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Introduction: Australia’s diverse climate and temperatures render it susceptible
to adverse and extreme weather events, and the impacts on social, emotional
and psychological wellbeing are complex. Recent studies in Poland, Ireland and
Norway validated a multi-dimensional and integrative assessment of the eco-
emotions tool, the Inventory of Climate Emotions (ICE).

Methods: Given the extreme variations in geographical, climatic, political and
cultural factors experienced worldwide, it is necessary to evaluate the ICE across
countries. This study is the first validation of the ICE in an Australian sample
(N = 659), and provides evidence of its structure, reliability and validity.

Results: Confirmatory factor analysis indicated a good fit after the removal of one
item from the isolation subscale, with model fit indices of CFI = 0.96, TLI = 0.95,
SRMR = 0.045,and RMSEA = 0.049. The ICE demonstrated stronginternal consistency,
with Cronbach'’s alphas ranging from 0.79 to 0.94, and moderate test—retest reliability
across all subscales except for Powerlessness (ICC = 048 to 0.74). Convergent validity
was supported by significant positive correlations between ICE subscales and the
Hogg Eco-Anxiety Scale, while divergent validity was demonstrated through weak or
non-significant correlations with the Riverside Life Satisfaction Scale.

Discussion: As the ICE was not developed in Australia, it may not account for
the full range of eco-emotions in the unique ecological and socio-cultural
context. However, this study provides important initial support for the use of the
ICE in Australia and suggests that some ecological emotions may be common
across cultures.
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Introduction

One of the current, defining public health issues is climate change (Patrick et al., 2023). The
planet is under stress, with more frequent, severe and widespread extreme weather events being
experienced, presenting ongoing threats to human health (Longman et al., 2023). Australia is
experiencing widespread adverse and extreme weather events at unprecedented rates (Ghosh and
Orchiston, 2022), with vulnerable communities and health systems disproportionately impacted
(Gergis et al., 2023). Multiple climate-related priorities have been identified for Australia, including
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increasing droughts and floods, water supply issues, ecosystem
vulnerability, coral reef destruction, diminished snowfall in alpine
regions, coastal and tropical vulnerability, and further disadvantages for
Indigenous people (IPCC, 2023). These ubiquitous and cascading
impacts from climate-related events affect all levels of society, through
interconnected systems of health and wellbeing, culture, the economy;,
ecosystems, agriculture and food security, water, infrastructure, energy,
transport and communications (Niggli et al., 2022). These interconnected
relationships can be understood within a One Health approach, that
recognises the systemic interdependency between people, the
environment, plants and animals (WHO, 2024). Climatic changes
disrupt the symbiosis between people and their environment (Usher
etal,, 2024) and have serious and significant consequences for human
physical and mental health and wellbeing (Ingle et al., 2020).

Climate emotions have been linked with generalised emotions,
emotional regulation, and behavioural action (Orrii and Mannarini, 2024;
Orruetal., 2024). Various new terms have been offered in the literature to
describe emotions associated with the environment. In a recent systematic
review, Cianconi et al. (2023) identified 21 categories of terms that describe
emotions related to the environment and climate change, including
variations of environmental stress; climate change distress and worry; a
range of eco-emotions such as eco-guilt, shame, fear, anxiety, paralysis,
phobia, anger, depression, nostalgia; climate anxiety, burnout, pre- and
post-trauma responses, and grief and despair. However, quantitative
measures of these new eco-emotion concepts are limited or not rigorously
developed and validated (Massazza et al., 2022; Charlson et al,, 2022). The
measures that do exist are mostly limited to the assessment of one emotion
in isolation, such as eco-anxiety (e.g., Clayton and Karazsia, 2020) or
climate change worry (Stewart, 2021). Research has suggested that a wide
range of emotions toward climate change can be experienced and may
relate to behaviour and wellbeing (Marczak et al., 2024); hence a multi-
dimensional assessment tool is needed.

