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Abstract: Climate change presents an urgent global challenge, manifesting in rising temperatures and extreme
weather events with severe societal impacts. The Eastern Mediterranean, warming faster than the global
average, faces immediate repercussions. Climate literacy emerges as pivotal, empowering individuals to
comprehend climate science and act accordingly. This study delves into climate literacy, attitudes, and
'greening' behaviours in the Eastern Mediterranean hotspot of Greece, based on a survey of 1,962 citizens.
Findings indicate high climate literacy but lower adoption of 'greening' behaviours, especially those involving
financial costs. Regression analyses highlight the significant role of climate literacy, concerns about personal
impacts, coping appraisal and trust in institutions in promoting 'greening' behaviours. The study underscores
the need for multifaceted strategies emphasizing financial motivation, trust-building, and societal norm shifts.
Socio-demographic disparities, including gender and occupation, highlight areas for targeted interventions.
The emphasis on the mental health impacts of climate-related events underscores the need for holistic disaster
management. Policy implications are discussed, highlighting the potential of expanded climate literacy to
catalyze collective action toward sustainability.
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1. Introduction

Climate change (CC) profoundly affects every region globally, with the Mediterranean region
warming faster than the average, exacerbating societal impacts [1]. In this context, the Eastern
Mediterranean is a CC hotspot, where the unmitigated climate change scenario includes prolonged
heatwaves, more frequent extreme rainfall and slow-progressing risks such as sea level rise.

The European Climate Law enriches the ambitious goal of the European Green Deal for climate
neutrality by 2050. Adopted in 2022 by the EU countries, this landmark legislation is a clarion call to
every stratum of society, namely governments, industries, communities, and individuals, to embrace
'greening’ behaviours and support adaptation measures. In this regard, citizens embody the potential
for profound impact through their daily choices and behaviours. Beyond personal actions, they can
collectively influence policy by voicing concerns and steering policymakers towards ambitious
climate action [2].

Scholars have underscored the significance of an informed public in driving pro-environmental
attitudes and 'greening' behaviour [3]. As such, climate literacy can empower citizens to understand
Earth's climate system, the causes, risks and effects of CC, and the role of human activities in shaping
our climate [4] and act on it [5].

Most studies focus on educational settings, assessing school or college students' level of climate
literacy and methods to improve it [6-9]. Interestingly, there is no absolute agreement among the
studies that formal education necessarily causes pro-environmental behaviours, as there seem to be
other factors involved in the result that may or may not be directly observable, such as psychological
factors, social influence, and personal values [10-13]. For that, recent interest extends to the general
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population, indicating the need to explore the means to enhance the behaviour of the people who are
already decision-makers in their households, workplaces, and communities.

In a broader geographical context, several studies have examined how other factors may affect
public views and, eventually, pro-environmental behaviours. For example, there is evidence that
media coverage affects individual concern about CC and climate policy support [14,15]. Other studies
indicate how misunderstanding CC issues can lead to scepticism in the sense of a negative attitude
diminishing engagement in pro-environmental actions [5]. Direct experience [16] and individual and
population age [17] have been suggested to affect the understanding of CC and its solutions.
Indifference and the prioritization of other problems also seem to reduce real engagement with the
CC issue [18]. Moreover, institutional trust has been associated with concern about CC [15].

Few studies have assessed climate literacy and pro-environmental attitudes and behaviours
among the general population of Eastern Mediterranean countries. This region, characterized by its
distinct socio-cultural and environmental dynamics, warrants focused investigation. Recently,
entities such as the Allianz Foundation [18,19] and the European Commission [20] have conducted
relevant surveys addressing the European population. However, these efforts have limitations, as
either they exclude Eastern Mediterranean countries [18,19] or, although informative, lack the depth
of statistical analyses typical of scientific studies. A recent study [21] has assessed the macroeconomic
effects and public health benefits of climate mitigation actions in Greece, highlighting a crucial gap
in public awareness and perception regarding the broader societal benefits of climate mitigation.

Our study aims to assess citizens' climate literacy and 'greening' behaviour within the unique
context of Greece, a CC hotspot region of the Eastern Mediterranean. The objective is to explore the
critical role of individuals' climate literacy in fostering 'greening' behaviours while also to shed light
on the intricate interplay between literacy, attitudes and concerns, adverse experiences, and socio-
demographic factors to unravel whether and to what extent these factors influence 'greening'
behaviours among citizens. We benchmark our findings against global studies to identify best
practices and areas for improvement.

2. Materials and Methods
2.1. Questionnaire

We conducted a survey using an online questionnaire distributed via Greece's most popular
weather website, www.meteo.gr, which provides weather warnings, observations and forecasts
produced by the METEO unit at the Institute for Environmental Research, National Observatory of
Athens [22,23]. The average number of daily visitors to the site exceeds 350,000. The questionnaire
received 1,962 valid responses on November 12-13, 2023. The answers were anonymous, which was
emphasized in the introductory text of the questionnaire. Depending on the sample we received in
real-time, we directed the questionnaire through the website's pages by region to ensure the best
possible geographical representation. The questionnaire included questions on climate literacy,
attitudes and concerns, adverse experiences, 'greening' behaviours, and socio-demographic
characteristics. It is available as Supplementary Material, translated into English.

2.2. Measures
Climate Literacy

We used Likert-type questions to measure climate literacy [7,24], namely the extent of the
respondent's consensus on the issue raised in the context of each question. This approach provides
additional insights into their level of climate literacy, preventing respondents from guessing or
searching for the correct answer if questions were multiple-choice type. A five-level scale, from very
low to very high, was used for all questions on literacy, attitudes, concerns and behaviours, with a
few exceptions noted below.

To assess critical thinking, we measured climate literacy with 12 questions on global and local
climate change topics, including false premise questions (FPQs) [25]. We expressed the FPQs in such
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a way as to ensure they did not mislead respondents. The final variable was derived as the average
of the 12 questions, with the scales of FPQs reversed.

To further assess people's outlook when answering the online questionnaire, we measured two
more variables: (a) the self-evaluation of their literacy in two dimensions, i.e., with two questions
regarding CC at the global and local level, that of the Eastern Mediterranean region, and (b) their
climate policy literacy, using four binary questions to receive a clear indication of whether the
respondents knew or not international policies and definitions used to raise awareness on CC policies
(the Conference of the Parties (COP) and its decision-making role, the adaptation of the European
Climate Law, the EU's Climate neutrality goals, and the definition of the carbon footprint).

