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ARTICLE INFO ABSTRACT

Keywords: Societies across the globe face the urgent need to transition to sustainable and renewable energy systems.
Citizen segmentation Because the success of this transition depends in part on citizen engagement, it is important to understand how
Survey

different groups of citizens perceive and engage with it. Citizen segmentation offers a useful approach for
identifying meaningful differences in how citizens relate to the energy transition. While citizen segmentation
approaches are well established in climate change communication, they remain underutilized in the context of
energy transitions. This paper addresses this gap by applying a climate-based segmentation framework to
examine how citizen typologies, grounded in values, beliefs, norms, and efficacy perceptions, relate to
engagement with the energy transition. Drawing on a nationally representative survey of Dutch adults (N =
2010), we conducted a latent profile analysis (LPA). We identified five distinct citizen segments, from alarmed
optimists to dismissive pessimists, which differ in both climate concern and perceived efficacy of the energy
transition. Regression analyses show that, above and beyond traditional demographic and political factors,
segment membership predicts variation in a wide range of outcome variables related to energy transition
engagement, including energy source support, emotional responses, participation, communication, and energy-
saving behaviors. These findings offer actionable insights for targeted communication and policy strategies and
highlight the value of psychological segmentation in designing socially robust and inclusive energy-transition
governance.

Climate change communication
Energy transition
Citizen engagement

1. Introduction If energy transitions contribute meaningfully to achieving climate

targets, they are likely to increasingly and more profoundly affect how

Today, energy transitions that radically transform energy systems
from fossil fuels to sustainable and renewable forms are a top priority for
reducing greenhouse gas emissions and mitigating the most disastrous
and disruptive impacts of climate change. As pathways aligned with the
Paris Agreement's goal of keeping global warming well below two de-
grees Celsius become increasingly unrealistic [ 1], the Intergovernmental
Panel on Climate Change (IPCC) warns that rapid, far-reaching societal
and technical transformations are necessary to prevent worst-case sce-
narios, such as large-scale uninhabitable zones and severe rises in sea
surface levels [2]. Consequently, societies around the globe are now
challenged to transform their energy systems within an exceptionally
short time frame of roughly the next two decades. In this context, un-
derstanding how citizens engage with energy transitions becomes a
central question for both research and policy.

we build, work, consume, produce, and travel, which is fundamentally
reshaping everyday behaviors. Achieving deep emission cuts hence de-
pends not only on cleaner energy supply but also on systemic changes in
buildings, urban planning, transport and industrial infrastructures,
alongside shifts in lifestyles and social practices [3-5]. A growing body
of research shows that low-carbon housing and technologies, evolving
work practices, new mobility systems and lifestyle-oriented climate
policies jointly reconfigure everyday routines, social norms and the
spatial and temporal organization of energy demand, underscoring that
energy transitions are inseparable from broader societal transformations
[6-10]. This systemic reach of energy transitions implies that citizens
will be differently positioned, motivated and equipped to engage with
the transformations ahead, rendering these as inherent social justice
issues.
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Although scaling up energy transitions is not a foregone conclusion,
the viability of implementing and scaling up far-reaching energy policies
largely depends on public support for these measures [11-13]. This is
why citizen engagement (i.e., the many ways in which people, indi-
vidually and together, help shape energy decisions and practices from
how they use and produce energy at home to joining community ini-
tiatives, taking part in public debates and consultations, protesting,
advocating or collaborating in research and planning) is a key subject in
the energy transition across both formal and informal settings, guided by
evolving ideas about rights, responsibilities, fairness and democratic
control over energy [14-18]. This engagement includes invited partic-
ipation and grassroots initiatives: citizens may engage through institu-
tionally organized forms such as consultations and participatory
planning, but also through bottom-up forms such as community energy
initiatives, local cooperatives, advocacy, protest, and other forms of
collective self-organization. At the same time, public support and citizen
engagement are only one element in wider ecologies of participation in
socio-technical change, in which state actors, market parties, experts
and civil society jointly shape which options are implemented, where
and for whom [19]. Households and firms may, for instance, invest in
rooftop solar primarily for financial reasons, including when they are
skeptical about climate change. Yet we still know relatively little about
how different kinds of citizens engage with these transformations across
multiple domains of everyday life.

From a policy perspective, it is crucial to continuously deepen our
understanding about what moves citizen engagement with the energy
transition. This holds for interventions with direct local impacts, such as
retrofitting homes, transforming neighborhoods, or constructing solar
parks, wind farms, and nuclear facilities, as well as for more distant
policies like offshore wind expansion, green industrial subsidies, or
large-scale grid infrastructure upgrades [20,21]. These developments
illustrate the increasingly diverse and multi-scalar nature of energy in-
terventions. They also underscore the need for analytical tools that
differentiate between citizen groups rather than treating ‘the public’ as
homogeneous.

Research on the drivers of citizen engagement in the energy transi-
tion is dominated by in-depth qualitative case studies in energy-focused
social science, including influential work on energy justice, energy
citizenship and public engagement [22,23]. This includes work on en-
ergy poverty and lived vulnerability [24] and on trust and justice in
shared-ownership schemes [25]. Together, this body of work shows that
engagement is shaped by perceived fairness and recognition, trust in
institutions, the design of participation formats, and people's material
capabilities (time, money, secure housing, access to expertise), with
particular attention to energy-poor and marginalized groups [16,26].
They reveal how local histories, identities and power relations make
transitions feel either empowering or imposed, rather than simply
technical or economic.

Alongside these studies, a smaller but important body of quantitative
research (e.g., surveys, experiments) based on representative population
samples identifies similar drivers of engagement in more generalizable
terms: environmental values, trust, perceived justice, local costs and
benefits, income, education and political orientation all predict accep-
tance of projects, willingness to invest and support for policies [27-29].
Such findings are consistent with broader work in environmental and
energy psychology — including value-belief-norm and planned-behavior
approaches - that links pro-environmental and energy-related behavior
to underlying values, norms and perceived efficacy or behavioral control
[30,31]. In short, both case-based and quantitative research show that
citizen engagement is shaped by a bundle of cognitive, normative and
capability-related factors — for example environmental values, percep-
tions of justice, trust and material resources. However, in most of this
work, these predictors are modelled at the variable level and ‘the public’
is represented as a single continuum (for instance, more or less trusting
or concerned) rather than being differentiated into distinct types of
citizens within the same context. This limitation points to the need for
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analytical approaches that explicitly capture heterogeneity within the
public by grouping individuals into distinct profiles based on their
climate- and energy-related orientations.

1.1. Segmentation analysis

Against this backdrop, segmentation analysis is beginning to appear
as a way to make such heterogeneity more explicit, but it is still rela-
tively rare in energy-focused social science. A small number of studies
use cluster or latent-class techniques to identify distinct citizen or
household groups. For example, Grozea-Banica et al. [32] derive energy-
poverty segments that differ systematically in information seeking,
proactive management, helping others and advocacy. Other work uses
methods to classify citizens by perceived barriers and information
sources, by energy practices and environmental attitudes (e.g., [33], to
segment energy consumers by conservation behavior, policy acceptance
and psychosocial factors [34], electricity-customer profiles [35] or
emerging “energy citizen” types [36].

Taken together, these studies demonstrate that segmentation can
illuminate systematic differences in specific behaviors, vulnerability
situations and participation patterns, but they tend to focus on particular
technologies, communities or problem contexts rather than on a broad,
multi-dimensional conception of engagement with the energy transition.
Yet in a context where rapid and far-reaching energy transitions are
expected to reshape everyday life, work and mobility, knowing which
distinct groups of citizens are more or less willing, able and empowered
to engage across multiple dimensions of engagement (behavior, partic-
ipation, emotions, perceived justice, support for policies) is crucial for
designing interventions that are both effective and fair. We still lack
studies that systematically treat citizen segments as explanatory vari-
ables for a broad set of engagement indicators. In addition, recognizing
systematic differences between citizen segments raises normative
questions about whose preferences and capacities are prioritized in
transition policies and how to avoid further marginalizing already
vulnerable groups. To address these conceptual and normative gaps, it is
useful to look beyond energy-focused social science to fields where
audience segmentation is more fully developed.

