience of each eco-emotion not be related to the
momentary experience of the corresponding general emotion, this would require
stopping the attachment of terms such as anxiety, anger, or sadness to the prefix "eco-",
and instead urgently require clarifying the very emotional nature of these so-called eco-
emotions. However, should eco-emotions share the momentary experience of the

corresponding emotion, it would empirically allow the relevance of distinguishing each
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eco-emotion, and help ensure that future research in this emerging field can be grounded
on decades of emotion research.

Finally, since this entire area of research is based almost exclusively on cross-
sectional data, it focuses only on between-subject differences. This is unfortunate, given
that within-person changes reflect how a person's emotional experience is inherently
dynamic and constantly changing (Kuppens & Verduyn, 2017). Moreover, between-
subject differences from cross-sectional data thwart any inference one can make
regarding the momentary (i.e., during a specific time-frame) or temporal (from one
time-point to the next) dependencies between variables. Therefore, to clarify whether a
person's emotional experience of climate change can elicit an adaptive response or
whether the momentary experience of eco-emotions relates to the momentary
experience of their corresponding general emotion, one must also consider the
covariance between these variables at the within-subject level (Heeren & Asmundson,
2023). This point is crucial for theoretical and interventionist inferences, as between-
subject inferences cannot be generalized to within-subject ones (e.g., Fisher et al.,
2018).

Thus, in the current study, we assessed the dynamic within-subject interplay
between eco-emotions (eco-anger, eco-sadness, eco-anxiety), possible associations with
their non-climate-related emotional counterparts (i.e., anger, sadness, anxiety), and their
possible relationships with adaptive responses (i.e., intentions to behave in an
environmentally friendly manner, as well as actual environmentally-friendly behaviors).
Because we assumed that, in a temporal framework, emotions might trigger intentions
before they affect behavior, we decided to assess intentions as well, rather than
behaviors only, as it was the case in previous studies. To best capture the ever-changing

nature of these processes, we instructed participants to report their experiences once per
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day over a two-month period (i.e., 60 days). To characterize the dynamic associations
between variables, we used a multilevel vector autoregressive network model, which is
particularly useful for visualizing multivariate temporal relationships (for a scoping
review, see Blanchard et al., 2023). Specifically, we estimated three types of networks
of these intensively surveyed variables (Epskamp, Waldorp, et al., 2018): 1) a temporal
network, a within-subject model to examine how variables are related from one time-
point to the next ; 2) a contemporaneous network, a within-subject model to examine
how variables are related within the same time-frame (i.e., momentary associations
between variables) and 3) a between-subjects network model to observe the mean-level
relationships between variables collapsed across time (i.e., similar to a cross-sectional
approach). This threefold framework is a typical practice in temporal network analysis
to disentangle the dynamic interplay between all variables of interest at once by
considering different perspectives (for a review, see Blanchard et al., 2023). Given that
this study is the first of its kind and we did not know how participants would experience
daily fluctuations in our variables of interest, we did not formulate any specific a priori
hypothesis. This study is therefore exploratory, without confirmatory hypotheses about
the network structure or the temporal relationships between the variables of interest.
Methods

Transparency and Openness

The study design and analysis plan for this study were preregistered on the Open

Science Framework (https://osf.io/q2yks). We provide the study materials, R code, and

de-identified data at https://osf.io/mrb4w/.
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Participants?

We recruited 104 French-speaking Belgian adult participants from the general
community via social media, flyers, and local news. Of these, two participants did not
complete at least 1/3 of the entire survey (i.e., at least 20 days of surveys; Blanchard et
al., 2023), and were not considered for further analysis. Our final sample, therefore,
included 102 participants (aged 18-69 years, M =31.81, SD = 10.91, 72.5% female).
Participants’ characteristics are depicted in Table 1. Participants received 50€ for
participating in the entire study (and 10€ if they dropped out before completing at least
1/3 of the surveys). Each participant provided written informed consent before
completing the survey. The study was approved by the Institutional Review Board of
the Psychological Sciences Research Institute of UCLouvain (Reference: Project IPSY
2021-12) and conducted according to the Declaration of Helsinki.