In an effort to provide a multi-dimensional and integrative
assessment of eco-emotions, the Inventory of Climate Emotions (ICE)
was recently developed in Poland (Marczak et al., 2023). The ICE
contains 32 items within eight subscales of emotions related to climate
change, scored on a 5-point Likert scale. An exploratory factor analysis
(EFA) and further validation in an independent sample through
confirmatory factor analysis (CFA) identified eight factors of: anger
(feeling annoyed around the perception that authority has not been
doing enough to counteract climate change); contempt (disregarding the
issue of climate change); enthusiasm (believing in the possibility of
successful climate change mitigation); powerlessness (limited personal
ability to combat climate change leaving one helpless); guilt (feeling bad
due to past actions); isolation (others disinterest in the issue of climate
change might leave one feeling alone); anxiety (feeling anxious believing
that climate change is a major threat to human survival); and sorrow
(feeling sad that climate change is significantly changing the world with
great losses of life) (Marczak et al., 2023). Internal consistency reliability
was supported, as well as convergent, discriminant and concurrent
validity. Subsequently, the inventory has been psychometrically tested
for use in the European countries of Norway and Ireland, providing
further psychometric validation and supporting possible cross-cultural
relevance (Marczak et al., 2024). Marczak et al. (2023, p. 2) defined
climate emotions as “affective phenomena that accompany specific
climate-change related perceptions.” They assessed the meaning of the
emotional experiences as understood by the conceptual act theory of
emotions (Barrett, 2014), whereby language plays a fundamental part in
assessing emotions, therefore using language-based self-report measures
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as the optimal method to assess emotions in the ICE. Also influenced
by Barrett’s (2014) theory is the use of contexts in the ICE to capture
specific perspectives, which were narrowly defined to maintain the
robustness and internal consistency of the subscales (Furr, 2011).

Given the extreme variations in geographical, climatic, political and
cultural factors that are experienced worldwide, and that these are likely to
differentially relate to environmental emotions, cross-cultural and global
research is needed. Specifically, there are marked differences between
Poland, Norway and Ireland, where the ICE was developed and validated,
and other countries, for example Australia. Firstly, all four countries have
disparate climates, from temperate Poland to arctic Norway, mild, rainy but
lush green of Ireland, to Australia with a combination of temperate, arid
and tropical climates. Each also experience a different range of natural
hazards. Poland and Norway experience flooding and avalanches
respectively, while Australia is exposed to a wider range of natural hazards
including droughts, floods, cyclones and bushfires. Politically, the four
countries differ significantly, as Norway is a global leader in renewable
energy and sustainability while Poland, Ireland and Australia are still
transitioning from a reliance on fossil fuels. Norway, Ireland and Australia
have similar cultural connections to outdoor sports and activities, and
many enjoy an outdoor lifestyle. In contrast, Poland has less of an inherent
devotion to leisure time in nature. Finally, Australia is one of the most
multicultural countries in the world, in comparison to the more
homogeneous society of Poland, while Norway and Ireland both have
growing immigrant populations.

Thus, it is necessary to evaluate the ICE (Marczak et al., 2023) for
use in Australia, with its unique socio-cultural and environmental
context. As such, this study aimed to psychometrically evaluate the ICE
(Marczak et al., 2023) in an Australian sample and provide further
evidence of structure, reliability and validity for the measure.

Method
Participants

Following approval from the University Human Research Ethics
Committee, the Online Research Unit (ORU) recruited a sample of 659
Australian adults. Participants were selected using a quota-based
stratified sampling method to ensure representativeness of the
Australian population based on key demographic characteristics
including age, gender, State/Territory, and regional versus urban
residency. The stratification was informed by Australian census data to
enhance generalisability. Participants were invited to complete the
survey a second time approximately 4 months later, to assess the stability
of the measure over time. The survey was completed by 201 participants
at the second timepoint. Participants were required to be 18 years or
older and residing in Australia at the time of the study. There were no
exclusion criteria. Additionally, participants were compensated for their
time according to ORU’ standard, notional incentive structure.
Participant demographic characteristics are presented in Table 1.

Analysis plan

The ICE structure has been thematically derived and empirically
assessed in other samples. As such, a confirmatory factor analysis was
employed to evaluate the fit for the existing structure (Marczak et al.,
2023) in the current sample. Pearson’s Product-Moment Correlations
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TABLE 1 Demographic characteristics of participants at Timepoints 1 and 2.

