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ABSTRACT

Introduction Climate change is a paramount global
health threat with multifaceted implications. Societal
change is required to mitigate the negative effects of
climate change, as well as help people adapt to the
associated health risks. This requires situation-specific,
large-scale data to help scientists and policymakers
understand public perceptions and behaviours and identify
the levers to increase public readiness to act against
climate change and protect health. The Planetary Health
Action Survey (PACE) assesses this readiness to act as a
regular monitoring of representative samples in Germany.
The ongoing monitoring seeks to develop and refine an
integrated conceptual model of the trait-like readiness to
act, comprising policy acceptance, political participation
and individual behaviours as indicators of the trait. It

also proposes as set of determinants to explain different
levels of readiness to act. This study protocol provides
newly developed valid measurement instruments and the
methodological details of the monitoring.

Method and analysis PACE assesses indicators of

the readiness to act and a set of sociocognitive factors
predicting the readiness to act in continuous cross-
sectional data collections. The latter comprise climate
change knowledge, trust in institutions, perceived

health risks, self-efficacy, social norms and perceived
effectiveness of policy measures. The online questionnaire
is updated regularly. Data collection involves non-
probabilistic quota samples from Germany (n=1000 at
each collection).

Ethics and dissemination The project adheres to the
ethical guidelines of the University of Erfurt and the
German Research Foundation. Ethical clearance was
granted by the University’s Institutional Review Board (No
#20220525/No #2024-01). Participants are guaranteed
confidentiality and anonymity, and informed consent is
obtained before participation. Results will be published
in peer-reviewed journals. Additionally, we aim to inform
and empower the public and support stakeholders
(media, policymakers, climate protection organisations)
in preparing climate communication and assisting
policymakers through the project website including an
interactive tool, detailed reports and short summaries for
practitioners.

,"? Mattis Geiger,'? Philipp Sprengholz,>® Mirjam Jenny,'?
Hellen L Temme, "2 Parichehr Shamsrizi,"? Sarah Eitze,"? Cornelia Betsch
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STRENGTHS AND LIMITATIONS OF THIS STUDY

= The Planetary Health Action Survey (PACE) contrib-
utes to understanding climate change and health
risks by considering various facets of individual and
societal change.

= It allows for observing changes over time and ad-
justing the model to include current topics and
debates.

= Measurement instruments in the monitoring are of
highest psychometric quality; they have been de-
veloped with approaches that maximise objectivity,
reliability and validity.

= While the large sample is representative for age,
gender and federal state, limitations of an incentiv-
ised online recruiting and questionnaire have to be
considered.

= Overall, PACE provides a broad foundation for future
health and crisis communication and helps inform-
ing climate change and health communication, poli-
cymaking and interventions.

INTRODUCTION

Among all major ongoing global crises of
the 21st century, climate change is ranked
one of the most dangerous by WHO' and
has been called ‘the biggest global health
threat” by experts of the Lancet Count-
down.? Health and climate change interact in
numerous ways. The main driver of climate
change is high levels of carbon emissions
resulting mainly from burning fossil fuels,’
which can directly lead to health issues,
such as cardiovascular and lung diseases.*™
More importantly, the main consequences of
climate change also affect human health. For
example, rising temperatures present a lethal
threat,” as evidenced by >60 000 heatrelated
deaths estimated in Europe alone for 2022.%
In the USA, heat is responsible for more fatal-
ities than any other weather-related hazard.’
Other health risks triggered or amplified by
climate change are allergic reactions and
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respiratory problems' '' or the aggravation of infec-

tious diseases such as malaria or dengue.”*™* A compre-
hensive overview of the health consequences caused by
the climate crisis can be found in the annually updated
Lancet Countdown on health and climate change.'
Beyond costing human lives, decreasing well-being and
increasing morbidity,'® economic damage and the related
monetary costs for societies caused by climate change
already have a massive health impact, which will increase
in the future. Loss of labour productivity due to increased
heat, for example, is estimated at annual costs of around
half a trillion dollars by 2050 in the USA alone.'” This
will likely further weaken the welfare and health systems,
which, until now, are not sufficiently prepared for the
rising burden of disease.’ ' ' In sum, climate change
interacts with existing and upcoming health threats and
aggravates them. The term ‘planetary health’ acknowl-
edges this issue because it assumes that ‘human health
and the health of our planet are inextricably linked, and
that our civilisation depends on human health, flour-
ishing natural systems and the wise stewardship of natural
resources’.”’ Thus, planetary health encompasses the
holistic approach of considering the interdependence of
human health, the environment, biodiversity and ecosys-
tems and therefore goes beyond the term climate and
health, which focuses specifically on how climate change
impacts human health. Understanding human behaviour
within this nexus is key. This protocol therefore details
the Planetary Health Action Survey (PACE), which
aims to understand the readiness to act against climate
change as a crucial human trait with regard to planetary
health, how individual differences in this readiness can be
explained and how it can be increased, for example, by
identifying levers for making climate and health commu-
nication and policy more effective by rooting it in large-
scale behavioural data.

