Journal of Cleaner Production 429 (2023) 139398

e 4

ELSEVIER 1

Journal of

Cleaner
tion

Contents lists available at ScienceDirect
Journal of Cleaner Production

ournal homepage: www.elsevier.com/locate/jclepro

“T’ll take the easiest option
the public

please”. Carbon reduction preferences of

Alice Brock ®, Ian Williams ", Simon Kemp *

2 Faculty of Environmental and Life Sciences, University of Southampton, University Rd, Highfield, Southampton, Hampshire, SO17 1BJ, UK

Y Faculty of Engineering and Physical Sciences, University of

Southampton, University Rd, Highfield, Southampton, Hampshire, SO17 1BJ, UK

ARTICLE INFO

Handling Editor: Dr. Govindan Kannan

Keywords:
Sustainability
Carbon emissions
Conjoint analysis
Environment
Greenhouse gases
Behaviour change

ABSTRACT

The depth and breadth of the climate crisis is well known, all sectors, industry, government and the individual
have the potential to reduce emissions to slow or stop catastrophic climate change. To determine and evaluate
the (revealed) preferences of the public in reducing their personal carbon emissions, a conjoint analysis survey,
using the PAPRIKA (Potentially All Pairwise RanKings of all possible Alternatives) method, was distributed to the
public in a city in the south of England (Southampton). Knowledge of the deep-seated preferences of the public
makes a fundamental contribution to future climate actions because it enables publicly acceptable system change
to be developed.

Results showed the public were unwilling to make large-scale lifestyle changes, even if they would cause large
emission reductions. There was a clear preference for making relatively easy, convenient changes to behaviour
rather than making more difficult personal lifestyle changes involving diet and transportation. A significant
value-action gap is evident, with the public showing high awareness of the seriousness of climate change but
showing an unwillingness to make deep cuts to their personal emissions. Demography and personal factors had a
relatively low influence over preferences with trends generally staying the same across demographic groups,
aside from income brackets. Participants believed that reductions in emissions should come from a ‘group effort’
from all levels of government, business, environmental groups and individuals. Few participants placed them-
selves as individual drivers of carbon emission reduction. In order to reduce emissions some form of intervention
needs to be made, as the public are not personally willing to make large-scale reductions in carbon emissions,
regardless of their environmental awareness or demography.

1. Introduction

The climate crisis is the biggest challenge

The scope of individual behaviours that need to change to limit
global temperature rise to the 1.5°C value recommended by the Inter-

of the modern age; our governmental Panel on Climate Change is vast (Climate Change Com-

changing climate impacts all facets of human life and our behaviour
directly influences the severity of the issues at hand (Intergovernmental
Panel on Climate Change, 2018; United Nations Environment Pro-
gramme, 2020). Since we have caused global climate change, human
behaviour has a fundamental role in countering it. A large percentage of
emissions are generated by households in developed countries through
their consumption of goods and services (Department for Environment
Food & Rural Affairs, 2020; Druckman and Jackson, 2010; Dubois et al.,
2019; Hargreaves et al., 2013; Hertwich and Peters, 2009). The United
Kingdom (alongside America, Europe and other nations) far exceeds the
limit of greenhouse gas emissions that would facilitate keeping the
global temperature rise to 1.5°C (Tukker et al., 2016).
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mittee, 2020a; Committee on Climate Change, 2019; Hohne et al., 2017;
Intergovernmental Panel on Climate Committee on Climate Change,
2018; Robinson and Shine, 2018). Whilst many policy interventions
must target industrial polluters directly, the demand of individuals must
also be addressed (Hertwich and Wood, 2018; Intergovernmental Panel
on Climate Change (IPCC), 2018; Sanderson et al., 2016; United Nations
Environment Programme, 2020). Identifying and ranking which be-
haviours the public are willing to change in terms of their emission
generation can aid in prioritising which carbon emission generation
areas to target, and if the actions the public would prefer could yield
significant reductions in carbon emissions. There may be variations in
behaviour demonstrated by a specific demographic category; this may
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be down to their needs, for example, those with mobility issues may
need to use personal transport. Policies that seek to reduce personal
carbon emissions must consider all aspects of the public’s needs in order
to make equitable but effective reductions in emissions (Brock et al.,
2022; Lockwood, 2010; Seyfang and Paavola, 2008).

Identifying how and why individuals may prefer to prioritise their
carbon reductions can aid in developing personal carbon reduction
policies and strategies (Brock et al., 2022). The most potent behavioural
changes would be to areas such as personal transportation and diet that
typically contribute a high percentage of an individual’s carbon emis-
sions (Ivanova et al., 2020; Neves and Brand, 2019). However, policies
that require large scale lifestyle choices may spark considerable resis-
tance when the public are expected to change in order to reduce emis-
sions (Hagmann et al., 2019; of Lords Environment and Change
Committee, 2022; Perry and Williams, 2007; Whitmarsh et al., 2021).
There is currently no overarching policy in the UK that tackles personal
carbon emissions. Such a policy would require an understanding of how
great a reduction different demographic groups may be able to make
according to their needs and if they would be willing without inter-
vention to make cuts to the most carbon emitting factors of their lives
(Brock et al., 2022).

Households are the largest direct contributor to carbon emissions
(and overall greenhouse gas emissions) in the United Kingdom largely
due to household heating and traveling. However, individuals also drive
emissions through consumption in other sectors such as manufacturing
according to the Office of National Statistics (Office for National Sta-
tistics, 2022). This indicates there is some responsibility at an individual
level for a portion of emissions in the UK. Whilst there will be some
aspects of these emissions that are unchangeable - for example heating
type provision in a rented home - an individual is able to make choices
for the duration this heating is used therefore having a direct influence
on the amount of emissions generated (Schwenkenbecher, 2012).

Studies have found an environmental value-action gap; the public
state strong environmental views, such as considering climate change
highly serious but show an unwillingness to change their behaviour and
take actions to mitigate climate change (Barr, 2006; Chaplin and Wyton,
2014; Chung and Leung, 2007; ElHaffar et al., 2020; Panda et al., 2020;
Whitmarsh et al., 2011). Many resources go into raising the awareness of
the public of ‘green’ issues. Evidence suggests that although the public
may have a reasonable awareness of current global environmental
challenges that are being faced globally, their behaviour is not neces-
sarily being influenced by this awareness (Islam et al., 2016; Whitmarsh
et al., 2011). Awareness is not always a valid measure of the public’s
willingness to make changes to their behaviour.

Steg (2018) highlights that climate change denial is not widespread
and emphasises the cruciality of comprehending why people do not act
in line with their firm belief in the negative consequences of climate
change. Steg (2023) review of the psychology of climate change
concluded that further research is needed to account for its human di-
mensions. Human behaviour is not easy to predict, and understanding
what people might do in different circumstances is difficult when only
using self-reported information due to the various biases that may in-
fluence results (Carlsson et al., 2018; Choi and Pak, 2005; Larson, 2019;
Nederhof, 1985). It is important to use methods that either provide real
world data or use a ‘revealed preference’ rather than a stated preference
approach, since responses from the latter may not predict actual
behaviour well (Kroes and Sheldon, 1988; Thoma, 2021; Urama and
Hodge, 2006).

A preference is the action an individual would take if they had to.
Preferences are likely to be influenced by a range of personal factors,
including an individual’s attitude, affect, agency, behavioural intention,
cognition, habit and routine, personal norms, self-identity, situational
factors, social norms and values (Williams, 2015). An individual may be
presented with a choice where no option aligns perfectly with their
personal factors, but they must make a choice, and must therefore make
the ‘least-worst’ choice; in this situation, this would be their preference.
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A stated preference is one the participant puts forward themselves. It
is how they believe they would feel or act, and thus it is not a repre-
sentation of their actual behaviour if the situation they were presented
happened (Artabe and Gardeazabal, 2017; Orttizar and Garrido, 1994;
Phillips et al., 2002). Revealed preferences tend to hold greater validity
than self-reported stated preferences; for example, an individual may
state that they always use a reusable coffee cup as it is the socially
desirable answer, but in the real-world they may only do this occasion-
ally. This is a limitation of a stated preference methodology that can be
mitigated by moving away from traditional social surveying methods
(where participants may be under desirability bias) to analytical hier-
archy process methods or multiple-criteria decision making (Forman
and Gass, 2001; Hansen and Ombler, 2008; Vaidya and Kumar, 2006).
These methods give participants preference-based choices. Different
criteria are presented to the public and they must choose which options
are preferable. Participants are not presented with the entire range of
criteria or attributes of the criteria to be able to choose the one that they
may evaluate is the ‘correct’ answer, instead having to make quick,
instinctive decisions (Hansen and Ombler, 2008).

Whilst it is well established that system changes are necessary to
stimulate society-wide climate action, these will only be realized if they
are acceptable to the public. Therefore, this study’s goals were to
identify and critically evaluate: i) public preferences for carbon reduc-
tion behaviours ii) potential differences in these preferences iii) any
potential ‘value-action gap’ in relation to carbon reduction behaviours.

The study makes a fundamental contribution to the literature by
clearly identifying what personal actions the public are currently pre-
pared to take to tackle climate change. Pairwise ranked multiple criteria
decision-making software was used to minimise social desirability bias
and gain insight into the deep-seated preferences of the public rather
than their relatively superficial opinions. Analysing preferences in
relation to demographic group and stated environmental opinions and
attitudes has allowed for analysis on whether awareness and perceived
importance of climate change had an impact on the preferences of the
public, i.e. would a more aware member of the public who considered
climate change a serious problem prioritise carbon reduction behaviours
that would have higher carbon emission reductions than someone with
lower awareness or consideration of climate change. Knowledge of the
deep-seated preferences of the public will make a substantial contribu-
tion to future climate actions because it will enable publicly acceptable
system change to be developed.

2. Methods
This study was implemented through several stages.

i) Development of social survey questions to identify demographic
groups and carbon attitudes and opinions of the public with
support from Southampton City Council

ii) Development of multi-criteria decision making conjoint analysis
survey to identify preferences of the public in relation to carbon
emission reduction behaviours with support from Southampton
City Council

iii) Distribution of survey to public in Southampton online through
the Southampton People’s Panel and through the universities
social media channels

iv) Identification of trends in results

v) K-Means cluster analysis to identify any clustering of preferences,
with particular consideration of demographics and attitudes and
opinions

2.1. Social survey

A mix of survey methods was utilised. Traditional survey questions
were developed in conjunction with a conjoint analysis survey using the
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1000Minds software that incorporates the PAPRIKA method (see section
2.2.). Demographic data were gathered to allow for clustering and
analysis of preferences. Following this section, participants responded to
a conjoint analysis survey before a final section asked Likert scale and
multiple-choice questions on carbon emission attitudes and behaviours.
Likert scales were selected to identify attitudes as they allow partici-
pants the ability to rank their attitude or behaviour in relation to a
question (Guy and Norvell, 2010; Jebb et al., 2021; Youn et al., 2017).
Multiple choice questions allow participants to make clear attitude
statements.

Selected questions previously used by Eurobarometer polls were
referred to in development of multiple choice questions on attitudes
(European Comission, 2022). All questions were presented in a
straightforward fashion and reviewed by professionals from South-
ampton City Council to ensure comprehension by members of the public.

The sample was taken from a special panel of residents of the city of
Southampton using purposive sampling, enabling individuals with a
spectrum of beliefs and experiences to be reached (Bellhouse, 1984;
Campbell et al., 2020; Etikan, 2016; Klar and Leeper, 2019; Neves and
Brand, 2019). Surveys were distributed online via email to the South-
ampton City Council (SCC) People’s Panel and across the University of
Southampton’s social media platforms to Southampton residents. This
panel consists of ~3500 Southampton residents who respond to surveys
that have relevance to Southampton. Established by SCC in 2015, par-
ticipants must be over 18 years of age and the panel is used to inform
decisions, service changes and gain information from a representative
section of the public on a range of topics (Southampton City Council,
2021). Panel participants are not obligated to respond to surveys
distributed to them. PAPRIKA METHOD.

The PAPRIKA is a relatively new method for scoring additive multi-
attribute value models. Participants are presented with two alternatives,
each has a pair of options, both alternatives’ options relate to the same
two criteria (see Fig. 1) (Hansen and Ombler, 2008). Participants must
then select which of the two alternatives they prefer. Each criterion is
given rank levels from most desirable or ‘best’ to least desirable or
‘worst’. For this study, the ‘best’ values were assigned to those levels of a
criterion that would create the greatest reductions in carbon emissions.
Each alternative had options that opposed the other. Alternative one had
an option that was of a high level and another of a low level. Alternative
two had the same criteria but with the levels reversed, the high-level
criteria option on alternative one would be of a low level on alterna-
tive two (see Fig. 1). Thus participants would have to make trade-offs,
compromising on some criteria to prioritise those they would prefer to
undertake.

The PAPRIKA method and 1000Minds software is adaptive, as each
decision is made by a participant superfluous decisions are eliminated
by the algorithm as the participant continues to make decisions.
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In Fig. 1, the ‘clothing rarely purchased’ and ‘short showers’ levels
are the most significant carbon reduction options but are paired with
‘worse’ options on each side, which options are ‘worse’ are defined by
their levels within the criteria as seen in appendix 1C. Therefore, par-
ticipants must decide which of the two they prefer. The method is simple
for the participant to use as they are not presented with every single
combination of pairs to rank; it identifies the implicit rank of unseen
pairings from those pairings that have been explicitly ranked (Hansen
and Ombler, 2008). PAPRIKA is adaptive; one choice leads to a new
choice being offered based on the previous choice, which limits how
many choices a participant is presented (Hansen and Ombler, 2008).

Once the participant has selected their choice, they will continue to
make choices between a series of these paired options. This demon-
strates which criteria are prioritised by the participant as they make
trade-offs. PAPRIKA allows the generation of ‘weights’ of importance of
criteria to the participant, so not just which is preferred by the partici-
pant but by how much and how much in relation to the other criteria.
PAPRIKA generates individual participant weights and preferences
rather than aggregates, which allows for cluster analysis related to
preferences using weight values as cluster parameters.

The PAPRIKA method and 1000Minds software were selected for this
study due to their intention to discern preferences rather than opinions
or attitudes. The 1000Minds software provides clear instruction and
guidance to participants on how to undertake a survey to ensure there is
no confusion. As participants cannot see the full lists of criteria or cri-
terion levels, this means they should have to answer honestly instead of
influenced by what they think they ‘should’ answer. Trade-offs assist in
gaining honest responses from the public as each pairwise choice will
have levels on each side that are less preferable, forcing participants to
prioritise their preferences.

2.2. Criteria development

The nine criteria for the PAPRIKA survey section were developed
from an initial list of proposed criteria of carbon generating or reducing
behaviours that the public had some direct control over and had asso-
ciated carbon emissions (see Appendix 1A). These criteria were identi-
fied by examining UK governmental emissions datasets, literature
reviewed, expert knowledge and advice and consultation with South-
ampton City Council officials (Carter, 2008; Darby and Obara, 2005;
Department for Business Energy and Industrial Stratergy, 2020;
Department for Environment Food & Rural Affairs, 2020; Druckman and
Jackson, 2010; Gill and Moeller, 2018; Hargreaves et al., 2013; National
Atmospheric and Inventory, 2019; National Statistics, 2020; Preston
et al., 2013).

Some initial criteria were combined in the final list; for example
personal transport methods and active transport were combined into

Which of these two alternatives would you choose to reduce your carbon footprint?

Clothing purchases

Clothing rarely purchased, if purchased is second hand - once
a year brand new

Household water usage

long shower every other day, occasionally use eco settings on
washing machine or dishwasher.

Clothing purchases

Second hand clothing purchased every few months, brand
new twice a year

Household water usage

Short shower every other day, no sprinklers, pressure washers
or similar. Use economy settings on washing machines/
dishwashers and only use when full.

Fig. 1. Example of pairwise choices presented to participants in 1000Minds software survey.
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‘Domestic Personal Transport’ to improve clarity and avoid the inclusion

of an excess of variables. The 1000minds software is not limited by how

many variables can be included; however, a higher number of variables

leads to more time being taken by participants to complete the survey.
Potential criteria were evaluated on.