10.3389/fclim.2025.1560820

Timepoint 1 Timepoint 2
Age (years) 46.5 19.9 46.1 16.1
Gender n % n %
Female 306 46.7% 87 43.3%
Male 348 53.1% 114 56.7%
Other 1 0.2% 0 0%
State of residency
ACT 10 1.5% 4 2.0%
NSw 202 30.9% 63 31.8%
NT 1 0.2% 0 0%
VIC 190 29.1% 53 26.8%
SA 53 8.1% 13 6.5%
TAS 11 1.7% 2 1.0%
QLD 134 20.5% 52 26.3%
WA 52 8.0% 11 5.6%
Geographic location
Regional 177 72.7% 135 68.2%
Metropolitan 471 27.3% 63 31.8%
Cultural background
Australian 367 57.8% 116 59.8%
Asian 118 18.6% 38 19.6%
European 115 18.1% 32 16.5%
African/Middle Eastern 16 2.5% 0 0%
Pacific/Oceania 14 2.2% 5 2.6%
American 5 0.8% 3 1.5%
Relationship status
Live with partner 69 10.6% 17 8.5%
Married 343 52.4% 125 62.2%
Separated/Divorced 56 8.5% 11 5.5%
Single 175 26.7% 46 22.8%
Other 12 1.8% 2 1.0%

ACT, Australian Capital Territory; NSW, New South Wales; NT, Northern Territory; VIC, Victoria; SA, South Australia; QLD, Queensland; WA, Western Australia.

were employed to assess validity. Associations between the ICE
climate emotion subscales and the Hogg Eco-anxiety (HOGG; Hogg
et al,, 2021) scale were utilised to assess convergent validity. As the
scales assess similar underlying constructs it was expected that
significant, positive correlations would be found. While alternative
measures of general anxiety, depression, or climate-related worry
could have been used, the HOGG was selected as it specifically
assesses a range of eco-anxiety symptoms, making it the most
conceptually relevant measure for convergent validity. To assess
divergent validity, the relationship between the Riverside Life
Satisfaction Scale (RLSS; Margolis et al., 2018) and the ICE subscales
was calculated. As the scales assess different constructs, a weak or
non-significant association is expected, providing evidence of
divergent validity. The RLSS was chosen for divergent validity as it
assesses a broad well-being construct rather than specific emotional
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responses to climate change. These choices align with the primary goal
of validating the ICE as a measure of climate-related emotions rather
than general mental health conditions.

Measures

Inventory of Climate Emotions (ICE; Marczak et al., 2023). The
ICE is a 32 item, eight subscale measure, with the subscales assessing
climate related anger, contempt, enthusiasm, powerlessness, guilt,
isolation, anxiety, and sorrow. Each subscale consists of four items, for
example: “I am outraged that politicians allowed climate change to
come this far” (anger); “I am bored of hearing about climate change”
(contempt); “The increasing public engagement with climate change
gives me hope” (enthusiasm); “I feel confused about what I can do to
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reduce climate change” (powerlessness); “I feel guilty that my lifestyle
contributes to climate change” (guilt); “I feel alienated because society
considers concern for climate change as something strange” (isolation);
“Everything seems uncertain because of climate change” (anxiety); and
“The thought that the world I know is disappearing forever because of
climate change makes me sad” (sorrow). Previous subscale reliabilities
have been deemed acceptable for the English version of the scale,
ranging from 0.72 to 0.94 in Norway, and 0.65 to 0.94 in Ireland
(Marczak et al., 2024). As the focus of this paper is the psychometric
properties of this measure, the details for this sample are presented in
the results below.

The HOGG (Hogg et al.,, 2021) was included to evaluate convergent
validity. The HOGG is a 13-item measure that assesses four symptom
dimensions within the convergent of eco-anxiety; affective, rumination,
anxiety and behavioural. The factorial structure of the original English
HOGG was validated, and all subscales demonstrated internal
consistency (all Cronbachs alphas greater than 0.82). In the present
sample Cronbach’s alpha was 0.96.

Riverside Life Satisfaction Scale (RLSS; Margolis et al., 2018) was
included to assess divergent validity. This scale contains six items that
assess contentment with life, desire for change, and the absence or
presence of envy, and high internal consistency reliability has been
reported in both American (@ =0.75; Margolis et al, 2018) and
Australian samples (@ = 0.86; Smith et al., 2024). In the present, sample
Cronbach’s alpha was 0.85.

10.3389/fclim.2025.1560820

Results
Confirmatory factor analysis

The initial confirmatory factor analysis of the ICE scale using all 32
items associated with the respective climate emotion subscales did not
show a good fit. Inspection of fit indices suggested that one of the items
comprising the isolation emotion subscale was not well aligned with
the isolation factor; ‘T feel like one of the few people who actually
understand what climate change entails. This item was reviewed and
considered to be possibly theoretically distinct from the construct, and
removed for an additional analysis. When this item was removed, a
satisfactory fit was found, with the following indices: CFI = 0.96,
TLI =0.95, SRMR = 0.045, and RMSEA =0.049 (95% CI = 0.045,
0.053), */df = 2.52. These results led to the creation of 4-item subscales
for each of the climate emotions, parallel to those created by Marczak
et al. (2023) and an exploratory three item subscale for the isolation
emotion subscale. Table 2 shows the mean score and standard
deviations of each of the factors, Table 3 presents the scaled means, and
Table 4 displays the factor loadings of the final model.