'Greening' Behaviours

'Greening' behaviours were assessed using two variables. The first is the 'greening' level, which
accounts for behaviours respondents systematically and consciously adopt. The respondents could
select among seven behaviours that do not have a direct financial burden. However, this assessment
is not absolute as some may require more time, and the cost-benefit evaluation varies individually.
The 'greening’ level, as the sum of the selected 'greening' behaviours, is exceptionally measured at a
seven-scale. Relevant international surveys have used this approach to measuring 'greening'
behaviour [18,19]. The second is the 'willingness to pay', measured with three questions about the
intention to personally implement or accept economically demanding measures to adapt to CC. It
reflects the respondents’ commitment to addressing climate-related challenges, even if those actions
come with moderate to high costs.

Attitudes

We treated multiple questions as items to produce the variables of attitudes and concerns.
Specifically, we measured 'disbelief' in the existence and severity of CC with four questions about the
respondent's agreement that (a) CC does not exist, (b) concern about CC is exaggerated, (c) CC is
mainly due to natural causes, (d) nature and people can easily adapt to higher temperatures.

Regarding concerns, we measured the 'adaptation concern' about possible adverse effects of the
adaptation measures taken at a central level in their lives with three questions about how much they
fear that such measures may (a) burden the country's economy in the immediate future, (b) bring a
reduction of jobs in the country, (c) harm the country's ecosystem. We also measured "personal impact
concern' about the possible short-term effects of CC on themselves, with three questions pointing to
(a) overall adverse personal and family effects, (b) significant financial losses, (c) the need to take
radical measures to adapt to CC (change of residence, occupation etc.).

We measured the 'coping appraisal’ of the participants with two questions regarding the ability
(a) to adapt to CC without adverse effects on their lives and (b) to meet the associated financial
demands. Finally, we measured 'trust' in three catalysts for mitigating climate change: the state,
polluting industry, and science. We posed two questions, respectively. Regarding the state, we asked
the participants how much they trust it (a) implements mitigation policies and (b) effectively takes
adaptation measures. Regarding industry activated in Greece, we asked how much they believe it (a)
responsibly adopts measures to reduce GHG emissions and (b) is transparent as to its 'greening'
actions. Finally, we asked how much they believe that (a) science has proved CC threat and criticality
and (b) scientific recommendations on measures to tackle and adapt to CC are compelling.

We applied principal factor analysis (PFA) and Cronbach's alpha («) measurement to validate
and assess the internal reliability of the psychometric scales of the multi-item attitude variables.
Factor item loadings above 0.60 are accepted in PFA to ensure good fitness [26]. The final variables
were derived as the average of the items approved by the PFA and Cronbach's a test [26]. Scale
reliability is considered excellent for a above 0.70 [27].
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Regarding the adverse experience, we asked the participants if they had experienced severe
weather events that affected them, their family or their property. A positive answer guided them to
a section asking when it last happened, what phenomena (co)occurred, and how they would rate the
extent of the effects they suffered financially, on health, on mental health and if they were obliged to
radical changes in their lives (professional, place of residence, etc.). We constructed the dichotomous'
experience' and the 5-level 'extent’ of effects by averaging the four relevant questions.

Table 1 presents the statistical description of the examined variables, their scale reliability, and
item factor loadings where PFA is applicable.

Table 1. Statistics (n, mean, standard deviation (SD), min, max and psychometric scales reliability).

Cronbach's a 1/ Factor

Variable (n) Mean SD min max ] .
item loadings 2

Literacy-related (1962)
climate literacy? (CL) 3.75 0.77 1 5 N/A
self-evaluation 3.40 0.97 1 5 N/A
policy literacy* 293 1.12 0 4 N/A
Attitudes (1962)
disbelief 201 090 1 5 0.77/(4 items: 0.60-0.77)
adaptation concern 2.89 1.22 1 5 085/(3 items: 074'085)
personal impact concern 2.81 1.04 1 5 0.88/(3 items: 0.75-0.86)
coping appraisal 2.44 0.82 1 5 0.68/(2 items)
trust in state 1.82 0.78 1 5 082/(2 items)
trust industry 1.69 0.68 1 5 086/(2 items)
trust in science 3.35 1.20 1 5 093/(2 items)
Adverse Experience
experience (1962) 0.40 0.49 0 1 N/A

5
extent (792) , 218 081 1 5 N/A
(average of the four items:)
financial 2.25 1.08 1 5 N/A
health 1.97 1.07 1 5 N/A
mental health 2.81 1.25 1 5 N/A
radical changes 1.71 1.06 1 5 N/A
‘Greening’ behaviours
(107
'greening’' level (GL) 3.96 1.52 1 7 N/A
willingness to pay (WP) 2.58 0.89 1 5 N/A

1. Cronbach’s a > 0.7 shows a highly reliable scale. 2. Loadings > 0.60 are accepted. N/A if PFA is not applicable.

3. Measured as the average of 12 items (literacy questions), with the scales of FPQs reversed 4. Measured as the
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sum of the relevant dichotomous items (4 policy-related questions). 5. The 'extent' of the effects concerns the
sample that answered positively regarding 'experience’, i.e. 792 participants.

Socio-Demographics

We collected information about gender, age (generation), education level, place of residence at
the prefecture level and whether it is in an urban environment. In addition, we asked the respondents
about their preferred sources of information (media, social media, websites of organizations related
to the environment, webpages or podcasts with scientific content). Finally, participants could choose
from seven categories regarding the profession sector. Six of these categories are particularly sensitive
to the effects of CC in the target area or may enhance awareness of climate change. The seventh
category includes all other sectors. Table Al of the Appendix A section provides the demographic
characteristics of the sample population.

2.3. Statistical Methods

In this study, we employed various statistical methods to analyze the data and answer our
research questions. Firstly, we used Spearman's correlation to account for variables without normal
distribution. We also applied Analysis of Variance (ANOVA) to compare the means of different
groups. After obtaining statistically significant results from the ANOVA, we proceeded to post hoc
pairwise comparisons by applying the Bonferroni test.