-

i) Their overall share of global carbon emissions generated

ii) Ubiquity of behaviour or activity

iii) How much control the public has over the criteria for example is
it a behaviour they can change

Potential carbon impacts of the behaviour (a range was selected
to identify if the public would choose higher reduction
behaviours)

Potential impact of behaviour change on individuals i.e. would it
be daily, monthly, only done once

iv

—

v

—

Justifications for criteria selection are shown in Table 1. Consider-
ation for the ease the public might have in enacting these behaviours,
difficulty and ‘life impact’ were included as considerations for criterion
selection, some such as changing diet or personal transport would
require daily behaviour modification, others such as overseas travel and
clothing purchasing would not require daily behavioural change.
Criteria were also selected on their variation of potential carbon emis-
sion reductions, behaviours such as ‘changing lighting’ by switching to
LED bulbs was included alongside more impactful behaviours such as
changing diet or transport. This allowed insight into willingness to make
behavioural changes with higher compromises to current lifestyles or
preferred lower compromises that may have less impact in terms of
reducing carbon emissions (Hargreaves et al., 2013).

2.3. Demographic questions

Demographic questions were developed with consideration of
differing needs in terms of carbon consumption. A broad range of de-
mographic questions were asked to identify any trends or differences in
preferences related to demographics to identify potential differing needs
or barriers for different groups. A broad approach of demographic in-
clusion was taken as a key objective of this study was to explore and
identify any demographic related differences in preferences, therefore a
narrow range of demographic questions may exclude previously un-
considered demographic factors.

Several questions were required to identify social class, as self-
identification may not demonstrate a clear socioeconomic class due to
differing attitudes towards class identity. (See Appendix 1C) (Krieger
et al., 1997; Savage et al., 2013). Questions were adapted from the UK
Census and Office for National Statistics guidance, in terms of appro-
priate wording, sensitivity to protected characteristics and to ensure
consistency across data gathered (Office for National Statistics; National
Records of Scotland; Northern Ireland Statistics and Research Agency,
2016; Office for National Statistics, 2012). Not all UK Census and ONS
demographic questions were included for brevity, justifications for de-
mographics chosen can be found in Appendix 1B.

Demographic data were obtained on.

- Age

- Gender

- Ethnicity

- Religion

- Mental disability

- Physical disability

- Self-identified socioeconomic class
- Marital or civil partnership status
- Home location - rural/urban/suburban
- Household income

- Level of education

- Level of education of parents
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Table 1

Table showing the nine selected criteria, description of criteria and justification
for selection. Each criteria was had four ‘levels’ - from most to least impactful in
terms of carbon emissions (see Appendix 1D).

CRITERION DESCRIPTION JUSTIFICATION

DOMESTIC
PERSONAL
TRANSPORT

Transport choices, such
as; public transport use,
walking or cycling,
personal car or taxi use or
the use of electric
vehicles.

Personal transport via car or
taxi can have considerable
carbon emissions, especially
in cities (Brand et al., 2021;
Hargreaves et al., 2013; Neves
and Brand, 2019).

—43% of UK household

emissions come from transport

[44]

- High impact carbon
behaviour when using
personal cars or taxis

- Flights per person can
contribute incredibly high
emissions into the atmosphere
(Kommenda, 2019). Are also
often ‘non-essential’ (i.e.
holiday) so are an area that
could be reduced.

- Aviation contributes 7% UK
emissions, 91% of this is
international travel [46]

Behaviours around food - Meat, fish and dairy have high

consumption, food contributions to global carbon

choices; meat emissions (Carlsson-Kanyama

consumption, plant based and Gonzalez, 2009; Hyland

food choices et al., 2017; Ivanova et al.,
2016; Sabaté and Soret, 2014;
Scarborough et al., 2014)

- Plant based diets have
significantly lower emissions
than high meat or ‘average’
diets (Chai et al., 2019;
Scarborough et al., 2014)

OVERSEAS
TRAVEL

Overseas travel by air,
rail or boat particularly
frequency of trips.

FOOD - DIET
COMPOSITION

- Food accounts for
approximately 35% of UK
greenhouse gas emissions
(including methane and
carbon dioxide) and has
considerable global emissions
(Clune et al., 2017; Crippa
et al., 2021; Poore and
Nemecek, 2018; Ritchie,
2019; Scarborough et al.,
2014; WRAP, 2016)
High impact carbon
behaviour considering the
high emissions of red meat
Heating of the home via - Heating decarbonisation
radiator common topic when carbon
emission reduction discussed

HOUSEHOLD
HEATING

(Committee on Climate
Change, 2018; Confederation
of British Industry, 2020;
Department of Energy and
Climate Change, 2012; Dubois
et al., 2019; Schmidt et al.,
2007)

- UK has higher than European
Union emissions from heating
the home and household
heating accounts for 14% of
emissions (Department for
Business Energy and
Industrial Stratergy, 2020;
McDowall and Britchfield,
2021).

Energy used by gadgets - Largely under the control of

and personal electronics those living in households
(although they are not in
control of the grid’s energy
mix)

HOUSEHOLD
ENERGY -
APPLIANCES

(continued on next page)
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Table 1 (continued)

CRITERION DESCRIPTION JUSTIFICATION

- Estimated to contribute to 6%
of UK household electricity
usage (Department for
Business, 2022; Energy Saving
Trust, 2022; Preston et al.,
2013)
Water requires energy to
transport it, energy to heat it,
and energy for waste water to
be treated/transported.
- Water contributed 0.8% UK
emissions (in 2008) but 5.5%
if water heating included
(Reffold et al., 2008)
Waste accounts for 6% of UK
GHG emissions, emissions
have reduced below 1990
levels due to less landfilling
but have currently plateaued
due to UK recycling not
increasing and emissions from
energy from waste plants
(Climate Change Committee,
2020a).
Production and transport of
clothing have high energy and
water cost (Hibberd, 2019;
Karthik and Murugan, 2017;
Muthu, 2015; Niinimaéki et al.,
2020). ‘Fast fashion’ leads to
frequent purchasing of
clothing to remain on
trend/fashionable.
Fashion contributes between
2% and 10% of global
emissions, estimates vary
considerably but anticipated
to grow (Ivanova et al., 2016;
Niinimaki et al., 2020;
Sadowski et al., 2021; United
Nations Economic
Commission for Europe,
2018)
Low impact on lifestyle as
clothing purchases are largely
less frequent than
consumption of other goods
such as food
Lighting of home - Under the control of
household on type of
lightbulbs used and when
lights are turned on or off -
Lighting contributes around
11% of household energy
usage in the UK, household
energy usage contributes to
21% of household emissions
(Climate Change Committee,
2020a; Energy Saving Trust,
2022; Huang et al., 2018)
- Low impact on lifestyle to
make relevant changes such
as changing to LED lightbulbs

HOUSEHOLD
WATER

Water usage by the
household

Amount of waste
generated, reused or
recycled by the
participant including
food waste

WASTE

CLOTHING Frequency of purchasing
of clothing both new and

second hand

HOUSEHOLD
ENERGY -
LIGHTING

- Home ownership

- House size

- Household heating method
- Car ownership

- Employment status

2.4. K-Means cluster analysis

The 1000minds software generates individual weighted data for each
participant so cluster analysis can be performed on the data to identify
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clusters and trends in preferences. These clusters can then be examined
in relation to the demographics and attitudes. K-Means cluster analysis
is the standard method of cluster analysis for 1000Minds data in the
existing literature and is recommended by the software developers
(Feeny et al., 2019; Hansen and Ombler, 2008; Martelli et al., 2016;
Steinley, 2004). K-Means clustering is a centroid model of clustering,
each case of weighted preference data for each criteria is assigned to the
cluster with the nearest means to their values (Steinley, 2004; Yuan and
Yang, 2019).

Following data gathering and simple analysis of preferences and
needs by demographics, k-means clustering was performed on the data
in MATLAB R2020a (manufactured by MathWorks) software. K-means
clustering is a clustering method that allows data to be partitioned into a
predetermined number of clusters that must be defined before clus-
tering. The number of clusters was defined using the Calinski Harabasz
index, silhouette coefficient and hierarchical clustering (Yuan and Yang,
2019).

The demographics and attitudes of each cluster were evaluated to
identify trends in demographics across clusters. Due to the high number
of part -worth utilities from the criteria, k-means analysis clustering
provide insight and significant clusters value with multiple part-worth
utilities (Djokic et al., 2013; Yuan and Yang, 2019).

K-means clusters were checked for significance between clusters
using independent t-tests performed in MATLAB.

3. Results

The number of respondents to this survey was 381, a response rate of
10.9%. The constitution of the SCC People’s Panel led to an older age
demographic but importantly provided a broad distribution of different
socio-economic backgrounds.

3.1. Preference trends

Trends of preferences were identified. In Table 2 the criteria are
ranked (at the top is the most preferred carbon reducing method, at the
bottom the least preferred) according to their mean preference value.
Table 2 also displays the relative importance of each criterion i.e. how
many ‘times more preferred’ a criterion is compared to another.

The ‘Household electricity — lighting’ criterion was the most
preferred method of carbon reduction by the public from the results of
the conjoint analysis; ‘Diet Composition’ was the least preferred method
of carbon reduction as seen in Table 2 and Fig. 2.

As the data was not normally distributed, a Kruskal-Wallis test was
performed to test for statistical differences between criteria; results
showed statistically significant differences (df = 8, p = 0.000 (p = 2.2e-
16)).

All other criteria were considered at least 1.2 times more preferred
than the lowest ranked (“Diet Composition™). “Household electricity —
Lighting” was preferred at least 1.2 times more than all other criteria.

Fig. 2 displays the criteria on axes with the mean weight reported
alongside each criterion to give a visual demonstration of the compar-
ative preferences of the public. The most preferred criterion is at the top,
the second most preferred is then next in a clockwise direction, with
criterion following on in order of preference to the least preferred
criterion.

Fig. 3 shows the density of weights by the public for each criteria
ordered in preference rank via violin plots with overlaid box plots.
Lighting shows the highest median weight with the widest point of the
distribution on the violin plot near the average. Diet Composition shows
the lowest median weight with a considerable distribution of weights
low in the violin plot but a broad range of weights. Overseas travel
shows a tapered distribution with a median with marginal differences
from clothing purchasing.
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Table 2
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Table displaying criterion preference in comparison to other criteria. Numbers denote how many times more important participants ranked a criterion against another.
Example 1.2 indicates participants prefer a criterion 1.2 times more than another criterion.

Household Overseas Clothing Waste Household Household Domestic Household Diet
Electricity — Travel Per Purchasing Generation and Heating Water Use ! Personal Electricity — Composition
lighting 16 Year 13.3% 12.7% Management 11.7% 0.4% Transport Appliances 6.3%
4% 12.2% 9.6% 7.4%
Household 1.2 1.3 1.3 1.4 1.6 1.7 2.2 2.6
Electricity —
lighting 16.4%
Overseas Travel 0.8 1.0 1.1 1.1 1.3 1.4 1.8 2.1
Per Year
13.3%
Clothing 0.8 1.0 1.0 1.1 1.2 1.3 1.7 2.0
Purchasing
12.7%
Waste 0.7 0.9 1.0 1.0 1.2 1.3 1.6 1.9
Generation
and
Management
12.2%
Household 0.7 0.9 0.9 1.0 1.1 1.2 1.6 1.9
Heating 11.7%
Household 0.6 0.8 0.8 0.8 0.9 1.1 1.4 1.6
Water Use
10.4%
Domestic 0.6 0.7 0.8 0.8 0.8 0.9 1.3 1.5
Personal
Transport
9.6%
Household 0.5 0.6 0.6 0.6 0.6 0.7 0.8 1.2
Electricity —
Appliances
7.4%
Diet 0.4 0.5 0.5 0.5 0.5 0.6 0.7 0.6
Composition
6.3%
Household
electricity -
lighting: 16.4%
Diet composition: Overseas Travel Per
6.3% 1508 Year: 13.2%
N
] N
’ S
'] LY
[J S
"1 0 S
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Fig. 2. Spider chart of criterion weights, each axis represents a carbon emission reduction criterion with the mean weight of the criterion reported alongside it.

3.2. Self reported personal factors

As demonstrated in participant responses to questions in Appendix
2A, participants generally displayed ‘green’ personal factors, ranking

climate change as a highly important issue and recognising its “heavy”
weight compared to other global issues.

The most frequent responses on the Likert scale questions were those
with the highest agreement with environmental statements or attitudes
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Fig. 3. Violin plots with overlaid box plots for weight of each criteria by the public identifying distribution of weights across participants, boxplot shows median.

such as ‘agree’ or ‘strongly agree’ as seen in Table 3. With participants
most frequently considering climate change a ‘very’ or ‘extremely’
serious problem. Participants stated willingness to make changes such as
using air source heat pumps as opposed to other options (see Appendix
2A).

Table 4 shows participants’ responses to a question on responsibility
for tacking climate change in the UK. The most frequent answer is that
all suggested groups are the most responsible, with National Govern-
ment the second most frequent response. The response that the partic-
ipant alone was the most responsible for tackling climate change had
only 2.9% support (11).

Most participants stated they had personally taken action to address
climate change in the six months preceding the survey, with 76% (291)
of respondents stating they had, and 24% (92) stating they had not. This
indicates a high level of self-reported environmentally conscious
behaviour. Although what respondents consider action to tackle climate
change varies, it demonstrates they believe they are taking action. Most
commonly individuals stated they would occasionally use carbon off-
setting as a reduction method, but it did not seem to be widely rejected
or endorsed.

Carbon labelling had high endorsement, with 94.5% (n = 361) of
participants stating products should have carbon footprint labels. 54%
(n = 207) responded they would be more likely to purchase a product
based on its carbon footprint, and an additional 38.1% (n = 146) of
participants say would be somewhat likely to purchase a product based
on its carbon footprint. Fifty-four percent (n = 207) responded that
Climate Change was the single most serious problem facing the world as
a whole out of ten total options; this was the option with the majority of

Table 3
Frequency of results of survey question “How serious a problem do you think
climate change is at this moment?”

Seriousness of problem Response frequency (n = 381)

0. Not a problem at all 4
1%
1. Not a serious problem 8
2.1%
2. A fairly serious problem 56
14.6%
3. A very serious problem 117
30.5%
4. An extremely serious problem 198
51.7%

Table 4
Frequency of results of survey question “in your opinion who within the UK is
most responsible for tackling climate change?”

Responsibility for climate change Response frequency (n = 381)

National government 117
30.5%
Business and industry 33
8.6%
Regional and local authorities 2
0.5%
You personally 11
2.9%
Environmental groups 4
1%
Other 0
0%
All of them 213
55.6%
None of them 3
0.8%
responses.

3.3. Preferences in relation to demographics and personal factors

Due to the random sampling method and the existing demographics
within Southampton, not all demographics were proportionally repre-
sented, particularly age demographics. Preferences were ranked for
different demographic groups (see Appendix 3); whilst there were some
variations, the preferences across demographics followed similar trends.

There were a few notable variations, such as those lower incomes
ranking overseas travel reduction as their most preferred behaviour
change over lighting changes and ranking use of appliances as margin-
ally less preferable to changing their diet. Individuals in the highest
income bracket were more resistant to changing their overseas travel
behaviour ranking this 7th instead of 2nd as the overall sample popu-
lation does, a Kruskal-Wallis test of significance was conducted between
income groups in terms of their overseas travel preference weight,
identifying if different income groups preferences in relation to overseas
travel carbon reductions the test determined there was statistically sig-
nificant differences between income groups (df = 9, p = 0.0005). Those
who selected ‘prefer not to say’ in relation to their gender identity
preferred overseas travel, heating and waste generation, ranked lighting
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(the most preferred for most demographics) 5th. This group would least
prefer to change their diet behaviour. In relation to age, the youngest
age bracket (18-24) ranked diet 3rd most preferable, a departure from
the normal trends, however there were only n = 5 respondents in this
demographic. The next demographic in age (25-44) ranked diet
composition as 7th, marginally more preferable to the general consensus
The two younger age ranges ranked overseas travel as a far less pref-
erable carbon reducing behaviour to older demographics, with the
18-24 group ranking it 7th and the 25-44 age bracket ranking it 6th.
Fig. 4 shows violin plots with overlaid box plots to illustrate the distri-
butions of weights for age in terms of overseas travel preference. The
median weight for overseas travel preference decreases with age,
although the youngest age bracket had a low response rate. A Kruskal-
Wallis test between age groups for diet weights determined they were
significantly different (df = 3, p = 0.007). Therefore, there were some
statistically significant differences in preferences, but this was an un-
common finding.