Reliability of the ICE

To assess the internal consistency of the ICE, Cronbach’s alphas
for each subscale were calculated as: anger = 0.94, contempt = 0.86,

TABLE 2 Means and standard deviations of the ICE climate emotions subscales.

Mean SD
Anger 4-item 13.54 4.59
Contempt 4-item 11.98 4.14
Enthusiasm 4-item 12.75 3.66
Powerlessness 4-item 11.54 3.45
Isolation 4-item 10.43 3.68
Isolation 3-item 7.52 3.06
Anxiety 4-item 12.20 4.35
Guilt 4-item 10.48 4.14
Sorrow 4-item 13.27 4.62

TABLE 3 Scaled means for the ICE emotions.
I\ Mean Std. Deviation

Enthusiasm_scaled 617 3.19 0.91
Powerlessness_scaled 617 2.88 0.86
Anxiety_scaled 617 3.05 1.09
Sorrow_scaled 617 3.32 1.15
Guilt_scaled 617 2.62 1.03
Anger_scaled 618 3.38 1.15
Isolation_scaled 617 2.60 0.92
Isolation_scaled_3 617 2.50 1.02
Contempt_scaled 617 2.99 1.03

Scaled means for the ICE emotions were calculated by dividing the factor total score by the number of items (isolation_3 is the 3 item isolation scale with item 21 removed, the other subscales
had four items). This allows for a contrasting of means of the Australian sample with other samples.
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TABLE 4 Factor loadings for final model.

95% confidence interval

10.3389/fclim.2025.1560820

. . Stand.
Factor Indicator Estimate Lower Upper .
Estimate
ANG_1 1.03 0.04 0.96 1.11 272 <0.001 0.87
ANG_2 1.13 0.04 1.05 1.21 28.7 <0.001 0.90
Anger
ANG_3 1.07 0.04 1.00 1.16 27.2 <0.001 0.87
ANG_4 1.17 0.03 1.09 1.25 294 <0.001 091
CONT_5 0.78 0.04 0.69 0.87 18.0 <0.001 0.67
CONT_6 1.10 0.04 1.02 1.19 26.6 <0.001 0.88
Contempt
CONT_7 1.10 0.04 1.01 1.19 24.8 <0.001 0.84
CONT_8 0.84 0.04 0.75 0.93 19.1 <0.001 0.70
ENTHU_9 0.90 0.03 0.83 0.97 253 <0.001 0.84
ENTHU_10 0.83 0.03 0.76 091 224 <0.001 0.78
Enthusiasm
ENTHU_11 0.81 0.03 0.74 0.88 242 <0.001 0.82
ENTHU_12 0.89 0.03 0.82 0.96 25.0 <0.001 0.84
PWLS_13 0.72 0.04 0.63 0.80 16.8 <0.001 0.66
PWLS_14 0.74 0.04 0.66 0.83 17.0 <0.001 0.66
Powerless- ness
PWLS_15 0.74 0.04 0.65 0.83 16.9 <0.001 0.66
PWLS_16 0.84 0.04 0.75 0.92 20.4 <0.001 0.77
GLT_17 1.01 0.03 0.94 1.09 26.6 <0.001 0.86
GLT_18 1.00 0.03 0.92 1.07 26.9 <0.001 0.87
Guilt
GLT_19 1.03 0.03 0.96 1.10 27.9 <0.001 0.89
GLT_20 0.94 0.03 0.87 1.01 25.7 <0.001 0.84
ISOL_22 0.98 0.03 0.91 1.06 26.4 <0.001 0.86
Isolation ISOL_23 0.99 0.03 0.92 1.06 27.5 <0.001 0.89
ISOL_24 0.92 0.03 0.85 0.99 25.0 <0.001 0.84
ANX_25 1.07 0.04 0.99 1.15 25.5 <0.001 0.83
ANX_ 26 0.97 0.04 0.89 1.05 24.0 <0.001 0.81
Anxiety
ANX_ 27 1.01 0.03 0.93 1.09 25.6 <0.001 0.84
ANX_28 1.07 0.03 0.99 1.15 27.1 <0.001 0.87
SOR_29 1.09 0.04 1.01 1.17 274 <0.001 0.87
SOR_30 1.15 0.03 1.07 1.22 29.7 <0.001 0.92
Sorrow
SOR_31 1.13 0.03 1.05 1.20 289 <0.001 0.90
SOR_32 1.04 0.04 0.96 1.12 25.8 <0.001 0.84