We then conducted multiple linear regression analyses. The dependent variables were the
'greening' behaviours, namely the existing 'greening' level and the 'willingness to pay'. For each
regression model, we post-estimated the Variance Inflation Factor (VIF) to detect any presence of
multicollinearity, which occurs when two or more independent variables in a regression model are
highly correlated. A VIF value lower than 5 indicates negligible multicollinearity [28]. Regarding the
level of statistical significance, we adhered to the conventional threshold, accepting p-values lower
than 0.05 as statistically significant.

Furthermore, we performed an economic significance analysis to evaluate the practical
importance of our findings beyond just their statistical significance [29]. This analysis aims to
quantify the practical implications of the relationships observed in regression models and elucidate
the real-world relevance of our results. Specifically, we assessed the impact of each predictor variable
on the 'greening' behaviours by calculating the percentage change in 'greening’ associated with one
standard deviation increase in the specific predictor variable.

In our analyses, we were mindful of the representativeness of our sample. Specifically, our
sample showed a significant deviation regarding gender representativeness since females constituted
only one-quarter of the respondents. To address this issue, we conducted additional analyses on sub-
samples of our data where the gender distribution was balanced (50-50). We used statistical methods
that produce random samples automatically. Notably, neither correlation and regression results nor
the average ratings of variables changed significantly (in any case, at the 2nd decile of the coefficient
values at the most), suggesting that the gender imbalance does not compromise our findings.
Moreover, we treat gender as a control variable in the regression analyses. Controlling regressions
for sociodemographics and sub-sampling techniques are well-established methods in statistical
analysis to account for potential biases and ensure the robustness of findings. It's important to note
that these methods can help mitigate but not eliminate potential biases related to sample
representativeness.

3. Results

3.1. Evaluation of Response Accuracy

We assessed participants' attention and critical thinking by analyzing the climate literacy
questions' mean scores (Table 2) and correlations (Table A2 of Appendix A). The mean values of the
FPQs are much lower than the rest of the CL items, while the correlations of the 12 items (Table A1)
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prove the tendency of non-acceptance of the FPQs. Therefore, there is evidence that the respondents
read the CL questions carefully and responded accordingly.

Table 2. Statistics (mean, standard deviation (SD), and scale) and type of question (True or FPQ) for
the climate literacy items (12 questions) (n =1,962).

Climate literacy items Mean SD Min Max Type
At the global level, about the:

1. role of greenhouse effect on CC 3.65 1.16 1 5 TRUE
2. role of fossil fuel combustion on CC 3.71 1.2 1 5 TRUE
3. role of CO:2 concentration on CC 3.76 1.21 1 5 TRUE
4. CC impact on extreme weather events 3.52 1.19 1 5 TRUE
5. CC role in temperature rise 3.71 1.26 1 5 TRUE
6. rate at which Europe is heating up 2.19 0.95 1 5 FPQ

On the East Mediterranean and the observed changes in:

7. heatwave duration 3.84 1.14 1 5 TRUE
8. drought duration 1.95 1 1 5 FPQ
9. extreme rainfall occurrence 3.67 1.13 1 5 TRUE
10. forest fire severity 3.79 1.25 1 5 TRUE
11. sea level 3.08 1.23 1 5 TRUE
12. sea surface temperature 1.71 0.93 1 5 FPQ

Notes: The exact questions are accessible in the Supplementary Material. FPQs 6, 8 & 12 implied that the EU is
heating at a lower rate than the global average, drought events become shorter in the East Mediterranean, and
the sea surface temperature is decreasing in the same region, respectively.

Further assessing literacy responses, CL was found, on average, higher than the 'self-evaluation'
(Table 1), although with a positive correlation (Table A2, rho=0.28, p<0.001). No statistically
significant correlation was found between CL and 'policy literacy' (Table A2). Exceptionally, the
ANOVA test of means showed that participants who are aware of the carbon footprint and its
implications (one of the policy literacy items) have a statistically higher mean CL (F=26.18, p<0.001).

3.2. 'Greening’ Behaviours vs Climate Literacy and Attitudes

Figure 1 presents the responses to the questions of the two 'greening' behavioural variables in
detail. Responsible water consumption and recycling are the most common 'green' habits. 85% of
participants stated that they systematically do these actions. 79% consciously limit their energy
consumption. Less than half use alternatives to driving transportation means (47%), consume less
(40%) or adopt 'green' food practices (38%). About 20% said they support local actions related to CC
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mitigation and adaptation. Willingness to spend on insurance coverage and accept environmental
charges is low, while it is higher for building adaptation measures.

I limit the reckless use of water ‘

| recycle & reuse ‘

| limit energy consumption (heating, lighting, ‘
etc.)

| drive less and use alternative & less energy ‘
consuming means

I limit the consumption of goods or adopt ‘
'green' habits (reused clothes, furniture, etc.)

| adopt 'green’ practices in food consumption
(reduce meat, choose locally produced products, ‘
etc.)

| actively support local actions against climate ‘

change
0 300 600 900 1200 1500 1800
positive responses
(a)
1 (very low willingness) 2 m3 ma m 5 (very high)

Building adaptations (installation of renewable

energy sources, building thermal insulation, anti- ‘

flood shielding, etc.)

Private property insurance for weather-induced ‘

damage

Acceptance of special environmental charges (for [
energy consumption, plastic use, waste disposal, I

etc.)
0

200 400 600 800
responses

(b)

Figure 1. (a) Number of positive responses to the 'greening’ measures that GL accounts for. (b)
Distribution of responses (1-5 scale level) to the individual questions that WP accounts for.

On average, CL was found high (mean=3.75 at a 1-5 scale), while GL was lower (mean=2.96 if
rescaled at a 1-5 scale) and WP even lower (mean=2.58) (Table 1). Results (Table A2) show a
statistically significant and positive correlation of CL with GL (rho=0.24, p<0.001) and a stronger
positive correlation with WP (rho=0.40, p<0.001).
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'Disbelief' was found to be low (mean=2.01, Table 1) but also with negative correlations with GL
(rho=-0.21, p<0.001), WP (rho=-0.27, p<0.001) and especially with CL (rho=-0.70, p<0.001). 'Adaptation
concern' and "personal concern' were found to be moderate (mean=2.89 & 2.81, accordingly), and the
two variables show an opposite relationship with CL, GL and WP. Namely, the 'adaptation concern'
for possible adverse consequences from the adaptation measures is negatively correlated with CL
(rho=-0.21, p<0.001), GL (rho =-0.09, p<0.001) and WP (rho=-0.12, p<0.001). In contrast, the "personal
impact concern' is positively correlated with CL (rho=0.53, p<0.001), GL (rho=0.22, p<0.001) and WP
(rho =0.30, p<0.001).

