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Abstract

Eco-anxiety has emerged as an important construct in environmental psychology. The
Hogg Eco-Anxiety Scale (HEAS-13), which consists of 13 items, is a multidimensional
instrument designed to assess affective symptoms, rumination, behavioral responses, and
anxiety related to environmental issues. This study examined the psychometric properties
of the HEAS-13 in a general population sample from Czechia. The study assessed the scale’s
validity in relation to generalized anxiety and self-reported housing damage associated with
adverse weather-related events. Data were collected by conducting face-to-face interviews
with a population-based sample in Czechia (n = 1027), with respondents selected using
address-based sampling. The psychometric evaluation included descriptive statistics, an
internal consistency analysis, inter-item correlations, an exploratory factor analysis (EFA)
based on principal axis factoring with oblimin rotation, a confirmatory factor analysis (CFA)
using a Weighted Least Squares Mean and Variance (WLSMV) estimator appropriate for
ordinal indicators, and convergent, discriminant, and known-groups validity testing. The
HEAS-13 demonstrated high internal consistency (Cronbach’s alpha = 0.962; McDonald’s
omega = 0.958 for the total scale). EFA supported the original four-factor structure and CFA
showed a good fit of the original model. Score distributions were positively skewed, and
substantial floor effects indicated generally low levels of eco-anxiety symptom endorsement
in the general population. The HEAS-13 total score was strongly correlated with the GAD-7
(rho = 0.839) supporting convergence with generalized anxiety, but also indicating possible
construct overlap. Known-groups validity was supported by higher HEAS-13 scores
among respondents reporting hazard-related home damage. Measurement invariance was
examined across sex and age groups. The HEAS-13 appears to be a reliable and structurally
well-fitted instrument for assessing multidimensional eco-anxiety in population-based
research. The results provide evidence that the construct is meaningfully associated with
generalized anxiety and experience of environmentally disruptive events. The HEAS-
13 may serve as a useful tool for future research on environmental distress and climate-
and environment-related mental health. It may also be useful for studies examining risk
perception as an explanatory, associated, or contextual variable.

Keywords: eco-anxiety; HEAS-13; psychometric validation; environmental distress;
generalized anxiety; factor analysis; weather-related hazards; Czechia

1. Introduction

The accelerating environmental crisis is increasingly understood as not only an ecolog-
ical and societal challenge, but also a mental health issue. Recent literature generally uses
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the term “eco-anxiety” to denote worry, fear, distress, or apprehension elicited by climate
change and broader environmental degradation [1-5]. However, its conceptual boundaries
still remain contested [6]. Existing reviews show that eco-anxiety has been framed as both
a potentially maladaptive symptom [7] and a nonpathological [2,8,9], emotional response
to ecological threat [10,11]. Empirical studies further suggest that eco-anxiety may be
associated with depression [2,12], generalized anxiety [4,5], stress [1,2], insomnia [2,13],
functional impairment [2,14], and reproductive concerns [15]. It may also co-occur with
pro-environmental engagement [16,17] and climate-related action [16,18]. Based on pre-
vious conceptual and empirical work, eco-anxiety is best understood as a response that
may range from adaptive concern to clinically relevant distress depending on severity,
persistence, impairment, and context [1,3,6].

Although the terms “eco-anxiety” and “climate anxiety” are sometimes used inter-
changeably, they are not identical. Climate anxiety more narrowly refers to anxiety, worry,
or functional impairment associated with climate change. In contrast, eco-anxiety refers to
distress arising from climate change, as well as from broader ecological degradation, biodi-
versity loss, pollution, and perceived damage to natural systems [8,11,18]. This broader
conceptual scope is particularly relevant to the HEAS-13, which was designed to evalu-
ate affective symptoms, rumination, behavioral interference, and anxiety related to one’s
personal environmental impact.

This conceptual ambiguity is closely mirrored in the measurement literature. A recent
review identified 12 questionnaires designed to assess eco-anxiety, climate anxiety, or
related constructs, demonstrating surprisingly limited symptom overlap [19]. Across
119 items, the measures covered 57 different symptoms, underscoring the lack of consensus
regarding what is actually being measured when researchers refer to eco-anxiety. Recent
psychometric syntheses have likewise concluded that although several instruments are
now available, they vary considerably in their conceptual breadth, psychometric quality,
and cross-cultural validation status [20].

Existing instruments differ in conceptual focus, symptom coverage, dimensionality,
and validation status. The HEAS-13 was selected for this study because it explicitly oper-
ationalizes eco-anxiety as a multidimensional construct, and its four-factor structure has
been examined in various cultural settings. Nevertheless, further validation in probability-
based general population samples is needed, which is the rationale for the current Czech
validation study [3,17-19].

Hogg et al. [21] developed the HEAS-13 as a multidimensional instrument designed
to move beyond narrow operationalizations of ecological distress. The scale comprises
13 items that load onto four theoretically distinct dimensions, namely affective symptoms,
rumination, behavioral symptoms, and anxiety related to the personal impact on the
environment. The authors demonstrated that these dimensions were distinguishable from
broader stress, anxiety, and depression constructs. The HEAS-13 offers an important
advantage in that it measures emotional arousal as well as cognitive, behavioral, and
self-referential manifestations of eco-anxiety.

Since its development, the HEAS-13 has been examined in a number of contexts. In
Ttirkiye, Kivang et al. [22] found that their adapted version retained the multidimensional
structure of the original scale. In Italy, Rocchi et al. [23] found support for the Italian version
and concluded that the four-factor solution best represented the data. Sampaio et al. [24]
replicated the original structure in Portuguese young adults sample, demonstrating good
internal consistency and temporal reliability. They also established invariance by sex and
showed that some HEAS-13 dimensions were positively associated with pro-environmental
behavior. Ferrajao et al. [25] later extended this evidence to an adult sample (aged 18 to
83), confirming the scale’s satisfactory psychometric performance and invariance across
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key sociodemographic groups. Also, other research has strengthened this cross-cultural
validation. Rodriguez Quiroga et al. [26] validated the Spanish-language HEAS-13 in
samples from Argentina and Spain. They reported a good fit for the four-factor model,
and measurement invariance across countries, sex, and age. In Poland, Larionow et al. [27]
reported strong psychometric performance of the scale and supported its usefulness for
studying eco-anxiety in the Polish context. Matijasevich et al. [28] examined Brazilian ado-
lescents and supported the expected latent structure, concluding that the scale is suitable
for assessing eco-anxiety in youth populations. In Germany, Henschel et al. [29] found
the HEAS-13 to be a reliable and valid instrument. They extended the external validation
framework by examining its associations with psychological distress, self-efficacy, and
social support. The available evidence indicates a high degree of structural convergence
across validation studies while suggesting that demographic variables and external cor-
relates may vary significantly across samples and settings [20]. The question is how the
HEAS-13 would perform within a population that considers environmental issues less
salient and less frequently recognizes climate change as an urgent personal or societal
problem. One example of such a population is the population of Czechia.