enthusiasm = 0.89, powerlessness = 0.79, guilt = 0.92, isolation with 4
items = 0.85, isolation with 3 items (the item ‘I feel like one of the few
people who actually understand what climate change entails’ removed)
=0.90, anxiety = 0.91, and sorrow = 0.94.

Convergent and divergent validity of the
ICE

Table 5 displays evidence of the ICE’s convergent validity through
its varied associations with the HOGG. The HOGG showed
significant, positive correlations with all ICE subscales except
Contempt. This indicates that higher levels of emotions assessed by
the ICE subscales were generally associated with greater climate
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anxiety. The varying levels of association between the ICE subscales
and the HOGG provides support for the ICE subscales as measuring
distinct emotions, and differentiating between different
ecological emotions.

Additionally, divergent validity was assessed by examining
correlations between the ICE and the RLSS. The RLSS showed weak
or very weak correlations with all ICE subscales, indicating that the
ICE measures a construct distinct from life satisfaction, supporting
divergent validity.

The significant correlations of the ICE subscales with anxiety and
life satisfaction are in expected directions and provide evidence of
convergent and divergent validity. However, even though significant,
none of the correlations had shared variance of over 17 percent,

indicating that the ICE subscales and the HOGG and RLSS scales
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TABLE 5 Correlations between variables.

Correlations

Anger Contempt Enthusiasm Powerlessness Isolation_4 Isolation_3 Anxiety HOGG

Anger

Pearson 1 —0.46%% 0.66** 0.30%* 0.427%% 0.427% 0.73%% 0.51%% 0.79%% 0.18%* —0.11%*

correlation

Sig. (2-tailed) <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 0.007

N 618 617 617 617 617 617 617 617 617 617 617
Contempt

Pearson —0.46%% 1 —0.27%% 0.10%%* —0.09% —0.14%% —0.40%% —0.21%% —0.47%% —0.01 0.09%

correlation

Sig. (2-tailed) <0.001 <0.001 0.010 0.023 <0.001 <0.001 <0.001 <0.001 0.883 0.026

N 617 617 617 617 617 617 617 617 617 616 616
Enthusiasm

Pearson 0.66%+* —-0.27% 1 0.27%% 0.40%* 0.40%* 0.61%% 0.48%% 0.64%* 0.18%* -0.01

correlation

Sig. (2-tailed) <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 0.752

N 617 617 617 617 617 617 617 617 617 616 616
Powerlessness

Pearson 0.30%% 0.10% 0.27%% 1 0.40%% 0.41%% 0.417%% 0.53%% 0.35%% 0.26%* —0.25%*

correlation

Sig. (2-tailed) <0.001 0.01 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

N 617 617 617 617 617 617 617 617 617 616 616
Isolation

Pearson 0.42%% —0.09% 0.40% 0.39%* 1 0.96%* 0.617%% 0.607%% 0.477% 0.40%* —0.21%*

correlation

Sig. (2-tailed) <0.001 0.02 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

N 617 617 617 617 617 617 617 617 617 616 616
Isolation_minus21

Pearson 0.42%% —0.14%% 0.40%%* 0.41%% 0.96%* 1 0.627 0.64%% 0.48%* 0.41%% —0.23%%

correlation

Sig. (2-tailed) <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

N 617 617 617 617 617 617 617 617 617 616 616

(Continued)
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TABLE 5 (Continued)