'Coping appraisal' was found to be low to moderate (mean=2.44). The variable negatively
correlates with CL (rho=-0.25, p<0.001). Further exploring the variable items, we find that as the CL
increases, the participants' assessment that they can adapt to CC without significantly impacting their
lives decreases more strongly (rho=-0.36, p<0.001). The relationship of CL with the participants'
evaluation that they can meet the financial demands of this adjustment is very weak (rho=-0.05,
p<0.05). However, this financial dimension is positively related to WP (rho=0.15, p<0.001), while it is
not statistically associated with GL, i.e. the adoption of measures without a direct financial impact.

"Trust in science' was found to be moderate (mean=3.35), while trust in those responsible for
managing and dealing with CC issues (state, industry) was found to be low (mean=1.82 and 1.69,
respectively).

3.3. Socio-Demographic Issues

The ANOVA test showed a statistically significantly higher mean GL for females (F=45.52,
p<0.001). The difference in mean WP values is not statistically significant between genders. CL is
statistically higher for females (F=60.64, p<0.001). Females were also found to have lower 'disbelief'
(F=80.72, p<0.001), lower" adaptation concern' (F=48.85, p<0.001) and higher levels of 'personal impact
concern' (F=41.83, p<0.001). Regarding trust, females were found to have a higher' trust in science'
(F=41.39, p<0.001) but lower 'trust in state' (F=45.56, p<0.001) and 'trust industry' (F=33.14, p<0.001).
Finally, females were found to have lower confidence in their level of literacy ('self-evaluation')
(F=11.24, p<0.001) and 'coping appraisal' (F=31.56, p<0.001) than males.

Differences among generations are less prominent. Still, correlation (Table A2) and ANOVA test
results show that younger generations have statistically higher CL levels and lower 'disbelief'.
However, the older the generation, the higher the GL and the lower the WP level.

'Education’ presented insignificant to weak correlations (Table A3 of Appendix A). Positive is
the correlation with 'trust in science' (rho=0.13, p<0.001) and negative with 'disbelief' (rtho=-0.10,
p<0.001). Note that our sample has, in proportion to the country's population, a higher level of
education, with 40% having attained tertiary education, compared to the 32% corresponding to
Greece for ages over 18, according to Eurostat for the year 2023 [30].

Regarding 'infos', most participants (71%) use up to two sources. 60% of them get information
from social media, while 1/3 are being informed, among others, from websites of organizations with
environmental content. The relatively strongest positive correlation (Table A3) was found between
infos' and GL (rho=0.27, p<0.001), while a statistically significant but weak negative correlation was
found between 'infos' and 'disbelief’ (rho=-0.12, p<0.001).

Correlations with urbanization were mostly statistically insignificant (Table A3). The mean CL
in urban areas is 5% higher than in non-urban (F=17.76, p<0.001). Note that 70% of participants live
in urban areas, a percentage consistent with the demographic profile of the Greek population [31].

Regarding profession (Table Al), we collected a sufficient sample for all sectors listed in the
questionnaire. The smallest sample corresponds to the tourism sector (83). The rest ranged from 135
(agricultural sector) to 279 (education sector). 46% of the sample (899 participants) corresponds to the
‘other sectors' category. The categorical variable 'sector' was examined with ANOVA and Bonferroni
post-hoc tests regarding its relationship with the other variables. In summary, focusing on the most
notable results, we found a statistically significant difference in the mean values of CL and GL, with
the agriculture sector having the lowest value of CL (3.56) and the tourism sector the lowest value of
GL (2.86 in a 1-5 scale). No statistically significant difference was found in terms of WP. Regarding
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the attitude variables, we found a statistically significant difference in the mean values of 'disbelief'
and 'adaptation concern’, with the agriculture sector having the highest values (2.30 and 3.28,
respectively). Finally, the results regarding 'trust in science' were also statistically significant, with
the lowest mean value (3.02) attributed to the agricultural sector.

Figure 2 shows by sector the mean literacy on the risks associated with CC in the Eastern
Mediterranean (6 out of 12 CL items), where the effects are directly felt. Literacy about sea level rise
was found to be the lowest across all sectors (F=3.49, p<0.005). The tourism sector sample showed
significantly higher literacy for heatwaves and wildfires (mean=4.10 and 4.06, respectively), and the
agricultural sector showed lower literacy for the heatwaves (mean=3.56), (F=3.65 p<0.005 and F=3.28
p<0.005 the ANOVA results for heatwaves and wildfires, respectively).

sea surface temperature

) _—
rise e M Research / Technology /
Innovation

intensifying drought ——— B Education

M Health
prolonged heatwaves

e ————————————
Energy / Construction
—_—
e ————
intensifying forest fires
————————————————————
H Tourism

extreme rainfall
u Agriculture

climate literacy items focusing on the Eastern Mediterranean
risks

—_———
’ —————=
sea level rise = Other sectors

fury

2 3 4 5

literacy level (1-5 scale: very low-very high)

Figure 2. Mean literacy on the risks associated with CC in the Eastern Mediterranean (6 out of 12 CL
items) by the professional sector.

3.4. Featuring Adverse Experience

40% of the respondents stated that they had been affected by severe weather events, 88% of
whom in the last five years. Of the adverse experiences, 52% involve floods, 27% heatwaves, 24%
forest fires, 21% strong winds, and a small fraction (3%-9%) include droughts, snow/frost, and
landslides. 22% of adverse experiences were related to coexisting phenomena, mainly floods with
strong winds and landslides or heatwaves with drought. Regardless of the phenomenon, those
affected have increased CL (rho=0.11, p<0.001) and "personal impact concern' (rho=0.19, p<0.001) and
lower 'coping appraisal' (tho=-0.13, p<0.001) and 'trust in state' (rho=-0.08, p<0.001) (Table A3).

Compared to having an adverse experience, the 'extent’ of it showed stronger correlations with
the examined variables (Table A3). The greater the magnitude of the impacts they suffered, the
greater the CL, GL and WP (rho=0.19, 0.17, 0.16, respectively, p<.001). Stronger were also the
correlations of 'extent’ with 'personal impact concern’' (tho=0.49, p<0.001), 'coping appraisal' (rho=-
0.28, p<0.001), 'disbelief' (rho=-0.17, p<0.001) and 'trust in state' (rho=-0.10, p<0.001). Finally, the
stronger the impact, the higher the 'trust in science' (rho=0.15, p<0.001). The correlation between
'adverse experience' and 'trust in science' is not statistically significant.