Preferences were ranked for different attitude response groups (see
Appendix 4 for examples). Whilst there were some variations, the
attitude-related preferences followed similar trends, even where rank-
ings might imply larger variations in preferences. Relatively straight-
forward actions such as changing lightbulbs were considered preferable
to significant lifestyle changes such as changing diet even for those
participants whose attitude results demonstrated engagement with
climate change and carbon emissions. Those who stated they had taken
action to prevent climate change ranked preference criteria in the same
way as those who stated they had not (see Appendix 4B). Preferences
ranked by responses showed those who considered climate change to be
‘an extremely serious problem’ had the closest ranking pattern to the
overall sample. All respondents regardless of response to the question on
climate change seriousness ranked lighting as most preferable and diet
change as least preferable change to make.

3.4. K-Means cluster analysis

A K-Means Cluster Analysis was applied to the part worth utility data
(which was recorded for each participant and supplies individual
weighting for each participant on their preferences) to identify any
common demographics or attitudes between participants with similar
preferences.

To evaluate how many clusters were needed for the k-means analysis

0.3-

Weight

0.2-

0.1-

0.0-
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a Calinski Harabasz criterion test was applied to the data (see Appendix
4A); this is defined as ratio between the within-cluster dispersion and
the between-cluster dispersion. This identified that the optimum num-
ber of clusters was two. Hierarchal clustering was performed to
corroborate the Calinski Harabasz index results (see dendrogram in
Appendix 4A); this does not yield a clear result with the height of
clusters and clusters not having clear groupings. Additional hierarchical
clustering using Eulicidian distances gave similar outcomes, therefore
the result of the Calinski Harabasz index was used.

K-means clustering analysis was performed on the data to generate
two clusters (mean part worth of clusters can be found in Appendix 4B).
To analyse the separation of these clusters, Euclidean and Cosine dis-
tance silhouette plots were generated (see Appendix 4A). The average
silhouette values were not high indicating the clusters might not be
particularly distinct (Yuan and Yang, 2019). This is likely due, in part, to
the high number of part worth utility variables.

Tests on pairwise comparisons of means between the two clusters
and an independent t-test between the clusters mean part utilities
showed statistically significant differences between the two clusters.
Preferences of the two clusters were ranked alongside the preferences of
the sample overall in order to identify patterns and compare results from
the clusters to each other and the overall sample in Table 5.

Cluster 1 prioritises lighting, waste, and heating; these are all largely
household-focused changes to make and are behaviours that would be
undertaken each day i.e. lower heating, less waste generation. Cluster 2

Table 5
Table displaying overall preference ranks of the public for carbon reduction
behaviours in comparison to the two identified clusters.

CARBON REDUCTION OVERALL CLUSTER 1 CLUSTER 2
BEHAVIOUR RANK RANK RANK
LIGHTING - ELECTRICITY 1 1 3
OVERSEAS TRAVEL 2 8 1
CLOTHES 3 4 2
WASTE 4 2 5
HEATING 5 3 6
WATER 6 S5 7
DOMESTIC TRAVEL 7 7 4
APPLIANCES - 8 6 9
ELECTRICITY
DIET 9 9 8
25 44 18-24

Age

Fig. 4. Violin plots with overlaid box plots for weight of overseas travel by the public by age identifying distribution of weights across participants, boxplot

shows median.
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prioritises overseas travel, clothing purchasing and lighting. Overseas
travel, changing lightbulbs and clothing purchasing are not daily be-
haviours to change like waste and heating. Both clusters rank diet as one
of the least preferred behaviours to change. Part worth utility values of
the clusters can be seen in appendix 4 B. The k-means cluster analysis did
not demonstrate that preferences reported by those of similar de-
mographics showed trends or identifiable patterns by demographic and
environmental personal factors.

4. Discussion

Overall, a majority of respondents recognise climate change as an
extremely serious problem that requires action and is a global priority. A
majority of participants self-report they have taken action and state they
would take further actions to tackle climate change. A preference for
carbon reduction behaviours that would have a low impact on their day-
to-day lives regardless of demography or personal factors is evident. The
priority seems to involve making relatively effortless changes to
behaviour rather than any that involve more significant personal sacri-
fices. Changing lightbulbs, less overseas travel and changes to clothing
purchasing have less influence over daily life than making changes to
diet (i.e. reducing or eliminating meat), using fewer electrical appliances
daily or changes in domestic travel such as getting rid of a car and using
public transport or active transport (Climate Change Committee, 2020b;
Hibberd, 2019; Ivanova et al., 2016; Scarborough et al., 2014). For
example, living car free is estimated to save on median average 2 tons of
COqe per capita annually and a partial car reduction or shifting to public
transport could save 0.6-1 ton of COze per capita annually, but this is
perceived as a high cost in terms of changing behaviour (Hagmann et al.,
2019; Persson et al., 2021; Rondoni and Grasso, 2021).

The least popular behaviour change, diet, contributes 35% to UK
carbon emissions; whilst this will not all be from meat production
changes to a plant based diet could make far deeper cuts to emissions
overall than reductions in air travel for example (Carlsson-Kanyama and
Gonzalez, 2009; Garnett, 2011; Ivanova et al., 2020; Neves and Brand,
2019; Poore and Nemecek, 2018). A change in diet is frequently put
forward as one of the most effective methods of reducing a personal
carbon footprint, and yet this was the least preferred reduction method,
although the public may not have been educated on this fact (Lozano,
2008; Robinson et al., 2015; Sharp and Wheeler, 2013; Wibeck, 2014).
Changing to a vegan diet is estimated to save 0.8-0.9 tons of CO9. per
capita annually (Baroni et al., 2007; Carlsson-Kanyama and Gonzalez,
2009; Scarborough et al., 2014). However, this, like changes to domestic
transport is a large-scale lifestyle change in behaviour rather than the
more preferred easier low impact options.

Household energy is one of the highest contributors to greenhouse
gas emissions globally (Department for Environment Food & Rural Af-
fairs, 2020; Our World in Data, 2020; Preston et al., 2013). However
lighting is not as big a contributor to household energy as large appli-
ances and heating (Department for Business, 2022; Department for
Environment Food & Rural Affairs, 2020; Department for Environment
Food and Rural Affairs, 2013; Druckman and Jackson, 2010; Switch
Plan, 2022). This behaviour is for the public to simply change their bulbs
to energy saving or LED bulbs, whilst there would be an initial small
financial cost this behaviour change would have little day to day impact
on a household or individual. In fact it is predicted that a household with
entirely LED lights could pay two thirds less annually in their lighting
bills than a household using entirely halogen lightbulbs (Temple, 2017).
With the 2022/23 global energy crisis and energy becoming increasingly
expensive, the public are likely to find themselves more motivated to
change their energy consumption behaviour based on financial con-
straints (Ambrose et al., 2021; BBC, 2022; Mcfeatters, 2006). Therefore,
this preference could be financially motivated instead of being related to
the public’s willingness to undertake actions and behaviours for carbon
emission reductions. Lighting emission reduction predictions due to
switching to LEDs vary depending on uptake, type of LED and on the
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lighting households are already using, the prediction of emission re-
ductions by switching to LEDs vary between 40% and 80% (Switch Plan,
2022; Temple, 2017). The reduction of emissions from lighting would be
significant; however, lighting contributes less overall to greenhouse gas
emissions than diet and domestic transport (Bradley, 2012; Ivanova
et al., 2020; Our World in Data, 2020).

The result that overseas travel was the second ranked behaviour
change may seem significant as air travel is a considerable contributor to
carbon emissions contributing 3.5% of emissions globally and 7% of UK
emissions (Kommenda, 2019; Office of National Statistics, 2019).
However, most households only make very infrequent trips overseas
with the majority of the public traveling overseas between 0 and 2 times
a year (Biichs and Mattioli, 2021; Office of National Statistics, 2019).
Travel frequency varies across demographics, for example, first gener-
ation migrants return home more frequently to visit family and friends
[101]. Similarly, to changing lighting in the home less overseas travel
may have a financial benefit or be financially motivated. However, there
is evidence that some domestic holidays may be more expensive than a
holiday overseas, this of course depends on the type of holiday in-
dividuals expect to have and there may be differing opinions on what
constitutes essentials when it comes to a holiday. Younger demographics
were more resistant overall, to changing their overseas travel; this could
be due to the cost of domestic holidays, which may be relevant to young
families (Gibbons, 2022; Jones, 2022). However, in the UK those in the
older demographic groups on average took more overseas holidays than
those in the younger age demographics (Office of National Statistics,
2019).

Across most demographics and environmental attitudes, diet was the
lowest ranked preference. In the k-means cluster analysis, diet was
ranked 8th out of the nine criteria. No demographic or group examined
prioritised changes in diet, 56% of participants ranked changes in diet as
their 8th or 9th (out of nine criteria) preferred behaviour change. Only
11% of participants ranked it as their 1st or 2nd most preferred
behaviour option and it is possible these participants already followed a
plant based or lower carbon diet. A YouGov poll reported 2% of re-
spondents were vegan, 5% were vegetarian and 16% were flexitarian
(mainly vegetarian but occasionally eat meat or fish according to the
YouGov criteria) (YouGov, 2022). Therefore, in the sample there would
most likely be individuals who had already made changes to their diet.
Fig. 3 highlights the high levels of unwillingness to change diet, with the
distribution of results showing a considerable spread at the lowest
preference values.

Within the cluster analysis, both clusters ranked diet as a lower
preferred behavioural change. Participants did not seem to consider
carbon offsetting an appropriate method of reducing their carbon
emissions instead of their preferred behaviours, with the most frequent
answer being that participants would only occasionally use it (54% n =
207). As the sample had more participants aged 45+, there may be some
influence from this variation in terms of preferences related to age. No
demographic or attitude patterns could be identified between the two
clusters generated by the k-means cluster analysis. This indicates that
there may be some other factor that drives the similarities in preferences
that has not been identified in the cluster analysis. If preferences tightly
aligned with demographics, it could be expected that demographic
trends would occur across clusters.

Demography has less impact on preferences than may have been
anticipated with most demographics demonstrating similar overall
trends in preference ranking. Those engaging with the People’s Panel
may be more socially engaged than the public which may have had some
influence over their responses in the attitude questions. It was antici-
pated that different demographics might demonstrate different prefer-
ences, potentially related to their needs, lifestyles or environmental
attitudes. For example, potentially due to those with higher incomes
having far higher carbon footprints they may have demonstrated
different preferences from those with lower incomes for example
(Bruckner et al., 2022). A general consensus in the literature is that
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women are more environmentally concerned and aware than men,
which could indicate they may have had differing preferences, probably
due to different life experiences and needs in relation to men (Carrier,
2007; Denton, 2002; Goldsmith et al., 2013; Hunter et al., 2004; Mac-
Gregor, 2010; McCright, 2010). However, the only variation in the re-
sults between genders was that women were marginally more resistant
to changing their clothing purchasing behaviours, ranking it lower than
men did. There are some variations in preferences that align with a
demographic groups’ means; in the case of income, those with lower
income have a higher preference to reduce overseas travel than those
with high incomes. This may be less a preference and more a practicality
that those on lower incomes cannot afford frequent overseas travels
(Biichs and Mattioli, 2021). However, general trends across de-
mographics and personal factors largely show preferences for ‘easier’ or
more infrequent behavioural changes. This unwillingness to voluntarily
change larger aspects of their lives by the public is not without prece-
dent; previous UK policies such as the introduction of congestion
charges, a plastic bag tax and an indoor smoking ban were all resisted
despite being policies aimed at improving air quality, health or reducing
waste (Borland et al., 1990; Convery et al., 2007; Schmocker et al., 2006;
Schuitema et al., 2010; Thomas et al., 2019; Townsend, 1987; Zheng
et al., 2014).

Preferences of participants varied little across self-reported personal
factors. Participants ranking climate change as a high risk or stating they
have taken action against climate change recently had similar prefer-
ences to those who stated less concern about climate change and no
personal actions taken (76% (n = 291) said they had taken personal
action, 24% (n = 92) said they had not). Both those who stated they took
personal action and those who stated they had not ranked lighting their
most preferred and diet their least preferred, following the general
trends across the sample. A total of 82% of participants considered
climate change a ‘very’ or ‘extremely serious problem, but those with
high concern for the environment still preferred the lower impact and
effort behavioural changes, and resisted more difficult changes. There
are several possibilities for why this may occur, there may be a degree of
social desirability bias where participants feel because the survey con-
cerns environmental issues and climate change they should show higher
‘green’ preferences (Nederhof, 1985). But it is also possible that despite
genuinely held personal factors on the importance and severity of
climate change individuals do not really wish to make impactful life
changes; their attitudes do not influence their preferences and therefore
voluntary behaviour.

The results in Table 3 in response to the survey question “In your
opinion who within the UK is most responsible for tackling climate
change?” show the public consider national government and businesses
to have greater responsibility for tackling climate change than them-
selves. Whilst the majority of respondents’ opinion was that all groups
were responsible, the results indicate an unwillingness from the public
to take personal responsibility for climate action they regard as neces-
sary. The public do not believe they need to be the ones undertaking
stringent lifestyle changes to tackle climate change; this may be un-
willingness to make sacrifices and/or because they do not believe their
personal actions can make a considerable difference compared to the
top-down approaches governments could take (Persson et al., 2021).
There is a clear value-action gap between the green values stated in the
survey compared to the public’s willingness to take actions and personal
responsibility; the stated values do not result in correlating ‘environ-
mentally-friendly’ preferences (Barr, 2006). Despite the perception that
the public has less or equal responsibility as government bodies and
businesses, approximately 40% of greenhouse gas emissions in the UK
come from households (Climate Change Committee, 2020a; Department
for Business Energy and Industrial Stratergy, 2020; Hargreaves et al.,
2013; Scarborough et al., 2014). In contrast 18% of UK emissions are
estimated to come from businesses (Department for Business Energy and
Industrial Stratergy, 2020).

The value-action gap demonstrated in the results is not an outlier.
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There are numerous studies where participants state strong environ-
mental or sustainability-related values and attitudes and yet their
measured or self-reported behaviour does not correlate with them
(Babutsidze and Chai, 2018; Barr, 2006; Chai et al., 2015; Chaplin and
Wyton, 2014; Chung and Leung, 2007; Whitmarsh et al., 2011). The
reasons for this gap are complex, and in many cases specific to the
challenges of each action. There are external influences on the
value-action gap, such as the behaviour of an individual’s peers - for
example, if everyone around an individual puts their recycling out, or it
is considered a social norm to undertake a certain pattern of environ-
mentally friendly actions (Babutsidze and Chai, 2018; Shaw, 2008).
However, relying on the actions of others to influence behaviour means
there must be some individuals perpetuating those behaviours, and that
is largely out of the control of governmental bodies or policymakers who
may be targeting personal carbon emission reduction.

The public has ample information through media outlets on carbon
emissions. Attributing their preferences to education alone is incorrect,
as the majority of respondents considered environmental and climate
change issues as highly important (Eghbalnia et al., 2013; Hamilton,
2016; Knight, 2016; Whitmarsh et al., 2011). However, the public get
their information from a range of sources, including unregulated and
unchecked social media sources such as Facebook where there are
pre-existing biases that contradict evidence-based information sources
generated by professional scientists and journalists (Devonshire and
Hathway, 2014; Moser, 2010; Sterman, 2011). There may be variation
in what the public understand and what their own impact on climate
change may be. Resistance to recommendations that the public needs to
take voluntary action to change their behaviour, regardless of source
was found by Palm et al. (2020). So even with a considerable under-
standing of climate change the public may still resist change due to their
perceptions of the impacts on their own lifestyles.