Readiness to act against climate change

Given the health threats highlighted above, there is an
urgent need to adapt to and mitigate climate change.
To instigate behavioural change and explain what drives
more climate-friendly behaviours, it is necessary to under-
stand the individual differences in the readiness to act.
In the present work, we assume that the readiness to act
is a traitlike psychological construct determining indi-
vidual and collective action against climate change. It
comprises three aspects that are situated both at the indi-
vidual and societal levels: individual CO, emission-related
behaviour, acceptance of climate protection policies and
political participation against climate change. To change
this trait, an individual needs to understand the neces-
sity for change and be willing to act in a climate-friendly
way to support mitigation. One example is the reduced
consumption of food with high environmental impact, for
example, meat and dairy products, which has been rated
a high-impact behaviour for climate change.*! Yet, simply
understanding this issue is not sufficient for ensuring
large-scale behavioural change. Individual habits, tastes,

attitudes, values, self-efficacy and social norms are some of
the many aspects that inhibit the adoption of new healthy
and climate-friendly behaviors at the individual level.”
Furthermore, there can be practical barriers like skills or
income, for example, when someone is not experienced
with cooking without meat and cannot afford expensive
meat or dairy replacements.

Consequently, behavioural change only by the indi-
vidual is not sufficient to mitigate climate change and,
therefore, must be supported with structural measures.*
Policy changes are needed and can range from targeted
taxation (eg, tax increase for meat) to requirements (eg,
planetary health diets for school canteens) or subsidies
(eg, climate-friendly vegetarian food options).** These
policies, however, need to be accepted by citizens to guar-
antee their sustainability and effectiveness.”” Thus, on a
societal level, the individual needs to support transfor-
mative political action. In the case of food regulations,
for example, people might otherwise try to bypass the
regulations or compensate for them by engaging in addi-
tional climate-damaging behaviours.”* Evidence from
behavioural sciences can help to understand the reasons
for the public support of system-level strategies and assist
in designing policies that are broadly accepted® * and
communication activities that are supporting acceptance.

In democracies, individuals can actively influence poli-
cymaking via political participation, which is another
crucial component in achieving effective societal change
and climate change mitigation.””* Engaging in political
participation enhances individual’s ‘ecological hand-
print’, a concept focused on promoting positive environ-
mental change, complementing the harm-reduction focus
of the ‘ecological footprint’.”® An example of enlarging
one’s handprint in the context of climate-friendly nutri-
tion could be citizens signing petitions for higher subsi-
dies for regional organic farms. Political participation has
been defined in various ways. While some scholars distin-
guish between political and civic engagement,*® political
engagement can be split into civic indicators (eg, being
active member in a group or organisation), electoral indi-
cators (eg, regular voting), political voice (eg, signing
petitions) and attentive indicators (eg, watching televi-
sion news regularly).” Another distinction was proposed
on an empirical basis by Gopal and Verma,*® who spoke
of conventional or traditional forms of participation
(eg, voting), unconventional or non-institutional (eg,
taking part in demonstrations), knowledge-seeking (eg,
searching on the internet about politics) and influential
forms (eg, trying to convince friends to vote). Thus, polit-
ical participation is a broad concept comprising many
behaviours.

In sum, it becomes apparent that effectively dealing
with the climate crisis requires all three levels: changes
in individual behaviour, policy acceptance and political
participation. The necessity of evidence-based, effective
communication and policymaking that takes human
behaviour into account® *** has recently been empha-
sised by numerous leading international authorities and
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bodies, such as the United Nations,40 the Intergovern-
mental Panel on Climate Change * WHO Europe® and
the UK House of Lords.” The present research aims to
support this work by providing empirical evidence across
all three levels, with a particular focus on mitigation, and
offering a solid theoretical foundation.

Research gaps

There are already a fair number of reviews that consider
the factors predicting individual health and climate-
friendly behaviour,**™*® policy acceptance®” and political
participation.” Various studies have collected evidence,
listing a range of factors such as intentions, habits and
perceived behavioural control as the predictors of envi-
ronmental behaviour49; perceived fairness, effectiveness,
knowledge and trust as the predictors of policy accep-
tance’” and efficacy beliefs and perceived injustice as the
predictors of political participation.”® Yet, little is known
about how individual differences in the various aspects
of our trait-like construct, readiness to act, covary and
how these relationships with predictors affect both the
communalities among the indicators (ie, a general read-
iness to act construct) and specific variance components
(ie, individual differences attributable to only one aspect
of readiness, but not to the overarching construct or
other aspects). PACE is an ongoing psychological moni-
toring for assessing the indicators and predictors of readi-
ness to act and aims at bridging the identified gaps. It will
generate empirical findings about the distributions and
relations between the variables to understand (i) whether
specific aspects of the readiness to act lack support
or which behaviours are not exhibited and need to be
explained and supported better, (ii) which factors affect
individual differences in the readiness to act, (iii) which
target groups show an extremely low or high readiness
to act and, therefore, should be focused on and (iv) how
public discussions, external events (such as heat waves) or
policy changes affect the predictors and indicators of the
readiness to act.