Correlations

Anger Contempt Enthusiasm Powerlessness Isolation_4 Isolation_3 Anxiety Sorrow

Anxiety

Pearson 0.73%* —0.40%% 0.617%* 0.417%* 0.617%* 0.627%* 1 0.68% 0.817%* 0.33%* —0.19%*

correlation

Sig. (2-tailed) <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

N 617 617 617 617 617 617 617 617 617 616 616
Guilt

Pearson 0.51%% —0.21%% 0.48%* 0.53%% 0.60%* 0.64%% 0.68** 1 0.53%* 0.41%* —0.24%%

correlation

Sig. (2-tailed) <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

N 617 617 617 617 617 617 617 617 617 616 616
Sorrow

Pearson 0.79% —0.47%% 0.64%* 0.35%* 0.47%% 0.48%* 0.81%% 0.53%* 1 0.18%* —0.17%%

correlation

Sig. (2-tailed) <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

N 617 617 617 617 617 617 617 617 617 616 616
HOGG

Pearson 0.18%* —0.01 0.18%* 0.26%* 0.40%* 0.41%* 0.33%% 0.41%% 0.18%* 1 —0.26%*

correlation

Sig. (2-tailed) <0.001 0.883 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

N 617 616 616 616 616 616 616 616 616 617 617
RLSS

Pearson —0.11%% 0.09% -0.01 —0.25%* —0.21%% —0.23%* —0.19%% —0.24%% —0.17%% —0.26%* 1

correlation

Sig. (2-tailed) 0.007 0.026 0.752 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

N 617 616 616 616 616 616 616 616 616 617 617

#*Correlation is significant at the 0.01 level (2-tailed).
*Correlation is significant at the 0.05 level (2-tailed).
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TABLE 6 Test-retest reliability of the ICE.

10.3389/fclim.2025.1560820

Factor ICC 95% Cl Lower 95%Cl Upper F df p-value
Anger 071 0.63 0.77 5.83 190 <0.001
Contempt 0.74 0.67 0.80 6.62 191 <0.001
Enthusiasm 0.62 0.52 0.70 421 189 <0.001
Powerlessness 0.48 0.36 0.58 2.85 189 <0.001
Tsolation (4 items) 0.59 0.49 0.68 3.89 191 <0.001
Isolation (3 items) 0.63 0.54 071 4.42 192 <0.001
Anxiety 0.61 051 0.69 412 190 <0.001
Guilt 0.58 0.48 0.67 3.8 187 <0.001
Sorrow 0.69 0.60 0.76 538 187 <0.001

assess different constructs, providing evidence of divergent validity
(R6nkké and Cho, 2022).

Test—retest reliability

Participants were invited to complete the questionnaire for a
second time approximately 4 months after the first administration, to
assess test-retest reliability. A sample size calculation was conducted
using the PASS software, and a sample size of 22 participants was
determined to be the minimum sufficient to detect an intra-class
correlation coeflicient (ICC) value of 0.50, based on an alpha level of
0.05 and a power of 80%. However, a larger sample (N =201) was
recruited in order to sample widely across demographic characteristics
and regions. While there were some minor demographic differences
across the two timepoints, that may have reduced the relationship
between the timepoint 1 and timepoint 2 data, the second sample was
deemed a sufficiently large sample of the initial participants for this
analysis. According to Koo and Li’s (2016) established conventions, an
ICC less than 0.50 indicates poor reliability, a value between 0.50 and
0.75 suggests moderate reliability, a range of 0.75 to 0.90 denotes good
reliability, and a value greater than 0.90 signifies excellent reliability.
The ICCs for each factor are presented in Table 6. All factors
demonstrated moderate test-retest reliability, except for Powerlessness,
which was approaching moderate reliability.

Discussion

This study sought to psychometrically validate the Inventory of
Climate Emotions (ICE; Marczak et al., 2023) with an Australian
representative sample. The importance of emotion is highlighted
within both environmental and social theories, in understanding the
individual and collective response to the climate (Gifford, 2014).
Identification of the various emotional responses may assist with
understanding associated psychological and behavioural response to
the climate, such as attitude, risk assessment and behavioural
engagement (Clayton et al., 2015). Climate emotions are relevant to
populations worldwide, and to some extent, climate emotions may
be similar across various populations, as suggested by the similar
structures found in the present study using an Australian population
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and the Polish (Marczak et al, 2023), Norwegian, and Irish
populations (Marczak et al., 2024). Climate emotions may also differ
somewhat depending on socio-environmental conditions, as
suggested by the confirmatory factor results of the present study,
which indicated a better fit with a slight modification to the factor
structure of the climate emotions subscales.