Baseline Measures

Before beginning the daily surveys, participants were asked to provide
information about their sociodemographic characteristics (i.e., age, gender, civil status,
education, and net income). Then, we assessed depression, anxiety, stress, and climate
anxiety using, respectively, the French version of the Depression Anxiety and Stress
Scale (DASS-21; Ramasawmy, 2015) and the French version of the Climate Change
Anxiety Scale (CCAS; Mouguiama-Daouda et al., 2022). Their scores on all these

scales are available in Table 1.

2 Since there is no possibility to estimate a priori power analyses for temporal networks,
our sample size decision was based upon previous research combining ESM and temporal
network analysis with similar number of nodes and time-points; e.g., Aalbers et al., 2019;
Contreras et al., 2020; Greene et al., 2020; as suggested in Blanchard et al., 2023). For
more information, see our preregistration available at https://osf.io/mrb4w/registrations.
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The Depression Anxiety and Stress Scale — 21 (DASS-21; Lovibond &
Lovibond, 1995) is a 21-item self-report instrument assessing depression, anxiety and
stress over the previous week. The scale is composed of three subscales with 7 items
each, assessing respectively: Depression (e.g., « I couldn’t seem to experience any
positive feeling at all »), Anxiety (e.g., « I felt scared without any good reason»), and
Stress (e.g., « [ was intolerant of anything that kept me from getting on with what I was
doingy). Participants reported mild to moderate scores for depression and anxiety and
mild scores for the stress subscale (see Table 1). Internal reliability for the three
subscales was good in our sample, with Cronbach alphas of .90 for depression, .85 for
anxiety, and .88 for stress.

The Climate Change Anxiety Scale (CCAS; Clayton & Karazsia, 2020) is a 13-
item self-report questionnaire that measures climate change anxiety. We relied on the
CCAS since it has become the most used instrument to assess climate change anxiety
worldwide (e.g., Hickman et al., 2021; Innocenti et al., 2021; Wullenkord et al.,

2021). The CCAS includes two subscales® with: a) eight items measuring the cognitive
and emotional impairments of climate anxiety (e.g., «Thinking about climate change
makes it difficult for me to concentrate»); and (b) five items measuring the functional
impairments (e.g., «My concerns about climate change interfere with my ability to get
work or school assignments done»). In the present study, the internal reliability of
CCAS was good, with a Cronbach’s alpha of. 90 for the global scale score (.82 for the
cognitive-emotional impairments subscale and .84 for the functional impairment one).

To best characterize our sample, we also assessed their perception of,

identification with, and emotional connection to nature using the Environmental Identity

3 Following recent studies on the CCAS (e.g., Mouguiama-Daouda et al., 2022), we
focused only on the two subscales related to climate anxiety (i.e., the first 13 items).
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Scale (EIS; Clayton et al., 2021). It is an 11-item scale (e.g., «Acting responsibly for the
planet - with a sustainable lifestyle - is part of my moral values») with a 7-point Likert
scale. A total score can be calculated by averaging all items. In this study Cronbach’s
alpha was good (a = .82)*.
Daily Assessment

Participants answered the daily survey at approximately 7 P.M. each evening.
They had three hours to respond after receiving the notifications. Thus, they received a
total of 60 notifications (one per day for 60 days). The notifications were sent to the
participants using m-path software (Mestdagh et al., 2022). The daily diary survey
included eight items presented in random order and presented with a response-slider
ranging from 0 (not at all) to 100 (absolutely). Five items related to climate change and
began with the heading "In relation to climate change, today I've felt... ". Items focused
specifically on eco-anxiety ("...anxious"), eco-anger ("...angry"), eco-sadness ("...sad"),
eco-friendly intentions ("I have felt motivated to behave more environmentally
friendly"), and eco-friendly behaviors ("I have actively behaved in an environmentally
friendly way"). Three questions related to general emotional experiences, independent
of climate change. They began with the heading "In general today I have felt..."- and
thus independent of climate change) and specifically assessed anxiety ("... anxious"),
anger ("... angry"), and sadness ("...sad").