Climate-change communication and environmental psychology have
developed a much more mature audience-segmentation tradition that is
readily applicable to understanding variation in individual-level energy-
transition engagement [37]. Segmentation is traditionally developed
and applied in research areas such as marketing (e.g., [38]), public re-
lations (e.g., [39]), political campaigning (e.g., [40]), and health
communication (e.g., [41]). Segmentation divides populations into
relatively homogeneous subgroups, often based on shared beliefs, values
and norms [42]. In environmental and climate change communication,
segmentation enables more effective outreach by targeting messages to
distinct public profiles [37,43].

Against this background, the significance of segmentation analysis
here is threefold. Methodologically, a citizen-centered segmentation
approach can capture configurations of climate-related values, beliefs,
norms, and efficacy perceptions that are less visible in variable-centered
analyses [37,42,44]. For example, citizens with similarly high climate
concern may still differ systematically in perceived efficacy. While
variable-centered models can estimate such differences, segmentation
makes it possible to identify these recurring combinations as distinct
profiles within the population and to examine how those profiles relate
to energy-transition engagement [37,45]. Practically, segmentation
translates such configurations into recognizable public profiles, which
makes the findings more actionable for policymakers, communicators,
and other societal actors seeking to design differentiated forms of
outreach and engagement [37,43]. Normatively, segmentation also
matters because energy transitions do not affect all citizens equally:
identifying which groups are more or less willing, able, or empowered to
engage helps avoid treating the public as homogeneous and draws
attention to questions of fairness, inclusion, and democratic legitimacy
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[24,46].

Building on this, in this paper we use a climate segmentation model
to identify distinct citizen segments and examine how segment mem-
bership explains variation across a wide range of energy-transition
engagement indicators, treating segments as explanatory rather than
merely descriptive.

1.2. Climate segmentation and a Value-Belief~Norm (VBN) approach

Climate-change segmentation has developed into a substantial
research tradition in environmental communication and environmental
psychology. Much of the earlier literature was primarily
communication-oriented, using segmentation to distinguish publics that
differ in climate beliefs, concern, risk perceptions, policy preferences,
and behavioral engagement so that communication and outreach can be
better tailored; the best-known example is the U.S. “Six Americas”
framework [42-44,47,48]. In this approach, the U.S. population is
segmented into six groups—ranging from “alarmed” to “dis-
missive”—based on a battery of survey items capturing climate beliefs
(e.g. perceived reality and human causation), levels of worry and
perceived risk, policy preferences, and self-reported behaviors. These
segments have shown relatively high stability over time, and they are
used both analytically and strategically: to describe the distribution of
climate orientations, to examine how segments differ in media use and
policy support, and to target communication and outreach strategies to
specific audiences. The Six Americas framework has also been adapted
to other national contexts, including Germany and the Netherlands (e.g.,
[49,501), with related studies in several other countries showing broadly
similar but context-specific audience patterns. Taken together, these
studies suggest that the basic logic of climate segmentation travels
across contexts, while the number, composition, and predictive reach of
segments vary depending on the indicators selected, the analytic strat-
egy adopted, and the national setting [37,42-44].

Recent work by Kacha et al. [37] has extended this line of research by
linking segment membership to broader psychological orientations such
as values, beliefs, norms, and efficacy perceptions. In this way, seg-
mentation is used not only for audience targeting but also for explaining
variation in climate policy support and mitigation-related behavior
[37,42,43].

Using latent-class analysis, Kacha et al. [37] identify four climate
segments across 22 countries on the basis of these orientations. They
show that these segments not only capture meaningful differences in
climate orientations but also systematically predict climate policy sup-
port and mitigation behaviors across contexts, illustrating how seg-
mentation can function as both a strategic tool for audience targeting
and an analytical tool for explaining variation in attitudes and behavior.

Kacha et al. [37] build on the 2016 European Social Survey's climate
and energy module [51], which operationalizes the Value-Belief-Norm
(VBN) model [31]. In this framework, underlying values (e.g. biospheric
concern) shape beliefs about environmental problems and re-
sponsibility, which in turn inform moral norms and pro-environmental
action. The ESS climate and energy module includes indicators for
biospheric values, climate concern and both personal and collective
efficacy beliefs, thereby extending classic VBN formulations with
motivational beliefs about whether individual, collective and govern-
mental action can make a difference [51]. These efficacy beliefs are
closely linked to emotional responses such as hope or frustration and to
actual behavior [52]. Kacha et al. [37] show that segments derived from
these indicators strongly predict energy-use behaviors and support for
regulatory and subsidy-based mitigation policies. Conceptually, this
segmentation approach is embedded in the broader ESS Round 8
framework, in which a VBN-type structure of values, beliefs, norms and
efficacy is situated within a wider socio-political context, including
political values, trust, media and elite cues. Following Kacha et al. [37],
we focus on the individual-motivational part of this framework by
deriving climate-based segments from the VBN-related indicators.
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1.3. Using segmentation to explain energy transition engagement

While Kacha et al. [37] focus broadly on environmental and climate-
related behaviors, they do not specifically examine variation in in-
dicators of citizen engagement with the energy transition. In addition to
its theoretical foundation in the VBN model, a key advantage of building
on Kécha et al. [37]—as opposed to other climate-based segmentation
frameworks (see above)—is that their model incorporates energy-use-
related variables within the segmentation itself (see Table 1 in the
methods section for an overview) and demonstrates predictive validity
for both mitigation support and energy-related behaviors. To our
knowledge, neither their study nor other climate-based segmentation
analyses have systematically examined the energy transition as such or a
broad set of outcome variables explicitly framed in terms of energy-
transition engagement.

Drawing on prior research into citizen perspectives on energy tran-
sitions, energy use and energy solutions [12,29,53-56], on practice-
oriented work about the societal implications of the energy transition
in the Netherlands [57], and on scholarship on energy justice, energy
citizenship and public engagement (e.g., [23,58]), we conceptualize
individual-level citizen engagement with the energy transition as a
multidimensional construct spanning ten interrelated outcome domains.
Rather than presenting these ten domains as a universally established
taxonomy, we identify them as a literature-informed synthesis of
recurring cognitive, affective, evaluative, behavioral, public-
participatory, and normative dimensions through which citizens relate
to climate and energy transitions.

More specifically, prior work points to cognitive dimensions such as
issue salience and perceived understanding, which we capture as
energy-transition concern and energy-transition knowledge; to evalua-
tive orientations toward concrete technological pathways, which we
capture as energy-source support; to motivational and affective di-
mensions, which we capture as energy-transition efficacy beliefs and
emotions; to private- and public-sphere expressions of engagement,
which we capture as individual energy behavior and energy-transition
policy support; and to explicitly public and normative dimensions of
engagement, which we capture as energy-transition communication,
participation, and responsibility. In this way, the ten domains align with
recurring cognitive, affective, behavioral, public-participatory, and
normative dimensions identified in the literature, while not presuming
that prior research has converged on one single canonical set of do-
mains. The ten domains comprise: (1) energy-transition concern, (2)
energy-transition knowledge, (3) energy-source support, (4) energy-
transition efficacy belief, (5) energy-transition emotions, (6) individ-
ual energy behavior, (7) energy-transition policy support, (8) energy-
transition communication, (9) energy-transition participation, and
(10) energy-transition responsibility.

Conceptually, these engagement domains can be understood as
observable expressions of the value-belief-norm (VBN) constructs that
underpin our segmentation model and of how the ESS8 climate and
energy module operationalizes them [31,37,51]. Energy-transition
concern and knowledge reflect how underlying values and climate-
related beliefs are articulated in awareness of consequences, perceived
seriousness and feelings of being informed about causes and solutions.
Energy-source support captures more specific attitudes toward concrete
mitigation pathways (e.g. renewables, fossil fuels, nuclear) that tend to
co-vary with broader climate norms, risk perceptions and justice con-
cerns. Energy-transition efficacy beliefs and emotions represent a
motivational and affective layer closely connected to beliefs about
effectiveness and trust: expectations about whether individual, collec-
tive and governmental action can make a difference are typically
intertwined with feelings such as hope, relief, frustration or anger
[45,52]. Individual energy behavior and energy-transition policy sup-
port mirror private-sphere and public-sphere manifestations of envi-
ronmental commitment, such as saving energy at home and backing
regulatory or subsidy-based policies [31,37]. Finally, energy-transition
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consume less energy
than you do?