Predictors of RTA

Interventions

Figure 1
change by sociocognitive factors.

Readiness

Sociodemographics

Planetary Health Action Survey

The PACE study design was inspired by the COVID-19
Snapshot Monitoring COSMO, which monitored the
psychological situation during the COVID-19 pandemic
in repeated data collections’; studies following this
approach were conducted in several countries.”’ The
overall goal of PACE is to better understand the readi-
ness to act against climate change, what predicts it, and
how the predictors and indicators of the readiness to act
change over time. To this end, we aim to (i) devise, test
and revise an integrated conceptual model (figure 1), (ii)
develop valid and psychometrically sound instruments to
assess the key factors of the model, (iii) use the model
in serial cross-sectional monitoring, (iv) identify causal
links in the model by experimental tests of underlying
assumptions and (v) test the impact of different commu-
nication tools to contribute insights for designing and
implementing effective climate and health communica-
tion. To achieve goals iv and v, additional experimental
designs are needed, which will be explicated and prereg-
istered elsewhere; the present study protocol focuses on
the regular monitoring of predictors and indicators of
the readiness to act (i—iii).

To devise a first list of sociocognitive factors possibly
explaining the individual differences in readiness to act,
which is indicated by the three behavioural or action-
related constructs (individual behaviour, policy accep-
tance and political participation), we have combined
existing behavioural process models: protection motiva-
tion theory (PMT),” the health belief model,” theory of
planned behaviour,”* the health action process approach™
and self-determination theory.”® We have also considered
topic-specific models, such as the integrated comprehen-
sive action determination model®” on climate-relevant
behaviour and the integrative public policy acceptance
framework,?® as well as variations of PMT explicitly related
to the climate change context.*!

As shown in figure 1, we include risk perceptions as a
predictor because many (health) behaviour models focus
on risk perception,52 53 making the understanding of

Indicators of RTA

Policy acceptance

to Act >
(RTA)

Political participation

A

Individual behavior

Planetary Health Action Survey (PACE) conceptual working model. Explaining readiness to act (RTA) against climate
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health risks related to climate change one of the starting
points for behaviour change. Trust does not seem to play
a dominant role in most health behaviour models but
has been considered in policy-related models.”™® When it
comes to public health crises, citizens might not be able
to judge the appropriateness and effectiveness of policy
measures and, thus, have to trust in what politicians tell
them. In addition, because accepting policies is part of the
readiness to act, greater acceptance is also assumed to be
related to greater trust in institutions recommending or
implementing these policies, such as the government.*” %
Therefore, we have added trust in relevant institutions
as a predictor of the model. Many models assume that
those who perceive climate protection as a social norm
will act on that norm. As a result, social norms, that is,
whether members of a person’s close social circle show
certain behaviours (descriptive norms) or expect such
behaviour from the person (injunctive norms), are also
assumed to predict the readiness to act.”’ Furthermore,
higher outcome expectancies—represented by perceived
response efficacy and self-efficacy—are also assumed
to be linked to higher readiness to act.”***%7 Because a
better understanding of the climate crisis is necessary
for behavioural change, it is assumed that knowledge of
climate change can influence the readiness to act.” *'
Finally, we consider this model to be an initial theoret-
ical framework. This means that further aspects might
be added. In addition, because of the focus on the read-
iness to act, the model does not aim to explain complex
relations between predictors, which are only modelled as
correlations. The ‘Methods and analysis’ section provides
a definition of each construct and how it is measured in
PACE.

METHODS AND ANALYSIS

Sample and data collection

The cross-sectional data are collected for a German popu-
lation based on a non-probabilistic quota sample, which
represents the adult general population (aged 18-74
years) for the characteristics of age by gender and federal
state according to census data for Germany.” The recruit-
ment via email and incentivisation of the participants are
performed through an access panel provider (Bilendi),
and the questionnaires are implemented through the
platform Unipark by Tivian. Participants were eligible
when they fitted the open quota. As the data are intended
to be primarily descriptive and correlational, no a
priori power analyses or similar calculations have been
conducted. The sample size has been selected to ensure
representativeness of the German population regarding
the above-mentioned quota, which can be reached with a
target sample size of n=1000 for each survey.