Being fully aware of and comprehending the issues relating to the
impacts of carbon emissions and climate change does not mean the
public will be inclined to act, especially if they consider other aspects of
their lives more important, such as their free time, finances or lifestyle
(Chai et al., 2015; Whitmarsh et al., 2011). Personal factor data indi-
cated that the majority of participants stated they had taken action to
reduce their own carbon footprint and reduce emissions, however
extrapolating from their preferences these may only be moderate efforts
and not the substantive behavioural changes needed to reduce emissions
in order to halt or even slightly mitigate the current and anticipated
future impacts from climate change. From our study, it seems unlikely
the public will change their behaviour relating to the most carbon
intensive activities and goods without mandatory policy interventions
(Brock et al., 2022). These are unlikely to be politically popular due to
the demonstrated resistance by the public to undertaking the types and
scale of changes necessary to reduce emissions.

5. Conclusions

A sound understanding of why people do not act in line with their
firm belief in the negative consequences of climate change is central to
the development of realistic future climate actions. For the first time,
this study identifies the deep-seated preferences of the public in terms of
personal climate actions. To address the grand challenge of carbon
reduction, the majority of the public report a preference for low in-
tensity and ‘easy’ reduction behaviours rather than larger-scale, more
challenging lifestyle changes. The actions participants preferred would
have weaker carbon emission reductions than those they least preferred.
There is little variation in preferences in relation to demographics and
attitudes. The findings highlight the importance of fully appreciating the
human dimensions of climate change and not simply relying on public
education and awareness-raising to stimulate behavioural changes. The
study has clearly identified what personal actions the public are
currently prepared to take to tackle climate change, enabling publicly
acceptable system change to be developed.
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Demographic and personal factors have a relatively low influence on
the public’s carbon reduction preferences. General trends were observed
across demographics, high preference for changing their lighting use
and low preference for changing diet. There are some moderate varia-
tions that may be unrelated to climate change attitudes and behaviours,
such as participants in lower income brackets showed preferences in line
with their financial means such as a lower preference for overseas travel.
It may have been expected demographics such as age bracket would
have had a bigger influence on attitude, younger generations are
generally believed to be more well informed on the breadth of the crisis,
but their preferences largely mirror those from older age groups. It may
have been expected that there would be variations in preferences in
relation to demographics such as age i.e. due to differing education on
climate change or differences in awareness whilst growing up as the
climate crisis has become a more pressing global issue.

In general, the public undoubtedly now acknowledge that they are
well informed on the climate crisis; high public awareness of the severity
of climate change, its impacts and priority as a global concern is evident
in responses to the questions asked on their attitudes towards carbon
and climate change. There are high levels of concern and anxiety sur-
rounding climate change as a global issue. However, this awareness does
not translate into action, the preferences demonstrated across de-
mographics and attitudes clearly show the public are unwilling to make
the more difficult changes to their lifestyles, such as changing their diet —
a daily challenge but one with a considerable potential for carbon
reduction. The desire to consume, to carry on life as normal with its
excess of carbon emissions and their detrimental effects outweighs the
public’s self-reported concerns and attitudes towards climate change.

Whilst carbon emissions and climate change must be tackled at an
industrial and governmental level individual choices and behaviours
have a considerable impact on carbon emissions. Public demand drives
industry, public opinion influences government decisions, the actions of
the public have great power to reduce emissions in many facets of so-
ciety. If the public were willing to act on their attitudes towards climate
change and overcome their desire to consume to make the more chal-
lenging changes to their lives carbon emissions would reduce. This
however relies on the individual taking responsibility for their own
emissions, actions and impact on the rest of the world.

The public believe the main responsibility for taking action should
either be a ‘group effort’ between all forms of governments, businesses
and individuals, or just national government the public do not believe
themselves responsible for action. Without some form of intervention,
the public will not make the necessary changes to consumption

Appendix 1
Appendix 1A. Original Criteria List

- Car use - trip frequency and distance
- Overseas travel

- Car ownership

- Public transport use

- Active transport

- Meat or plant-based diet
- Takeaway consumption
- Local food

- Seasonal food

- Food waste

- Household heating

- Household cooling

- Household lighting

- Household appliances

- Renewable energy tariff
- Clothing
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behaviour and lifestyle choices to drive down emissions in order to
tackle climate change in a meaningful fashion; using encouragement
and hoping individuals are going to change their behaviours is currently
failing to deliver. A policy such as personal carbon budgets, the alloca-
tion of an annual carbon allowance to individuals who then must make
lifestyle choices to drive down emissions, may be a viable policy in this
case, despite its controversial nature. However, we have seen that pol-
iticians suggesting such a policy are unlikely to be elected. This is a
colossal and complex “wicked problem” for scientists, governments and
politicians tasked with changing the world for the better — how do we
enable society to alter its self-destructive behaviours if it does not feel
able or willing to do so?
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- Electronic/electrical goods purchases

- Internet

- Social media use
- Solar panels

- Insulation

- Other adaptations i.e. heat pumps

- Waste

- Recycling

- Reuse

- Children

- Pets

- Water use

- Shower frequency

Appendix 1B. Demographic justifications

demographic Justification

Age Those of differing ages may have different needs, i.e transport, diet (Blumberg et al., 1997; Marx et al., 2010; Rosenbloom, 1993; Shrestha et al.,
2016). Different age groups have also been reported to have differing attitudes towards climate change and

Gender Gender gap in environmental attitudes identified (BUSH and CLAYTON, 2022; Goldsmith et al., 2013). Also potential different needs in terms
of lifestyle or needs (Denton et al., 2021)

Ethnicity May be differences in priorities related to carbon consumption (Arshed et al., 2022; Maciej Serda et al., 2013; Song et al., 2020; Yasin et al.,

national identity
Religion
Mental disability
Physical disability
Self-identified socioeconomic
class
Household income
Level of education
Level of education of parents
Home ownership
House size
Marital or civil partnership status
Home location - rural/urban/
suburban
Household heating method

Car ownership

Employment status

2022)

May be differences in priorities in relation to climate consumption or upbringing, included in census

May be differences in priorities related to carbon consumption

May have differing carbon consumption needs from those without disability due to needs/medical equipment

May have differing carbon consumption needs from those without disability — i.e mobility or due to needs/medical equipment

May have differing needs based on financial constraints, upbringing or priorities. Those in more affluent socioeconomic classes often have
higher carbon emissions (California Environmental Protection Agency, 2015; Coskuner et al., 2020; Liu et al., 2019; Wei et al., 2020)
Indicators of socioeconomic class — taken from census

May have differing priorities due to different needs and lifestyles of those in a partnership or single (Fan et al., 2019)

Transport or heating may be prioritised differently due to location, housing type, population density or public transport provision/proximity to
goods, services and employment (Gill and Moeller, 2018; Heinonen and Junnila, 2011)

May have differences in heating priority depending on heating method (Ivanova et al., 2016; Kenny and Gray, 2009; McDowall and Britchfield,
2021)

May have differences in transport priority if they have personal transport, cars have considerable contribution to transport carbon emissions
(Department for Business Energy and Industrial Stratergy, 2020; Hou et al., 2022; Laakso, 2017; Long et al., 2020; Vasic and Weilenmann,
2006; Walsh et al., 2008)

May have different priorities i.e daily transport if employed (Yang et al., 2018)

Appendix 1C. Survey

Demographics
What is your age?

. 18-24
. 25-44
. 45-64
65+

AWM

What is your ethnic group?

Choose one option that best describes your ethnic group or background.

- White - English/Welsh/Scottish/Northern Irish/British

- White - Irish

- White - Gypsy or Irish Traveller

- Roma

- Any other White background, please describe

- White and Black Caribbean

- White and Black African
- White and Asian

- Any other Mixed/Multiple ethnic background, please describe

- Indian
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- Pakistani

- Bangladeshi

Chinese

- Any other Asian background, please describe

- African

Caribbean

- Any other Black/African/Caribbean background, please describe
- Arab

- Any other ethnic group, please describe

In the text box below please describe ethnicity if necessary from above question.
How would you describe your National Identity?

English

- Welsh

Scottish

Northern Irish
British

- Other please describe

In the text box below please describe National identity if necessary from above question.
What is your religion? No religion.

Christian (including Church of England, Catholic, Protestant and all other Christian denominations)
Buddhist

- Hindu

- Jewish

Muslim Sikh

- Any other religion, please describe

In the text box below please describe religion if necessary from above question.
What is your gender?
A question about gender identity will follow later on in the questionnaire.

- Female
- Male
Other, please describe

In the text box below please describe gender identity if necessary from above question.
Is the gender you identify with the same as your sex registered at birth? Yes.

- No
Prefer not to say

What is your legal marital or civil partnership status?

Married

In a registered civil partnership

Separated, but still legally married

Separated, but still legally in a civil partnership

- Divorced

Formerly in a civil partnership which is now legally dissolved
- Widowed

Surviving partner from a civil partnership

- Never married and never registered a civil partnership

- In a long-term relationship

What best describes your household’s location?
- Rural
- Urban
- Suburban

What type of accommodation do you live in?

- Whole house or bungalow — detached

13
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- Whole house or bungalow — semi-detached

- Whole house or bungalow - terrace (including end terrace)

- A flat, maisonette or apartment that is — In a purpose-built block of flats

- A flat, maisonette or apartment that is — part of a converted or shared house (inc bedsits)
- A flat, maisonette or apartment that is — part of another converted building (i.e school)

- A flat, maisonette or apartment that is — in a commercial building (i.e over a shop)

- A caravan or other mobile or temporary structure

How many occupants resided in this household?
(input number).
Does your household own or rent the accommodation you live in?

- Own outright

- Own with mortgage or loan

- Part owns and part rents

- Rents (with or without housing benefit)
- Lives there rent free

What type of central heating does this accommodation have?

- (tick all that apply)

- No central heating

- Mains gas

- Tank or bottled gas

- Electric (including storage heaters)
- 0il

- Wood (i.e logs, waste wood, pellets)
- Solid fuel (i.e coal)

- Renewable energy (i.e solar or heat pumps)
- District or communal heat network
- Other

In total how many cars or vans are owned, or available for use by members of this household?

|
Ul A WwN =

+
Which best describes your employment status?

- Employed - full time
- Employed - part time
- Volunteering

- Self employed

- Retired

- Unemployed

- Full time student

Please select the highest level of education you completed or are undertaking currently.

- GCSEs

- A-Levels/International Baccalaureate

- B-Tec

- Degree

- Masters Degree

- Doctorate/other equivalent qualification
- Not applicable

- Other

Please select the highest level of education at least one of your parents or caregivers completed.

- GCSEs
- A-Levels/International Baccalaureate
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- B-Tec

- Degree

- Master’s Degree

- Doctorate/other equivalent qualification
- Not applicable

- Other

Which category best describes your yearly household income before taxes?

- Not applicable due to retirement/pension
- £5000 or under

- £5001 - £10,000

- £10,000 - £17,000

- £17,001 - £25,000

- £25,001 - £35,000

- £35,001 - £45,000

- £45,001 - £60,000

- £60,000 - £100,000

- £100,001+

Do you consider yourself to have a physical disability?

- Yes
- No

Do you consider yourself to have a mental disability?

- Yes
- No

If yes to either of the two above questions, does your disability mean you have additional mobility requirements i.e. a mobility vehicle?

- Yes
- No
- Other, please describe

Appendix 1D. Criteria Levels Descriptions

Table 1
Level descriptors of Household Heating Energy Use criterion

HOUSEHOLD HEATING ENERGY USE

level rank (worst to best) LEVEL DESCRIPTION

1 Household thermostat set over 21 °C

2 Household thermostat set between 18 & 21 °C
3 Household thermostat set at 18 °C

4 Household thermostat set below 18 °C

Table 2
Level descriptors Of Household Electricity — Appliances criterion

Household electricity - Appliances (non-essential refers to items such as tablets, hairdryers, electrical toys and gadgets etc)

level rank (worst to best) LEVEL DESCRIPTION

1 Continual use of electronic gadgets, left to charge overnight

2 Regular use of electronic gadgets, sometimes left to charge overnight
3 Occasional use of electronic gadgets, only charged when necessary

4 Minimal use of electronic gadgets, only charged once battery empty
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Table 3
Level descriptors of Household Water Use criterion

HOUSEHOLD WATER USE

level rank (worst to best) LEVEL DESCRIPTION

1 Daily long shower (10 min or longer) or daily bath

2 Daily shower (up to 10 min) or Frequent bath

3 Daily shower (up to 5 min) or Infrequent bath

4 Shower every other day (or less) never bath or only when absolutely necessary
Table 4

Level descriptors of Domestic Personal Transport Use criterion

Domestic Personal Transport Use

level rank (worst to best) LEVEL DESCRIPTION

1 Use personal petrol or diesel vehicle or taxis
2 Public transport (bus or train)

3 Use electric- car, bike or scooter

4 Active transport (walk or cycle)

Table 5
Level descriptors of Overseas Travel Frequency Per Year criterion

Overseas Travel Frequency Per Year

level rank (worst to best) LEVEL DESCRIPTION

1 Frequent long haul or short haul flights

2 One return short haul flight or equivalent

3 One or two trips via method other than plane
4 No overseas travel of any kind

Table 6
Level descriptors of Diet Composition criterion

Diet Composition

level rank (worst to best) LEVEL DESCRIPTION

1 No limitations on diet - meat, dairy and other animal products all consumed daily if wished
2 Half plant-based ingredients, half animal product-based ingredients

3 Vegetarian - no meat or fish but dairy, eggs

4 Vegan - no meat, dairy or other animal products

Table 7
Level descriptors of Clothing Purchases Per Year criterion

Clothing Purchases Per Year (brand new refers to brand new and unworn, not new to you)

level rank (worst to best) LEVEL DESCRIPTION

1 Brand new clothing purchased every few weeks or more frequent

2 Brand new clothes purchased every few months

3 Second-hand clothing purchased every few months, brand new infrequently
4

Clothing rarely purchased, if purchased is second hand - brand new very infrequently if at all

Table 8
Level descriptors of Waste Generation and Management criterion

Waste Generation and Management

level rank (worst to best) LEVEL DESCRIPTION

1 Purchases made with no consideration of packaging and waste generated

2 Significant waste generated from purchases — i.e. Amazon delivery packaging
3 Medium waste generated from purchases

4 Minimal/no waste generated from purchases — i.e. cardboard packaging
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Table 9
Level descriptors of Household Electricity - Lighting criterion

Household Electricity - Lighting

level rank (worst to best) LEVEL DESCRIPTION

1 No bulbs changed for energy saving bulbs or LEDs- lights left on in numerous rooms frequently

2 Some bulbs swapped for energy efficient bulbs/LEDs lights — lights often left on in multiple unused rooms
3 Some bulbs swapped for energy efficient bulbs/LEDs lights sometimes left on in unused rooms

4 Bulbs swapped for energy efficient bulbs/LEDs, lights on only on in rooms used

Appendix 1E. Attitude and Behaviour Survey Section

Which of the following statements do you most agree with? Pick one.
(Carbon offsetting is the practice of exchanging money for trees planted or other carbon sinks that may capture carbon emissions).

- I would never use carbon offsetting as a method to reduce my carbon footprint as I disagree with the practice
- I would occasionally use carbon offsetting as a method to reduce my carbon footprint

- I would frequently use carbon offsetting as a method to reduce my carbon footprint

- I would use carbon offsetting as my only method to reduce my carbon footprint

Which of the following do you consider to be the single most serious problem facing the world as a whole? Please pick one.

The increasing global population

- Spread of infectious diseases

Climate change

Poverty, hunger and lack of drinking water
The economic situation

Deterioration of democracy and rule of law
International terrorism

Health problems due to pollution

- Armed conflicts

Proliferation of nuclear weapons

How serious do a problem do you think climate change is at this moment?