These items were designed, created, and pretested in line with the ESM

literature, in which questions are asked one to several times a day over an extended

4 Originally, we had also planned to assess climate change denial using the 6-item scale
developed by Bruegger et al. (2015), which asks participants to indicate their skepticism
about climate change. However, we decided not to use this scale in the present study
because the psychometric properties of the French version of the scale were too poor
(e.g., Cronbach alpha of .62).
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period of time (Palmier-Clauss et al., 2019; Myin-Germeys & Kuppens, 2022). The
exact items in French (and their English translations) can be found in Table S1 in the
Supplementary Material. We also examined the psychometric properties of these items
by ensuring that each item had sufficient within-subject variability and that none of the
items were redundant (see Section 1 in the Supplementary Materials). Following
Experience Sampling Methodology (ESM) guidelines (e.g., Myin-Germeys & Kuppens,
2022), the order of the items was randomized (at every time-point) to prevent systematic
sequence effects from introducing bias to the data.
Data analysis

We used a multilevel vector autoregressive model (mlVAR; Epskamp, Waldorp,
et al., 2018) for time-series data to account for temporality and within-person
dependency of the time-points. From this model, we built three different network
models.

First, the m/VAR model regresses each variable at time ¢ on itself and on all other
variables at time #-/, thus estimating how each variable predicts all other variables at the
next time-point (Epskamp, Waldorp, et al., 2018). This would correspond to
the temporal network model that visualizes the associations between variables from one
time-point to the next via arrows, while accounting for all other associations. Second,

a contemporaneous network model illustrates contemporaneous (i.e., within the same
time-point) associations between variables by regressing the residuals of one variable
from the mIVAR model on all other residuals from the same time-point. This network
displays how variables are simultaneously (i.e., within the same time frame) associated,
after controlling for all other contemporaneous and temporal associations. Epskamp,
Waldorp, et al. (2018) suggest that the contemporaneous network might capture

processes that occur faster than the lag interval (e.g., daily in this study). Finally,
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participant mean responses were used to build a between-subjects network model that
depicts the associations between variables on average between participants, collapsing
across time (and controlling for all other variables). Thus, the m/VAR model includes
fixed (i.e., group-level) and random (i.e., individually estimated) effects.

Data were analyzed using R software, version 4.1.0 (R Core Team, 2022) via
the mIVAR (Epskamp et al., 2021) and ggraph (Epskamp et al., 2022) packages. For the
contemporaneous and between-subject networks, we used the conservative “AND” rule
to retain a significant edge, i.e., both coefficients (from node A to node B and vice-
versa) had to be significant (a = 0.05) for that edge to be kept in the final model. We
also assessed the two main assumptions of m/VAR models: normality and stationarity
(see section 2 in the Supplementary Materials).

Results
Descriptive Statistics

The mean number of surveys answered per person was 55.12 observations (out
of 60), with a compliance rate of 92%. Descriptive information regarding demographics
and baseline questionnaires are available in Table 1, while descriptive information
regarding the ESM measures (e.g., intraindividual means, SDs, intraclass correlations)
can be seen in the Supplementary Materials (Table S2).

Contemporaneous network

The contemporaneous network model (Figure 1a) shows the associations
between variables within the same time frame (i.e., same day), after controlling for all
other temporal and contemporaneous relationships. A few observations stand out. First,
the three non-climate-related emotions are strongly related, suggesting that the
experience of one emotion is associated with also experiencing the two other emotions

during the same day. In the same vein, the three eco-emotions are strongly related: thus,
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experiencing one eco-emotion is associated with also experiencing the other two eco-
emotions that same day. Moreover, each eco-emotion is positively associated to the
intention to behave in an environmentally friendly way, but not to the behavior per se.
Finally, the most striking observation was that each eco-emotion appears uniquely
associated with its corresponding, non-climate-related, emotion. In other words, the
momentary experience of eco-anger is uniquely associated with the emotional
experience of anger (and has no association with anxiety nor with sadness), the
momentary experience of eco-anxiety is uniquely associated with the emotional
experience of anxiety (and has no association with anger nor with sadness), and the
momentary experience of eco-sadness is uniquely associated with the emotional
experience of sadness (and has no association with anxiety nor with anger).
Temporal network model