Table 1
Overview and descriptive statistics of items used in segmentation analysis.
Items Theoretical Scale M SD
concept
How concerned are you Climate 1 Very 533 1.44
about climate change?  concern unconcerned-7 Very
concerned
How much thought have  Climate 1 Not at all-7 Very 4.85 1.24
you given to climate change much
change before filling beliefs
out this survey?
How negative or positive ~ Climate 1 Very negative-7 2.40 1.14
do you think the change Very positive
impact of climate beliefs
change will be on
people worldwide?
You may have heard that ~ Climate 1 Certainly not 599 1.17
the world's climate is change changing-7 Certainly
changing due to beliefs changing
temperature increases
in the past 100 years.
What is your personal
opinion on this? Do
you believe that the
world's climate is
changing?
To what extent do you Climate 1 Entirely due to 524 1.29
think climate changeis  change natural processes-7
caused by natural beliefs Entirely due to
processes, human human activity
activity, or both?
To what extent do you Personal 1 Completely 4.82 1.45
agree with the values disagree—7
following statement: Completely agree
“Someone is like me if
they consider it very
important for people
to take care of the
environment”?
To what extent do you Personal 1 No responsibility at ~ 4.65  1.27
feel a personal norms all-7 Very much
responsibility to try to responsibility
reduce climate
change?
To what extent do you Efficacy 1 Highly unlikely-7 3.65 1.55
think it is likely that beliefs Very likely
governments in
enough countries will
take action to reduce
climate change?
Imagine that large Efficacy 1 Highly unlikely-7 436 1.44
numbers of people do beliefs Very likely
indeed limit their
energy consumption.
How likely do you
think this will then
reduce climate
change?
Towhat extent do you Efficacy 1 Highly unlikely-7 3.96 1.44
think it is likely that beliefs Very likely
large numbers of
people will limit their
energy consumption to
reduce climate
change?
To what extent do you Efficacy 1 Highly unlikely-7 3.95 1.56
think it is likely that beliefs Very likely
limiting your own
energy consumption
will help reduce
climate change?
How certain are you that  Efficacy 1 Very uncertain-7 4.53 1.38
you could currently beliefs Very certain
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communication, participation and responsibility capture public-sphere
engagement and judgments about who ought to act, which the VBN
tradition and the broader engagement literature treat as key expressions
of moral involvement and ascription of responsibility [23,46]. Within
these ten domains, some indicators capture more general orientations
toward the energy transition (e.g. perceived importance, generic sup-
port for wind, solar or nuclear energy), while others are framed more
concretely, such as support for new wind turbines in one's own living
environment. Our analysis thus speaks primarily to individual-level at-
titudes and self-reported engagement, while recognizing that concrete
project conflicts also reflect financial incentives, institutional arrange-
ments and locally specific histories that lie beyond the scope of this
survey. In this way, the ten domains link VBN-based climate segments to
multiple, complementary dimensions of citizen engagement with the
energy transition. Together, they provide a broad yet structured picture
of what it means, at the individual level, to be engaged with the energy
transition; in the empirical analyses that follow, these domains serve as
outcome variables in relation to climate-attitude segment membership.
We treat these ten domains as complementary, partly overlapping ex-
pressions of engagement rather than as mutually exclusive or strictly
hierarchical components.

Against this background, the present study addresses the following
research question:

To what extent can climate change-based segmentation be used to predict
variation in outcome variables relevant to energy transition engagement —
such as factors related to efficacy beliefs, emotions, participation,
communication, individual energy behaviors, and support for energy
sources?

2. Method
2.1. Research context

This study draws on a cross-sectional online survey of adults in the
Netherlands, conducted in September 2022 as part of a broader ques-
tionnaire examining participation and media use in the context of the
Dutch energy transition. We focus on the Netherlands because it con-
stitutes a policy-relevant and socially salient setting in which citizens are
increasingly expected to engage with the energy transition not only as
consumers, but also as co-owners, co-decision makers, and participants
in local and regional initiatives. This commitment is embedded in the
Dutch Klimaatakkoord [National Climate Agreement] of 2019 [59], a
comprehensive policy framework that outlines collaborative agreements
between Dutch government bodies, non-governmental organizations,
and private sector actors to advance climate action. The Klimaatakkoord
outlines national targets for a 55% reduction in greenhouse gas (GHG)
emissions by 2030 and a 95%-100% reduction by 2050, along with the
proposed pathways to achieve these goals.

The Dutch energy transition entails large-scale transformations
across various societal and economic sectors, including electricity, in-
dustry, the built environment, mobility, and agriculture and land use
[59]. Actions within these domains include extensive restructuring of
the (energy) infrastructure and supply chain. For example, the
Netherlands is committed to phasing out natural gas, which was long a
central element in the country's energy system and still accounting for a
significant share of energy use in the mid-2010s [12]. This occurs
alongside other major developments such as the expansion of wind parks
(both onshore and offshore), investments in hydrogen infrastructure
(especially in the North Sea and key industrial clusters), and renewed
interest in nuclear energy as part of the low-carbon mix [60]. In the
household domain, the transformation includes widespread changes in
energy use, such as home insulation, the adoption of heat pumps, and
the development of district heating systems. Other key infrastructural
developments include the expansion of the electricity grid, the rollout of
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a national hydrogen network, and systems for carbon capture and
storage.

In this context, the Dutch government and other societal actors
involved in the Klimaatakkoord emphasize that citizen engagement re-
mains of crucial importance to achieving the established goals related to
the energy transition [59,61]. Citizens are increasingly expected to
participate not only as consumers but as co-owners, co-decision makers,
and beneficiaries of local and regional energy initiatives. Conducting
our survey during this period ensures that respondents are likely to be
aware of the energy transition. As such, the Dutch context provides a
meaningful setting to study citizen engagement with the energy transi-
tion, allowing us to identify segments in a policy-relevant environment
and enhancing the interpretability and applicability of our findings.

2.2. Participants and procedure

This study is based on a cross-sectional online survey conducted in
the Netherlands in September 2022. The survey formed part of a broader
questionnaire on participation and media use in the context of the Dutch
energy transition. In total, 5614 respondents completed the question-
naire. Standard data cleaning procedures were then applied, including
the removal of speeders, straightliners, and respondents who failed
attention checks, resulting in a final analytic sample of N = 2010 Dutch
adult participants. Data were collected online by a professional research
agency using quota sampling to approximate the Dutch adult population
in terms of age, gender, geographic region, and education. All descrip-
tive statistics reported here and in the results refer to this final sample
(N = 2010): ages ranged from 18 to 94 years (M = 46.1, SD = 16.3);
51.4% identify as male and 49.6% as female; approximately 38% have
completed higher education. Background characteristics measured in
the survey are described in the following section.

2.3. The segmentation model

To address our research question, we use a segmentation model
based on twelve VBN-related indicators from the ESS8 climate and en-
ergy module, and we relate the resulting segments to a broader set of
engagement outcomes and baseline variables. More specifically, the
survey combines three components, each reported separately in the ta-
bles below: (1) twelve VBN-based items from the ESS8 climate and en-
ergy module to derive the climate-attitude segments (based on:
[36,46]); these are the items reported in Table 1; (2) ten sets of items
capturing individual-level engagement with the energy transition across
the domains described above (concern, knowledge, source support, ef-
ficacy, emotions, behavior, policy support, communication, participa-
tion and responsibility); these outcome variables are reported in Table 3;
and (3) baseline variables commonly used in energy and climate opinion
research (demographics, media trust, political orientation); these vari-
ables are reported in Table 2. Here we describe each component and its
operationalization in more detail.

The segmentation analysis itself is based only on the twelve VBN-
related items listed in Table 1. These items measure climate concern,
climate-change beliefs, personal values, personal norms, and efficacy
beliefs regarding climate-change mitigation, with a particular focus on
energy use. The individual-level engagement items and the baseline
variables are not used to estimate the latent profiles; they are included
separately as outcome variables (Table 3) and baseline covariates
(Table 2), respectively.