— 0. Not a problem at all

— 1. Not a serious problem

— 2. A fairly serious problem

— 3. A very serious problem

— 4. An extremely serious problem

In your opinion who within the UK is most responsible for tackling climate change? Pick one.

National government

- Business and industry
Regional and local authorities
- You personally
Environmental groups

- Other

- All of them

None of them

Have you personally taken any action to fight climate change over the past six months?

- Yes
- No

To what extent do you agree or disagree with the following statements?
Tackling climate change and environmental issues should be a priority to improve public health.

— 0. Totally disagree

— 1. Tend to disagree

— 2. Neither agree nor disagree
— 3. Tend to agree

4. Totally agree
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The costs of the damages due to climate change are much higher than he costs of the investments needed for a green transition.

— 0. Totally disagree
— 1. Tend to disagree

— 3. Tend to agree
— 4. Totally agree

Adapting to the adverse impacts of climate change can have positive impacts for citizens in the UK.

— 0. Totally disagree
— 1. Tend to disagree

— 3. Tend to agree
— 4. Totally agree

Appendix 2

Appendix 2A. Attitude and Behaviour Results

Table 1

Responses to question, “Which of the following statements do you most agree with?”

2. Neither agree nor disagree

2. Neither agree nor disagree

Which of the following statements do you most agree with? Pick one.

I would never use carbon offsetting as a method to reduce my carbon footprint as I disagree with the practice
I would occasionally use carbon offsetting as a method to reduce my carbon footprint
I would frequently use carbon offsetting as a method to reduce my carbon footprint

I would use carbon offsetting as my only method to reduce my carbon footprint

95
24.9%
206
54.1%
70
18.4%
10
2.6%

Table 2

Responses to question “when making purchasing decisions would you be more likely or more unlikely to choose a product based on its carbon footprint? (i.e. if products
had a label indicating the environmental impact of the product)”

When making purchasing decisions would you be more likely or more unlikely to choose a product based on its carbon footprint? (i.e. if products had a label indicating the

environmental impact of the product)

More likely
Somewhat likely
Somewhat unlikely

More unlikely

205
53.8%
146
38.3%
23
6.0%
7
1.8%

Table 2a
Responses to question “Do you think products should have labels indicating their carbon
footprint?”

Do you think products should have labels indicating their carbon footprint?

yes

no

359
94.5%
21
5.5%
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Responses to question “would you be willing to switch from your current energy provision to insulating your home or having an alternative energy source such as a

heat source pump?”

Would you be willing to switch from your current energy provision to insulating your home or having an alternative energy source such as a heat source pump?

Yes - both insulation and alternative energy source such as heat pump 206
53.9%
Yes - just insulation 62
16.2%
Yes - just alternative energy source such as heat pump 38
9.9%
No 76
19.9%
Table 4

Responses to question “would you rather prioritise spending income on your current energy provision or spend the equivalent money on improving energy

efficiency in your home?”

Would you rather prioritise spending income on your current energy provision or spend the equivalent money on improving energy efficiency in your home?

Rather prioritise spending money on current energy provision
Would spend some money on each

Rather spend money on improving energy efficiency

35

9.2%
169
44.4%
177
46.5%

Table 5

Responses to question “which of the following do you consider to be the single most serious problem facing the world as a whole?

Please pick one.”

Which of the following do you consider to be the single most serious problem facing the world as a whole? Please pick one.

The increasing global population

Spread of infectious diseases

Climate change

Poverty, hunger and lack of drinking water
The economic situation

Deterioration of democracy and rule of law
International terrorism

Health problems due to pollution

Armed conflicts

Proliferation of nuclear weapons

77
20.1%
4

1%
207
54.0%
29
7.6%
6
1.6%
23

6%

2
0.5%
3
0.8%
27

7%

5
1.3%

Table 6

Responses to question “How serious a problem do you think climate change is at this

moment?”’

How serious a problem do you think climate change is at this moment?

0. Not a problem at all

1. Not a serious problem
2. A fairly serious problem
3. A very serious problem

4. An extremely serious problem

4
1%

8
2.1%
56
14.6%
117
30.5%
198
51.7%
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Table 7
Responses to question “Have you personally taken any action to fight climate change over the past
six months?”

Have you personally taken any action to fight climate change over the past six months?

yes 291
76%

no 92
24%

Table 8
Responses to question “to what extent do you agree: tackling climate change and environmental issues should be a priority to improve
public health”

To what extent do you agree: Tackling climate change and environmental issues should be a priority to improve public health

0. Totally disagree 10
2.6%
1. Tend to disagree 12
3.1%
2. Neither agree nor disagree 48
12.5%
3. Tend to agree 128
33.4%
4. Totally agree 185
48.3%

Table 9

Responses to question “to what extent do you agree: the costs of the damages due to climate change are much higher than he costs of the investments needed to move to
a greener and more sustainable society”

To what extent do you agree: The costs of the damages due to climate change are much higher than he costs of the investments needed to move to a greener and more sustainable society

0. Totally disagree 9
2.3%
1. Tend to disagree 15
3.9%
2. Neither agree nor disagree 65
17%
3. Tend to agree 109
28.5%
4. Totally agree 185
48.3%
Table 10

Responses to question “To what extent do you agree: Adapting to the adverse impacts of climate change can have positive impacts for
citizens in the UK”

To what extent do you agree: Adapting to the adverse impacts of climate change can have positive impacts for citizens in the UK

0. Totally disagree 13
3.4%
1. Tend to disagree 22
5.7%
2. Neither agree nor disagree 80
20.9%
3. Tend to agree 143
37.3%
4. Totally agree 125
32.6%
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Appendix 3
Table 1
Ranked criterion preferences by gender identity
Criterion Male (n = 153) Female (n = Prefer Not to Say (n = 6)
224)
Lighting 1 1 5
Overseas 2 2 1
Clothing 3 4 6
Waste 5 3 3
Heat 4 5 2
Water 6 6 8
Domestic 7 7 4
Transport
Appliances 8 8 7
Diet 9 9 9
Table 2

Ranked criterion preferences by income

Criterion Retired £5000 and £5001- £10,001 - £17,001 - £25,001 - £35,001 - £45,001 - £60,001 - £100,001+
(n = 49) under (n =  £10,000 (n £17,000 (n £25,000 (n £35,000 (n £45,000 (n £60,000 (n £100,000 (n (n=17)
5) =9) =27) =47) =59) = 55) = 58) =17)
Lighting 1 2 2 3 2 1 1 1 1 1
Overseas 4 1 1 1 1 2 3 4 6 7
Clothing 6 3 3 2 3 3 2 3 3 5
Waste 3 6 7 4 5 5 4 2 4 2
Heat 2 7 4 5 6 4 5 7 2 3
Water 5 8 6 7 4 7 6 5 7 6
Domestic 7 5 5 6 7 6 7 6 5 4
Transport
Appliances 8 4 9 8 9 9 8 8 8 9
Diet 9 9 8 9 8 8 9 9 9 8
Table 3

Ranked criterion preferences by household location

Criterion Rural (n = 16) Urban (n = 191) Suburban (n = 176)
Lighting 1 1 1
Overseas 3 2 2
Clothing 2 3 5
Waste 4 4 3
Heat 5 5 4
Water 7 7 6
Domestic 6 6 7
Transport
Appliances 8 8 8
Diet 9 9 9
Table 4

Ranked criterion preferences by disability status

Criterion Disability — Yes (n = 130) Disability — No (n = 253)
Lighting 1 1
Overseas 2 3
Clothing 3 2
Waste 4 4
Heat 5 5
Water 6 6
Domestic 7 7
Transport
Appliances 8 8
Diet 9 9
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Table 5
Ranked criterion preferences by employment

Criterion Employed - full time (n Employed - part time (n ~ Volunteering (n = Self employed (n Retired (n = Unemployed (n = Full time student (n
=123) = 46) 5) =28) 156) 15) =10)
Lighting 1 1 3 1 1 2 1
Overseas 5 4 4 2 2 1 7
Clothing 2 3 6 3 4 3 4
Waste 3 2 1 4 5 6 2
Heat 4 6 2 5 6 5 3
Water 7 7 5 7 3 8 6
Domestic 6 5 7 6 7 7 5
Transport
Appliances 8 8 8 8 8 6 9
Diet 9 9 9 9 9 9 8
Table 6

Ranked criterion preferences by age category

Criterion 18-24 (n=15) 25-44 (n = 81) 45-64 (n = 158) 65+ (n = 139)
Lighting 1 1 1 2
Overseas 7 6 2 1
Clothing 3 2 3 4
Waste 2 3 5 5
Heat 5 4 4 6
Water 8 8 6 3
Domestic 4 5 7 7
Transport
Appliances 9 9 8 8
Diet 3 7 9 9
Table 7

Ranked criterion preferences by response to question “Have you personally taken any action to fight climate
change over the past six months?”

Criterion Personal Action — Yes (n = 291) Personal Action — NO (n = 92)
Lighting 1 1
Overseas 2 2
Clothing 3 4
Waste 4 5
Heat 5 3
Water 6 6
Domestic 7 7
Transport
Appliances 8 8
Diet 9 9

Table 8
Ranked criterion preferences by response to question “How serious a problem do you think climate change is at this moment?”

Criterion Not a problem at all (n =  Not a serious problem (n = A fairly serious problem (n = A very serious problem (n = An extremely serious problem (n =
4) 8) 56) 117) 198)
Lighting 1 3 1 1 1
Overseas 3 7 5 2 2
Clothing 6 1 4 3 4
Waste 2 2 3 4 3
Heat 8 9 2 6 5
Water 4 5 6 5 6
Domestic 5 8 7 7 7
Transport
Appliances 7 4 8 8 8
Diet 9 9 9 9 9
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Appendix 4A

CalinskiHarabasz Values
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Number of Clusters

Fig. 1. Calinski Harabasz Criterion Evaluation Values for clustering of preference data

Cluster

0 0.2 0.4 0.6 0.8 1
Silhouette Value

Fig. 2. Eulucidian silhouette cluster graph for preference data

Cluster

0 0.2 0.4 0.6 0.8 1
Silhouette Value

Fig. 3. Cosine silhouette cluster graph for preference data
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Cluster

Fig. 4. Hierarchical clustering dendrogram using cosine distance for public’s part worth utilities, dendrogram truncated at 12 branches

{ppeagix 4B

Clusters values for part worth utilities for two generated clusters

Cluster Light Overseas Clothes Waste Heat Water Transport Appliances Diet

1 0.212785021 0.057098201 0.12653687 0.148224704 0.137597617 0.112363834 0.079385643 0.082869747 0.043138363

2 0.11417603 0.209023354 0.129195506 0.100504288 0.095799794 0.090724418 0.113621211 0.063974337 0.082981062
References Bruckner, B., Hubacek, K., Shan, Y., Zhong, H., Feng, K., 2022. Impacts of poverty

Ambrose, A., Baker, W., Sherriff, G., Chambers, J., 2021. Cold comfort: covid-19,
lockdown and the coping strategies of fuel poor households. Energy Rep. 7,
5589-5596. https://doi.org/10.1016/j.egyr.2021.08.175.

Arshed, N., Hameed, K., Saher, A., Yazdani, N., 2022. The cultural differences in the
effects of carbon emissions — an EKC analysis. Environ. Sci. Pollut. Control Ser. 29
(42 29), 63605-63621. https://doi.org/10.1007/511356-022-20154-9, 2022.

Artabe, A., Gardeazabal, J., 2017. Degree choice evidence from stated preferences.
Empir. Econ. 52, 1205-1234. https://doi.org/10.1007/500181-016-1121-5.

Babutsidze, Z., Chai, A., 2018. Look at me saving the planet! The imitation of visible
green behavior and its impact on the climate value-action gap. Ecol. Econ. 146,
290-303. https://doi.org/10.1016/j.ecolecon.2017.10.017.

Baroni, L., Cenci, L., Tettamanti, M., Berati, M., 2007. Evaluating the environmental
impact of various dietary patterns combined with different food production systems.
Eur. J. Clin. Nutr. 61, 279-286. https://doi.org/10.1038/SJ.EJCN.1602522.

Barr, S., 2006. Environmental action in the home: investigating the “value-action” gap.
Geography 91, 43-54. https://doi.org/10.1080/00167487.2006.12094149.

BBC, 2022. What is the energy price cap and how high could bills go? [WWW
Document]. BBC News. URL. https://www.bbc.co.uk/news/business-58090533,
10.11.22.

Bellhouse, D.R., 1984. A review of optimal designs in survey sampling. Can. J. Stat. 12,
53-65. https://doi.org/10.2307/3314724.

Blumberg, J., Blumberg, Jeffrey, Mayer, J., 1997. Nutritional needs of seniors. J. Am.
Coll. Nutr. 16, 517-523. https://doi.org/10.1080/07315724.1997.10718714.

Borland, R., Owen, N., Hill, D., Chapman, S., 1990. Changes in acceptance of workplace
smoking bans following their implementation: a prospective study. Prev. Med. 19,
314-322. https://doi.org/10.1016/0091-7435(90)90031-E.

Bradley, M., 2012. Rio+20 Business Focus: Climate Group Explains How LED Lighting
Can Cut Carbon Emissions by up to 70. % [WWW Document]. Climate Change News.
URL. https://www.climatechangenews.com/2012/05/29/rio20-business-focus-cli
mate-group-explains-how-led-lighting-can-cut-carbon-emissions-by-up-to-70/,
10.10.22.

Brand, C., Dons, E., Anaya-Boig, E., Avila-Palencia, 1., Clark, A., de Nazelle, A.,
Gascon, M., Gaupp-Berghausen, M., Gerike, R., Gotschi, T., lacorossi, F.,
Kahlmeier, S., Laeremans, M., Nieuwenhuijsen, M.J., Pablo Orjuela, J., Racioppi, F.,
Raser, E., Rojas-Rueda, D., Standaert, A., Stigell, E., Sulikova, S., Wegener, S., Int
Panis, L., 2021. The climate change mitigation effects of daily active travel in cities.
Transport. Res. Transport Environ. 93, 102764 https://doi.org/10.1016/j.
trd.2021.102764.

Brock, A., Kemp, S., Williams, 1.D., 2022. Personal carbon budgets: a pestle review.
Sustainability 14, 9238. https://doi.org/10.3390/5U14159238.

alleviation on national and global carbon emissions. Nat. Sustain. 5 (4 5), 311-320.
https://doi.org/10.1038/541893-021-00842-z, 2022.

Biichs, M., Mattioli, G., 2021. Trends in air travel inequality in the UK: from the few to
the many? Travel Behaviour and Society 25, 92-101. https://doi.org/10.1016/j.
tbs.2021.05.008.

Bush, S.S., Clayton, A., 2022. Facing change: gender and climate change attitudes
worldwide. Am. Polit. Sci. Rev. 1-18. https://doi.org/10.1017/
S0003055422000752.

California Environmental Protection Agency, 2015. California Cap and Trade Program
Overview. www.arb.ca.gov.

Campbell, S., Greenwood, M., Prior, S., Shearer, T., Walkem, K., Young, S., Bywaters, D.,
Walker, K., 2020. Purposive sampling: complex or simple? Research case examples.
J. Res. Nurs. 25, 652-661. https://doi.org/10.1177/1744987120927206.

Carlsson, F., Kataria, M., Lampi, E., 2018. Demand effects in stated preference surveys.
J. Environ. Econ. Manag. 90, 294-302. https://doi.org/10.1016/J.
JEEM.2018.06.003.

Carlsson-Kanyama, A., Gonzalez, A.D., 2009. Potential contributions of food
consumption patterns to climate change. Am. J. Clin. Nutr. 89, 17045-1709S.
https://doi.org/10.3945/AJCN.2009.26736AA.

Carrier, S.J., 2007. Gender differences in attitudes toward environmental science. Sch.
Sci. Math. 107, 271-278. https://doi.org/10.1111/J.1949-8594.2007.TB17788.X.

Carter, N., 2008. Combating climate change in the UK: challenges and obstacles. Polit. Q.
79, 194-205. https://doi.org/10.1111/j.1467-923X.2008.00913.x.