Recent Eurobarometer data [30] suggest that Czech respondents report comparatively
lower levels of climate concern, perceived exposure, and recent climate-related action than
the EU average. While the 2024 Eurobarometer survey on environmental attitudes found
that 78% of EU citizens believe environmental issues directly affect their daily lives and
health, Czech respondents appear less likely than the EU average to translate such concern
into pro-environmental behaviors. A similar pattern emerged in relation to climate change.
The 2025 Eurobarometer on climate change [31] showed that, while concern remained
high across the EU as a whole, Czech respondents reported comparatively lower levels.
Only 48% rated climate change as a “very serious problem”, compared with 77% EU-wide.
Similarly, 21% of Czech respondents considered climate change “not a serious problem”,
compared with 7% EU-wide. Czech respondents were also less likely to report having taken
personal action to fight climate change in the previous six months (47% vs. 63% EU-wide),
and only 24% reported feeling personally exposed to environmental and climate-related
risks (compared with 37% EU-wide).

In terms of environmental determinants, it is worth mentioning that Czechia is a
temperate inland country and does not experience continuously recurring large-scale
hazard events. However, the last five years have included several disruptive weather- and
environment-related events with substantial social and economic consequences. The Czech
Hydrometeorological Institute indicated that 2021-2023 were temperature-normal years
with annual precipitation in the normal range [32]. Although 2024 was rather warm, it still
fell within the normal-to-above-normal range in annual precipitation. Even if it is not usual,
Czechia has experienced several disruptive events during the last five years. For example,
in 2021 an F4 tornado (which is rare in Europe) struck one of the regions [32]. According to
the Czech Insurance Association, the event generated approximately 10,000 claims [33]. In
2022, drought began affecting much of the country in the spring, and the summer saw the
largest wildfire on record in Czechia; in 2023 severe soil drought was documented, with soil
water storage falling below 20% of the available capacity in more than half the country [32].
In 2024, extreme rainfall triggered major flooding, which insurers later quantified at around
100,000 property claims [33]. Further, insurance-sector data indicate that storm and wind
damage are not negligible in Czechia, with approximately 200,000 wind-related claims
from 2020 to 2024 [33]. These data suggest that, while major weather and environmental
hazards in Czechia are not constant or ubiquitous, they are real and consequential to be a
meaningful focus for study on eco-anxiety and perceived environmental threat.
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The present study aimed to examine the psychometric characteristics of the Hogg
Eco-Anxiety Scale in a population-based Czech sample. Building on the original multidi-
mensional construct of eco-anxiety [21], we evaluated whether the Czech adaptation re-
produced the four-factor structure, demonstrated satisfactory internal consistency, showed
measurement invariance across relevant groups, and exhibited meaningful relationships
with theoretically relevant external constructs. More specifically, we expected that (H1) the
HEAS-13 would replicate the original four-factor structure, (H2) the total scale and its sub-
scales would demonstrate satisfactory to high internal consistency, (H3) the HEAS-13 scores
would demonstrate convergent validity based on positive associations with generalized
anxiety and known-group validity through higher scores among respondents reporting
weather-related home damage, and (H4) the scale would demonstrate configural, metric,
and scalar invariance across sex and age groups.

2. Materials and Methods
2.1. Study Design

The study was based on a cross-sectional population survey conducted in Czechia
using face-to-face interviews and an address-based sampling design. Because the objective
was to validate the HEAS-13 in the general population, the theoretical population was
defined as Czech residents aged 15-74 years. Address-based sampling was chosen because
it enabled the recruitment of a probability sample from the household population, well-
suited for adequate sociodemographic coverage.

The sampling frame was derived from the register of residential dwellings compiled
for the 2021 Population and Housing Census. Within each household, the target respondent
was identified using a Kish table [34] to reduce selection bias within households and ensure
that each eligible household member had a known probability of being selected. Field-
work was carried out in October 2025, during which 1871 addresses were contacted, and
1053 interviews were completed. The response rate computed by AAPOR Standard Defi-
nitions (RR5) was 56.3%. After excluding incomplete interviews and cases with missing
responses on the HEAS-13, GAD-7, and validation variables, the final dataset included
1027 cases.

The study was reviewed by the INESAN Ethical Committee that granted ethical
approval (IREBA/2025/618; 18 June 2025). All respondents received information about
the purpose of the study, voluntary participation, confidentiality, and data protection, and
provided informed consent before the interview. For respondents aged 15-17, participation
was conditional upon receiving informed consent from a parent or legal guardian, as well
as assent from the minor respondent. Interviewers were instructed to conduct interviews
with minors only when these conditions were met. Respondents aged 18 years and older
provided informed consent on their own behalf. The data collection procedures adhered to
the principles of the Helsinki Declaration [35].

The data collection was not affected by an exceptional short-term meteorological
disturbance. According to the Czech Hydrometeorological Institute [36], October 2025 in
Czechia was normal in terms of temperature and precipitation, and there was no nationwide
weather emergency. This is relevant because responses to eco-anxiety items may have been
temporarily increased in case of salient events.

2.2. Participants

The sample of 1027 respondents was randomly divided into two approximately equal
subsamples, the first subsample of 514 respondents for exploratory factor analysis (EFA),
and the second subsample of 513 respondents for confirmatory factor analysis (CFA).
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As shown in Table 1, the total sample was nearly balanced by sex, with 49.6% male
and 50.4% female respondents. Sex was recorded using two categories, male or female,
corresponding to the population benchmarks used for sample control. The largest age
groups were 60-74 years (22.5%) and 40-49 years (21.1%), followed by 15-29 years (20.3%),
50-59 years (18.9%), and 30-39 years (17.2%). Regarding highest level of education achieved,
the largest proportion of respondents had a secondary education (34.9%), followed by a
vocational education (32.7%), a university education (18.5%), and an elementary education
(13.9%). The EFA and CFA subsamples were highly similar in their sociodemographic
composition, supporting the adequacy of the random split for EFA and CFA.

Table 1. Selected socio-demographic characteristics.

Variables Theoretical Total EFA CFA
Population Sample Subsample Subsample
Male 50.0% 49.6% 49.2% 49.7%
Sex Female 50.0% 50.4% 50.8% 50.3%
Total 100.0% 100.0% 100.0% 100.0%
15-29 years 20.5% 20.3% 20.2% 20.4%
30-39 years 17.4% 17.2% 17.4% 17.0%
Age 4049 years 20.9% 21.1% 20.8% 21.4%
50-59 years 18.5% 18.9% 19.4% 18.4%
60-74 years 22.7% 22.5% 22.2% 22.8%
Total 100.0% 100.0% 100.0% 100.0%
Elementary 14.0% 13.9% 13.6% 14.2%
Vocational 32.8% 32.7% 32.9% 32.5%
Education Secondary 34.5% 34.9% 34.6% 35.2%
University 18.7% 18.5% 18.9% 18.1%
Total 100.0% 100.0% 100.0% 100.0%

Note. Data for the theoretical population were obtained from CZSO.