Whereas Kdcha et al. [37] identified four climate-attitude segments
using pooled data from 23 countries, we apply the same twelve VBN-
based indicators to a single-country Dutch survey conducted in 2022
that explicitly focuses on energy-transition engagement and includes a
broader set of engagement outcomes. In this Dutch-specific context,
standard model-fit criteria favored a five-segment solution, reflecting
finer differentiation—particularly an efficacy-based split within the
highly concerned publics—that is substantively relevant for
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Table 2
Descriptive statistics of baseline variables.
Baseline variables Percentage M SD
Education
High 41.94
Middle 49.4
Low 8.66
Identified gender
Female 51.39
Male 48.61
Not say 0
Region
Province 54.98
City 45.02
Political orientation
Right 42.29
Left 39.85
Not vote 8.01
Not say 9.85
Age 56.25 15.65
Trust (media) 4.07 1.41

understanding contemporary Dutch energy-transition debates.
2.4. Baseline variables

In line with standard practice in public-opinion research on climate
and energy policy, we include a set of socio-demographic and political
variables as baseline predictors against which to evaluate the added
explanatory power of the segmentation model. These “baseline vari-
ables” represent the kinds of information that are typically available to
policymakers and practitioners when thinking about target groups (age,
gender, education, place of residence, political orientation and trust in
information sources), and they provide a substantive benchmark for
asking whether climate-attitude segments capture additional structure
in public engagement. We collected standard demographic variables
such as age, gender identification, education level, and a proxy for urban
versus non-urban residence—operationalized as a dichotomous variable
distinguishing between residence within the Randstad, the central urban
region of the Netherlands, and outside it. We also measured trust in
traditional news media, used as an indicator of institutional trust given
its close empirical association with political and institutional trust (e.g.,
[62]); and political orientation, measured on a left-right scale derived
from a detailed question concerning voting preferences in hypothetical
parliamentary elections using the political mapping tool Kieskompas
[63]. In robustness checks, we re-estimated all models including a
separate indicator for voting for populist radical right parties (Partij
voor de Vrijheid (PVV), JA21, Forum voor Democratie (FvD)) and, in a
further specification, party fixed effects for all major parties and non-
voters (see results).

2.5. Engagement variables

We use these five categories—each grouping two of the ten outcome
domains described in the introduction—to examine how citizen seg-
ments differ in their engagement across multiple dimensions. Table 3
provides an overview and descriptive statistics of the specific variables
within each category.

2.6. Statistical modeling

We used Latent Profile Analysis (LPA) to identify unobserved sub-
groups within the sample based on individuals' responses to continuous
indicator variables. As a person-centered approach, LPA is designed to
uncover underlying population heterogeneity and is particularly well-
suited for modeling continuous data [64]. Unlike Latent Class Analysis
(LCA), which is limited to categorical indicators, LPA captures within-
class variability, allowing for more refined differentiation between
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Table 3
Overview and descriptive statistics of outcome variables used as proxies for key
domains.

Items used in survey Scale M SD
Energy transition concern and
knowledge
Can you indicate how important you 1 Not at all 5.51 1.37
find the energy transition? important-7 Very
important
I feel that I have a pretty good idea of 1 Completely 4.57 1.39
what the energy transition involves...  disagree-7 Completely
agree
I think I know enough about the 1 Completely 4.00 1.46
energy transition to help a friend form  disagree-7 Completely
an opinion about it... agree
Energy source support
The Netherlands should make more 1 Completely 5.51 1.64
use of onshore wind energy... disagree-7 Completely
agree
The Netherlands should make more 1 Completely 4.80 1.72
use of offshore wind energy... disagree-7 Completely
agree
New wind turbines may be builtinmy 1 Completely 4.22 1.92
own living environment... disagree-7 Completely
agree
The Netherlands should make more 1 Completely 2.75 1.19
use of petroleum... disagree-7 Completely
agree
The Netherlands should make more 1 Completely 4.55 2.02
use of nuclear energy... disagree-7 Completely
agree
Energy transition efficacy belief and
emotions
In what year do you personally expect ~ Open question 2107 290
the energy transition in the
Netherlands to be fully completed?
To what extent do you feel hope when 1 Not at all-7 Very 4.09 1.46
you think about the energy transition? ~ much so
To what extent do you feel relief when 1 Not at all-7 Very 3.41 1.37
you think about the energy transition? ~ much so
To what extent do you feel frustration 1 Not at all-7 Very 4.33 1.49
when you think about the energy much so
transition?
To what extent do you feel anger 1 Not at all-7 Very 3.76 1.57
when you think about the energy much so
transition?
Individual energy behavior and energy
transition policy support
Suppose you want to buy a large 1 Very unlikely-7 Very  5.76 1.35
electric appliance for your home (such  likely
as a refrigerator, TV, or washing
machine). How likely is it that you
will choose the most energy-efficient
appliance?
There are a number of things that can 1 Never-7 Always 5.26 1.31
be done to reduce energy
consumption, such as turning off
unused devices, walking or cycling for
short trips, or only using heating or air
conditioning when truly necessary.
How often do you do these kinds of
things in your daily life to reduce your
energy consumption?
To what extent are you in favor of or 1 Completely against-7  3.91 1.85
against higher taxes on fossil fuels, Completely in favor
such as oil, gas, and coal?
To what extent are you in favor of or 1 Completely against-7  5.65 1.35
against subsidies for renewable Completely in favor
energy such as wind and solar power?
Energy transition communication
How often do you follow news about 1 Never-7 Very often 4.12 1.42
the energy transition?
How often do you follow energy 1 Never-7 Very often 2.37 1.58
transition via social media?
How often do you actively 1 Never-7 Very often 1.50 1.13
communicate about the energy
transition yourself on social media?
How often do you talk with family and 1 Never-7 Very often 3.35 1.63

friends about the energy transition?

Energy Research & Social Science 136 (2026) 104693

profiles. Mplus was selected for this analysis due to its robust capabilities
in estimating mixture models, handling missing data, and providing
comprehensive model fit indices essential for evaluating competing
profile solutions.

A five-class model was identified as the most appropriate solution,
supported by the Lo-Mendell-Rubin adjusted likelihood ratio test,
acceptable entropy, and interpretive value.. Fit statistics showed
consistent improvement over more parsimonious models (see Table 4),
with decreasing BIC values up to the five-class model and a significant
Lo-Mendell-Rubin adjusted likelihood ratio test for the comparison be-
tween the four- and five-class models (p < 0.001); the test was non-
significant for models with more classes. While entropy declined
slightly relative to the four-class model, it remained within an accept-
able range, indicating sufficient classification accuracy. More impor-
tantly, the five-class solution offered clearer conceptual distinctions: two
pairs of closely related yet meaningfully distinct profiles along with a
fifth group that was qualitatively different and theoretically significant.
This structure captured relevant variation in the sample and provided
greater explanatory power than simpler models.

In line with prior segmentation research, which typically identifies
between four and six climate-attitude segments depending on country,
measurement, and time period (e.g., [37,44,48]), we do not treat this
five-class solution as a universally superior classification relative to the
four-class structure found by [37], but rather as the specification that
offers the best balance between statistical fit, parsimony, and inter-
pretability for the present Dutch 2022 data and our focus on energy-
transition engagement.

To assess the relevance of these five segments for energy transition
engagement, we conducted a series of ordinary least squares (OLS)
regression analyses across the ten outcome domains (see above). This
method is an appropriate strategy due to the continuous or quasi-
continuous nature of the dependent variables and the aim of esti-
mating the added explanatory value of segmentation. For each outcome
domain, we estimated a baseline regression model including the de-
mographic, trust and political-orientation variables described above,
and then a second model that adds the climate-segment indicators.
Comparing these nested specifications allows us to assess the incre-
mental contribution of segment membership to explaining variation in
energy-transition engagement (e.g., by inspecting changes in adjusted
R? and joint tests of the segment coefficients; see Tables 5-11).

These analyses serve complementary purposes within a two-stage
framework. LPA first reveals citizen profiles based on climate-related
values, beliefs, norms, and efficacy perceptions. The subsequent
regression models demonstrate how these segments relate to concrete
attitudes and behaviors associated with the energy transition. By
comparing models with and without the segmentation variable, we can
quantify the added value of psychological profiling in explaining vari-
ation across a wide range of relevant outcomes. Together, this analytical
strategy highlights both the conceptual and practical utility of seg-
mentation in understanding citizen engagement with the energy
transition.