Chai, A., Bradley, G., Lo, A., Reser, J., 2015. What time to adapt? The role of
discretionary time in sustaining the climate change value-action gap. Ecol. Econ.
116, 95-107. https://doi.org/10.1016/J.ECOLECON.2015.04.013.

Chai, B.C., van der Voort, J.R., Grofelnik, K., Eliasdottir, H.G., Kl6ss, 1., Perez-Cueto, F.J.
A., 2019. Which diet has the least environmental impact on our planet? A systematic
review of vegan, vegetarian and omnivorous diets. Sustainability 11, 4110. https://
doi.org/10.3390/su11154110.

Chaplin, G., Wyton, P., 2014. Student engagement with sustainability: understanding the
value-action gap. Int. J. Sustain. High Educ. 15, 404-417. https://doi.org/10.1108/
1JSHE-04-2012-0029/FULL/PDEF.

Choi, B.C.K., Pak, A.W.P., 2005. Peer reviewed: a catalog of biases in questionnaires.
Prev. Chronic Dis. 2.

Chung, S.S., Leung, M.M.Y., 2007. The value-action gap in waste recycling: the case of
undergraduates in Hong Kong. Environ. Manag. 40, 603-612. https://doi.org/
10.1007/500267-006-0363-Y/FIGURES/1.

Climate Change Committee, 2020a. Sixth Carbon Budget (London).

Climate Change Committee, 2020b. The Sixth Carbon Budget Aviation (London).

Clune, S., Crossin, E., Verghese, K., 2017. Systematic review of greenhouse gas emissions
for different fresh food categories. J. Clean. Prod. 140, 766-783. https://doi.org/
10.1016/J.JCLEPRO.2016.04.082.


https://doi.org/10.1016/j.egyr.2021.08.175
https://doi.org/10.1007/S11356-022-20154-9
https://doi.org/10.1007/s00181-016-1121-5
https://doi.org/10.1016/j.ecolecon.2017.10.017
https://doi.org/10.1038/SJ.EJCN.1602522
https://doi.org/10.1080/00167487.2006.12094149
https://www.bbc.co.uk/news/business-58090533
https://doi.org/10.2307/3314724
https://doi.org/10.1080/07315724.1997.10718714
https://doi.org/10.1016/0091-7435(90)90031-E
https://www.climatechangenews.com/2012/05/29/rio20-business-focus-climate-group-explains-how-led-lighting-can-cut-carbon-emissions-by-up-to-70/
https://www.climatechangenews.com/2012/05/29/rio20-business-focus-climate-group-explains-how-led-lighting-can-cut-carbon-emissions-by-up-to-70/
https://doi.org/10.1016/j.trd.2021.102764
https://doi.org/10.1016/j.trd.2021.102764
https://doi.org/10.3390/SU14159238
https://doi.org/10.1038/s41893-021-00842-z
https://doi.org/10.1016/j.tbs.2021.05.008
https://doi.org/10.1016/j.tbs.2021.05.008
https://doi.org/10.1017/S0003055422000752
https://doi.org/10.1017/S0003055422000752
http://www.arb.ca.gov
https://doi.org/10.1177/1744987120927206
https://doi.org/10.1016/J.JEEM.2018.06.003
https://doi.org/10.1016/J.JEEM.2018.06.003
https://doi.org/10.3945/AJCN.2009.26736AA
https://doi.org/10.1111/J.1949-8594.2007.TB17788.X
https://doi.org/10.1111/j.1467-923X.2008.00913.x
https://doi.org/10.1016/J.ECOLECON.2015.04.013
https://doi.org/10.3390/su11154110
https://doi.org/10.3390/su11154110
https://doi.org/10.1108/IJSHE-04-2012-0029/FULL/PDF
https://doi.org/10.1108/IJSHE-04-2012-0029/FULL/PDF
http://refhub.elsevier.com/S0959-6526(23)03556-4/sref27
http://refhub.elsevier.com/S0959-6526(23)03556-4/sref27
https://doi.org/10.1007/S00267-006-0363-Y/FIGURES/1
https://doi.org/10.1007/S00267-006-0363-Y/FIGURES/1
http://refhub.elsevier.com/S0959-6526(23)03556-4/sref29
http://refhub.elsevier.com/S0959-6526(23)03556-4/sref30
https://doi.org/10.1016/J.JCLEPRO.2016.04.082
https://doi.org/10.1016/J.JCLEPRO.2016.04.082

A. Brock et al.

European Comission, 2022. Eurobarometer — Public Opinion in the European Union
[WWW Document]. URL. https://europa.eu/eurobarometer/screen/home, 9.15.22.

Committee on Climate Change, 2018. Reducing UK Emissions 2018 Progress Report to
Parliament (London).

Committee on Climate Change, 2019. Net Zero the UK’s Contribution to Stopping Global
Warming Committee on Climate Change.

Confederation of British Industry, 2020. Net-zero: the Road to Low-Carbon Heat [WWW
Document]. CBILorg.uk. URL. https://www.cbi.org.uk/articles/net-zero-the-road-to-
low-carbon-heat/, 9.29.21.

Convery, F., McDonnell, S., Ferreira, S., 2007. The most popular tax in Europe? Lessons
from the Irish plastic bags levy. Environ. Resour. Econ. 38, 1-11. https://doi.org/
10.1007/510640-006-9059-2.

Coskuner, C., Paskeh, M.K., Olasehinde-Williams, G., Akadiri, S.S., 2020. Economic and
social determinants of carbon emissions: evidence from organization of petroleum
exporting countries. J. Publ. Aff. 20, e2092 https://doi.org/10.1002/PA.2092.

Crippa, M., Solazzo, E., Guizzardi, D., Monforti-Ferrario, F., Tubiello, F.N., Leip, A.,
2021. Food systems are responsible for a third of global anthropogenic GHG
emissions. Nature Food 2 (3 2), 198-209. https://doi.org/10.1038/s43016-021-
00225-9, 2021.

Darby, L., Obara, L., 2005. Household recycling behaviour and attitudes towards the
disposal of small electrical and electronic equipment. Resour. Conserv. Recycl. 44,
17-35. https://doi.org/10.1016/j.resconrec.2004.09.002.

Denton, F., 2002. Climate change vulnerability, impacts, and adaptation: why does
gender matter? Gend. Dev. 10, 10-20. https://doi.org/10.1080/13552070215903.

Denton, G., Chi, H., Gursoy, D., 2021. An Examination of Critical Determinants of Carbon
Offsetting Attitudes: the Role of Gender. https://doi.org/10.1080/
09669582.2021.1920966, 10.1080/09669582.2021.1920966 30, 1539-1561.

Department for Business, E.& 1.S, 2022. Energy Consumption in the UK 2022 - GOV.UK
[WWW Document]. Gov.uk. URL. https://www.gov.uk/government/statistics/ener
gy-consumption-in-the-uk-2022, 10.5.22.

Department for Business Energy and Industrial Stratergy, 2020. 2018 UK Greenhouse Gas
Emissions, Final Figures.

Department for Environment Food & Rural Affairs, 2020. Data - CONSUMPTION
EMISSIONS 1997 - 2017 [WWW Document]. www.gov.uk. https://www.gov.uk/gov
ernment/statistics/uks-carbon-footprint, 10.9.20.

Department for Environment Food and Rural Affairs (DEFRA), 2013. Environmental
Statistics-Key Facts.

Department of Energy and Climate Change, 2012. Emissions from Heat Statistical
Summary Emissions from Heat. Statistical Summary, London.

Devonshire, .M., Hathway, G.J., 2014. Overcoming the barriers to greater public
engagement. PLoS Biol. 12, e1001761 https://doi.org/10.1371/JOURNAL.
PBIO.1001761.

Djokic, N., Salai, S., Kovac-Znidersic, R., Djokic, I., Tomic, G., 2013. The use of conjoint
and cluster analysis for preference-based market segmentation. Eng. Econ. 24,
343-355. https://doi.org/10.5755/J01.EE.24.4.3118.

Druckman, A., Jackson, T., 2010. The bare necessities: how much household carbon do
we really need? Ecol. Econ. 69, 1794-1804. https://doi.org/10.1016/j.
ecolecon.2010.04.018.

Dubois, G., Sovacool, B., Aall, C., Nilsson, M., Barbier, C., Herrmann, A., Bruyere, S.,
Andersson, C., Skold, B., Nadaud, F., Dorner, F., Moberg, K.R., Ceron, J.P.,
Fischer, H., Amelung, D., Baltruszewicz, M., Fischer, J., Benevise, F., Louis, V.R.,
Sauerborn, R., 2019. It starts at home? Climate policies targeting household
consumption and behavioral decisions are key to low-carbon futures. Energy Res.
Social Sci. 52, 144-158. https://doi.org/10.1016/j.erss.2019.02.001.

Eghbalnia, C., Sharkey, K., Garland-Porter, D., Alam, M., Crumpton, M., Jones, C.,
Ryan, P.H., 2013. A community-based participatory research partnership to reduce
vehicle idling near public schools. J. Environ. Health. https://doi.org/10.2307/
26329619.

ElHaffar, G., Durif, F., Dubé, L., 2020. Towards closing the attitude-intention-behavior
gap in green consumption: a narrative review of the literature and an overview of
future research directions. J. Clean. Prod. https://doi.org/10.1016/j.
jclepro.2020.122556.

Energy Saving Trust, 2022. Top five energy consuming home appliances - energy Saving
Trust [WWW Document]. Energy Saving Trust. URL. https://energysavingtrust.org.
uk/top-five-energy-consuming-home-appliances/, 10.5.22.

Etikan, I., 2016. Comparison of convenience sampling and purposive sampling. Am. J.
Theor. Appl. Stat. 5, 1. https://doi.org/10.11648/j.ajtas.20160501.11.

Fan, J., Ran, A., Li, X., 2019. A study on the factors affecting China’s direct household
carbon emission and comparison of regional differences. Sustainability 2019 11,
4919. https://doi.org/10.3390/5U11184919. Page 4919 11.

Feeny, S., Hansen, P., Knowles, S., McGillivray, M., Ombler, F., 2019. Donor motives,
public preferences and the allocation of UK foreign aid_ a discrete choice experiment
approach. Rev. World Econ. 155, 511-537. https://doi.org/10.1007/s10290-019-
00351-4.

Forman, E.H., Gass, S.I., 2001. The Analytic Hierarchy Process—An Exposition. https://
doi.org/10.1287/0OPRE.49.4.469.11231, 10.1287/opre.49.4.469.11231 49,
469-486.

Garnett, T., 2011. Where are the best opportunities for reducing greenhouse gas
emissions in the food system (including the food chain)? Food Pol. 36, S23. https://
doi.org/10.1016/J.FOODPOL.2010.10.010. -S32.

Gibbons, B., 2022. Holiday Price Shock as Study Suggests Some Staycations Cost More
than Overseas Trip - Wales. Online [WWW Document]. Wales Online. URL. https
://www.walesonline.co.uk/whats-on/travel/holiday-price-shock-study-suggests-
24886151, 9.28.22.

25

Journal of Cleaner Production 429 (2023) 139398

Gill, B., Moeller, S., 2018. GHG emissions and the rural-urban divide. A carbon footprint
analysis based on the German official income and expenditure survey. Ecol. Econ.
145, 160-169. https://doi.org/10.1016/J.ECOLECON.2017.09.004.

Goldsmith, R.E., Feygina, 1., Jost, J.T., 2013. The Gender Gap in Environmental
Attitudes: A System Justification Perspective. Research, Action and Policy:
Addressing the Gendered Impacts of Climate Change, pp. 159-171. https://doi.org/
10.1007/978-94-007-5518-5_12/COVER.

Guy, R.F., Norvell, M., 2010. The Neutral Point on a Likert Scale. https://doi.org/
10.1080/00223980.1977.9915880, 10.1080,/00223980.1977.9915880 95,
199-204.

Hagmann, D., Ho, E.H., Loewenstein, G., 2019. Nudging out support for a carbon tax.
Nat. Clim. Change 9, 484-489. https://doi.org/10.1038/541558-019-0474-0.

Hamilton, L.C., 2016. Public Awareness of the Scientific Consensus on Climate, vol. 6.
SAGE Open, 215824401667629. https://doi.org/10.1177/2158244016676296.

Hansen, P., Ombler, F., 2008. A new method for scoring additive multi-attribute value
models using pairwise rankings of alternatives. J. Multi-Criteria Decis. Anal. 15,
87-107. https://doi.org/10.1002/MCDA.428.

Hargreaves, K., Preston, 1., White, V., Thumim, J., 2013. The Distribution of Household
CO2 Emissions in Great Britain.

Heinonen, J., Junnila, S., 2011. A carbon consumption comparison of rural and urban
lifestyles. Sustainability 2011 3, 1234-1249. https://doi.org/10.3390/5U3081234,
1234-1249 3.

Hertwich, E.G., Peters, G.P., 2009. Carbon footprint of nations: a global, trade-linked
analysis. Environ. Sci. Technol. 43, 6414-6420. https://doi.org/10.1021/
es803496a.

Hertwich, E.G., Wood, R., 2018. The growing importance of scope 3 greenhouse gas
emissions from industry. Environ. Res. Lett. 13, 104013 https://doi.org/10.1088/
1748-9326/aael9a.

Hibberd, M., 2019. Key challenges for the fashion industry in tackling climate change.
Studies in Communication Sciences 18, 383-397. https://doi.org/10.24434/j.
scoms.2018.02.012.

Hohne, N., Kuramochi, T., Warnecke, C., Roser, F., Fekete, H., Hagemann, M., Day, T.,
Tewari, R., Kurdziel, M., Sterl, S., Gonzales, S., 2017. The Paris Agreement: resolving
the inconsistency between global goals and national contributions. Clim. Pol. 17,
16-32. https://doi.org/10.1080/14693062.2016.1218320.

Hou, L., Wang, Y., Zheng, Y., Zhang, A., 2022. The impact of vehicle ownership on
carbon emissions in the transportation sector. Sustainability 14, 12657. https://doi.
org/10.3390/SU141912657/S1.

Huang, H.-H., Chen, L.-W., Lu, W.-H., Lin, W.-C., Chen, Y.-C., 2018. Design and
simulation analysis of lightweight HDPE milk bottle. Polym. Polym. Compos. 26,
91-98. https://doi.org/10.1177/096739111802600111.

Hunter, L.M., Hatch, A., Johnson, A., 2004. Cross-national gender variation in
environmental behaviors. Soc. Sci. Q. 85, 677-694. https://doi.org/10.1111/
J.0038-4941.2004.00239.X.

Hyland, J.J., Henchion, M., McCarthy, M., McCarthy, S.N., 2017. The role of meat in
strategies to achieve a sustainable diet lower in greenhouse gas emissions: a review.
Meat Sci. 132, 189-195. https://doi.org/10.1016/J.MEATSCL.2017.04.014.

Intergovernmental Panel on Climate Change (IPCC), 2018. Special Report: Global
Warming of 1.5 °C.

Islam, M.T., Abdullah, A.B., Shahir, S.A., Kalam, M.A., Masjuki, H.H., Shumon, R.,
Rashid, M.H., 2016. A public survey on knowledge, awareness, attitude and
willingness to pay for WEEE management: case study in Bangladesh. J. Clean. Prod.
137, 728-740. https://doi.org/10.1016/j.jclepro.2016.07.111.

Ivanova, D., Stadler, K., Steen-Olsen, K., Wood, R., Vita, G., Tukker, A., Hertwich, E.G.,
2016. Environmental impact assessment of household consumption. J. Ind. Ecol. 20,
526-536. https://doi.org/10.1111/jiec.12371.

Ivanova, D., Barrett, J., Wiedenhofer, D., Macura, B., Callaghan, M., Creutzig, F., 2020.
Quantifying the potential for climate change mitigation of consumption options.
Environ. Res. Lett. https://doi.org/10.1088/1748-9326/ab8589.

Jebb, A.T., Ng, V., Tay, L., 2021. A review of key Likert scale development advances:
1995-2019. Front. Psychol. 12, 1590. https://doi.org/10.3389/
FPSYG.2021.637547 /BIBTEX.