Before interpreting the split-sample factor analyses, the equivalence of the EFA and
CFA subsamples was examined. The results showed no statistically significant differences
between the two subsamples in any HEAS-13 item, the subscale, or the total score. Mann—
Whitney tests for individual items yielded non-significant results across all 13 items, and
the same was observed for the affective symptoms, rumination, behavioral symptomes,
anxiety about personal impact, and total HEAS-13 scores. In addition, the two subsamples
did not differ significantly in sex (x% = 0.024, p = 0.876), age (x? = 3.547, p = 0.471), and
education (x> = 3.023, p = 0.388). These findings indicate that the random split did not
introduce systematic differences between the exploratory and confirmatory subsamples.
Therefore, the subsequent EFA and CFA results can be interpreted as cross-validation of the
factor structure rather than as analyses based on substantively different respondent groups.

2.3. Translation and Scale Adaptation

In this study, linguistic and conceptual equivalence was essential. Therefore, the
translation procedure followed the established recommendations for adapting survey
instruments [37-39]. First, two independent translations from English to Czech were
produced in parallel. These were then compared and reconciled into a single version. Next,
a third translator who had not participated in the initial translation stage performed a
back-translation into English [40]. The back-translated version was compared with the
original wording to assess semantic equivalence and identify significant deviations.

The translated scale was tested using cognitive interviewing [41] with 17 respondents
recruited from the target population. Think-aloud protocols were used to examine how
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respondents understood individual items and whether any expressions were unclear or
misleading [41]. This approach follows prior Czech scale-validation work using the same
cognitive-interviewing logic and think-aloud procedure in a general-population setting [42].
This stage was intended to ensure that the Czech version preserved the original items’
intended meaning while remaining comprehensible to the general population.

Item 5 was the only one that required rewording during cognitive interviewing. The
original statement “Unable to stop thinking about future climate change and other global
environmental problems” was changed to “Unable to stop thinking about future climate
change.” This modification was made because several respondents interpreted the original
wording as potentially double-barreled. The change aimed to improve semantic clarity
while preserving the item’s focus on repetitive thoughts about future climate change.

2.4. Measures
2.4.1. Hogg Eco-Anxiety Scale (HEAS-13)

The HEAS-13 comprises four dimensions, i.e., affective symptoms (four items), rumi-
nation (three items), behavioral symptoms (three items), and anxiety about personal impact
on the environment (three items) [21]. The affective symptoms dimension reflects emotional
responses such as nervousness, fear, and excessive worry. Rumination identifies repetitive
and intrusive environmentally related thoughts. Behavioral symptoms refer to interference
with everyday functioning, such as difficulty sleeping or concentrating. Anxiety about
personal impact reflects distress linked to the responsibility for environmental problems.
Respondents were asked to report how often they had experienced these reactions over the
previous two weeks. Items were answered on a four-point scale ranging from 0 (“not at all”)
to 3 (“nearly every day”). Subscale scores were computed as sums of the relevant items,
and the total score was obtained by summing all 13 items. Thus, higher scores indicate
higher eco-anxiety and the total scale range may be from 0 to 39.

2.4.2. Generalized Anxiety Disorder Scale (GAD-7)

To assess convergent validity, GAD-7 was applied as a widely used screening instru-
ment [43]. The GAD-7 consists of seven items that assess the frequency of symptoms
experienced over the previous two weeks. Response options range from 0 (“not at all”) to 3
(“nearly every day”), yielding a total score between 0 and 21 when higher scores indicate
greater anxiety. The GAD-7 has demonstrated good psychometric properties across various
populations [43,44] and it was recently validated in Czechia [44]. In the present sample, the
GAD-7 demonstrated good to excellent internal consistency, with Cronbach’s alpha and Mc-
Donald’s omega values of 0.916. Given its theoretical relevance and satisfactory reliability
in the present sample, the GAD-7 was used as an external correlate of the HEAS-13 [21].

2.4.3. Personal Experience with Weather-Related Hazards

Personal experience with weather-related hazard events was measured using a set of
ad hoc screening items developed for this study. These items were designed to identify
recent household-level damage or serious disruption caused by salient weather-related
events in Czechia. Respondents were asked if their home had been damaged or seriously
disrupted by any of the following events during the past five years: flooding, a tornado,
a storm or strong winds, heavy snowfall or ice, drought-related damage, wildfire-related
damage, or another weather-related event. Each item was answered dichotomously (yes
or no). The responses were summed and recoded into three categories: (1) not affected by
any event, (2) affected by one event, or (3) affected by more than one event. This variable
was not intended to function as a scale. Rather, it was used as a self-reported, household-
level grouping indicator for a known-groups validity analysis [45,46]. Because the count
variable does not reflect severity, financial loss, recency, or duration, it should be interpreted
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as a broad exposure indicator rather than a dose measure. This variable was used as a
self-reported household-level grouping indicator for known-groups validity analysis and
should not be interpreted as an objective measure of exposure to weather-related hazards.

2.5. Data Analysis

The analyses proceeded in six steps. First, descriptive statistics were calculated for
each item, subscale, and total score of the HEAS-13, including means, standard deviations,
skewness, and kurtosis [47]. Floor and ceiling effects were defined as the proportion
of respondents who obtained the lowest or highest possible score on the relevant item,
subscale, or total scale [48]. Values above 15% were considered to indicate notable floor or
ceiling effects [49].

Second, internal consistency was assessed using Cronbach’s alpha and McDonald’s
omega [50-53]. Corrected item-total correlations and alpha-if-item-deleted values were
examined to identify items that might weaken internal consistency.

Third, EFA was used to examine the internal structure of the HEAS-13 in the first
randomly selected subsample. Principal axis factoring (PAF) was used because it was
suitable for identifying latent structures based on shared variance, and it was more robust
than principal components analysis to deviations from multivariate normality [54,55]. Since
the HEAS-13 dimensions were theoretically expected to be correlated, oblimin rotation
with Kaiser normalization was applied [56]. The factor solution was evaluated with respect
to the number of extracted dimensions, factor loadings, communalities (h2), and the pro-
portion of explained variance. In this context, high factor loadings and communalities were
interpreted as evidence that the items converged on their intended latent dimension [57,58].
Local misfit and potential item dependence were assessed by inspecting the standardized
residual correlation matrix from the ordinal CFA model. Because within-factor residuals
in short three-item subscales can be uninformative or near-zero by model construction,
interpretation focused primarily on residual correlations between items belonging to dif-
ferent HEAS-13 factors. The largest absolute between-factor residual correlation and the
proportion of between-factor residuals exceeding 0.10 and 0.20 were reported as indicators
of possible localized misfit.

Fourth, CFA was used to test the factor structure in the second subsample. Due to
the ordinal response format, skewed distributions, and substantial floor effects, the CFA
was estimated using the Weighted Least Squares Mean and Variance Adjusted (WLSMV)
estimator. This estimator is appropriate for ordinal indicators and is based on the polychoric
correlation matrix [59,60]. Model fit was evaluated using the scaled chi-square statistic,
CFI, TLI, RMSEA, and SRMR; values of CFI and TLI > 0.95, RMSEA < 0.06-0.08, and
SRMR < 0.08 were interpreted as indicating an acceptable to good model fit.