Design

PACE is designed as serial cross-sectional monitoring with
a duration of approximately 25 min for each survey. It
includes items assessing the above proposed indicators

(for all three aspects) as well as predictors of the readi-
ness to act. In addition, items or experiments capturing
contemporary topics (eg, saving gas during the European
gas crisis), events (eg, climate protests, heat waves) or
developments (eg, policy changes) complement the basic
set of items. Extensions are not part of this protocol. In the
beginning, the surveys are implemented every 4-8 weeks;
this is to be able to estimate the stability of constructs
(eg, to test whether risk perceptions vary with external
events such as heat waves). In addition, frequent waves
are needed to improve the measurement instruments.
Depending on the stability of the constructs or external
events, the timing of the surveys will be adapted. The first
pilot survey was run in July 2021; wave 1 following this
protocol was launched in April 2022. Pilot data already
indicated that the measured constructs are more stable
than initially assumed, which makes highly frequent
data collection appear unnecessary. Data collections are
ongoing; there is currently no fixed end point because
the crisis is likely to gain relevance.

Instruments

In the questionnaire, items assessing the predictors
of the readiness to act are collected first (sociodemo-
graphics, knowledge, trust, risk perception, self-efficacy,
social norms, effectiveness), followed by those assessing
the indicators of the readiness to act (policy acceptance,
political participation, individual behaviour). The items
per construct are presented in randomised order. Note
that, to ensure the accuracy of the developed instru-
ments and optimise the explanation of variance over
the course of the study, items or even constructs may be
added, changed or excluded based on theoretical consid-
erations and psychometric analyses. Online supplemental
material 1 provides a table with an overview of each of
the following constructs with its definition, a sample
item and its response scale (full list of items: https://osf.
io/e3mbt/). The current state of the model and corre-
sponding questionnaire will be published on the project’s
website (https://projekte.uni-erfurt.de/pace/method/).
Two of the instruments, which are quite comprehensive,
will be published along with their validation elsewhere in
the future (scales for individual behaviour and climate
change knowledge).

Readiness to act

We define the readiness to act as a traitlike latent
construct summarising individual and collective action
against climate change with the following indicators:
policy acceptance, political participation and individual
behaviour.

Policy acceptance

We define policy acceptance as the degree to which an
individual agrees with climate-protective policies for
mitigating climate change. It is measured by asking for
participants’ agreement with selected policies. These
have been taken from a list proposed by the Citizens’
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Climate Council in Germany,”® which was developed
during a participatory process that involved 160 citizens
and scientists. Besides some general policy statements,
the policies pertain to energy and housing, mobility
and diet and food production. A pilot study assessed
96 items representing all policies. We then used an ant
colony approach (ACO).** Like ants searching for food,
ACO finds efficient paths through complex data spaces,
revealing patterns, clusters and relationships within the
data. 27 policies were identified and their effectiveness
was validated by expert evaluations. The policies’ effec-
tiveness was consecutively assessed and validated via an
expert survey (n=5). From the 27 policies, we selected
the three policies per category that were evaluated as
being the most effective (general statements, housing
and energy, mobility, diet and food production). To
achieve greater variance within the scale, we added
another five items that showed the lowest support in the
pilot study, resulting in a total of 17 items. Policies can be
added based on ongoing public debates or policy plans
(eg, regarding new laws on regulating heating systems
in Germany®). A sample item of the policy acceptance
measures is, for example, ‘subsidies should only be avail-
able for climate-friendly farms’, which is rated from
strongly disagree (1) to strongly agree (7).

Political participation

Political participation ‘can be loosely defined as citizens’
activities affecting politics’.”® In this study, we define
political participation as the degree to which individuals
have participated in political activities related to climate
protection. Previous studies in the context of climate
change and climate protection have used single or few
very specific items to capture different forms of activism.®’
To capture political participation in a broad sense, we
sampled items from nine frequently used and established
scales™ % % in a first qualitative step, two authors (LL
and MG) excluded redundant items and combined
similar statements into 25 categories. Then, based on
existing items, one item was developed for each cate-
gory. After translation to German and minor rephrasing
to improve comprehensibility, those items were tested as
indicators of general participation (ie, not contextualised
to climate change). We then selected 11 items with the
best distributional properties reflecting the three focal
aspects of political participation, similar to the distinction
made by Gopal and Verma: conventional participation,
activism and peer group-related participation.”® Lastly, we
rephrased the items so that they related to the domain
of climate change and climate action. Some sample
items are, “I sign petitions for more climate protection”
(conventional participation), “I take part in protests,
strikes or rallies for more climate protection” (activism)
or “I discuss climate change with my friends, relatives or
colleagues” (peer group-related participation). Items are
rated from never (1) to always (7).