The temporal network model (see Figure 1b) illustrates how each variable
predicts other variables and itself (self-loops) at the next time-point (e.g., the next day).
First, all variables have positive autoregressive (i.e., self-predictive) loops, suggesting a
potential temporal stability of eco-anger, eco-sadness and eco-anxiety. In other words, if
someone experienced any of the eco-emotions, they were likely to keep experiencing it
the next day. Second, unlike the contemporaneous network, the three eco-emotions are
no longer connected to their corresponding, non-climate-related, emotion, with those
latter now emerging as functionally independent from the climate-related variables
when considering their temporal dynamics. In other words, they do not trigger one
another over time. Third, each eco-emotion positively predicts the two other eco-
emotions: eco-anxiety positively predicts eco-anger and eco-sadness over time, eco-
anger positively predicts eco-anxiety and eco-sadness over time, and eco-sadness

positively predicts eco-anxiety and eco-anger. Finally, eco-anger is the only eco-
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emotion that positively triggers (from one day to the next) not only the intention to
engage in pro-environmental behaviors but also the execution of pro-environmental
behaviors per se. Unexpectedly, pro-environmental behaviors, but not intention to
behave in an eco-friendly manner, also positively predicts eco-anger over time.
Between-subject network

The between-subjects network (Figure 1¢) shows the correlations between the
intra-individual mean levels of the variables over the entire testing period (i.e., 60 days).
First, this model shows that participants with higher average of pro-environmental
intentions also have higher average of pro-environmental behaviors. Second,
participants with higher tendency (in average) of experiencing a given eco-emotion also
have a higher tendency of experiencing the corresponding non-climate-related emotion.

Discussion

Research on the emotional responses to climate change has gained traction over
the last few years. Yet uncertainties remain regarding the interplay between climate
change-related emotions (i.e., eco-anxiety, eco-anger, eco-sadness), their corresponding
non-climate-related emotions, and pro-environmental intentions and behaviors. In
addition, most research has remained at the cross-sectional level, which precludes any
inference about the temporal dependencies between these variables (Maurage et al.,
2013). In this preregistered study, we therefore examined the temporal associations
between these variables (assessed daily), through the lens of temporal network analysis.

Perhaps the most striking result was the observation of eco-anger as the only
eco-emotion temporally driving both pro-environmental intentions and behaviors. In
other words, from our findings, if people experience eco-anger on a given day, they are
more likely to behave in environmentally friendly ways the subsequent day. And that

observation should not come as a surprise. It echoes previous cross-sectional studies
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reporting that only eco-anger remained significantly associated with pro-environmental
behavior when controlling for other eco-emotions (Stanley et al., 2021). Here, we
replicate this observation and extend it to the temporal realm. Since one key question of
today’s research agendas on eco-emotions is whether climate-related emotions can play
an adaptive role in the adaptation to climate change, our results echo a small but
growing empirical literature suggesting that eco-anger might play a unique and highly
determinant role in prompting adaptive behaviors vis-a-vis climate change.