Fifth, we examined measurement invariance using a hierarchical multigroup CFA
with the same robust ordinal estimator [61]. Configural, metric, and scalar models were
tested sequentially across sex and age groups. Because the HEAS-13 items were ordinal,
scalar invariance was evaluated by constraining item thresholds across groups. Invariance
decisions were based primarily on changes in CFI and RMSEA, with SRMR used as a
supplementary indicator of localized misfit [62]. Metric invariance was interpreted as
supported when ACFI < 0.010 and ARMSEA < 0.015. For scalar invariance, ACFI < 0.010
and ARMSEA < 0.015 were treated as the primary criteria, while ASRMR was interpreted
cautiously because SRMR can be more sensitive to threshold constraints in ordinal models.
Scalar invariance was therefore considered supported when ACFI and ARMSEA remained
within the recommended limits and the absolute SRMR value remained acceptable [63].

Sixth, construct validity was examined using several complementary forms of evi-
dence. Factorial validity was assessed using EFA and CFA results. This evaluation was
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supported by the average variance extracted (AVE) and composite reliability (CR) values
calculated for each latent dimension [64]. AVE expressed the proportion of variance in
the indicators explained by the latent factor, and CR reflected the internal consistency of
the latent construct. Higher AVE and CR values indicated that the items converged well
on the same underlying dimension. Item-level associations within the subscales were
examined using Kendall’s tau-b because of the ordinal nature of the items and the presence
of tied responses [50]. The magnitude and pattern of Kendall’s tau-b coefficients were
interpreted as evidence of internal coherence. External convergent validity was assessed
using Spearman correlations between HEAS-13 and GAD-7 scores [65]. Since both instru-
ments use symptom-frequency wording, and generalized anxiety and eco-anxiety may
overlap, these correlations were interpreted as evidence of association rather than construct
distinctiveness. To assess discriminant validity, the Heterotrait-Monotrait ratio of correla-
tions (HTMT) was calculated. HTMT values were used to evaluate whether the HEAS-13
dimensions were empirically distinguishable from each other and from generalized anxiety
measured by the GAD-7. Values below commonly used thresholds were interpreted as
supporting discriminant validity, while the magnitude of the HEAS-13—-GAD-7 associations
was interpreted cautiously because both instruments assess anxiety-related symptomatol-
ogy using self-reported frequency items. Local item dependence and potential semantic
redundancy were assessed by inspecting standardized residual correlations in the ordinal
CFA model. Residual correlations above 0.20 were treated as indicating possible local
dependence. Known-groups validity was examined by comparing HEAS-13 scores across
ordered categories of self-reported housing damage associated with weather-related hazard
events using the Jonckheere-Terpstra test as a directional test of ordered group differences,
and Dunn-Bonferroni post hoc comparisons [66,67]. Correlations were evaluated using
two-tailed significance tests. The potential influence of common method variance was as-
sessed using Harman'’s single-factor test. This test was used only as a descriptive diagnostic
and not as a definitive test of common-method bias.

Statistical analyses were mostly performed in IBM SPSS Statistics version 28 (IBM
Corp., Armonk, NY, USA); ordinal CFA and measurement invariance analyses were con-
ducted in jamovi 2.7.33 for Windows using the SEMLj module. AMOS was used for
graphical model presentation.

3. Results
3.1. Item Analysis

Table 2 presents the distributions of the HEAS-13 item, subscale, and total scores. The
mean HEAS-13 score at the overall scale level was 8.36 (SD = 9.064), with a median of 6,
indicating that the level of eco-anxiety in the sample was relatively low. The subscales and
the total HEAS-13 score showed positive skewness, indicating that responses were concen-
trated toward the lower end of the scale and that a substantial proportion of respondents
reported few or no eco-anxiety symptoms. Floor effect was substantial for all subscales,
particularly for anxiety about personal impact, where the percentage of respondents with
the lowest possible score was 66.5%. Floor effect of other dimensions were 62.3% for
rumination, 51.2% for behavioral symptoms and 43.6% for affective symptoms; the floor
effect for the total HEAS-13 was 37.5%. On the other hand, the ceiling effect, i.e., percentage
of respondents with the highest possible score, was negligible ranging from 1.4% to 2.9%
across the subscales and reaching 0.0% for the total scale.
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Table 2. Descriptive statistics of the HEAS-13 subscales and their items.
Alpha If
Mean SD Skewness  Kurtosis ITC Item
Deleted
Affective symptoms (scale range: 0-12) 3.11  3.395 0.868 —-0.117 NA NA
1. Feeling nervous, anxious or on edge. 0.78  0.859 0.828 —0.188 0.957 0.972
2. Not being able to stop or control worrying. 0.78  0.889 0.922 —0.018 0.942 0.976
3. Worrying too much. 0.77 0872 0.932 0.039 0.940 0.976
4. Feeling afraid. 0.78 0.876 0.893 —0.056 0.958 0.971
Anxiety about personal impact (scale range: 0-9) 1.58 2540 1.439 0.935 NA NA
11. Fee'ling anxious about the impact of your personal 053 0870 1.493 1.097 0.957 0.982
behaviors on the earth.
12.  Feeling anxiou.s about your personal responsibility to ;53 (1 g56 1.499 1.189 0.965 0.976
help address environmental problems.
13. ' Feeling arv.(ious that your personal behaviors willdo 55 (854 1520 1.255 0.972 0971
little to help fix the problem.
Behavioral symptoms (scale range: 0-9) 2.05 2443 0.889 —0.177 NA NA
8. Difficulty sleeping. 0.71 0.847 0.866 —0.329 0.960 0.978
9. . Difficulty enjoying social situations with family and 5 o> 1816 0.956 0018 0.960 0.977
friends.
10.  Difficulty working and/or studying. 0.68 0.819 0.957 0.012 0.970 0.970
Rumination (scale range: 0-9) 1.61 2359 1.292 0.648 NA NA
5. Unable to stop thinking about future climate change. 055  0.816 1.347 0.875 0.973 0.975
6. ' Unable to stop thinking about past events related to 052 0785 1330 0.794 0.963 0982
climate change.
7. Unable to stop thinking about losses to the 053 0792 1.343 0.898 0.969 0.978
environment.
HEAS-13 (scale range: 0-39) 8.36  9.064 0.813 -0.539 NA NA

Cronbach’s alpha was 0.980 for affective symptoms, 0.985 for rumination, 0.983 for
behavioral symptoms, 0.984 for anxiety about personal impact, and 0.962 for the HEAS-13.
McDonald’s omega showed nearly identical values of 0.980, 0.986, 0.983, and 0.984 for the
four subscales and 0.958 for the total scale. Although these values indicate high precision,
their magnitude also suggests that some subscales may contain semantically overlapping
items. Corrected ITC were high, ranging from 0.940 to 0.973 and the corresponding alpha-
if-item-deleted coefficients indicated no need for items removal.