Individual behaviour

We define individual behaviour as the degree to which a
person exhibited climate-friendly behaviour (behaviour
that produces little greenhouse gas emissions) in the past
year.61 Earlier psychological self-reports of this construct
often include non-impactful behaviour.” Social desir-
ability can bias self-regprted environmental actions to
at least a small extent.”® As an alternative, CO2 calcula-
tors assess climate-friendly behaviour in a more valid
way (eg, https://uba.co2-rechner.de/). However, they
are complicated to integrate into regular online surveys.
Therefore, we have revised the Short Impact-Based Scale
of sustainable behaviour® and validated it with data
from the CO, calculator by the German Environment
Agency.”” This updated instrument consists of 21 ques-
tions on mobility, housing and energy consumption, diet
and other consumption behaviour, which represent the
most impactful behaviours (in Germany) in terms of CO,
emissions. Answers are mostly collected as behavioural
frequency ratings with seven ordinal response options
ranging from never to always. As an example, we ask the
respondents to rate their behaviour for the statement “I
buy organic food” on a scale from never (1) to always (7).
Some items have alternative numerically anchored rating
scales by, for example, kilometres driven by car, average
room temperature in winter or duration of a typical
shower. One item asking for the type of power consumed
(renewable power vs conventional power) is dichoto-
mous. To calculate the total score, items are weighted in a
formative approach to approximate the actual CO, foot-
print as measured in the CO, calculator.”® When used as
dependent variable in experimental studies, item instruc-
tions can be changed to measure intentions for future
behaviour (eg, “In the upcoming year, how often will you
buy organic food?”).

Predictors of the readiness to act
The following sections elaborate on the variables assumed
to predict the readiness to act.

Demographics

Sociodemographics may affect the readiness to act and,
thus, are also useful for segmentation to identify rele-
vant target groups for communication or other inter-
ventions. Therefore, we assess age, gender, number of
children below the age of 18 years, level of education,
community size (number of inhabitants of the place of
residence), state of residence, relationship status, house-
hold size, experiences of migration, language spoken in
the household, chronic conditions, employment and self-
employment and income. In addition, we assess political
orientation as the preference for a political party within
the German electoral system (“If there were a federal
election next Sunday, which party would you vote for?”).
Questions containing sensitive information allow either
the option to skip the question (for migration, chronic
condition, income) or include a non-response option
(for party preference).
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Knowledge

Climate change-related knowledge is defined as factual
knowledge about climate change, including knowledge
about ecology, societal aspects of climate change and
measures to mitigate or adapt to climate change. We
developed a climate change knowledge test based on
a qualitative interview study79 and the environmental
knowledge test developed by Geiger et al® 58 items
were created to cover a broad item difficulty range
(easy, medium, hard) and three categories: ecological
knowledge, knowledge regarding societal aspects of
climate change and knowledge regarding measures to
mitigate climate change or to adapt to it. Items were
tested in earlier PACE waves. As the final climate change
knowledge test, we selected five items per category that
reflected the best possible item difficulty distribution.
Each question is a single-choice item with a selection
of four response options each, for example, “Which
of the following phenomena is the main cause of the
increase in the Earth’s temperature over the last 20
years? (a) increased emission of greenhouse gases (the
so-called ‘greenhouse effect’) (correct), (b) reduction
of the ozone layer (the so-called ‘ozone depletion’), (c)
change in the ocean currents, for example, ‘El Nino’,
(d) change in the tilt of the Earth’s axis’. The answer
options are presented in random order.

Trust in institutions

Trust in institutions to deal with the climate crisis is
defined as a compound of trust in several institutions
dealing with climate change. It can be seen as a cogni-
tive attitude that can motivate trustworthy behaviour, for
example, compliance with recommendations or legal poli-
cies.** The respondents were asked how much they trust
in different actors and institutions, such as the media,
science, government and the European Union, ‘... to be
able to deal well and properly with climate change?® ™
Trust ratings ranged from very little trust (1) to very much
trust (7) and are summarised across stakeholders.

Perceived health risks

Health risk perception due to climate change is defined
as the degree to which individuals consider substantial
health risks that arise due to climate change as probable
and severe. Thus, as suggested in different health-related
models and established in recent monitoring studies,g7
risk perception can be assessed via the perceived severity
and probability of health risks linked to climate change.
The 10 items created are based on factual risks’ * and
contain, for example, the spread of vectors for commu-
nicable diseases or extreme weather events. Participants
are asked how likely (probability) and how severely
(severity) they think they will be affected by these health
risks during their lifetimes. The answer options ranged
from highly unlikely (1) to highly likely (7) and harm-
less (1) to extremely dangerous (7). Because of their high
correlation, the severity and probability items per risk are
averaged for the analysis.