Validation

The results of this study provided preliminary support for the use
of the ICE in an Australian sample. Overall, the existing factor
structure was supported by CFA, with the exception of one item from
the climate isolation factor. The climate isolation factor broadly
pertains to feelings of loneliness, alienation, or isolation due to one’s
beliefs or concerns about climate change, particularly when these
views are not shared or understood by others. Item 21 (“I feel like one
of the few people who actually understand what climate change
entails”) deviates from this idea and does not directly express a feeling
of loneliness or isolation due to others’ attitudes towards climate
change. Instead, it focuses on individuals’ perception of their own
understanding compared to others, without necessarily expressing a
feeling of isolation. As such, the removal of item 21 improved the
model fit on both conceptual and statistical grounds.

Cronbachs alphas >0.90 may indicate the presence of redundant
items (e.g., Pesudovs et al., 2007). Consequently, the results of the
present study indicate that the ICE subscales of Anger (0.94), Guilt
(0.92), Anxiety (0.91), and Sorrow (0.94) may contain redundancy.
The remaining subscales [Powerlessness, Contempt, Enthusiasm,
Isolation (with four items), Isolation (with three items)] yielded
Cronbach’s alphas ranging from 0.79 to 0.90, which can be considered
acceptable (e.g., Vaske, 2019).

The ICE demonstrated convergent validity via weak but significant
positive associations between the HOGG and all ICE subscales with
the exception of Contempt. Given the subscale of Contempt is defined
by a disregard for climate change (Marczak et al, 2024), it is
incongruent with the notion of anxiety related to climate change, as
measured by the HOGG. Thus, the lack of relationship between the
Contempt subscale and the HOGG is understandable. Furthermore,
the ICE demonstrated convergent validity via significant negative
associations between life satisfaction and all ICE subscales with the
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exception of Enthusiasm, where no relationship was found. The
varying strengths of relationships between the HOGG and the ICE
subscales provides evidence of the subscales measuring different
underlying constructs, providing evidence of discriminant validity.
However, the convergent validity results need to be interpreted
cautiously given the measure investigates such a diverse range of
ecological emotions, that were not each assessed in the current study.
Divergent validity of the ICE was supported through low levels of
shared variance with eco-anxiety and life satisfaction. These nuanced
results suggest that the ICE subscales discriminate between different
emotions. Further, these results are congruent with the underlying
constructs being measured, and the limited range of emotions assessed
with convergent/divergent measures.

According to Koo and Lis (2016) conventions, in the present
study, the Powerlessness factor demonstrated poor test-retest
reliability, whereas the remaining factors (Anger, Contempt,
Enthusiasm, Isolation [4 items], Isolation [3 items], Anxiety, Guilt,
and Sorrow) yielded ICC values ranging from 0.58 to 0.74, thus,
demonstrating moderate test-retest reliability. Overall, these results
provide initial support for the test-retest reliability of the ICE, with
the exception of Powerlessness. This may suggest that Powerlessness
has more fluctuation as a construct, compared to other subscales.
However, it should be noted that the interval for test-retest reliability
was selected to avoid practice effects on the items, and maintain
reasonable level of stability on the target condition (Kawakami et al.,
2020), eco-emotions. However, this length of time may have resulted
in an under-estimate of test-retest reliabilities and the possibility of
environmental changes that altered eco-emotions. Thus, while the
test-retest reliabilities obtained here should be interpreted with
caution due to the length of the interval between the timepoints, the
findings are important as they present the first known attempt to
assess the stability of the instrument over two timepoints.

Australia’s unique socio-cultural and
environmental context

Despite the initial psychometric support found for the measure in
this Australian sample, it should be noted that this scale was developed
in the Polish social, cultural, political and environmental context. This
context influenced the range of emotions included, and the item
wording. However, it should be noted that while these items (with the
exception of item 21), received support in this sample, the items and
domains were not created in Australia and potentially do not represent
the spectrum of emotions related to the Australian context.