3.2. Dimensionality of the HEAS-13

The data suitability for factor analysis was supported when the Kaiser-Meyer—Olkin
(KMO) measure of sampling adequacy reached 0.922. Additionally, Bartlett’s test of spheric-
ity was statistically significant (x?(78) = 12,177.735, p < 0.001). EFA using principal axis
factoring (PAF) with oblimin rotation yielded a four-factor solution with eigenvalues
8.912 for factor 1 (affective symptoms), 1.425 for factor 2 (anxiety about personal impact),
1.153 for factor 3 (behavioral symptoms), and 1.016 for factor 4 (rumination). The scree
plot and parallel analysis results supported retaining four factors; the extracted factors
corresponded to the theoretically expected dimensions of the HEAS-13.
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As shown in Table 3, all 13 items loaded strongly onto their factors and communalities
were also high. The high loadings and communalities indicate a very clear structure, but
they may also reflect semantic proximity among items within short subscales. The four
factors accounted for 96.2% of the common variance.

Table 3. HEAS-13 exploratory factor analysis.

F1 F2 F3 F4 h?
1.  Feeling nervous, anxious or on edge. 0.966 0.942
2. Not being able to stop or control worrying. 0.963 0.909
4.  Feeling afraid. 0.960 0.945
3. Worrying too much. 0.949 0.907
13.  Feeling anxious that your personal behaviors
will do little to help fix the problem. 0-990 0972
11. Feeling anxious about the impact of your 0.970 0.934
personal behaviors on the earth.
12.  Feeling anxious about your personal
responsibility to help address environmental 0.961 0.957
problems.
10.  Difficulty working and/or studying. 0.990 0.969
9. lef%culty enjpying social situations with 0.984 0.943
family and friends.
8.  Difficulty sleeping. 0.948 0.944
5. Unable to stop thinking about future climate 0.995 0.970
change.
7. Una.ble to stop thinking about losses to the 0.979 0.959
environment.
6.  Unable to stop thinking about past events 0.953 0.945

related to climate change.

Note: F1 = affective symptoms; F2 = anxiety about personal impact; F3 = behavioral symptoms; F4 = rumination.

Table 4 shows the results of Harman’s single-factor test demonstrating that the first
unrotated factor accounted for 65.99% of the variance, indicating a strong general re-
sponse component. The result indicates the presence of a strong general factor underlying
responses to the HEAS-13 items which is consistent with the high internal consistency coef-
ficients, high item-factor loadings, and strong inter-item correlations observed in the study.
In this respect, it is important to point out that the HEAS-13 is a short and homogeneous
scale, therefore a high proportion of variance explained by the first factor may reflect a
substantive general eco-anxiety or general distress component. Even though the four-factor
results together with the HTMT results suggest that the observed structure is not reducible
to a single undifferentiated factor, the common method variance cannot be fully ruled out
because all key variables were self-reported and collected in the same interview.
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Table 4. Harman'’s Single Factor Test (HEAS-13 Scale).

Factor SS Loadings

% of Variance

Cumulative %

1 8.58

65.99

65.99

As shown in Table 5, associations among items belonging to the same subscale were

statistically significant. The magnitude of the Kendall’s tau-b coefficients suggests that the

subscales are narrowly defined and psychometrically compact.

Table 5. Correlations among HEAS-13 items.

Affective symptoms (F1) Item 1 Item 2 Item 3 Item 4
1. Feeling nervous, anxious or on edge 1.000
2. Not being able to stop or control worrying 0.904 ** 1.000
3. Worrying too much 0.917 ** 0.874 ** 1.000
4. Feeling afraid 0.919 ** 0.902 ** 0.899 ** 1.000
Anxiety about personal impact (F2) Item 11 Item 12 Item 13
11.  Feeling anxious about the impact of your personal behaviors 1.000
on the earth
12.  Feeling apxious about your personal responsibility to help 0.950 ** 1.000
address environmental problems
13. Fegling anxious that your personal behaviors will do little to 0.961 ** 0.973 ** 1.000
help fix the problem
Behavioral symptoms (F3) Item 8 Item 9 Item 10
8.  Difficulty sleeping 1.000
9.  Difficulty enjoying social situations with family and friends 0.934 ** 1.000
10.  Difficulty working and/or studying 0.950 ** 0.954 ** 1.000
Rumination (F4) Item 5 Item 6 Item 7
5. Unable to stop thinking about future climate change 1.000
6.  Unable to stop thinking about past events related to climate 0.959 ** 1.000
change
0.962 ** 0.951 ** 1.000

7. Unable to stop thinking about losses to the environment

Note: Kendall’s tau_b; ** correlation is significant at the 0.01 level.

The residual correlation matrix was inspected to evaluate localized misfit not captured

by the four-factor model. Because the three-item subscales provide limited information

for detecting within-factor residual dependence, the interpretation focused on residual

correlations between items belonging to different HEAS-13 factors. Table 6 shows that

across the 63 between-factor item pairs, the largest absolute residual correlation was

0.028, and the mean absolute residual correlation was 0.008. No residual correlations

exceeded 0.10 or 0.20. These results indicate no substantial localized misfit between fac-

tors. Thus, the high zero-order item correlations appear to be largely explained by the

intended latent factors, although the semantic proximity of several items remains a relevant

psychometric caution.
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Table 6. Summary of between-factor residual correlations from the ordinal CFA model.

Residual-Correlation Summary Value
Number of between-factor item pairs 63
Largest absolute between-factor residual correlation 0.028
Mean absolute between-factor residual correlation 0.008
Residual correlations > 0.10 n=0 (0.0%)
Residual correlations > 0.20 n =0 (0.0%)

Note. Residual correlations were inspected for item pairs belonging to different HEAS-13 factors. Within-factor
residuals are not emphasized because residuals in three-item factors may be near-zero by construction and are
less informative for detecting local dependence.

Although the four subscales were internally homogeneous, the correlations among
subscales suggest related but distinguishable domains of eco-anxiety. As shown in Table 7,
the intercorrelations among the HEAS-13 subscales were moderate to strong. Each subscale
was also associated with the total HEAS-13 score.

Table 7. Correlation of HEAS-13 overall score with subscales.

1. 2. 3. 4.
1. Affective symptoms 1.000
2. Anxiety about personal impact 0.642 ** 1.000
3. Behavioral Symptoms 0.693 ** 0.592 ** 1.000
4. Rumination 0.700 ** 0.717 ** 0.597 ** 1.000
HEAS-13 0.916 ** 0.799 ** 0.837 ** 0.827 **

Note: Spearman’s rho; ** correlation is significant at the 0.01 level.

3.3. Four-Factor Model Confirmation

The four-factor HEAS-13 model was re-estimated using WLSMV with robust standard
errors and polychoric correlations, which is appropriate for the ordinal four-point response
format and the skewed item distributions. The hypothesized four-factor model presented
in Figure 1 showed excellent fit [68]; Table 8 shows that the scaled chi-square was non-
significant, RMSEA and SRMR were very low, and the incremental fit indices reached values
indicating excellent model fit [69,70]. Because several standardized loadings approached
1.00, residual variances and model admissibility were inspected. The ordinal CFA results
supported the four-factor structure of the HEAS-13 and were consistent with the exploratory
factor solution. However, the nearly perfect fit indices should be interpreted with caution
because the items are highly correlated and the subscales are psychometrically compact.

Table 8. Absolute and Incremental Indices (HEAS-13).