3. Results
3.1. Segmentation analysis

In the segmentation analyses, five climate-change segments were
identified as the best-fitting model (see Fig. 2 and Table 4). These seg-
ments differ in their levels and configurations of climate concern,
climate-change beliefs, personal values and norms, and together they
capture the main patterns of heterogeneity in the Dutch public. Of the
total sample, 22% belong to segment 1, 24% to segment 2, 29% to
segment 3, 16% to segment 4, and 9% to segment 5 (see Fig. 2). A chi-
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Table 4
LPA models and fit indices.
Class Parameters LL AIC BIC SSA-BIC Entropy LMR-LRT p-Value

1 24 -—44.180,860 88.409,719 88.546,829 88.470,577 - - -
2 37 —41.321,536 82.717,072 82.928,449 82.810,895 0.928 5.662,176 <0.001
3 50 —40.288,588 80.677,175 80.962,820 80.803,962 0.865 2.045,497 <0.001
4 63 —39.874,434 79.874,867 80.234,779 80.034,618 0.823 820,128 <0.001
5 76 —39.557,105 79.266,211 79.700,390 79.458,926 0.799 628,389 <0.001
6 89 —39.320,393 78.818,786 79.327,233 79.044,466 0.829 468,750 0.201
7 102 —39.130,896 78.465,791 79.048,506 78.724,436 0.828 375,252 0.670
8 115 —38.960,902 78.151,804 78.808,786 78.443,413 0.823 336,630 0.227
9 128 —38.816,968 77.889,936 78.621,186 78.214,510 0.812 285,025 0.326

square goodness-of-fit test confirms that these five segments differ
markedly in size from an equal distribution, X2(4) =249.14, p < 0.001,
with segment 3 clearly the largest and segment 5 the smallest.’

It is striking that segment 1 (light blue line in Fig. 1) is highly similar
to segment 2 (yellow line in Fig. 1) concerning climate concern, climate
change beliefs, personal value, and norm items. For example, members
in both of these classes are similarly highly concerned about climate
change; both indicate a concern well above 6 on a 7-point scale ranging
from not concerned at all to very concerned. However, these two seg-
ments substantially deviate from each other when taking efficacy beliefs
into account. Evidently, these two classes differ considerably from each
other when it comes to optimism/pessimism about climate mitigation
scenarios. For example, members of these classes differ on average by 2
points on a 7-point scale regarding the question of the extent to which it
is likely that governments of many countries will take sufficient mea-
sures to mitigate climate change. Therefore, we labeled segment 1
alarmed optimists (which entails 22% of the sample, see Fig. 2), and
segment 2 alarmed pessimists (24% of the sample).

The same pattern, but to a lesser extent compared to segments 1 and
2 when looking at climate concern, climate change beliefs, personal
value, and norm items, could be seen when focusing on segment 3 (grey
line in Fig. 1) and segment 4 (orange line in Fig. 1). The LCA indicates
that members of segment 3 are concerned, serious about, and relatively
strongly involved with climate change. For example, members of
segment 3 score on average well above 5 on the 7-point scale about
climate concern. Members of segment 4 score structurally lower on the
climate concern, climate change beliefs, personal value, and norm items.
Yet, the differences between these classes become especially clear when
taking the climate efficacy items into account. Clearly, members in
segment 4 are more pessimistic about mitigation than members of
segment 3. Interestingly, however, members of segment 3 are on average
also much more optimistic than members of segment 2. In fact, the
scores on the efficacy items approach the same average levels as mem-
bers of segment 1. Therefore, we label segment 3 concerned optimists
(with 29% the largest segment in our sample, see Fig. 2), and segment 4
cautious pessimists (16% of the sample; see Fig. 2).

The smallest segment (9%, see Fig. 2) is a different beast. Members of
this segment can be described in terms of low climate concern and
involvement, skepticism about the question whether climate change is
actually happening, and pessimism about mitigation across the board.
Hence, we label segment 5 dismissive pessimists.

3.2. Predictive value of the segments

In this section, we examine the predictive value of our climate-based
segments for outcome variables related to energy transition engage-
ment. The results of the regression analyses are presented in the Ap-
pendix and are organized according to the five overarching categories
described in the method section. For each outcome domain, the

! See also Table 1 for the overview of the items and underlying theoretical
concepts — the order of the items is the same as the order in Fig. 1.

Appendix tables (Tables 5-11) report the estimated effects of segment
membership (with significance levels) alongside socio-demographic and
political control variables.?

The regression analyses consistently demonstrate that segment
membership is a strong and meaningful predictor of key outcome vari-
ables. Across the ten domains of engagement, segment membership is
statistically associated with the outcomes, indicating substantial differ-
ences between segments in how citizens engage with the energy tran-
sition. Across both individual indicators and broader thematic
categories, the models reveal a clear and recurring pattern: segment
membership systematically explains differences in public attitudes, be-
haviors, and perceptions. Fig. 3 illustrates this with a representative
proxy item—responses to “How important is the energy transition?” (N
= 2010)—which displays a typical hierarchical configuration. Members
of Segment 1 rate the energy transition as most important (or least, in
inverse cases such as support for fossil fuels or nuclear energy), followed
in descending order by Segments 2 through 5. Substantively, segments
1-3 tend to show the highest levels of engagement across most domains,
whereas segment 5 consistently exhibits the lowest levels, with segment
4 generally occupying an intermediate position (see Tables 5-11). This
consistent rank-ordering pattern is observed across a wide range of
outcome variables. In the energy-source support domain, support for
wind energy at sea and on land is generally high, but support for “new
wind turbines in one's own living environment” is systematically lower,
indicating a clear distinction between abstract support and locally
framed preferences. Segment membership remains strongly associated
with both general and local support, above and beyond baseline vari-
ables (Table 6), with the least engaged segment showing the lowest
support in all three cases. These effects remain statistically significant
even after controlling for relevant covariates, underscoring the explan-
atory power of the segmentation model. Across the ten domains, adding
segment membership to the baseline model increases the explained
variance in outcomes by on average about 0.08 in R%, with individual
gains ranging from roughly 0.01 to 0.29 (see Tables 5-11), indicating
that the segments capture meaningful differences in engagement beyond
standard socio-demographic and political controls. In most models, the
segment coefficients also follow a clear hierarchical pattern relative to
the “alarmed optimists” reference group—for example, support for wind
energy at sea significantly declines stepwise from segments 1 to 5
(—0.21, —0.22, —0.50, —1.58; Table 6), and the likelihood of buying the
most energy-efficient appliances shows a similarly ordered decline
(-0.24, —0.50, —1.07, —1.71; Table 8). This illustrates how segment
membership systematically structures variation in engagement
outcomes.

Finally, we examined whether the effects of segment membership are
robust to more detailed political controls. When we add an indicator for

2 This structure is intended to improve clarity and communicability; due to
the volume and detail of the statistical output, including all tables in the main
text would disrupt the narrative flow and make the results difficult to interpret.
Placing them in the Appendix allows for a more accessible presentation while
ensuring full transparency.
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Fig. 1. Scores on the twelve underlying items across five citizen segments.
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Fig. 2. The relative sizes of the five citizen segments (N = 2010).

voting for a populist radical right party (PVV, JA21, FvD) and, in a
separate specification, party fixed effects for all major parties and non-
voters, the pattern and magnitude of the segment coefficients change
only marginally and remain statistically significant for the large ma-
jority of outcomes, while the additional explained variance is small (AR
on average around 0.01 and never exceeding 0.04). This suggests that
the segmentation model captures attitudinal differences in energy-
transition engagement that are not reducible to party choice or popu-
list radical right voting.

4. Discussion

The current study investigated to what extent climate segments in
the Dutch general public can predict their engagement with the energy
transition. Our results provide support for five climate segments struc-
tured along their climate concern and efficacy beliefs. Segment mem-
bership is strongly associated with individuals' engagement with the
energy transition, for example their concern, knowledge, support for
specific energy sources, private-sphere behaviors, and public-sphere
engagement, and that these effects remain substantial even after con-
trolling for socio-demographic and political factors. Below we reflect on
how these results are promising for theory-building and methodological
designs in energy and social sciences, as well as the practical
implications.

4.1. Contributions to the literature

Our study contributes to the literature in several ways. First, whereas
much current research and many public communication efforts rely on
individual-level variables to understand how the public perceives the
energy transition, this study identifies five group-level segments that
capture systematic heterogeneity in values, beliefs, norms, and efficacy
perceptions. Although segmentation approaches are well established in
climate-change communication research, such as the Six Americas
studies [47], they are less common in quantitative work on the energy
transition, which often adopts a more individualistic perspective (e.g.,
[27-29]). As such, our identified segments provide a higher-order view
of how these dimensions co-occur within the population, capturing
configurations that are not visible when examining each variable sepa-
rately. These configurations represent distinct attitudinal formations
that help explain systematic variation in climate- and energy-related
judgments and behaviors, offering a more integrated understanding of
the psychological landscape surrounding the energy transition (e.g.,
[651).