Self-efficacy

Self-efficacy encompasses someone’s belief in their ability
to perform the actions required to achieve a certain goal
and, thus, to exert control over one’s own behaviour, moti-
vation or environment.® ® In this context, it describes a
person’s belief that they are able to carry out the indi-
vidual emission-reducing actions required to achieve a
lower CO, footprint. The items ask about how difficult or
easy it is for the respondent to perform certain individual
climate protection behaviours.”®” We selected four items
for the most COintense behaviours from our measure
of individual behaviours from each of the four aspects
(mobility, housing and energy consumption, diet and
other consumption behaviour, see above) with the ques-
tion “How difficult or easy do you find it to behave in the
following ways?” for example, refraining from private air
travel, with answers ranging from extremely difficult (1)
to extremely easy (7).

Social norms

Social norms represent the degree to which a certain
behaviour is commonly exerted and approved by one’s
close social circle.®® Experience of social norms in
emission-related behaviour refers to the extent to which
a certain behaviour is common and endorsed in the
social environment. In the present study, social norms
are assessed with questions focusing on whether rele-
vant other people show (descriptive norms) climate-
friendly behaviours and expect (injunctive norms) those
behaviours from the respondent.* * Behaviours that
have the greatest CO, impact per individual behaviour
category  (heating/energy, mobility, food, other
consumption) were selected, for example, ‘avoiding the
consumption of meat’. For each of these, the respondents
can indicate whether the people in their close social
circle show this behaviour (descriptive norms) on a scale
from never (1) to always (7) and whether close people
expect one to show the behaviour (injunctive norms)
from strongly disagree (1) to strongly disagree (7). The
two norms are aggregated into one score because of their
high correlation.

Perceived effectiveness of policy measures

The perceived effectiveness of policies is defined as
how effective individuals believe certain policies are for
mitigating climate change. In the literature, it has been
conceptualised as the likelihood of a policy actually
addressing a threat.”! Therefore, the items ask how effec-
tive a certain policy would be in reducing the progres-
sion of climate change.” There is one item for each
policy category (energy/housing, mobility, diet and food
production). The items were chosen because they were
the least accepted during scale development. The partic-
ipants indicate how effective they find the measures, for
example, ‘no new registration of cars with combustion
engines after 2030°, ranging from not effective at all (1)
to very effective (7).
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Statistical analysis plan

The statistical analysis is conducted with R. Collabo-
rative development of the analysis code and a website
presenting the results to the public is done using Git.
Only complete datasets will be used for analysis. Thus,
there is no missing data, except for the few items
containing sensitive demographic data as described
above.

We use confirmatory factor analyses to evaluate the
readiness to act and all predictors regarding their
psychometric properties (validation). Next, we run
structural equation models that allow us to evaluate
the multiple regression effects of the predictors on
readiness to act on a latent level. Model estimators
are chosen based on indicator properties (weighted
least squares mean and variance adjusted (WLSMV)
if categorical indicators are present and estimators
from the maximum likelihood (ML) family for all
other models). Missing data in the model analyses
are handled according to the estimator used: listwise
deletion for WLSMV models and full-information ML
imputation for MLL models. Throughout the develop-
ment process and ongoing study, scales are evaluated
at each wave for their psychometric properties. Specif-
ically, we replicate measurement models and estimate
the reliability of their constructs. We also always esti-
mate correlations between all constructs (convergent
and divergent validities). If necessary, for example, in
case of low psychometric quality of newly developed
scales, we improve the scales over the course of the
monitoring. These changes will be indicated in later
publications. Pilot data were already used for valida-
tion, to check model fits and factor loadings. The data
quality is assessed by checking for response patterns.
To maintain and foster the level of participants’ dili-
gence, attention checks are implemented.

Patient and public involvement

While the present study does not involve a traditional
patient relationship, the research process includes
elements of participation and consultation with partic-
ipants, as well as other stakeholders. For example, the
scale used to assess the acceptance of policy measures
was developed based on recommendations from a citizen
council, developed through a participatory process that
involved politicians, scientists and randomly selected
members of the public.” Similarly, we incorporate topics
from ongoing societal debates to ensure relevance. The
results of the study will be disseminated to both the scien-
tific community and the public, ensuring accessibility for
all (see details below). We also maintain ongoing commu-
nication with public stakeholders, including the Robert
Koch Institute (RKI) and the Federal Centre for Health
Education (BZgA), to inform our work and facilitate the
application of our findings in their respective fields. While
we have not directly assessed the burden of completing
the questionnaire, participant completion time is tracked
via the survey software.