Scaled x(df), p RMSEA SRMR GFI CFI TLI NFI
Original _ 0.012 (95% CI
four-factor model 63.5(59), p = 0.320 0.000-0.030) 0.007 1.000 1.000 1.000 1.000
: 1672.57 (65), 0.220 (95% CI
One-factor model p <0.001 0.211-0.229) 0.191 0.998 0.998 0.998 0.998
Critical values <0.07 <0.08 >0.95 >0.90 >0.95 >0.95

Note. Models were estimated using WLSMV with robust standard errors and polychoric correlations. For the
one-factor models, incremental fit indices such as CFI, TLI, and NFI may appear artificially high when the WLSMV
baseline model fits very poorly. Therefore, the comparison between one-factor and multidimensional models is
interpreted primarily using the scaled x? statistic, RMSEA, and SRMR.

Because the standardized loadings for Items 10 and 13 rounded to 1.000 in Figure 1,

residual variances were inspected in detail. The residual variance for Item 10 was positive
but extremely small (0.00039), whereas Item 13 showed a negligible negative residual
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variance (—0.00004). Given the very small magnitude of this estimate and the uniformly
small modification indices (largest MI = 2.55), this was interpreted as a trivial boundary
estimate rather than evidence of substantive model misspecification. The standardized
loading of 1.000 in Figure 1 should therefore be understood as a rounded value indicating
an extremely strong item-factor association.
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Figure 1. HEAS-13 confirmatory factor analysis (original model tested on the second subsample).

Note. Standardized estimates are shown. Loadings displayed as 1.000 are rounded values.

To further evaluate whether the multidimensional structure of the HEAS-13 was
preferable to a more parsimonious general-factor solution, an additional one-factor CFA
model was estimated using the same WLSMV estimator and polychoric correlation matrix.
The original four-factor model showed excellent absolute fit. By contrast, the one-factor
HEAS-13 model showed poor absolute fit. Although some incremental fit indices were
high in this one-factor model as well, the large scaled x? value and poor absolute fit indices
indicated that a single-factor specification did not adequately reproduce the observed
polychoric correlation matrix. These results provide additional support for the original four-
factor structure and suggest that the HEAS-13 should not be treated as a unidimensional
scale in this sample.

Further evidence of the factor solution robustness is provided by the convergent indi-
cators. The AVE was high for all four factors, ranging from 0.92 (F1—affective symptoms)
to 0.95 (F4—rumination) and CR reached 0.98 for each domain.

3.4. Associations with Generalized Anxiety and Discriminant Validity

Convergent validity was examined through the association between the HEAS-13 and
the GAD-7. As shown in Table 9, all correlations with the GAD-7 were statistically signifi-
cant, positive, and moderate to strong. The corresponding disattenuated correlation was
0.894, indicating substantial true-score overlap between HEAS-13 and GAD-7. Thus, the
present findings support convergence with generalized anxiety but provide only qualified
evidence of discriminant validity. At the subscale level, the strongest associations with
the GAD-7 were observed for affective symptoms and behavioral symptoms, followed by
rumination and anxiety about personal impact.
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Table 9. Correlation of HEAS-13 with GAD-7.
HEAS-13 Affective Anxiety About Behavioral Rumination
Symptoms Personal Impact Symptoms
GAD-7 0.839 ** 0.825 ** 0.547 ** 0.732 ** 0.646 **

Note: Spearman'’s rho; ** correlation is significant at the 0.01 level; disattenuated correlation HEAS-13 with GAD-7
(Spearman correction) = 0.894.

To formally examine discriminant validity, HTMT ratios were calculated as addi-
tional evidence. The HTMT values among the HEAS-13 dimensions presented in Table 10
were below commonly used thresholds of 0.85 which supports the interpretation that
the four HEAS-13 dimensions are related but empirically distinguishable. The HTMT
values between the GAD-7 and HEAS-13 dimensions were also below the conventional
0.85 threshold. The strongest association was observed between GAD-7 and affective symp-
toms, followed by behavioral symptoms, rumination, and anxiety about personal impact.
HTMT results support empirical distinction between GAD-7 and the HEAS-13 dimensions,
while also showing that eco-anxiety shares a substantial anxiety-related component with
generalized anxiety.

Table 10. Heterotrait-monotrait (HTMT) ratio of correlations.

Affective Behavioral Anxiety About

Symptoms Rumination Symptoms Personal Impact GAD-7
Affective symptoms 1.000
Rumination 0.706 1.000
Behavioral Symptoms 0.713 0.650 1.000
Anxiety about personal impact 0.759 0.761 0.698 1.000
GAD-7 0.822 0.729 0.783 0.658 1.000

Because of the strong correlation between HEAS-13 and GAD-7, an additional CFA
was conducted using the Weighted Least Squares Mean and Variance Adjusted estimator
(WLSMYV) with robust standard errors to examine whether all HEAS-13 and GAD-7 items
could be represented by a single factor. Table 11 shows that the one-factor model comprising
all HEAS-13 and GAD-7 items demonstrated poor absolute fit. In contrast, the five-factor
model, which distinguished the four HEAS-13 dimensions from the GAD-7 factor, showed
a good fit, although the scaled x? remained statistically significant, as is common in larger
samples and complex ordinal models. However, it is common in larger samples and
complex ordinal models. The results thus indicate that the HEAS-13 and GAD-7 share
a substantial anxiety-related component, especially through its affective and behavioral
symptom dimensions, but the poor fit of the combined one-factor model suggests that
eco-anxiety cannot be fully reduced to generalized anxiety symptomatology.

Table 11. Comparison of one-factor and five-factor models including HEAS-13 and GAD-7 items.

Scaled x%(df) RMSEA SRMR GFI CFI TLI NFI
’ 2831.36 (170), 0.175 (95%
One-factor model p < 0.001 C10.169-0.181) 0.157 0.998 0.997 0.996 0.996
. 228.68 (160), 0.029 (95%
Five-factors model p <0001 C10.020-0.037) 0.016 0.998 0.997 0.996 0.996
Critical values <0.07 <0.08 >0.95 >0.90 >0.95 >0.95

Note. Models were estimated using WLSMV with robust standard errors and polychoric correlations. For the
one-factor models, incremental fit indices such as CFI, TLI, and NFI may appear artificially high when the WLSMV
baseline model fits very poorly. Therefore, the comparison between one-factor and multidimensional models is
interpreted primarily using the scaled x? statistic, RMSEA, and SRMR.
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3.5. Known-Groups Validity

The known-groups validity was examined by comparing the HEAS-13 scores of
respondents who were grouped according to their self-reported housing damage associated
with weather-related hazard events. Table 12 shows that the Jonckheere-Terpstra test
revealed a statistically significant ordered association between the number of reported
event categories and HEAS-13 scores when respondents who reported no household-level
damage had the lowest scores whereas those who reported one event had higher scores, and
those who reported more than one event had the highest total HEAS-13 scores. Respondents
with direct personal experience with environmentally disruptive events reported higher
eco-anxiety consistently across all dimensions of the scale. This pattern was especially
pronounced for anxiety about personal impact and the total HEAS-13 score.

Table 12. Associations between HEAS-13 scores and self-reported hazard-related home damage.