Second, more specifically, this study not only moves beyond the in-
dividual level to the group level, but it also considers variables beyond
common socio-demographic metrics, including climate concern, climate
change beliefs, personal values, personal norms, and climate- and
energy-specific efficacy beliefs. These psychological dimensions reveal
that our segments are primarily structured along climate concern and
efficacy beliefs: in the latent-profile space, we identify pairs of segments
that are equally concerned about climate change but differ in their
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Segments relative to the total sample (N =2.010)

. Very Important
Important
Somewhat important
Neutral
Somewhat unimportant
Unimportant

. Very unimportant

0 20 40 60 80 100
v ‘___
80
.
c
S
.‘5
C
8 60
>
>
(0]
C
Q
Q
£
L
= 40
[0
€
o
o
£
z
o
I
20
0

1 2 3

4 5

Segments from 1 (Alarmed Optimists) to 5 (Dismissive Pessimists)

Fig. 3. Example of proxy item representative for the general pattern found: How important is the energy transition across five citizen segments (N = 2010).

perceived efficacy (e.g., “alarmed optimists” versus “alarmed pessi-
mists”). This shows that high concern does not necessarily coincide with
high efficacy. Descriptively, segments with higher efficacy tend to
display more positive attitudes and higher engagement across several
indicators, which resonates with research on optimism, efficacy and
climate engagement [66-68]. However, once socio-demographic and
political controls are included, these within-concern efficacy differences
do not generally translate into large or consistently statistically signifi-
cant effects across all ten engagement domains. We therefore interpret
the concern—efficacy structure primarily as a theoretically important
feature of the segmentation itself and as a priority for future
research—for example, studies that examine how “optimistic” and
“pessimistic” profiles among similarly concerned citizens evolve over
time and how climate- and energy-specific efficacy relates to broader
efficacy constructs.

Third, this study adds to the segmentation literature (e.g.,
[37,47,50]) and to research on energy and society (e.g.,
[15,23,46,58,69] by demonstrating the theoretical value of climate
segments for understanding energy-transition engagement. Our findings
show that incorporating climate segments provides a consistent and
robust way to predict how different psychological profiles shape energy-
transition engagement, reflecting a clear hierarchical structure. Mem-
bers of the “most concerned” segment consistently rate the energy
transition and related concepts as most important, followed in
descending order by other segments, replicating the typical rank-
ordering pattern observed across a wide range of outcome variables.
This approach highlights that engagement is not merely a function of
individual-level variables, but emerges from higher-order attitudinal
configurations, providing a more integrated and predictive account of
public responses to the energy transition. By showing systematic dif-
ferences between segments, the study illustrates how climate

segmentation can inform hypothesis development and testing, offering a
framework for future research to model and predict group-specific
engagement patterns. While acknowledging that public opinion is not
the only determining factor for the success of energy transitions, since
other elements such as financial resources, institutional capacity, and
technological feasibility also play a role, our findings emphasize the
added theoretical value of climate-specific segmentation for under-
standing and anticipating patterns of citizen engagement. In addition,
robustness checks show that climate-based segments continue to explain
variation in energy-transition engagement also when detailed party and
populist radical right voting controls are included, suggesting that seg-
mentation captures relatively stable attitudinal patterns that comple-
ment, rather than duplicate, explanations based on short-term political
cues.

Within this broader contribution, our findings also relate to the
distinction between attitudes “in the abstract” and locally situated
preferences that is central in Dutch energy-transition research. In our
engagement indicators we differentiate general support for energy
sources (e.g. wind on land, wind at sea, nuclear energy) from support for
“new wind turbines in one's own living environment”. In line with Dutch
and international studies on wind, solar and regional energy planning,
which similarly find high general support but more ambivalent or
negative responses to nearby projects (e.g. [70-72]), we find that sup-
port for wind close to home is systematically lower than support for
wind in general. At the same time, climate-attitude segment member-
ship remains a strong predictor of both abstract and locally framed
support, above and beyond our baseline variables, including for the
locally framed wind item. This suggests that the segments are informa-
tive not only for general views on the energy transition, but also for more
concrete, place-related preferences that feature prominently in Dutch
debates about wind, solar parks and the spatial embedding of the energy



J.G.F. Jonkman et al.

transition.

Fourth, by building on the theoretical and methodological approach
of Kacha et al., [37] this study allows for cross-study comparisons that
highlight both differences and consistencies in segmentation patterns.
Kacha et al. [37] using pooled 2016-2017 ESS data from 23 countries,
identified four segments organized along climate concern and belief
certainty, while our Dutch 2022 analysis revealed five segments, with
sharper distinctions in perceived efficacy and the emergence of two
“alarmed” subtypes—optimists and pessimists—who share high concern
but differ in perceived agency. These contrasts likely reflect both tem-
poral and contextual factors, including global events such as the COVID-
19 pandemic, the war in Ukraine, and rising energy prices, as well as
methodological choices such as cross-national versus single-country
sampling.

At the same time, these two studies and other climate segmentation
analyses (e.g., [47,50]) converge on key patterns: climate concern or
similarly climate belief remains a primary organizing dimension; in-
dividuals can be meaningfully grouped into hierarchical segments; and
many segment structures consistently include groups resembling de-
niers, cautious, and concerned citizens. This convergence across studies
suggests a degree of robustness in citizen segmentation, indicating that
despite variation in the number or exact configuration of segments,
certain higher-order patterns of attitudes toward climate and energy
issues are recognizable and generalizable. Moreover, it remains inter-
esting to examine how the relative size of these segments varies across
contexts, for example to understand how many citizens remain skeptical
or disengaged, which factors can explain this variation, and how such
variation may shape the overall public landscape for energy-transition
engagement.

Overall, our findings offer an empirically grounded segmentation
that can serve as a basis for future research. Energy-transition research
could build on this work by: a) using the five identified segments to
design and empirically test interventions aimed at engaging different
groups of the Dutch public in the energy transition; b) applying the
methodology in other national contexts, different points in time, or
specific features of the energy transition, to examine how segment
structures vary across settings and historical moments; and c) incorpo-
rating segmentation into broader theoretical models of public attitudes
and energy engagement to more fully account for heterogeneity within
national populations.

4.2. Limitations

Several limitations warrant consideration. First, our analysis relies
on self-reported measures, which are susceptible to social desirability
bias, particularly for normative constructs such as personal re-
sponsibility, concern, and energy-saving behavior [37]. Although stan-
dard controls were applied, this remains an inherent limitation of
survey-based research and constrains strong causal inference.

Second, while the study builds on a validated climate segmentation
model, applying it to the energy transition context imposes constraints.
The VBN-model captures broad environmental orientations but may
overlook domain-specific concerns such as affordability, infrastructure
proximity, and energy justice that are central to energy policy engage-
ment. As such, it may underrepresent certain attitudinal nuances rele-
vant to this domain. Moreover, our segmentation focuses on individual-
level orientations and perceptions, and does not directly capture insti-
tutional, infrastructural or governance dynamics that also shape energy-
transition outcomes.

Third, while emotional responses were included as outcome vari-
ables, their role within segment profiles was only partially explored.
Emotions like hope, fear, or anger likely interact with efficacy beliefs
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and behaviors in complex ways that warrant deeper investigation.

Fourth, our analysis focuses on climate- and energy-transition-
specific efficacy beliefs as captured by the ESS8-based VBN indicators,
including expectations about whether governments will take action on
climate change. However, we do not include broader measures of po-
litical efficacy in the conventional sense (e.g. beliefs about one's own
ability, or that of ‘people like me’, to influence political decisions),
which may further shape how individuals perceive their capacity to
influence political and institutional processes around the energy tran-
sition. Future research should examine how climate- and energy-specific
efficacy relates to such broader efficacy constructs and whether these
jointly structure different forms of engagement.

Fifth, the findings are based on a cross-sectional online survey of
adults in the Netherlands in 2022. The identified segment structure and
the estimated effect sizes should therefore not be assumed to generalize
automatically to other countries, institutional contexts or time periods;
comparative and longitudinal work is needed to assess how stable these
patterns are across settings.