ETHICS AND DISSEMINATION

Ethics approval and consent to participate

The project is performed in accordance with the general
ethical guidelines established by the University of Erfurt
andbythe German Research Foundation. The Institutional
Review Board (IRB) at the University of Erfurt provided
ethical clearance IRB (No #20220525/No #2024-01).
Recruitment of participants takes place through access
panel providers (currently Bilendi) that follow their own
ethical guidelines, which have been approved to be in
line with the IRB guidelines. Participants are guaranteed
confidentiality and anonymity. They are actively asked
for written consent after being informed about the study,
including its purpose, duration, data collection methods
and their rights as participants. The data are collected
anonymously without any possibility of identifying indi-
viduals, which makes a fixed maximum data retention
period obsolete. Nevertheless, participants are given the
option to skip sensitive questions to ensure their comfort
and autonomy. Lastly, a comprehensive debriefing at the
end of the survey provides participants with additional
information and contact possibilities to handle potential
emotionally challenging situations concerning climate
change and health risks.

Dissemination of insights

The results will be published in peerreviewed journals.
Furthermore, we aim to inform and empower the public,
supporting various stakeholders (media, policymakers,
climate protection organisations) in preparing climate
communication measures and supporting policymakers in
their decision-making.25 For this, a website (http://www.
pace-studie.de/) is continuously updated and offers an
overview for laypeople. An interactive explorer (https://
projekte.uni-erfurt.de/pace/explorer/) allows website
users to view and stratify data over time. An external
public dashboard (https://klimadashboard.de/) uses
the data to provide insights into the societal aspects of
climate crises. Additional reports summarise the results of
each wave and are available on the study’s website. A brief
summary is sent out to experts and policymakers via email
and posted on social media.

DISCUSSION

PACE strives to develop and test a sound theoretical
model that can explain the readiness to act against climate
change and allows for testing interventions for change in
the readiness to act that will foster the implementation of
scientific findings. It conceptualises the readiness to act
as a trait-like construct that affects individual behaviour
and in addition also the acceptance of policies and polit-
ical participation. It identifies a set of predictors that can
explain the differences in people’s readiness to act. Given
that there is sufficient evidence for the determinants and
their impact on the readiness to act, future PACE waves
will also causally test the relations between the predictors
and indicators of the readiness to act with experiments,
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as well as pretest interventions building on the identified
mechanisms. By disseminating its results to a broad audi-
ence, PACE strives to break silos between academia, poli-
cymaking and civil society and feed the results from the
academic sphere into societal debates while allowing poli-
cymakers and communicators to learn from the results.
The data will also be used to identify target groups for
communication, that is, especially those with lower read-
iness to act. Furthermore, the data will help identify the
predictors that should be addressed in interventions
because they are the most likely ones to affect people’s
readiness to act. Prior research assumes that targeting
different predictors in interventions might be necessary
to evoke different desirable behaviours.” The format
of regular monitoring further allows for examining the
predictors and indicators of climate-relevant behaviour
over time,” enhancing the understanding of how policy
changes or extreme events such as heat waves or floods
impact one’s readiness to act. The long-term implementa-
tion and iterative process further allow for a steady optimi-
sation of the psychometric qualities of the questionnaire,
as well as adaptation to sudden and unexpected events,
thus increasing the practical relevance of the study.

The PACE model deviates from classical theoretical
models that often focus on behavioural intentions as a
major outcome variable.”®**%” The literature reveals large
gaps between intentions and actual behaviour, that is, a
consensus in science and collective action, respectively,
which certainly deserves and receives attention from
researchers.” * To better understand complex relations
of readiness to act aspects and their predictors, we have
chosen a different approach by using reports on actual
past behaviours, as well as current acceptance of policies
and political participation to overcome this shortcoming.
We strive to explain current attitudes and behaviours
to potentially change them by systematically addressing
their predictors in interventions.” Future research
should nevertheless compare the predictive validity of
both intentions and past behaviours for future climate-
friendly behaviours.

The presentstudy hasanumber of strengths. It considers
citizens in their role as consumers (captured here with
individual behaviour), and in their passive (acceptance of
policies) and active roles (political participation) in the
political and societal transformation process. We consider
the social and structural situatedness of behaviour, partic-
ularly in terms of social norms and individual sociodemo-
graphic influences. This perspective roughly corresponds
to a broader triad: attitude, behaviour and context. Y7
This follows the idea that we need to surpass the major
focus on individual responsibility in solving climate
change to achieve the much-needed transformation
towards sustainability.” %

As an additional strength, the psychometric quality of
our measures must be emphasised. All measures for the
survey have been developed with approaches that maxi-
mise objectivity, reliability and validity. The measurement
of individual behaviour explicitly refers to high-impact

behaviour only, tackling a shortcoming that has been
criticised in earlier models.”” The acceptance of polit-
ical measures emerged from a list of measures developed
within a citizens’ council together with experts.®® In addi-
tion, political participation deliberately refers to a broad
range of behaviours sampled from multiple existing scales,
going beyond institutionalised ways of participation, such
as voting behaviour. On the predictor side, coherence
with the outcome variables should be emphasised (eg,
items assessing self-efficacy or social norms match the
behaviours assessed as individual behaviour; the effective-
ness of measures matches the policy acceptance items,
ie, addresses the same policies). The knowledge items
have been created for this survey using a mixed methods
approach and are optimised regarding the difficulty of
the items.