Jones, R., 2022. Summer holidays: is it cheaper to go to the UK, France or Spain?
Consumer affairs | The Guardian [WWW Document]. The Guardian. URL. https://
www.theguardian.com/money/2022/jun/18/summer-holidays-cheaper-uk-france
-spain-prices-cost, 9.28.22.

Karthik, T., Murugan, R., 2017. Carbon footprint in denim manufacturing. Sustainability
in Denim 125-159. https://doi.org/10.1016/B978-0-08-102043-2.00006-X.

Kenny, T., Gray, N.F., 2009. A preliminary survey of household and personal carbon
dioxide emissions in Ireland. Environ. Int. 35, 259-272. https://doi.org/10.1016/J.
ENVINT.2008.06.008.

Klar, S., Leeper, T.J., 2019. Identities and intersectionality: a case for purposive sampling
in survey-experimental research. In: Experimental Methods in Survey Research:
Techniques that Combine Random Sampling with Random Assignment. John Wiley
& Sons, Ltd, pp. 419-433. https://doi.org/10.1002/9781119083771.ch21.

Knight, K.W., 2016. Public awareness and perception of climate change: a quantitative
cross-national study. Environmental Sociology 2, 101-113. https://doi.org/
10.1080/23251042.2015.1128055.

Kommenda, N., 2019. How Your Flight Emits as Much CO2 as Many People Do in a Year |
Environment | the Guardian [WWW Document]. URL. https://www.theguardian.
com/environment/ng-interactive/2019/jul/19/carbon-calculator-how-taking-one-
flight-emits-as-much-as-many-people-do-in-a-year, 8.27.21.

Krieger, N., Williams, D.R., Moss, N.E., 1997. Measuring Social Class in Us Public Health
Research: Concepts, Methodologies, and Guidelines. Annual Review of Public
Health. https://doi.org/10.1146/annurev.publhealth.18.1.341.


https://europa.eu/eurobarometer/screen/home
http://refhub.elsevier.com/S0959-6526(23)03556-4/sref33
http://refhub.elsevier.com/S0959-6526(23)03556-4/sref33
http://refhub.elsevier.com/S0959-6526(23)03556-4/sref34
http://refhub.elsevier.com/S0959-6526(23)03556-4/sref34
https://www.cbi.org.uk/articles/net-zero-the-road-to-low-carbon-heat/
https://www.cbi.org.uk/articles/net-zero-the-road-to-low-carbon-heat/
https://doi.org/10.1007/s10640-006-9059-2
https://doi.org/10.1007/s10640-006-9059-2
https://doi.org/10.1002/PA.2092
https://doi.org/10.1038/s43016-021-00225-9
https://doi.org/10.1038/s43016-021-00225-9
https://doi.org/10.1016/j.resconrec.2004.09.002
https://doi.org/10.1080/13552070215903
https://doi.org/10.1080/09669582.2021.1920966
https://doi.org/10.1080/09669582.2021.1920966
https://www.gov.uk/government/statistics/energy-consumption-in-the-uk-2022
https://www.gov.uk/government/statistics/energy-consumption-in-the-uk-2022
http://refhub.elsevier.com/S0959-6526(23)03556-4/sref44
http://refhub.elsevier.com/S0959-6526(23)03556-4/sref44
http://www.gov.uk
https://www.gov.uk/government/statistics/uks-carbon-footprint
https://www.gov.uk/government/statistics/uks-carbon-footprint
http://refhub.elsevier.com/S0959-6526(23)03556-4/sref46
http://refhub.elsevier.com/S0959-6526(23)03556-4/sref46
http://refhub.elsevier.com/S0959-6526(23)03556-4/sref47
http://refhub.elsevier.com/S0959-6526(23)03556-4/sref47
https://doi.org/10.1371/JOURNAL.PBIO.1001761
https://doi.org/10.1371/JOURNAL.PBIO.1001761
https://doi.org/10.5755/J01.EE.24.4.3118
https://doi.org/10.1016/j.ecolecon.2010.04.018
https://doi.org/10.1016/j.ecolecon.2010.04.018
https://doi.org/10.1016/j.erss.2019.02.001
https://doi.org/10.2307/26329619
https://doi.org/10.2307/26329619
https://doi.org/10.1016/j.jclepro.2020.122556
https://doi.org/10.1016/j.jclepro.2020.122556
https://energysavingtrust.org.uk/top-five-energy-consuming-home-appliances/
https://energysavingtrust.org.uk/top-five-energy-consuming-home-appliances/
https://doi.org/10.11648/j.ajtas.20160501.11
https://doi.org/10.3390/SU11184919
https://doi.org/10.1007/s10290-019-00351-4
https://doi.org/10.1007/s10290-019-00351-4
https://doi.org/10.1287/OPRE.49.4.469.11231
https://doi.org/10.1287/OPRE.49.4.469.11231
https://doi.org/10.1016/J.FOODPOL.2010.10.010
https://doi.org/10.1016/J.FOODPOL.2010.10.010
https://www.walesonline.co.uk/whats-on/travel/holiday-price-shock-study-suggests-24886151
https://www.walesonline.co.uk/whats-on/travel/holiday-price-shock-study-suggests-24886151
https://www.walesonline.co.uk/whats-on/travel/holiday-price-shock-study-suggests-24886151
https://doi.org/10.1016/J.ECOLECON.2017.09.004
https://doi.org/10.1007/978-94-007-5518-5_12/COVER
https://doi.org/10.1007/978-94-007-5518-5_12/COVER
https://doi.org/10.1080/00223980.1977.9915880
https://doi.org/10.1080/00223980.1977.9915880
https://doi.org/10.1038/s41558-019-0474-0
https://doi.org/10.1177/2158244016676296
https://doi.org/10.1002/MCDA.428
http://refhub.elsevier.com/S0959-6526(23)03556-4/sref68
http://refhub.elsevier.com/S0959-6526(23)03556-4/sref68
https://doi.org/10.3390/SU3081234
https://doi.org/10.1021/es803496a
https://doi.org/10.1021/es803496a
https://doi.org/10.1088/1748-9326/aae19a
https://doi.org/10.1088/1748-9326/aae19a
https://doi.org/10.24434/j.scoms.2018.02.012
https://doi.org/10.24434/j.scoms.2018.02.012
https://doi.org/10.1080/14693062.2016.1218320
https://doi.org/10.3390/SU141912657/S1
https://doi.org/10.3390/SU141912657/S1
https://doi.org/10.1177/096739111802600111
https://doi.org/10.1111/J.0038-4941.2004.00239.X
https://doi.org/10.1111/J.0038-4941.2004.00239.X
https://doi.org/10.1016/J.MEATSCI.2017.04.014
http://refhub.elsevier.com/S0959-6526(23)03556-4/sref78
http://refhub.elsevier.com/S0959-6526(23)03556-4/sref78
https://doi.org/10.1016/j.jclepro.2016.07.111
https://doi.org/10.1111/jiec.12371
https://doi.org/10.1088/1748-9326/ab8589
https://doi.org/10.3389/FPSYG.2021.637547/BIBTEX
https://doi.org/10.3389/FPSYG.2021.637547/BIBTEX
https://www.theguardian.com/money/2022/jun/18/summer-holidays-cheaper-uk-france-spain-prices-cost
https://www.theguardian.com/money/2022/jun/18/summer-holidays-cheaper-uk-france-spain-prices-cost
https://www.theguardian.com/money/2022/jun/18/summer-holidays-cheaper-uk-france-spain-prices-cost
https://doi.org/10.1016/B978-0-08-102043-2.00006-X
https://doi.org/10.1016/J.ENVINT.2008.06.008
https://doi.org/10.1016/J.ENVINT.2008.06.008
https://doi.org/10.1002/9781119083771.ch21
https://doi.org/10.1080/23251042.2015.1128055
https://doi.org/10.1080/23251042.2015.1128055
https://www.theguardian.com/environment/ng-interactive/2019/jul/19/carbon-calculator-how-taking-one-flight-emits-as-much-as-many-people-do-in-a-year
https://www.theguardian.com/environment/ng-interactive/2019/jul/19/carbon-calculator-how-taking-one-flight-emits-as-much-as-many-people-do-in-a-year
https://www.theguardian.com/environment/ng-interactive/2019/jul/19/carbon-calculator-how-taking-one-flight-emits-as-much-as-many-people-do-in-a-year
https://doi.org/10.1146/annurev.publhealth.18.1.341

A. Brock et al.

Kroes, E.P., Sheldon, R.J., 1988. Stated Preference Methods: an Introduction, Source:
Journal of Transport Economics and Policy.

Laakso, S., 2017. Giving up cars — the impact of a mobility experiment on carbon
emissions and everyday routines. J. Clean. Prod. 169, 135-142. https://doi.org/
10.1016/J.JCLEPRO.2017.03.035.

Larson, R.B., 2019. Controlling social desirability bias. Int. J. Mark. Res. 61, 534-547.
https://doi.org/10.1177/1470785318805305.

Liu, C., Jiang, Y., Xie, R., 2019. Does income inequality facilitate carbon emission
reduction in the US? J. Clean. Prod. 217, 380-387. https://doi.org/10.1016/j.
jclepro.2019.01.242.

Lockwood, M., 2010. The economics of personal carbon trading. Clim. Pol. 10, 447-461.
https://doi.org/10.3763/cpol.2009.0041.

Long, Y., Huang, D., Lei, T., Zhang, H., Wang, D., Yoshida, Y., 2020. Spatiotemporal
variation and determinants of carbon emissions generated by household private car.
Transport. Res. Transport Environ. 87, 102490 https://doi.org/10.1016/J.
TRD.2020.102490.

Lozano, R., 2008. Envisioning sustainability three-dimensionally. J. Clean. Prod. 16,
1838-1846. https://doi.org/10.1016/j.jclepro.2008.02.008.

MacGregor, S., 2010. “Gender and climate change”: from impacts to discourses. Journal
of the Indian Ocean Region 6, 223-238. https://doi.org/10.1080/
19480881.2010.536669.

Martelli, N., Hansen, P., van den Brink, H., Boudard, A., Cordonnier, A.L., Devaux, C.,
Pineau, J., Prognon, P., Borget, 1., 2016. Combining multi-criteria decision analysis
and mini-health technology assessment: a funding decision-support tool for medical
devices in a university hospital setting. J. Biomed. Inf. 59, 201-208. https://doi.org/
10.1016/j.jbi.2015.12.002.

Marx, J., Davis, C., Miftari, C., Salamone, A., Weise, W., 2010. Developing Brokered
Community Transportation for Seniors and People with Disabilities. https://doi.org/
10.1080/01634372.2010.487886, 10.1080/01634372.2010.487886 53, 449-466.

McCright, A.M., 2010. The effects of gender on climate change knowledge and concern in
the American public. Popul. Environ. 32, 66-87. https://doi.org/10.1007/511111-
010-0113-1/TABLES/5.

McDowall, W., Britchfield, C., 2021. Decarbonising Heating at Home [WWW Document].
Institute for Government. URL. https://www.instituteforgovernment.org.uk/publi
cations/decarbonising-heating, 9.29.21.

Mcfeatters, B.A.N.N., 2006. The Energy Crisis Is Here. Foreign Policy 2005-2006.

Moser, S.C., 2010. Communicating climate change: history, challenges, process and
future directions. Wiley Interdisciplinary Reviews: Clim. Change 1, 31-53. https://
doi.org/10.1002/wcc.11.

Muthu, S.S., 2015. Environmental Impacts of the Use Phase of the Clothing Life Cycle.
Handbook of Life Cycle Assessment (LCA) of Textiles and Clothing, pp. 93-102.
https://doi.org/10.1016/B978-0-08-100169-1.00005-8.

National Atmospheric, Inventory, E., 2019. Emissions Data.

National Statistics, 2020. 2018 UK Greenhouse Gas Emissions. Final figures, London.

Nederhof, A.J., 1985. Methods of coping with social desirability bias: a review. Eur. J.
Soc. Psychol. 15, 263-280. https://doi.org/10.1002/ejsp.2420150303.

Neves, A., Brand, C., 2019. Assessing the potential for carbon emissions savings from
replacing short car trips with walking and cycling using a mixed GPS-travel diary
approach. Transport. Res. Pol. Pract. 123, 130-146. https://doi.org/10.1016/J.
TRA.2018.08.022.

Niiniméki, K., Peters, G., Dahlbo, H., Perry, P., Rissanen, T., Gwilt, A., 2020. The
environmental price of fast fashion. Nat. Rev. Earth Environ. 1 (4 1), 189-200.
https://doi.org/10.1038/543017-020-0039-9, 2020.

of Lords Environment, H., Change Committee, C., 2022. In Our Hands: Behaviour Change
for Climate and Environmental Goals (London).

Office for National Statistics, 2012. 2011 Census Data [WWW Document]. URL. https
://www.ons.gov.uk/methodology/geography/geographicalproducts/areaclassific
ations/2011areaclassifications/datasets, 11.12.18.

Office for National Statistics, 2016. National Records of Scotland ; Northern Ireland
Statistics and Research Agency, 2016. 2011 Census Aggregate Data. UK Data Service
(Edition. https://doi.org/10.5257 /census/aggregate-2011-1.

Office for National Statistics, 2022. UK Environmental Accounts - Office for National
Statistics [WWW Document]. UK Environmental Accounts. URL. https://www.ons.
gov.uk/economy/environmentalaccounts/bulletins/ukenvironmentalaccounts
/2022, 1.18.23.

Office of National Statistics, 2019. UK Residents’ Holiday Visits Overseas by Duration,
against Age Group, Mode of Transport, Booking, Travel Type and World Region
Visited, 2014 to 2018 - Office for National Statistics [WWW Document]. Office of
National Statistics. URL. https://www.ons.gov.uk/businessindustryandtrade/touris
mindustry/adhocs/010312ukresidentsholidayvisitsoverseasbydurationagains
tagegroupmodeoftransportbookingtraveltypeandworldregionvisited2014t02018,
9.29.22.

Orttizar, J.D.D., Garrido, R.A., 1994. A practical assessment of stated preferences
methods. Transportation 21 (3 21), 289-305. https://doi.org/10.1007/
BF01099215, 1994.

Our World in Data, 2020. Emissions by Sector - Our World in Data [WWW Document].
Our World in Data. URL. https://ourworldindata.org/emissions-by-sector, 5.30.22.

Palm, R., Bolsen, T., Kingsland, J.T., 2020. “‘Don’t tell me what to do™’: resistance to
climate change messages suggesting behavior changes. Weather, Climate, and
Society 12, 827-835. https://doi.org/10.1175/WCAS-D-19-0141.1.

Panda, T.K., Kumar, A., Jakhar, S., Luthra, S., Garza-Reyes, J.A., Kazancoglu, I.,
Nayak, S.S., 2020. Social and environmental sustainability model on consumers’
altruism, green purchase intention, green brand loyalty and evangelism. J. Clean.
Prod. 243, 118575 https://doi.org/10.1016/j.jclepro.2019.118575.

26

Journal of Cleaner Production 429 (2023) 139398

Perry, G.D.R., Williams, 1.D., 2007. The participation of ethnic minorities in kerbside
recycling: a case study. Resour. Conserv. Recycl. 49, 308-323. https://doi.org/
10.1016/J.RESCONREC.2006.02.006.

Persson, E., Knaggérd, f\., Eriksson, K., 2021. Public perceptions concerning
responsibility for climate change adaptation. Sustainability 13, 12552. https://doi.
org/10.3390/SU132212552/S1.

Phillips, K.A., Johnson, F.R., Maddala, T., 2002. Measuring what people value: a
comparison of “attitude” and “preference” surveys. Health Serv. Res. 37, 1659-1679.
https://doi.org/10.1111/1475-6773.01116.

Switch Plan, 2022. Energy Consumption in the UK - how many kWh per day is the
average? [WWW Document]. Switch Plan. URL. https://www.switch-plan.co.uk/en
ergy/consumption/, 10.18.22.

Poore, J., Nemecek, T., 2018. Reducing food’s environmental impacts through producers
and consumers. Science 360, 987-992. https://doi.org/10.1126/SCIENCE.
AAQO216.