4.3. Practical implications

Actors that could benefit from segmentation studies include those
designing public interventions in the energy transition, such as national
and local governments, non-governmental organizations (NGOs), en-
ergy cooperatives, and other civil society actors. These actors can use the
identified segments as a starting point for intervention design, ranging
from communication campaigns to initiatives supporting the imple-
mentation of energy technologies in local communities. A key question
is which segments to prioritize (e.g., [37,73]). For instance, the
“dismissive pessimistic” segment may be difficult to engage, whereas the
“concerned” and “optimistic” segments could offer the most potential for
actionable change, depending on the specific goals of the intervention.

Segmentation can inform how interventions are targeted. In our
segmentation, efficacy appears as an important structural dimension of
the profiles, so strategies may consider the perceived ability of different
segments to act. For instance, segmentation helps guide message
framing and communication strategies (e.g., [37,73]), evidenced by one
study demonstrating how messages of collective efficacy can increase
efficacy perceptions, in turn increasing personal intentions to act [74].
To illustrate, “concerned optimists” may respond to messages empha-
sizing opportunities and collective success within the energy transition,
while “cautious pessimists” may need reassurance, evidence of effec-
tiveness of installing energy technologies in their homes, or demon-
stration of clear pathways to how they could participate in the energy
transition. These examples should be read as hypothesis-generating il-
lustrations informed by the segment profiles and existing work on effi-
cacy, rather than as tested segment-specific effects. As such, tailoring
interventions and communication in ways that resonate with the
respective segment, maximizes relevance and potential impact.

In the Dutch context, nation-wide surveys such as the Veiligh-
eidsmonitor [Security Monitor] or large-scale climate and energy surveys
provide the opportunity to localize segments with statistical reliability.
This enables context-sensitive approaches: regions with low trust and
high skepticism may benefit from dialogue-based or community-
anchored interventions, while regions with high engagement and effi-
cacy could focus on enabling participation and broadening support
among less engaged groups.

Segmentation thus provides a practical framework to design in-
terventions that align with both the characteristics of target groups and
the goals of the intervention, whether that is raising awareness,
increasing behavioral adoption, or fostering collective action, even
though the relationships identified in this study are correlational rather
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than causal.
4.4. Conclusions

This study set out to examine how a climate-based segmentation,
grounded in the VBN-model, relates to multiple domains of engagement
with the energy transition. It demonstrates that climate-based segmen-
tation, grounded in the VBN-model, provides a meaningful and robust
lens through which to understand variation in engagement with the
energy transition. The identification of five distinct citizen seg-
ments—ranging from alarmed optimists to dismissive pessi-
mists—reveals systematic differences not only in climate concern and
efficacy beliefs, but also across a broad range of outcome variables
including emotional responses, policy support, participation, and indi-
vidual energy behaviors. Across all ten outcome domains, segment
membership remains a strong predictor even when conventional de-
mographic and political indicators are taken into account. Importantly,
our segmentation model offers predictive value above and beyond
conventional demographic and political indicators, underscoring the
added explanatory power of segmentation analysis. Taken together,
these findings provide a clear answer to our research question: climate-
based segmentation meaningfully explains who is more or less engaged
with the energy transition, and in what ways.

Our findings highlight the potential of segmentation approaches to
inform more differentiated and responsive communication and policy
strategies in the context of accelerating energy transitions. As govern-
ments increasingly call upon citizens to engage not just as consumers,
but as active participants in energy initiatives, recognizing and
addressing the heterogeneity of public perspectives becomes a prereg-
uisite for democratically legitimate and effective transition governance
[69,75]. By attending to the diverse configurations of values, beliefs,
and perceived efficacy across citizen segments, policymakers can better
anticipate engagement barriers, foster trust, and enhance the social
sustainability of the energy transition. Future research should extend
this work by developing energy-specific segmentation frameworks and
examining how segments evolve over time and across national contexts.

Appendix A

Table 5

Energy Research & Social Science 136 (2026) 104693

In all, the findings of this study demonstrate that climate-based
segmentation captures meaningful variation in citizen engagement
with the energy transition in the Netherlands and adds explanatory
power over and above standard socio-demographic and political vari-
ables across ten outcome domains. This directly answers our research
question by showing that segment membership is a strong and consistent
predictor of how citizens think, feel and act in relation to the energy
transition. Building on this foundation, future work should develop
segmentation models that more directly reflect the specific challenges
and dimensions of energy transitions and extend research through cross-
country and longitudinal designs to capture evolving public responses
over time and across contexts.

CRediT authorship contribution statement

Jeroen G.F. Jonkman: Writing — review & editing, Writing — orig-
inal draft, Visualization, Validation, Software, Resources, Project
administration, Methodology, Investigation, Funding acquisition,
Formal analysis, Data curation, Conceptualization. Christian Burgers:
Writing — original draft, Resources, Project administration, Methodol-
ogy, Investigation, Funding acquisition, Formal analysis, Data curation,
Conceptualization. Christel W. van Eck: Writing — review & editing,
Writing — original draft, Investigation, Conceptualization. Anke Won-
neberger: Writing — review & editing, Writing — original draft, Meth-
odology, Investigation, Conceptualization.

Funding information

This research was supported by the Dutch Research Council (NWO),
grant number GOCL.KIEM.01.014.

Declaration of competing interest
The authors declare that there are no known competing financial

interests or personal relationships that could have appeared to influence
the work reported in this article.

Regression results energy transition concern and energy transition knowledge variables.

Dependent variable Energy transition is important

Good idea what the energy transition

Enough knowledge to explain to a friend what the

entails energy transition entails
Model Model 1 Model 2 Model 1 Model 2 Model 1 Model 2
Age 0.006"* 0.002 0.004* 0.003 0.001 —0.000
Education (base: high)
Middle —0.150* —0.089
Low —0.4697** —0.333%**
Gender (base: male) 0.112 —0.056
Living in Randstad vs. province (Randstad: base) —0.068 —0.014

Political orientation (base: left)
Right

Not vote

Not say

Trust (media)

Segments (base: Alarmed Optimists)

Alarmed pessimists 0.008 —0.205
Concerned optimists —0.598 —0.704
Cautious pessimist —0.498 —0.760
Dismissive pessimists —0.084 —0.189
Constant 5.071 4.567 5.016*
R-square 0.167 0.155 0.198
Degrees of freedom 1916 1920 1916

BIC 6441.4 6638.5 6568.9

" p < 0.05.
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" p <0.01.
" p < 0.001.
Table 6

Regression results energy source support variables.

Energy Research & Social Science 136 (2026) 104693

Dependent variable

Support for wind on sea

Support for wind on land

Support for wind in own

Support for oil Support for nuclear energy

environment

Model 1 2 1 2 1 2 1 2 1 2
Age 0.008 —0.002 —0.005* —0.000 —0.003 —0.001 0.000
Education (base: high)
Middle —0.003 —0.010 0.010 —0.091 —0.058 —0.032
Low —0.332 —0.226 —0.198 —-0.367* —0.320" —-0.322
Gender (base: male) R 0.028 —0.074 —0.100 —0.196* —0.809***
Living in Randstad vs. province ~ —0.216 —0.164* -0.127 —0.221** —0.190* 0.037

(Randstad: base)
Political orientation (base: left)
Right —0.312%**  —0.618*"* —0.399 —0.503"** 0.328*** 1.019%** 0.839
Not vote —0.313* —0.487" 0.174
Not say E —0.324~ B —0.721° 0.197* .
Trust (media) 0.303 0.190%** 0.354* 0.219 0.218** 0.007 0.013 0.121
Segments (base: Alarmed

Optimists)
Alarmed pessimists
Concerned optimists
Cautious pessimist
Dismissive pessimists
Constant 4.335%* 3.938%** 3.487%* 2.545%** 3.419%**
R-square 0.142 0.152 0.140 0.183 0.095 0.139
Degrees of freedom 1916 1912 1916 1912 1916 1912 1890 1886 1886
BIC 7181.6 7094.6 7321.2 7211.7 7765.1 7695.6 5965.3 5836.6 7830.0 7796.8

" p < 0.05.
" p <0.01.
" p < 0.001.

Table 7

Regression results energy transition efficacy belief and energy transition emotions variables.