Still, there are some limitations. Because PACE is
assessed as an incentivised online survey with a fixed
financial incentive for participation, some partic-
ipants may rush through it and pay little attention to
single items. For this reason, the survey uses attention
checks that have proven to reduce this challenge'" !
as they remind people that they should be careful when
answering items. Furthermore, social desirability cannot
be neglected as potentially affecting the responses.
Nevertheless, although social desirability can positively
skew self-reported environmentally friendly behaviours,
this effect has been estimated to be small.”® Addition-
ally, social desirability bias is presumably low in our
data, given that the incentives for cheating are low
for participants.'” Yet, we strived to develop measures
that lower social desirability, such as for individual
behaviour (asking for frequencies and circumstances)
or the frequency of political participation.'” To mini-
mise potential dropout bias, several steps are taken,
for example, the estimated duration of participation
is communicated transparently before the start of the
questionnaire. Furthermore, a progress indicator (in
%) shows how much of the questionnaire has already
been completed. As the survey takes >20 min and
involves intense reading, this may lead to a sample
with German speaking, highly educated participants.
The sampling strategy further excludes people who do
not have internet access. However, possible distortions
resulting from using an online panel provider with quota
sampling can only be minimised, but never avoided, and
will therefore be communicated transparently in the
respective analyses. Still, we are certain that the type
of recruitment and sampling currently represent the
best compromise of practicability and representativity
for our purposes. In the future, other relevant quotas
or changes in data collection methods may be used and
implemented (eg, using quotas for education, political
orientations, including people <18 and >74 years of age,
offering computer-assisted questionnaires on tablets or
face-to-face interviews for elderly persons, non-German
speakers, etc) or the instruments developed for PACE
may be adapted to other national contexts by translating
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the instruments into other languages and applying them
in other countries. The questionnaire easily allows for
these changes in application.

Finally, we acknowledge that, so far, PACE focuses
primarily on mitigation of the climate crisis, although
the models we refer to* * are often used in the adapta-
tion context. We are aware that adaptation measures are
also essential and increasingly relevant as climate change
progresses.'” Adaptation measures are considered in
some constructs, for example, knowledge, but not in all
constructs. An extension of the model (eg, explaining
adaptation behaviours during heat waves) is likely to be
implemented in the future.

Importantly, engagement with stakeholders takes
place throughout the study. Next to scientific collabora-
tions within the academic community, this engagement
involves policymakers, civil society, the media and the
public. To foster the application of our insights in policy-
making, members of the PACE team regularly take part
in conferences, workshops and professional trainings
addressing knowledge transfer for policymakers. Some
of our project partners are federal agencies, serving as
support to practical policy, like the Robert Koch Institute
and the Federal Ministry of Health. The project team
meets with these partners to exchange results and novel
evidence centred around the project. We also serve as
authors on reports and policy papers addressing current
issues. This effort goes beyond German borders as we are
also connected with global organisations like WHO, The
Organisation for Economic Cooperation and Develop-
ment or the European Center for Disease Control. Simi-
larly, we engage with civil society organisations by taking
part in conferences, workshops and professional train-
ings, conducting joint research projects and being part of
their advisory boards. These activities allow us to support
the organisations’ work scientifically, and to inform our
research by real-world questions. Additionally, we engage
with the media and serve as experts for the German
Science Media Center. Finally, we engage with citizens by
taking part in public events like research nights or science
festivals. In the context of other related studies, we also
invite citizens into our maker space to co-create commu-
nication materials.

As detailed above, the findings could be used to iden-
tify levers to increase readiness to act against the climate
crisis. By making policymakers aware of those levers (see
above), policies and accompanying communication
campaigns could be designed more effectively. If exper-
imental work finds, for example, that explaining the
mechanisms behind specific policies (eg, effectiveness of
a speed limit on highways) and detailing why they work
increases public support, then communication campaigns
should include that type of information. Ideally, the PACE
infrastructure could be used by policymakers to monitor
public support and correct misjudgements of public
opinion to address issues timely and effectively. Content
for large-scale communication could be pretested experi-
mentally before launching costly campaigns.

In sum, the present study contributes to a deeper under-
standing of the readiness to act against climate change
and protect one’s health from its consequences while
adopting both an individual and contextual approach to
understanding the readiness to act. Complementing the
survey data with future experimental data helps provide
valuable causal evidence that can be used to facilitate
health promotion, climate protective behaviours and
societal transformation processes.
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