But could the experience of anger about climate change really be considered an
adaptive response to a climate—related threat? In prominent psychological literature,
emotions are often described as a space consisting of two independent dimensions:
(un)pleasure and (de)activation (e.g., Barrett & Russell, 1999). While the first
dimension refers to the hedonic tone of the emotional experience (i.e., a pleasant or
unpleasant emotion), the degree of activation refers to a sense of mobilization or the
degree to which an emotion promotes or inhibits action (Barrett, 2016; Barrett &
Russell, 1999). From this perspective, not only fear and anxiety but also anger are
considered "activating" because they predict behavioral attempts to reduce the threat,
whereas other negatively-valenced emotions such as sadness are considered less
activating and may lead to disengagement from a perceived threat. As such, our
observation of eco-anger as the sole predictor of pro-environmental behavior is not
surprising and aligns with decades of research on the potentially adaptive nature of
anger, especially in a context when negative feelings should be expressed to elicit
people's motivation to find solutions to problems (e.g., Celik et al., 2016; Ransan-
Cooper et al., 2018). Here, we extended this finding to the context of climate change. At
the societal level, this is consistent with decades of research in political science showing

the successful impact of collective and nonviolent expressions of anger (e.g., via
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nonviolent boycott, protest, civil disobedience) in creating broad-based social changes
across history, cultures, and political regimes (for a review, see Chenoweth & Stephan,
2012).

On the other hand, the elicitation of eco-anger regarding climate change to
prompt pro-environmental behaviors might not be the ultimate panacea. Indeed, the
experience of excessive anger can cause problems, such as increased risks for emotional
disorders (for a discussion, see Cassiello-Robbins & Barlow, 2016). As such, one might
even wonder whether the daily experience of excessive eco-anger might not have
harmful consequences. Therefore, a crucial next step will be to assess the long-term
adaptive and maladaptive impacts of eco-anger. Moreover, in the temporal network
model, our unexpected observation that pro-environmental behavior also predicts eco-
anger raises concerns about the potentially harmful consequences of excessive
engagement in pro-environmental behavior over time. This is consistent with a small
but growing empirical literature that points to the potential side effects of over-
commitment in causes where expected changes do not readily occur (e.g., Dwyer et al.,
2019). Although recent research suggests that promoting pro-environmental behaviors
may be a potential strategy to help people combat feelings of hopelessness and promote
community attachment and social support (Schwartz et al., 2022), practitioners should
therefore carefully consider whether engaging in pro-environmental behaviors has
restorative or harmful consequences for their clients before prescribing it (for a
discussion, see Heeren & Asmundson, 2023).

Another striking finding in our study is the observation, in the contemporaneous
network, that the momentary experience of a given eco-emotion is associated with the
momentary activation of its corresponding non-climate-related emotion, and not with

the activation of other emotions. In other words, one likely cannot experience a given
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eco-emotion without experiencing the corresponding non-climate-related emotion. For
instance, the emotional experience of eco-anger in one specific time-frame is associated
with the emotional experience of anger (and not to sadness or anxiety) during the same
time-frame. And the same goes for the experience of eco-anger and eco-sadness,
respectively. This observation has strong implications. First, this finding is at odds with
the emerging views of scholars who question the relevance of examining eco-anxiety
through the lens of anxiety research and who instead suggest that the emotional
experience of eco-anxiety encompasses a larger gamut of emotional experiences than
anxiety (e.g., Dodds, 2021; Kurth, & Pihkala, 2022). In contrast, our results suggest that
the momentary experience of each of the three key eco-emotions assessed in this study
1s specifically associated with momentary experience of their corresponding, non-
climate-related, emotion. In this way, our results thus clearly emphasize the importance
of functionally and experientially distinguishing between eco-emotions. A critical next
step would be to investigate whether each eco-emotion shares the same behavioral,
cognitive, and physiological characteristics as its corresponding, non-climate-related,
emotion. Given that the Intergovernmental Panel on Climate Change (Cissé et al., 2022)
has expressed serious concerns about the lack of conceptual and empirical foundations
regarding eco-emotions, anchoring future research on eco-emotions in an already well-
established scientific approach to emotions could help invigorate this emerging field.
This study has several limitations that need to be further explored in future
research. First, our sample was unselected and included only French speakers from
Belgium. Given that the current and long-term consequences of climate change are
more severe for people in Asian and African countries than in European countries,
particularly in terms of human health and safety and food and water security (e.g.,