% Mean SD z p-Value r
HEAS-13
Not affected */** 80.2% 5.41 7.118
Affected by one disruptive event */*** 11.7% 19.07 5710 13990 <0001 0.62
Affected by more than one disruptive event */*** 8.2% 22.00 5.198
Affective symptoms
Not affected */** 80.2% 2.24 2.883
Affected by one disruptive event * 11.7% 6.38 3.059 11.517 <0.001 0.51
Affected by more than one disruptive event ** 8.2% 6.98 2.984
Anxiety about Personal Impact
Not affected */** 80.2% 0.73 1.702
Affected by one disruptive event */*** 11.7% 4.42 2.533 15.583 <0.001 0.69
Affected by more than one disruptive event **/*** 8.2% 5.95 1.937
Behavioral Symptoms
Not affected */** 80.2% 151 2.180
Affected by one disruptive event * 11.7% 3.88 2.140 10.442 <0.001 046
Affected by more than one disruptive event ** 8.2% 4.74 2.285
Rumination
Not affected */** 80.2% 0.92 1.875
Affected by one disruptive event * 11.7% 4.38 2.248 13.670 <0.001 0.60
Affected by more than one disruptive event ** 8.2% 4.33 1.870

Note: Jonckheere-Terpstra; effect size was calculated as r = Z/ /N from the standardized Jonckheere-Terpstra
statistic; */**/*** significant differences between groups (Dunn—Bonferroni).

Post hoc comparisons showed that respondents without reported damage differed con-
sistently from those affected by one or more events. For the total HEAS-13 score and anxiety
about personal impact, differences were also observed between respondents affected by
one event and those affected by more than one event. For affective symptoms, behavioral
symptoms, and rumination, the main distinction was between unaffected respondents and
affected respondents, whereas the difference between one event and multiple events was
weaker or absent.

These results should be described as ordered cross-sectional associations consistent
with known-groups validity, not as evidence of a causal or dose-response effect. They do
not demonstrate that weather-related hazard experience caused higher eco-anxiety; it is
also possible that respondents with higher anxiety are more likely to recall, interpret, or
report weather-related disruption as serious.

3.6. Measurement Invariance

The measurement invariance results across sex, shown in Table 13, supported con-
figural, metric, and approximate scalar invariance. Configural invariance indicates that
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the same four-factor structure was identified among male and female respondents. The
transition from the configural to the metric model produced negligible changes in fit, in-
dicating that factor loadings were comparable across male and female respondents. The
scalar model also showed no change in CFI or RMSEA. Although the increase in SRMR
exceeded the stricter 0.010 rule for scalar invariance, the absolute SRMR value remained
well below the conventional 0.08 threshold. Because ACFI and ARMSEA were stable, scalar
invariance was retained, with the SRMR increase interpreted as a localized sensitivity of
the ordinal threshold model rather than as evidence of substantial non-invariance.

Table 13. Measurement model invariance test by sex.

Model x2 (df) CFI RMSEA (90% CI) SRMR Ax? (Adf) C%I ARMSEA A SRMR Decision

M1: Configural 109.77 0.000

Invariance aig) 1000 (0000-0.025) 0.009

M2: Metric 115.71 0.00 5.94

Invariance (127) 1.000 (0.000-0.023) 0.009 ©) 0.000 0.000 0.00 Accept

M3: Scalar 144.23 0.000 28.52 Accept, with SRMR

Invariance 149 1000 6,000-0.027) 0.023 22) 0.000 0.000 0.01 qualification

The same sequence of models was estimated across age groups. Table 14 shows that

configural and metric invariance were supported, and the scalar model again showed
stable CFI and RMSEA. The increase in SRMR was larger than the stricter scalar-invariance
criterion, but the absolute SRMR remained within the acceptable range. Therefore, the
results support approximate scalar invariance across age groups. These findings suggest
that HEAS-13 scores can be compared across the tested sex and age groups, although
age-group comparisons should be interpreted with some caution.
Table 14. Measurement model invariance test by age.

Model x2 (df) CFI RMSEA (90% CI) SRMR Ax? (Adf) C%I ARMSEA A SRMR Decision

M1: Configural 215.82 0.000

Invariance 236) 1000 (0000-0.024) 0.013

M2: Metric 237.66 0.000 21.84

Invariance (263) 1.000 (0.000-0.020) 0.013 7) 0.000 0.000 0.00 Accept

M3: Scalar 309.12 0.000 71.46 Accept, with SRMR

Invariance (329) 1.000 (0.000-0.024) 0.042 (66) 0.000 0.000 0.03 qualification

Note: age groups were defined as 15-39, 4049, 50-59, and 60-74 years.

4. Discussion

This study examined the psychometric properties of the Czech adaptation of the HEAS-
13 scale in a probability-based, general-population sample. Overall, the findings support
the Czech version of the scale while indicating issues requiring cautious interpretation. The
first hypothesis was supported because the exploratory analysis reproduced the expected
four-factor structure, which was then confirmed in an independent subsample using an
ordinal CFA estimator. The second hypothesis was also supported when the total scale and
all four subscales demonstrated high internal consistency. Regarding the third hypothesis,
HEAS-13 scores were strongly associated with generalized anxiety, and were higher among
respondents who reported housing damage from weather-related hazard events. Therefore,
it was also supported. Similarly, the fourth hypothesis was supported because measurement
invariance analyses indicated comparability of the scale across sex and age groups. Thus, all
four main hypotheses were supported. However, the findings concerning convergent and
discriminant validity require careful interpretation due to the strong association between
the HEAS-13 and the GAD-7.

The results supported the hypothesized four-factor structure of the HEAS-13. Ex-
ploratory factor analysis yielded a theoretically coherent solution corresponding to affective
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symptoms, rumination, behavioral symptoms, and anxiety about personal impact. This
structure was confirmed in an independent subsample using WLSMV estimation based on
polychoric correlations, which are appropriate for ordinal indicators. Additional CFA com-
parisons further supported the multidimensional interpretation of the scale. The original
four-factor model showed an excellent fit, whereas the one-factor HEAS-13 model showed
a poor absolute fit. These findings suggest that the HEAS-13 should not be treated as a
unidimensional instrument, even though the four dimensions are strongly related.

This pattern is consistent with the original development study [21] and subsequent
validation studies in various linguistic and cultural contexts, including Turkish [22,71], Ital-
ian [23,72], Portuguese [24,25], Spanish [26,73], Argentinian [26], Polish [27], Brazilian [28],
Chinese [74], Libyan [75], Indonesian [76], French [77], and German [29,78] samples. The
present study extends this evidence by using a probability-based sample from the Czech
general population. Compared with previous validation studies that relied on student,
young adult, online, or convenience samples, the present study’s design strengthens the
population relevance of the findings. Nevertheless, the results should be interpreted as
additional validation evidence rather than definitive proof of cross-cultural robustness.

Reliability evidence was strong for both the total scale and the four subscales. High
corrected item-total correlations and high alpha and omega coefficients suggest that the
items are internally consistent and closely related to their intended domains. However,
the magnitude of these coefficients also suggests that some items are semantically similar.
This is particularly relevant because the HEAS-13 contains short subscales with items that
capture similar symptom manifestations. Residual-correlation diagnostics did not indicate
substantial unmodeled residual associations after the latent factors were specified. This
suggests that the high item correlations were largely explained by the intended factors.
Nevertheless, future studies should examine the possibility of local item dependence and
redundancy using item response theory, bifactor models, and short-form analyses.