Figure 3 shows the mean rate of the impact suffered without considering any coexistence of
phenomena. Overall, the affected sample population emphasized mental health more. Statistical
analysis showed that wildfires and heatwaves were significantly associated with more severe effects
on physical health (F=15.55, p<0.001 for wildfires and F=63.12, p<0.001 for heatwaves), mental health
(F=41.98, p<0.001 for wildfires and F=8.43, p<0.005 for heatwaves) and radical changes (F=9.38,
p<0.005 for wildfires and F=5.27, p<0.05 for heatwaves) compared to those who did not report these
phenomena. Drought and landslides were significantly associated with more severe financial impacts
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(F=13.94, p<0.001 for drought and F=9.31, p<0.005 for landslides). The respective statistical results
were not found to be significant for floods and windstorms.

snow/frost

M radical changes

I
I —
| e |
I
B —
landslide ———m—ua57-—-o9
|
- |
| ————

drought

H mental health

phenomena that caused adverese impacts

I
wildfire |—|—
T
——
]
heat ,—I| Ophysical helath
——
wind ey —
)
— O financial
flood
1 2 3 4 5

level of impact suffered (1-5 scale: very low-very high)

Figure 3. Mean impact suffered by the affected sample population by phenomenon (coexistence of
phenomena is not considered).

3.5. Regression Analyses

Table 3 shows the results of the linear multiple regression analyses used to examine the effects
of CL, attitudes and concerns, and socio-demographic variables on GL and WP. Two of the four
models consider the entire sample population and two only those affected by a severe weather-
related phenomenon, thus including the 'extent' variable. The adjusted R-squared values range from
0.17 to 0.24. These values indicate that our models explain between 17% to 24% of the variance in our
dependent variables, GL and WP. It's important to note that in social science research, such levels of
explained variance are not uncommon due to the complex nature of human behaviour. Most social
science research modelling aims not to predict human behaviour but to assess whether specific
explanatory variables significantly affect the dependent variable [32]. The models are statistically
significant at the 5% level. The VIF values for each predictor in the models and the overall models'
VIF are well below the acceptable threshold. Therefore, we can confidently state that multicollinearity
does not pose a concern in the interpretation and reliability of our regression model's results.

Table 3. Regression results for 'greening' behavioural variables.

Sample population (considering Affected population (i.e.,

only females & males) ‘experience’ =1)

‘Greening’ level Willingness to ‘Greening’ level Willingness to

(GL) pay (WP) (GL) pay (WP)

climate literacy (CL)  0.16(0.08)* 0.32(0.04)** 0.23(0.12) 0.24(0.07)**

disbelief -0.06(0.06) -0.01(0.03) 0.01(0.10 0.02(0.06)
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Sample population

only females & males)

(considering Affected

‘experience’ =1)

population

(i-e.,

‘Greening’ level Willingness to ‘Greening’ level Willingness to

(GL) pay (WP) (GL) pay (WP)
adaptation concern ~ -0.03(0.03) -0.03(0.02) 0.02(0.04) -0.02(0.03)
personal impact 0.19(0.04)*** 0.15(0.02)*** 0.24(0.07)*** 0.20(0.04)***
concern
coping appraisal 0.08(0.04) 0.16(0.03)*** 0.03(0.07) 0.13(0.04)**
trust in state 0.01(0.05) 0.11(0.03)*** 0.02(0.08) 0.10(0.04)*
trust industry -0.03(0.05) 0.05(0.03) -0.08(0.09) 0.05(0.05)
trust in science 0.07(0.04) 0.09(0.02)*** 0.03(0.06) 0.14(0.04)***
experience 0.05(0.07) -0.02(0.04) extent: 0.12(0.07) extent: 0.04(0.04)
gender -0.36(0.08)*** 0.05(0.04) -0.38(0.13)** 0.08(0.07)
generation 0.39(0.04)*** -0.03(0.02) 0.37(0.07)*** -0.02(0.04)
education -0.01(0.03) 0.03(0.02) 0.01(0.05) 0.01(0.03)
infos 0.37(0.04)*** 0.04(0.02)* 0.37(0.06)*** -0.01(0.03)
urban -0.07(0.08) -0.07(0.04) 0.03(0.12) -0.07(0.07)
constant 1.47(0.41)*** -0.09(0.23) 0.83(0.68) -0.07(0.39)
R-sauared 0.18 0.25 0.19 0.22
Adiusted R-squared  0.18 0.24 0.17 0.21
VIF 1.58 1.58 1.53 1.53
No. observations 1919 1919 773 773

Notes: Standard errors are reported in parentheses. p-values significance is indicated as: *p<0.05, **p<0.01,
**p<0.001. The coding of variables is explained in Tables Al and A3.

In the models considering the entire sample population, CL, 'personal impact concern’,
generation, and 'infos' were found to have significant positive effects on GL. However, the CL effect
on GL was statistically insignificant when considering only the population affected by severe
weather-related phenomena. For WP, CL, 'personal impact concern', 'coping appraisal’, 'trust in state’,
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and 'trust in science' were the most influential variables across the two models, all with positive
coefficients. The negative coefficient for gender indicates that being male has a negative effect on GL.
However, the effect of gender on WP was insignificant.

A particularly interesting observation is that despite the statistically significant and, in some
cases, relatively strong negative correlations of 'disbelief' or 'adaptation concern' with GL and WP
(Table A3), their effects were not found to be statistically significant in the regression models.
Namely, these negative attitudes are overshadowed by other explanatory variables considered in the
models.

The economic (practical) significance of the statistically significant variables in the regression
models for the entire sample population is summarised in Table 4. The results show that a one
standard deviation increase in CL is associated with a 3.2% increase in GL and a 9.2% increase in WP
for the entire sample. For GL, "personal impact concern' and 'infos' have an even higher economic
significance, of 5.1% and 8.6%, respectively. For WP, the highest economic significance is attributed
to CL. For the rest of the predictors, the economic significance ranged from 1.6% to 6.1%.