There may be other eco-emotions related to Australia’s unique
environmental and socio-cultural context that were not captured in
this measure as it was developed overseas in Poland. Australia has a
unique environmental context, that is characterised by diverse
eco-systems and varied agricultural production. A plethora of extreme
weather events (e.g., drought, flood, cyclones, and bushfires), making
a large proportion of the continent often inhospitable. Furthermore,
Australia has a unique socio-cultural context, with Indigenous
Australians as Traditional Owners of the land, and the connection to
Country that is central to the wellbeing of the Indigenous people of
Australia is not represented in this measure. As described by Kingsley
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etal. (2013), “Aboriginal communities refer to their traditional lands
and territories through more enmeshed language like “Country” or
“homelands” Country refers to everything including the land, air,
water and stories of “Dreaming,” being dynamic and multilayered,
forming the rules, norms and beliefs of existence between species and
humans through connecting Aboriginal peoples’ back to ancestral
beings from the time of creation” (p. 682). Connection to Country
represents the integral emotional connection between Indigenous
people and the land, which is disrupted by extreme weather events
(Albrecht, 2012). Thus, specific emotions that are directly related to
the Australian context, such as Indigenous Australian’s ‘connection to
Country, were not captured in the measure as it was developed
overseas. Similarly, this profound place-based attachment, or ‘sense of
place; has been found in Australian farmers (Ellis and Albrecht, 2017),
who are dependent on the land for livelihood, family, wellbeing,
lifestyle and identity (Rice and Usher, 2024). This place-based
attachment has been likened to the positive role of nature or the
environment that is identified by non-Indigenous Australians in
wellbeing (Sangha et al., 2025). Thus, this connection to Country (for
Indigenous people) and the environment (for non-Indigenous people)
is a crucial component of wellbeing for Australians (Sangha et al.,
2025), and is disrupted by extreme weather events and the changing
climate (Ellis and Albrecht, 2017). Concepts of connection to Country
and sense-of-place are not represented within the ICE measure, as it
was developed in the Polish context. In addition, there are potentially
other Australian cultural and contextual complexities that are not
considered. The ICE developers acknowledge this, stating that the “full
phenomenology of the emotional experience of climate change” may
not be accounted for, and that the measure “was developed in the
cultural context of Poland that has its unique socio-cultural factors
and policy landscape that influence people’s attitudes, beliefs, and
emotional responses regarding climate change” (Marczak et al., 2023,
p- 83). Nonetheless, research that was undertaken in Poland (Marczak
etal., 2023), Norway and Ireland (Marczak et al., 2024), suggests there
may be some climate emotions that are common across cultures
and countries.

Limitations and directions for future
research

While a strength of this study is the approximation of a
representative sample, this sampling method is likely to have resulted
in an under-representation of vulnerable groups. Research suggests
that vulnerable groups are at a disproportionately greater risk of the
impacts of climate change, such as Indigenous people, farmers and
those who depend on the land, children, older people, women, those
from remote locations, lower socio-economic status and those who
are vulnerable to displacement (Usher et al., 2023; Fatema et al., 20215
Fatema et al., 2023). With the broad exception of older adults and
women, these vulnerable groups are likely to be under-represented in
the current study. While children and young people were not the focus
of the current study, further research into the full scope of various
climate emotions experienced by Australian youth is needed. In
addition, further research on climate emotions specifically experienced
by Indigenous Australians and those who depend on the land (e.g.,
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farmers) is needed. In addition, future validation studies need to
consider including a broader range of validity measures to assess
convergent validity across the range of eco-emotions included in the
ICE, and consider a shorter interval for test-retest reliability and
assessing the stability of the measure over time.

Although the ICE is intended to assess a range of emotional
reactions to climate change, it may not adequately capture the range of
emotions experienced specifically in response to environmental threats
and extreme weather exposure. Thus, further research is needed to
understand the nuanced emotional responses related specifically to
environmental threats (rather than climate change more broadly). In
addition, longitudinal research is needed to assess fluctuations in
climate emotions over time, and in response to extreme weather events.

Implications

This validation of the ICE for the Australian context has
implications for public health, policy and research. The ICE enables
multiple climate emotions to be assessed concurrently, providing a
broad assessment of a range of emotions related to the environment.
An ability to assess a broad range of climate emotions is useful for
policy development, to understand and measure public sentiments
over time, and to motivate public engagement and behavioural action
(Berry and Owen, 2018). The ICE may be a useful tool to assess the
emotional needs of communities in response to the environment,
toward enhancing resilience, adaptation, wellbeing, and action (Adger
etal., 2013). The ICE may also be useful in public health settings by
enabling climate emotions to be identified, monitored and targeted in
treatment and prevention programs (Clayton et al., 2017).

Conclusion

This study provides the first validation of the ICE (Marczak et al.,
2023), in an Australian sample. By effectively validating this measure,
we make a significant contribution to the existing literature and suite
of available measures of climate emotions. While the ICE represents a
measure of eight specific climate emotions relevant outside Poland, it
must be recognised that this measure does not encapsulate all of the
relevant climate emotions for the unique Australian socio-cultural and
environmental contexts. Nonetheless, the results of the current study
suggest that the measure may be a valid tool to assess these eight
distinct climate emotions.
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