The distributional characteristics of the scale are also important. The mean HEAS-
13 score was relatively low, and the score distributions were positively skewed, with
substantial floor effects and negligible ceiling effects. These findings suggest that frequent
or severe eco-anxiety symptoms are not widespread in the Czech general population.
This pattern was expected in a population-based sample, particularly since the HEAS-
13 measures symptom frequency rather than general environmental concern. Similar
distributional tendencies have been reported in other HEAS-related studies [27-29,79].
In the Czech context, the substantial floor effects may reflect lower climate salience and
perceived personal exposure to environmental and climate-related risks. Therefore, the floor
effects should not be interpreted as only a psychometric limitation. They may also represent
a substantively meaningful feature of a population in which high levels of environmental
distress are concentrated in smaller subgroups.

The strong association between the HEAS-13 and the GAD-7 is theoretically meaning-
ful but psychometrically challenging. This finding is consistent with the conceptualization
of eco-anxiety as a form of anxiety-related environmental distress that includes affective
and behavioral symptoms. However, the magnitude of the association indicates substantial
overlap with generalized anxiety, raising the possibility of shared symptom wording, re-
sponse tendencies, and method variance [21,80]. For this reason, the results should not be
interpreted as showing that eco-anxiety is fully independent of generalized anxiety.

Additional discriminant-validity analyses provided a more balanced interpretation.
HTMT values supported the distinction between the HEAS-13 and GAD-7 dimensions, and
a CFA comparison showed that a general factor did not adequately represent all items. In
contrast, a five-factor model distinguishing the four HEAS-13 dimensions and the GAD-7
factor showed a good fit. These findings suggest that the HEAS-13 and GAD-7 share a

https://doi.org/10.3390/environments13070392


https://doi.org/10.3390/environments13070392

Environments 2026, 13, 392

18 of 23

significant anxiety-related component, yet neither is reducible to a single, undifferentiated
anxiety factor. The affective and behavioral dimensions of the HEAS-13 are most similar
to generalized anxiety symptoms, while rumination and anxiety about personal impact
are more environment-specific and self-referential. Future research should examine the
HEAS-13’s incremental validity using additional external criteria, such as environmental
concern, climate salience, pro-environmental behavior, perceived environmental exposure,
and non-symptom-based indicators.

A known-groups analysis supported the validity of the HEAS-13 by showing an
ordered association between self-reported housing damage from weather-related hazard
events and HEAS-13 scores. Respondents without such experience had the lowest scores,
while those reporting one or more disruptive events had higher scores. This pattern
is consistent with the expectation that personally salient environmental disruption is
associated with greater environmental distress. However, the cross-sectional design does
not allow for conclusions about temporal ordering or causality. While hazard-related
experience may increase the salience of environmental threats, it is also possible that
respondents with higher anxiety are more likely to recall, interpret, or report such events as
disruptive [81]. Therefore, the findings should be interpreted as evidence of known-groups
validity, not as evidence of a causal effect.

Measurement invariance analyses further strengthened the psychometric evidence for
the Czech HEAS-13. Configural and metric invariance were supported across sex and age
groups, and the results also supported approximate scalar invariance. The scalar models
showed stable CFI and RMSEA, while SRMR increased beyond the stricter scalar-invariance
rule, especially in the age-group model. Because the absolute SRMR values remained within
the acceptable range and the primary criteria based on ACFI and ARMSEA were satisfied,
the scalar models were retained but interpreted cautiously. These findings suggest that
HEAS-13 scores can be compared across the tested sex and age groups, although age-group
comparisons should be interpreted with some caution.

However, several limitations should be acknowledged. First, the cross-sectional study
design cannot establish causal relationships between weather-related hazard experience,
generalized anxiety, and eco-anxiety. Second, the known-groups variable was based on self-
reported household-level damage and should not be interpreted as an objective exposure
measure. Respondents may have also experienced other environmentally relevant events
that were not captured by this indicator, including indirect exposure, community-level
disruption, or media exposure. Third, since all main variables were self-reported and
collected in the same survey interview, shared method variance may have increased.
Harman’s single-factor test should be interpreted cautiously because the HEAS-13 is a
psychometrically homogeneous scale, so a strong general factor is expected. Therefore, the
result does not necessarily indicate common method bias; however, shared method variance
cannot be ruled out. Fourth, the high internal consistency coefficients and high item
correlations suggest semantic proximity among some items. While retaining the original
HEAS-13 supports comparability with previous studies, future work should examine
shorter forms, bifactor structures, local dependence, and item response theory models.
An additional limitation concerns translation and cross-cultural comparability. Cognitive
interviews resulted in a minor modification to the wording of Item 5 to improve clarity and
avoid a double-barreled interpretation. The strong loading of this item on the rumination
factor suggests that its intended latent meaning was retained. However, since the final
wording is not a literal translation of the original item, strict item-level comparisons with
other language versions should be approached with caution. Future cross-national studies
should consider this difference in wording when comparing item parameters.
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Despite these limitations, the study contributes to the international literature on the
validation of eco-anxiety measurement tools. The results provide evidence that the HEAS-
13 retains its multidimensional structure in a Czech probability-based general population
sample and can be used to make comparisons across sex and age groups. The results also
show that the scale is meaningfully associated with generalized anxiety and self-reported
housing damage related to weather hazards. At the same time, the findings suggest inter-
preting HEAS-13 scores cautiously because the scale measures a construct closely related
to generalized anxiety; however, its multidimensional structure and environment-specific
dimensions suggest that it is not merely a general anxiety measure [82,83]. Therefore,
the Czech HEAS-13 appears to be a useful instrument for population-based research on
eco-anxiety, provided that researchers interpret the total score and subscales in light of their
overlap with general anxiety, the presence of floor effects, and the semantic proximity of
some items.

5. Conclusions

The present study examined the psychometric properties of the Czech adaptation
of the HEAS-13 in a probability-based, general population sample. The expected four-
factor structure was supported, and the internal consistency was high. Measurement
invariance analyses supported configural and metric invariance across the tested groups,
and provided support for approximate scalar invariance. HEAS-13 scores were strongly
associated with generalized anxiety and were higher among respondents who reported
housing damage from weather-related hazard events. These findings support the usefulness
of the HEAS-13 in population-based research on eco-anxiety while also indicating important
considerations. Specifically, the strong relationship with the GAD-7, the presence of floor
effects, and evidence of item redundancy suggest that HEAS-13 scores should be interpreted
as multidimensional indicators of environmental distress rather than as evidence of a
construct fully independent of generalized anxiety.

The present study extends previous HEAS-13 validation work in three ways; it eval-
uates the scale in a probability-based general-population sample, uses ordinal CFA and
measurement invariance models appropriate for the response format, and examines known-
groups validity in relation to self-reported household-level weather-hazard impacts. Future
studies should examine discriminant and incremental validity, local item dependence, and
the scale’s performance across populations with different levels of environmental salience.
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