Dependent variable

When is the energy transition

Emotions regarding energy ~Emotions regarding energy

Emotions regarding energy Emotions regarding energy

completed transition: Hope transition: Relief transition: Frustration transition: Anger

Model 1 2 1 2 1 2 1 2 1 2
Age —1.025* —0.784 0.003 —0.001 0.002 —0.001 0.002 0.003 0.006** 0.007**
Education (base: high)
Middle —4.049 -1.593 —0.005 0.010 0.337%* —0.080 —0.032 0.055 0.085
Low 41.630 45.832 —0.070 —0.061 0.270* -0.112 —0.022 0.116 0.167
Gender (base: male) —19.249 —9.374 0.081 —0.043 . 0.144* —-0.077 —0.049 -0.137 —0.107
Living in Randstad vs. 10.153 5.547 —0.160** -0.113* —0.045 —0.009 0.006 —0.017 —0.002 —0.022

province (Randstad:

base)
Political orientation (base:

left)
Right 13.445 2.123 —0.273%"* —0.040 —0.182%* —0.066 —0.146 —0.085 —0.150 -0.134
Not vote 22.327 14.485 —0.426""* —0.239* —0.202 -0.110 —0.353"* —0.295* —0.316* —0.295%
Not say —10.811 —11.281 —0.140 —0.026 0.001 0.036 —0.084 0.011 —0.154 —0.101
Trust (media) —35.593%** —23.235%"* 0.367** 0.210%** 0.278%** 0.175%** —0.206"**  —0.177*** —0.307%** —0.273%**
Segments (base: Alarmed

Optimists)
Alarmed pessimists
Concerned optimists
Cautious pessimist
Dismissive pessimists
Constant 2306.890"** . 2.602%"* 1.978%** 5.267%* 4.839%**
R-square 0.036 0.060 0.157 0.272 0.106 0.038 0.082
Degrees of freedom 1920 1916 1920 1916 1920 1916 1920 1920
BIC 27,419.6 27,401.6 6695.9 6442.0 6551.2 6432.9 6999.2 6951.2 7112.9

" p <0.05.
" p<0.01.
" p < 0.001.
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Table 8

Regression results individual energy behavior and energy transition policy support variables.

Energy Research & Social Science 136 (2026) 104693

Dependent variable Buy the most Do things to Support higher Support subsidies on
energy efficient reduce energy taxes on fossil sustainable energy
appliances use fuels sources

Model 1 2 1 2 1 2 1 2
Age 0.0227** 0.0197** 0.004* 0.002 —0.001 —0.005* —0.002 —0.005*
Education (base:

high)
Middle —0.060 —0.024 —0.059 —0.010 —0.474%* 0.016 0.048
Low —0.250* —0.184 —0.336"* —0.239* —0.894*** —0.005 0.066
Gender (base: male) 0.36277* 0.258%** 0.302%** 0.223%%* -0.128 0.069 —0.039
Living in Randstad —-0.018 0.016 —-0.025 —0.003 —-0.033 —0.146* —0.108*

vs. province

(Randstad: base)
Political orientation

(base: left)
Right —0.281%%* —0.023 —0.157* 0.088 —0.508*" —0.250%**
Not vote —0.243~ —0.039 —0.336%* -0.139 —0.366" —0.164
Not say —0.138 0.013 —0.071 0.090 —0.305° —-0.165
Trust (media) 0.154+* 0.016 0.115%"* 0.005 0.266"" 0.121%%*
Segments (base:

Alarmed

Optimists)
Alarmed pessimists
Concerned optimists
Cautious pessimist
Dismissive

pessimists
Constant 3.947+* 5.076 4.572%%* 5.527 3.363* 4.965% 49417 6.130*
R-square 0.103 0.206 0.044 0.127 0.242 0.369 0.138 0.253
Degrees of freedom 1920 1916 1920 1916 1920 1916 1920 1916
BIC 6497.2 6291.5 6492.2 6346.7 7397.8 7074.0 6421.6 6177.3

" p <0.05.
" p <0.01.
" p < 0.001.

Table 9

Regression results energy transition communication variables.

Dependent variable

Follow news energy transition

Follow energy transition
social media

Communicate energy
transition social media

Talk about energy transition
peers

Model 1 2 1 1 2 1 2

Age 0.0177%* 0.014 —0.006** —0.0087** —0.005%* —0.006"** 0.007** 0.004

Education (base: high)

Middle 0.002 0.004 0.104 0.106 —0.413%"* —0.360***

Low 0.018 0.019 0.155 0.151 —0.980%** —0.8807**

Gender (base: male) X —0.201%* —0.247%* —0.139% —0.159%* —0.044 -0.115

Living in Randstad vs. province (Randstad: 0.024 0.041 —0.135 —0.116 —0.061 —0.053 —0.074 —0.055
base)

Political orientation (base: left)

Right —0.045 0.034

Not vote —0.401** —0.337

Not say —0.108 —0.075

Trust (media) —0.033 —0.091

Segments (base: Alarmed Optimists)
Alarmed pessimists

Concerned optimists

Cautious pessimist

Dismissive pessimists

Constant

R-square

Degrees of freedom

BIC

6032.2

6048.2

7242.4

" p < 0.05.
" p<0.01.
" p < 0.001.
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Table 10

Regression results energy transition participation variables.

Energy Research & Social Science 136 (2026) 104693

Dependent variable

Important participate
energy transition

Seize opportunities participate
energy transition

Sense influence course
energy transition

Model

Age

Education (base: high)

Middle

Low

Gender (base: male)

Living in Randstad vs. province
(Randstad: base)

Political orientation (base: left)

Right

Not vote

Not say

Trust (media)

Segments (base: Alarmed
Optimists)

Alarmed pessimists

Concerned optimists

Cautious pessimist

Dismissive pessimists

1
0.001

_0.266++
—0.375%**
~0.100
~0.009

1
0.002

2 1 2
—0.001 0.001 —0.002
_0.239%%*
—0.265*
—0.062
—0.029
0.000 0.000 0.000
—0.085 —0.127 —0.013
—0.367 —0.168 —0.074
—0.161 —0.223* -0.177
—0.037 0.253*** 0.158*

Constant 4.508%** 3.381%%* 1.973*
R-square 0.079 0.047 0.109
Degrees of freedom 1920 1920 1920
BIC 6362.8 6551.2 6312.6
" p < 0.05.
" p<0.01.
" p <0.001.
Table 11

Regression results energy transition responsibility variables.

Dependent variable

Responsible for energy
transition: National

Responsible for energy
transition: Foreign

Responsible for energy
transition: People like me

Responsible for energy
transition: Corporations

Responsible for energy
transition: Energy sector

government government

Model 2 1 2 1 2 1 2 1 2
Age 0.002 0.001 0.003 0.002 0.009 0.005** 0.004* 0.002 —0.000 —0.002
Education (base: high)
Middle —0.093 —0.039 —0.004 —0.021 —0.068 —0.035 —0.102 —0.064
Low —0.287"* —0.226* —-0.139 —0.290%* —0.293"* —0.222% —0.360"**  —0.278**
Gender (base: male) 0.054 0.047 —0.015 0.171** 0.169** 0.100 0.053 —0.013
Living in Randstad vs. province —0.080 —0.054 0.034 0.052 —0.085 0.026 0.048 0.030 0.049

(Randstad: base)
Political orientation (base: left)
Right —0.177** —0.060 0.044 —0.152* —0.3207"* —-0.119*
Not vote —0.242*% -0.179 —0.084 —0.162 —0.212° —0.054
Not say -0.132 —0.015 —0.031 —0.103 —0.191* —0.064
Trust (media) 0.061* 0.032 0.068%** 0.031 0.027

Segments (base: Alarmed
Optimists)

Alarmed pessimists

Concerned optimists

Cautious pessimist

Dismissive pessimists

Constant 5.302+ 6.120%* 5.318" 3.323%+% 5.286*" 5.696*" *
R-square 0.102 0.206 0.038 0.133 0.065 0.063

Degrees of freedom 1920 1916 1920 1916 1920 1916 1920 1916 1920

BIC 6199.0 5992.4 6570.0 6481.4 6395.3 5885.4 6136.8 6019.4 5943.8 5811.7
" p < 0.05.

" p<0.01.

" p < 0.001.

Data availability

Data will be made available on request.
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