Table 4. Economic significance of the statistically significant variables in the regression models
considering the entire sample population.

Predi iabl E ¢ sionifi for GL__F ic sionifi for WP

climate literacv (CI.) 3.2% 9.3%
personal impact concern 5.1% 6.1%
coping appraisal N/A 5.1%
trust in state N/A 3.4%
trust in science N/A 4.3%
infos 8.6% 1.6%

Note: N/A signifies ‘not applicable” due to non-significant regression results.

4. Discussion

The findings of this study shed light on various aspects of climate literacy, attitudes and
concerns, 'greening' behaviours, and their relationships with socio-demographic factors in the context
of an Eastern Mediterranean CC hotspot. These insights are crucial for understanding public
responses to CC, significantly impacting mitigation and adaptation efforts.

4.1. Methodological Implications for Literacy-Related Survey

First, assessing how participants answered climate literacy questions suggests attention and
critical thinking, as shown by the lower mean values and negative correlations associated with FPQs,
enhancing the reliability of the analyses and conclusions.

Interestingly, respondents' literacy self-evaluation was lower than their climate literacy,
regardless of gender. This finding may imply that individuals tend to be cautious or critical about
their level of knowledge or suggest they tend to underestimate their understanding of climate change.
Furthermore, we found there was no correlation between climate and policy literacy. This result
indicates that citizens may know the policy's name or existence but not its details or implications.

Overall, the above findings suggest that when interpreting responses to a literacy-related survey,
researchers should be mindful of the potential for discrepancies between self-reported knowledge
levels and actual understanding. It also highlights the importance of considering multiple
dimensions of knowledge when assessing respondents' overall understanding of climate change. In
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this case, the lack of correlation between climate literacy and policy knowledge underscores the need
for targeted communication efforts to ensure that individuals comprehensively understand CC
science and policy aspects.

4.2. The Literacy - Behaviour Gap

The results showed that citizens in Greece have relatively high climate literacy. However,
'greening' behaviour is still weak, even if it does not burden the citizens financially. In our survey, as
in the European one [20], low on the list are measures that theoretically save money, such as using
alternative means of transport instead of the car or limiting the consumption of, at least first-hand,
goods. Surveys in European countries other than Greece [19] suggest that most respondents
underestimate the urgency of the adaptation measures.

The gap between awareness or knowledge and behaviour is a recognized [33] and well-
documented phenomenon [34,35], often referred to as the 'attitude-behaviour' or 'mind-behaviour'
gap. This gap can be attributed to several factors, such as psychological barriers hindering knowledge
translation into action. These barriers include finding change unnecessary, conflicting goals, and
tokenism. Scholars have also indicated how local authorities' incompetence can affect individuals'
determination to take action [36]. A typical example is the failure of major Greek cities to design and
promote sustainable mobility [37], which is very likely to discourage citizens from leaving their cars.

Our analyses indicate that financial burdens may deter individuals from adopting 'greening'
behaviours, even if they know their benefits [38]. Proposed measures to address such barriers include
financial incentives, e.g. for nature- and technology-based solutions to decarbonize and adapt
buildings [39,40]. Considering all the above, we can conclude that despite a relatively high climate
literacy, the psychological barriers, economic burden, and inefficient policies may discourage citizens
from acting on this knowledge.

4.3. The Climate Literacy Significance

Given the disparity between climate literacy and behaviour highlighted above, the regression
analyses point out interesting findings. According to the model results (Table 3), increasing climate
literacy is necessary to enhance 'greening' behaviours. This finding is in broader agreement with the
Allianz survey [19], which concluded that those with high climate literacy are more than three times
as likely to actively try reducing their carbon footprints. Relevant studies targeting regions around
the globe have reached a similar conclusion [23] or have associated literacy with greater awareness
of climate change, which may, in turn, mobilize pro-environmental behaviour [41].

We showed evidence that climate literacy affects 'greening' behaviours when considering
attitudes/concerns and socio-demographic factors, enhancing its potential as an influential
parameter. An exception is the weakening of the effect of climate literacy on the 'greening' level of
citizens who have suffered severe impacts from severe weather events. In this population, personal
concern and broadness in information uptaking play a decisive role in strengthening the 'greening'
level. In this case, the behavioural studies' suggestion of reduced interest in lifestyle change, possibly
due to their trauma, is likely to fit [34,35]. It is also interesting to note that climate literacy significantly
influences individuals' willingness to pay for 'green' initiatives regardless of their adverse
experiences.

Regarding the economic significance of the results, we're essentially discussing how the findings
of our study translate into tangible changes in people's actions and behaviours in their everyday lives.
The analysis showed that increasing climate literacy, thus having a better understanding of climate-
related issues, leads to a 3.2% increase in the 'greening’ level and a 9.3% increase in the willingness to
pay for 'greening' measures. When adopted by many people, these behaviours can collectively
contribute to reducing carbon emissions, mitigating the effects of CC, and conserving natural
resources. Thus, promoting climate literacy can inspire positive pro-environmental actions on a
broader scale.
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4.4. Other Than Climate Literacy Variables Affecting (or not) 'Greening” Behaviours

Results showed that individuals concerned about the consequences they may suffer due to CC
are more likely to engage in a 'greening’' lifestyle and willing to pay for 'greening’ initiatives. This
evidence highlights the importance of communicating CC implications to individuals.

Coping appraisal, trust in the state, and trust in science influence the willingness to pay but not
the 'greening' level. A possible explanation is that these variables reflect the belief that to contribute
financially, firstly, they must have the ability to do so; secondly, the state will effectively use citizens'
money to combat climate change; and thirdly, there is scientific evidence about the necessity of
accepting the associated costs. The results showing that these variables do not affect the 'greening'
level (non-costly measures) indicate that these actions are considered less related to financial
demands or third-party actions. In contrast, adopting new behaviours implies awareness of the need
to change habits, often driven by social norms. The significant effect of the broadness in information
uptaking and the socio-demographic profile on the 'greening' level reinforces this point of view.