World Meteorological Organization, 2020), a key step would be to investigate whether
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the present results can be generalized to more geographically and culturally diverse
samples. Likewise, since the beneficial impact of eco-anxiety on pro-environmental
behaviors may depend upon the level of eco-anxiety (Heeren et al., 2022), one might
wonder whether individuals with low versus high eco-anxiety would exhibit different
patterns of daily associations between eco-emotions and pro-environmental behaviors.
Second, we did not distinguish between individual (e.g., recycling) and collective (e.g.,
political voting, environmental activism) pro-environmental behaviors. This is
unfortunate, as previous research has linked eco-emotions to individual and collective
pro-environmental actions (e.g., Stanley et al., 2012). On the other hand, it may be
challenging to assess the variations in collective actions on a daily basis. Similarly,
future iterations may benefit from more objective measures of pro-environmental
behavior (e.g., Lange, 2022). Finally, consistent with previous research, we focused on
negatively-valenced emotions related to climate change. However, one might also
consider the role that positively-valenced ones—with and without regard to climate
change—may play in the daily emotional experience of climate change (e.g., Harth,
2021). Recent research, for example, has highlighted the potentially protecting role of
hope in the mental health consequences of climate change (e.g., Ojala, 2012). A critical
step in future iterations would thus be to examine whether hope can temporally drive

pro-environmental behaviors, and buffer the impact of negatively-valenced emotions.

20
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FIGURE CAPTIONS

Figure 1. Results from multilevel vector autoregressive (mlvar): contemporary,
temporal and between-subject network models

Note. Blue lines depict positive relations while red lines depict negative relation between
variables. /.a. Contemporaneous: Edges depict associations between the variables within
the same time frame after controlling for temporal associations. 1.b. Temporal: Edges
depict prediction between nodes from one measurement point to the next time point after
controlling for all other variables at the previous time point. /.c. Between-subject: Edges
depict correlations between intra-individual mean levels after considering the remaining
variables in the network. Behavior = Pro-environmental behaviors; Intentions = Pro-
environmental Intentions.
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Table 1

Sample characteristics

Participants
(N=102)
Sociodemographic characteristics
Gender, n (% female) 74 (72.5)
Age, mean (SD, range) 31.81(10.91, 18 - 69)
Civil Status, n (%)
Single 59 (57.8)
Married 19 (18.6)
Couple of fact 22 (21.6)
Divorced 2 (2.0
Educational level, mean of years studied from primary (SD) 17.04 (2.44)
Occupation, n (%)
Full-time worker 48 (47.1)
Part-time worker 11 (10.8)
On sick leave but still employed 2 (2.0)
Unemployed 4(3.9)
Student 33 (32.4)
Retired 3(2.9)
Receiving/pending on disability pension 1(1.0)
Net income, n (%)
From 1 to 1.500 €/year 23 (22.5)
From 1.500 to 2.500 €/year 23 (22.5)
From 2.500 to 3.500 €/year 10 (9.8)
From 3.500 to 4.500 €/year 17 (16.7)
From 4.500 to 5.500 €/year 11 (10.8)
More than 5.500 €/year 4 (3.9
I prefer not to say it 14 (13.7)
Baseline measures
DASS-21, Mean (SD)
Stress subscale (range 0 - 21) 8.80 (4.83)
Anxiety subscale (range 0 - 21) 5.34 (4.60)
Depression subscale (range 0 - 21) 7.18 (5.20)
Total (range 0 - 63) 21.33 (12.33)
CCAS, Mean (SD)
Cognitive-Emotional Impairment subscale (range 1 - 5) 1.92 (0.65)
Functional Impairment subscale (range 1 - 5) 2.06 (0.86)
Total (range 1 - 5) 1.97 (0.69)
Environmental Identity Scale (range 0 - 7) 5.76 (0.81)
Climate Change Scepticism (range 1-5), Mean (SD) 1.95 (0.46)

Note. SD = Standard Deviations; DASS-21 = Depression Anxiety and Stress Scale — 21,

CCAS = Climate Change Anxiety Scale