Of particular note are the low levels of disbelief in the existence and severity of CC observed in
the surveyed population, which align with broader trends indicating widespread recognition of CC
across populations. For example, according to the 2021 Yale Climate Opinions Maps, approximately
72% of Americans believe that CC is occurring [42], and approximately 77% of Europeans think CC
is a severe problem [20]. It is also noteworthy that neither disbelief nor concern for adaptation
measures taken centrally, two attitudes that we can characterize as negative towards the acceptance
of the problem and the need for broader solutions, appeared to affect 'greening’ behaviours in the
regression analysis, even though the respective correlations were statistically significant and negative
(Table A3). This finding suggests that while these negative attitudes are related to forming beliefs
and behaviours at first sight, other factors ultimately moderate their effect on final behaviour. It again
highlights the importance of investigating the interplay between literacy, attitudes/concerns and
socio-demographic characteristics when assessing responses to environmental challenges.

4.5. Socio-Demographic Issues to Address

The results showed a statistically significant higher climate literacy among females by 9%
compared to males, in contrast to similar surveys. In particular, Allianz's survey found the opposite
regarding gender [19]. Still, the authors were surprised as they considered that aspects like the levels
of education and interest in CC issues should rather speak for a higher climate literacy among
women. They further attributed this unexpected result to the higher percentage of 'don't know'
answers (to the multiple choice questions of knowledge) due to the greater confidence of males in
their own knowledge, which increases the likelihood of correct answers. Based on this suggestion,
we measured the mean self-evaluation of females and males, and the results confirmed the Allianz
survey's hypothesis and explanations for their opposite finding. Namely, we found that males were
by 5% more confident (mean=3.44 for males and 3.27 for females), and the difference is statistically
significant (F=11.24, p<0.001). Social implications of these findings may be related to addressing
stereotypes and social norms that undermine women's confidence in the expression and effective use
of their knowledge, especially since our results emphasize that females have higher literacy and a
more positive attitude regarding the seriousness of CC and scientific contribution. The positive
attitude also applies to the younger generations, who, however, are characterized by the already
highlighted gap between climate literacy and actual 'greening’' behaviour.

Regarding occupation, lower literacy among those employed in the agricultural sector, with
higher disbelief and more negative attitudes towards central adaptation decisions and the
contribution of science, indicates room for targeted strategies. Since people involved in this sector are
directly affected by CC in many ways, they can provide first-hand observations of climate change
impacts and adaptation options [43]. Therefore, an effective strategy should involve them in dialogue
and collaboration with local authorities and the scientific community, with two-way benefits. That is,
understanding the specific impacts suffered by the agricultural sector and the long-term impacts of
CC and identifying reliable applications and technologies focused at the crop and regional level
[44,45]. Farmers' scepticism has been highlighted and combined with a lack of interest in investing in
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insurance coverage in other regions as well [46], with scientists pointing to the impact of
understanding the CC risks and the utility of insurance coverage as an adaptation measure.

4.6. Issues Regarding the Adverse Experience and Damage Extent

What is most worth commenting on is the emphasis participants gave to the mental health
impacts they suffered, an underrated parameter of natural disasters' societal impacts. Recently,
scholars have emphasized the seriousness of the issue, the need to be recognized by professionals in
the management of emergencies and especially the need to care for affected people with a distinction
between population groups with different needs [47].

5. Conclusions

In summary, the analysis and obtained findings suggest that efforts to promote 'greening'
behaviours and willingness to pay for 'green’ initiatives should focus on improving climate literacy,
communicating and specifying the impacts of CC one may suffer, building trust in scientific and state
institutions, and ensuring access to diverse and reliable information sources. These efforts could
significantly impact the promotion of environmentally friendly behaviours among citizens.

The literacy and behaviour gap found, especially among younger people, suggests that knowing
the risks and what is environmentally friendly may not be enough. This finding aligns with the
literature, which indicates that the solution is to create social pressure through education, following
the argument that environmentally friendly habits should become a 'social norm' [18].

Ultimately, the present study highlights the importance of expanding the scope of climate
literacy to include the general population to foster collective pro-environmental behaviours for a
sustainable future. Eventually, a more informed population is more inclined to advocate for the
significance of taking action against climate change. This advocacy can accelerate the shift towards a
climate-neutral future, especially when acting synergistically with legislative measures.

Supplementary Materials: The following supporting information can be downloaded at the website of this
paper posted on Preprints.org.
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Table A1l. Demographic characteristics of the survey sample and coding of the respective variables.

16

Demographic variables and coding

Percentage

(rounded-off values)

Demographic variables and coding

Percentage (rounded-

off values)

Gender (dichotomous! or categorical)

1. Female
2. Male

3. Other

4. Unspecified (in the questionnaire: don’t want to say)

Generation (ordinal)
1. Gen-Z (<25 yrs old)
2. Millennials (25-40)
3. Gen-X (41-60)

4. Boomers (61-75)

5. Oldest (>75)

24

74

24

55

15

Urban (residence environment, dichotomous)

Non-urban
Urban

Occupational sector (categorical)

Other

Education

Research / Technology / Innovation
Energy / Construction
Agriculture/Livestock/Fishing/Forestry
Health

Tourism

22

78

46

14

13
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Percentage Percentage (rounded-
Demographic variables and coding ( ded-oft values) Demographic variables and coding £ values)
rounded-off values off values

Education (ordinal)
Prefecture? (categorical)

1. Elementary

1 Attica 46
2. Secondary

11 Thessaloniki 11
3. Post-high school qualification

12 Rest 49 (out of 51 in total) (all Prefectures 43
4. University degree 20 were represented)
5. Postgraduate

36

1. Some statistical analyses considering gender took into account females & males (thus, gender was coded as a dichotomous variable in these cases) due to the difficulty in clarifying/discussing
the results when including the other options (other/don’t want to reply) that constitute a sample share of 2%. 2. 11 out of the 51 Prefectures were over-represented, considering the % official
Census-provided population, by 2% to 64%. The remaining 40 were under-represented by 7% to 71%. Attica and Thessaloniki, the most populated Prefectures, were over-represented by 34% and
9%, respectively.

Table A2. Correlation (Spearman's rho) of the 12 climate literacy items (FPQs in italics).
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4. CC
impact 6. rate at

1. role of 2. role of on which 10.

greenhouse fossil fuel 3.roleof CO2 extreme b5.CCrolein Europeis 7. 8. 9. extreme forest 12. sea

effect on combustion concentration weather temperature heating — heatwave drought rainfall fire 11. sea surface

CcC on CC on CC events rise up duration  duration occurrence severity level temperature
1. role of
greenhouse effect
on CC 1.00
2. role of fossil fuel
combustionon CC ~ 0.77 1.00
3. role of CO2
concentration on
CC 0.77 0.84 1.00
4. CC impact on
extreme weather
events 0.63 0.66 0.66 1.00
5.CCrolein
temperature rise 0.65 0.69 0.70 0.79 1.00
6. rate at which
Europe is heatingup ~ 0.11 0.11 0.15 0.20 0.17 1.00
7. heatwave
duration 0.64 0.65 0.64 0.70 0.73 0.12 1.00
8. drought duration ~ -0.18 -0.17 -0.17 -0.16 -0.17 0.22 -0.21 1.00

9. extreme rainfall
occurrence 0.54 0.57 0.56 0.66 0.61 0.17 0.72 -0.12 1.00
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4. CC
impact 6. rate at
1. role of 2. role of on which 10.
greenhouse fossil fuel 3.roleof CO2 extreme 5.CCrolein Europeis 7. 8. 9. extreme forest 12. sea
effect on combustion concentration weather temperature heating  heatwave drought rainfall fire 11. sea surface
CcC on CC on CC events rise up duration  duration occurrence severity level temperature
10. forest fire
severity 0.56 0.60 0.60 0.67 0.66 0.16 0.75 -0.15 0.74 1.00
11. sea level 0.50 0.57 0.55 0.61 0.60 0.19 0.62 -0.07 0.62 0.65 1.00
12. sea surface
temperature -0.10 -0.10 -0.08 -0.05 -0.09 0.23 -0.12 0.45 -0.06 0.06 1.00

Notes: The relevant questions are accessible in the translated questionnaire in the Supplementary Material. FPQs 6, 8 & 12 implied that the EU is heating at a lower rate than the global average,
drought events become shorter in the East Mediterranean, and the sea surface temperature is decreasing in the same region. Only statistically significant results are shown (p-value < 0.05).

Table A3. Correlation (Spearman's rho) of the examined variables.

perso
clim nal tru
‘greeni willing ate polic adaptat impa copin st trust
ng’ ness to litera self- y ion ct g in trust in
level pay cy evaluat litera disbel concer conce apprai sta indus scien experie gend generat educati urba info exte
(GL) (WP) (CL) ion cy ief n m sal te  try ce nce! er? ion3 on* n° S0 nt’

‘greeni

7

ng
level
(GL) 1.00
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perso
clim nal tru
‘greeni willing ate polic adaptat impa copin st trust
ng’ ness to litera self- y ion ct g in trust in
level pay cy evaluat litera disbel concer conce apprai sta indus scien experie gend generat educati urba info exte
(GL) (WP) (CL) ion cy ief n m sal te try ce ncel er? ion3 on# ns s6 nt?

willing
ness to

pay
(WP)  0.20 1.00

climate
literacy
(CL) 0.24 0.40 1.00

self-
evaluati
on 0.16 0.11 0.28 1.00

policy
literacy  0.10 0.05 0.28 1.00
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perso
clim nal tru
‘greeni willing ate polic adaptat impa copin st trust
ng’ ness to litera self- y ion ct g in trust in
level pay cy evaluat litera disbel concer conce apprai sta indus scien experie gend generat educati urba info exte
(GL) (WP) (CL) ion cy ief n m sal te try ce ncel er? ion3 on# ns s6 nt?
disbelie
f -0.21 -0.27 -0.70  -0.06 0.07  1.00
adaptat
ion
concern -0.09 -0.12 -0.21  0.06 0.08 031 1.00
persona
l impact
concern  0.22 0.30 0.53 013 -0.42 1.00
coping
apprais

al -0.09 -025 0.07 0.08 033 -043  1.00
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perso
clim nal tru
‘greeni willing ate polic adaptat impa copin st trust
ng’ ness to litera self- y ion ct g in trust in
level pay cy evaluat litera disbel concer conce apprai sta indus scien experie gend generat educati urba info exte
(GL) (WP) (CL) ion cy ief n m sal te try ce ncel er? ion3 on# ns s6 nt?
trust in 1.0
state 0.11 -0.05 0.10 012 017 011 -0.10  0.17 0
trust
industr 0.4
y -0.05 0.08 -0.10 0.06 016  0.06 -0.10  0.15 9 1.00
trust in
science  0.22 0.37 0.71  0.16 -0.60  -0.28 0.40 -0.19 1.00
experie 0.0
nce! 011  0.09 -0.07 0.19 -013 8 1.00

gender2 -0.15 -0.17  0.08 011 0.21 0.16 -0.15 0.13 5 0.13 -0.14 1.00
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perso
clim nal tru
‘greeni willing ate polic adaptat impa copin st trust
ng’ ness to litera self- y ion ct g in trust in
level pay cy evaluat litera disbel concer conce apprai sta indus scien experie gend generat educati urba info exte
(GL) (WP) (CL) ion cy ief n m sal te try ce ncel er? ion3 on# ns s6 nt?
generat 0.0
ion? 0.16 -0.06 -0.05 0.05 0.07 -0.09 6 -0.10 1.00
educati
on* 0.05 0.10 010 0.12 010 -0.10 -0.08 0.09 0.13 -0.07 1.00
urban® 0.08 -0.06 0.05 0.08 -0.07 0.09 1.00
infos® 0.27 0.13 016 0.3 014 -0.12 0.15 -0.06 0.18 0.05 0.11 0.08 1.00
0.1
extent”  0.17 0.16 019 0.10 -0.17 0.49 -028 0 -0.10  0.15 -0.10 1.00

Notes: Only statistically significant results are shown (p-value <0.05). 1. 'experience' is dichotomous (0=no, 1=yes). 2. ‘gender’ coding is 1=female, 2=male, 3=other, 4=don't want to reply. Correlations

with gender include only codes 1 & 2 (thus, it becomes a dichotomous variable). 3 & 4 correspond to a minimal number of respondents (43, 2% of the sample). 3. ‘generation’ (ordinal) coding is
1=Gen-Z (<25 yrs old), 2=Millennials (25-40), 3=Gen-X (41-60), 4=Boomers (61-75), 5=oldest (>75). 4. 'education’' (ordinal) coding is 1-5 (from elementary to the highest level). 5. 'urban' is dichotomous
(0=no, 1=yes). 6. 'infos' (continuous), 0-4, where 0=no use of information sources & 4= use of all the optional information sources. 7. Correlations with impact 'extent' accounts only for the sample

population with experience (n=972).
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