Preston, 1., White, V., Thumim, J., Bridgeman, T., 2013. Distribution of Household
Carbon Emissions in the UK | Climate Just.

Reffold, E., Leighton, F., Choudhury, F., Rayner, P.S., 2008. Greenhouse Gas Emissions of
Water Supply and Demand Management Options (Bristol).

Ritchie, H., 2019. Food Production Is Responsible for One-Quarter of the World’s
Greenhouse Gas Emissions - Our World in Data [WWW Document]. Our World in
Data. URL. https://ourworldindata.org/food-ghg-emissions, 8.27.21.

Robinson, M., Shine, T., 2018. Achieving a Climate Justice Pathway to 1.5 °c. Nature
Climate Change. https://doi.org/10.1038/541558-018-0189-7.

Robinson, O., Kemp, S., Williams, I., 2015. Carbon management at universities: a reality
check. J. Clean. Prod. 106, 109-118. https://doi.org/10.1016/j.
jclepro.2014.06.095.

Rondoni, A., Grasso, S., 2021. Consumers behaviour towards carbon footprint labels on
food: a review of the literature and discussion of industry implications. J. Clean.
Prod. 301, 127031 https://doi.org/10.1016/J.JCLEPRO.2021.127031.

Rosenbloom, S., 1993. Transportation needs of the elderly population. Clin. Geriatr. Med.
9, 297-310. https://doi.org/10.1016/50749-0690(18)30404-X.

Sabaté, J., Soret, S., 2014. Sustainability of plant-based diets: back to the future. Am. J.
Clin. Nutr. 100, 476S-482S. https://doi.org/10.3945/AJCN.113.071522.

Sadowski, M., Perkins, L., McGarvey, E., 2021. ROADMAP TO NET ZERO: DELIVERING
SCIENCEBASED TARGETS IN THE APPAREL SECTOR (Washington DC).

Sanderson, B.M., O’Neill, B.C., Tebaldi, C., 2016. What would it take to achieve the Paris
temperature targets? Geophys. Res. Lett. 43, 7133-7142. https://doi.org/10.1002/
2016GL069563.

Savage, M., Devine, F., Cunningham, N., Taylor, M., Li, Y., Hjellbrekke, J., Le Roux, B.,
Friedman, S., Miles, A., 2013. A new model of social class? Findings from the BBC’s
great British class survey experiment. Sociology 47, 219-250. https://doi.org/
10.1177/0038038513481128.

Scarborough, P., Appleby, P.N., Mizdrak, A., Briggs, A.D.M., Travis, R.C., Bradbury, K.E.,
Key, T.J., 2014. Dietary greenhouse gas emissions of meat-eaters, fish-eaters,
vegetarians and vegans in the UK. Climatic Change 125 (2 125), 179-192. https://
doi.org/10.1007/S10584-014-1169-1, 2014.

Schmidt, J.H., Holm, P., Merrild, A., Christensen, P., 2007. Life cycle assessment of the
waste hierarchy — a Danish case study on waste paper. Waste Manag. 27, 1519-1530.
https://doi.org/10.1016/J.WASMAN.2006.09.004.

Schmocker, J.D., Fonzone, A., Quddus, M., Bell, M.G.H., 2006. Changes in the frequency
of shopping trips in response to a congestion charge. Transport Pol. 13, 217-228.
https://doi.org/10.1016/j.tranpol.2005.09.005.

Schuitema, G., Steg, L., Forward, S., 2010. Explaining differences in acceptability before
and acceptance after the implementation of a congestion charge in Stockholm.
Transport. Res. Pol. Pract. 44, 99-109. https://doi.org/10.1016/j.tra.2009.11.005.

Schwenkenbecher, A., 2012. Is there an obligation to reduce one’s individual carbon
footprint? Crit. Rev. Int. Soc. Polit. Philos. 17, 168-188. https://doi.org/10.1080/
13698230.2012.692984.

Serda, Maciej, Becker, F.G., Cleary, M., Team, R.M., Holtermann, H., The, D., Agenda, N.,
Science, P., Sk, S.K., Hinnebusch, R., Hinnebusch A, R., Rabinovich, I., Olmert, Y.,
Uld, D.Q.G.L.Q., Ri, WK.H.U,, Lq, V., Frxqwu, W.K.H., Zklfk, E., Edvhg, L.V,
WKkh, R.Q., Becker, F.G., Aboueldahab, N., Khalaf, R., De Elvira, L.R., Zintl, T.,
Hinnebusch, R., Karimi, M., Mousavi Shafaee, S.M., O ’driscoll, D., Watts, S.,
Kavanagh, J., Frederick, B., Norlen, T., O’Mahony, A., Voorhies, P., Szayna, T.,
Spalding, N., Jackson, M.O., Morelli, M., Satpathy, B., Muniapan, B., Dass, M.,
Katsamunska, P., Pamuk, Y., Stahn, A., Commission, E., Piccone, T.E.D., Annan, M.
K., Djankov, S., Reynal-Querol, M., Couttenier, M., Soubeyran, R., Vym, P.,
Prague, E., World Bank, Bodea, C., Sambanis, N., Florea, A., Florea, A., Karimi, M.,
Mousavi Shafaee, S.M., Spalding, N., Sambanis, N., 2013 ,.z ,s-bl<. Synteza i
aktywnos¢ biologiczna nowych analogéw tiosemikarbazonowych chelatoréw zelaza.
Uniwersytet slaski 7, 343-354, 10.2/JQUERY.MIN.JS.

Seyfang, G., Paavola, J., 2008. Inequality and sustainable consumption: bridging the
gaps. Local Environ. 13, 669-684. https://doi.org/10.1080/13549830802475559.

Sharp, A., Wheeler, M., 2013. Reducing householders’ grocery carbon emissions: carbon
literacy and carbon label preferences. Australas. Market J. 21, 240-249. https://doi.
org/10.1016/j.ausmj.2013.08.004.

Shaw, P.J., 2008. Nearest neighbour effects in kerbside household waste recycling.
Resour. Conserv. Recycl. 52, 775-784. https://doi.org/10.1016/J.
RESCONREC.2007.11.004.

Shrestha, B.P., Millonig, A., Hounsell, N.B., McDonald, M., Hounsell Nbhounsell, N.B.,
2016. Review of public transport needs of older people in European context. Journal
of Population Ageing 10 (4 10), 343-361. https://doi.org/10.1007/512062-016-
9168-9, 2016.

Song, Y.J., Ma, F.W., Qu, J.Y., 2020. Impacts of cultural diversity on carbon emission
effects: from the perspective of environmental regulations. International Journal of


http://refhub.elsevier.com/S0959-6526(23)03556-4/sref90
http://refhub.elsevier.com/S0959-6526(23)03556-4/sref90
https://doi.org/10.1016/J.JCLEPRO.2017.03.035
https://doi.org/10.1016/J.JCLEPRO.2017.03.035
https://doi.org/10.1177/1470785318805305
https://doi.org/10.1016/j.jclepro.2019.01.242
https://doi.org/10.1016/j.jclepro.2019.01.242
https://doi.org/10.3763/cpol.2009.0041
https://doi.org/10.1016/J.TRD.2020.102490
https://doi.org/10.1016/J.TRD.2020.102490
https://doi.org/10.1016/j.jclepro.2008.02.008
https://doi.org/10.1080/19480881.2010.536669
https://doi.org/10.1080/19480881.2010.536669
https://doi.org/10.1016/j.jbi.2015.12.002
https://doi.org/10.1016/j.jbi.2015.12.002
https://doi.org/10.1080/01634372.2010.487886
https://doi.org/10.1080/01634372.2010.487886
https://doi.org/10.1007/S11111-010-0113-1/TABLES/5
https://doi.org/10.1007/S11111-010-0113-1/TABLES/5
https://www.instituteforgovernment.org.uk/publications/decarbonising-heating
https://www.instituteforgovernment.org.uk/publications/decarbonising-heating
http://refhub.elsevier.com/S0959-6526(23)03556-4/sref102
https://doi.org/10.1002/wcc.11
https://doi.org/10.1002/wcc.11
https://doi.org/10.1016/B978-0-08-100169-1.00005-8
http://refhub.elsevier.com/S0959-6526(23)03556-4/sref105
http://refhub.elsevier.com/S0959-6526(23)03556-4/sref106
https://doi.org/10.1002/ejsp.2420150303
https://doi.org/10.1016/J.TRA.2018.08.022
https://doi.org/10.1016/J.TRA.2018.08.022
https://doi.org/10.1038/s43017-020-0039-9
http://refhub.elsevier.com/S0959-6526(23)03556-4/sref110
http://refhub.elsevier.com/S0959-6526(23)03556-4/sref110
https://www.ons.gov.uk/methodology/geography/geographicalproducts/areaclassifications/2011areaclassifications/datasets
https://www.ons.gov.uk/methodology/geography/geographicalproducts/areaclassifications/2011areaclassifications/datasets
https://www.ons.gov.uk/methodology/geography/geographicalproducts/areaclassifications/2011areaclassifications/datasets
https://doi.org/10.5257/census/aggregate-2011-1
https://www.ons.gov.uk/economy/environmentalaccounts/bulletins/ukenvironmentalaccounts/2022
https://www.ons.gov.uk/economy/environmentalaccounts/bulletins/ukenvironmentalaccounts/2022
https://www.ons.gov.uk/economy/environmentalaccounts/bulletins/ukenvironmentalaccounts/2022
https://www.ons.gov.uk/businessindustryandtrade/tourismindustry/adhocs/010312ukresidentsholidayvisitsoverseasbydurationagainstagegroupmodeoftransportbookingtraveltypeandworldregionvisited2014to2018
https://www.ons.gov.uk/businessindustryandtrade/tourismindustry/adhocs/010312ukresidentsholidayvisitsoverseasbydurationagainstagegroupmodeoftransportbookingtraveltypeandworldregionvisited2014to2018
https://www.ons.gov.uk/businessindustryandtrade/tourismindustry/adhocs/010312ukresidentsholidayvisitsoverseasbydurationagainstagegroupmodeoftransportbookingtraveltypeandworldregionvisited2014to2018
https://doi.org/10.1007/BF01099215
https://doi.org/10.1007/BF01099215
https://ourworldindata.org/emissions-by-sector
https://doi.org/10.1175/WCAS-D-19-0141.1
https://doi.org/10.1016/j.jclepro.2019.118575
https://doi.org/10.1016/J.RESCONREC.2006.02.006
https://doi.org/10.1016/J.RESCONREC.2006.02.006
https://doi.org/10.3390/SU132212552/S1
https://doi.org/10.3390/SU132212552/S1
https://doi.org/10.1111/1475-6773.01116
https://www.switch-plan.co.uk/energy/consumption/
https://www.switch-plan.co.uk/energy/consumption/
https://doi.org/10.1126/SCIENCE.AAQ0216
https://doi.org/10.1126/SCIENCE.AAQ0216
http://refhub.elsevier.com/S0959-6526(23)03556-4/sref124
http://refhub.elsevier.com/S0959-6526(23)03556-4/sref124
http://refhub.elsevier.com/S0959-6526(23)03556-4/sref125
http://refhub.elsevier.com/S0959-6526(23)03556-4/sref125
https://ourworldindata.org/food-ghg-emissions
https://doi.org/10.1038/s41558-018-0189-7
https://doi.org/10.1016/j.jclepro.2014.06.095
https://doi.org/10.1016/j.jclepro.2014.06.095
https://doi.org/10.1016/J.JCLEPRO.2021.127031
https://doi.org/10.1016/S0749-0690(18)30404-X
https://doi.org/10.3945/AJCN.113.071522
http://refhub.elsevier.com/S0959-6526(23)03556-4/sref132
http://refhub.elsevier.com/S0959-6526(23)03556-4/sref132
https://doi.org/10.1002/2016GL069563
https://doi.org/10.1002/2016GL069563
https://doi.org/10.1177/0038038513481128
https://doi.org/10.1177/0038038513481128
https://doi.org/10.1007/S10584-014-1169-1
https://doi.org/10.1007/S10584-014-1169-1
https://doi.org/10.1016/J.WASMAN.2006.09.004
https://doi.org/10.1016/j.tranpol.2005.09.005
https://doi.org/10.1016/j.tra.2009.11.005
https://doi.org/10.1080/13698230.2012.692984
https://doi.org/10.1080/13698230.2012.692984
http://refhub.elsevier.com/S0959-6526(23)03556-4/sref140
http://refhub.elsevier.com/S0959-6526(23)03556-4/sref140
http://refhub.elsevier.com/S0959-6526(23)03556-4/sref140
http://refhub.elsevier.com/S0959-6526(23)03556-4/sref140
http://refhub.elsevier.com/S0959-6526(23)03556-4/sref140
http://refhub.elsevier.com/S0959-6526(23)03556-4/sref140
http://refhub.elsevier.com/S0959-6526(23)03556-4/sref140
http://refhub.elsevier.com/S0959-6526(23)03556-4/sref140
http://refhub.elsevier.com/S0959-6526(23)03556-4/sref140
http://refhub.elsevier.com/S0959-6526(23)03556-4/sref140
http://refhub.elsevier.com/S0959-6526(23)03556-4/sref140
http://refhub.elsevier.com/S0959-6526(23)03556-4/sref140
http://refhub.elsevier.com/S0959-6526(23)03556-4/sref140
https://doi.org/10.1080/13549830802475559
https://doi.org/10.1016/j.ausmj.2013.08.004
https://doi.org/10.1016/j.ausmj.2013.08.004
https://doi.org/10.1016/J.RESCONREC.2007.11.004
https://doi.org/10.1016/J.RESCONREC.2007.11.004
https://doi.org/10.1007/S12062-016-9168-9
https://doi.org/10.1007/S12062-016-9168-9

A. Brock et al.

Environmental Research and Public Health 2020 17, 6109. https://doi.org/10.3390/
IJERPH17176109. Page 6109 17.

Southampton City Council, 2021. People’s Panel [WWW Document]. URL. https://www.
southampton.gov.uk/council-democracy/have-your-say/peoples-panel, 7.7.21.

Steg, L., 2018. Limiting Climate Change Requires Research on Climate Action. Nature
Climate Change. https://doi.org/10.1038/541558-018-0269-8.

Steg, L., 2023. Psychology of Climate Change. Annual Review of Psychology. https://doi.
org/10.1146/annurev-psych-032720-042905.

Steinley, D., 2004. Standardizing Variables in K-Means Clustering. Classification,
Clustering, and Data Mining Applications 53-60. https://doi.org/10.1007/978-3-
642-17103-1_6.

Sterman, J.D., 2011. Communicating climate change risks in a skeptical world. Climatic
Change 108, 811-826. https://doi.org/10.1007/510584-011-0189-3/FIGURES/4.

Temple, L., 2017. Could you save £232 on your energy bill by switching to LED bulbs? -
which? News [WWW Document]. Which. URL. https://www.which.co.uk/news/arti
cle/could-you-save-232-on-your-energy-bill-by-switching-to-led-bulbs-ajZyW0DOh
tIN, 9.26.22.

Thoma, J., 2021. In defence of revealed preference theory. Econ. Philos. 37, 163-187.
https://doi.org/10.1017/50266267120000073.

Thomas, G.O., Sautkina, E., Poortinga, W., Wolstenholme, E., Whitmarsh, L., 2019. The
English plastic bag charge changed behavior and increased support for other charges
to reduce plastic waste. Front. Psychol. 10, 266. https://doi.org/10.3389/
fpsyg.2019.00266.

Townsend, J.L., 1987. Cigarette tax, economic welfare and social class patterns of
smoking. Appl. Econ. 19, 355-365. https://doi.org/10.1080/00036848700000007.

Tukker, A., Bulavskaya, T., Giljum, S., de Koning, A., Lutter, S., Simas, M., Stadler, K.,
Wood, R., 2016. Environmental and resource footprints in a global context: Europe’s
structural deficit in resource endowments. Global Environ. Change 40, 171-181.
https://doi.org/10.1016/j.gloenvcha.2016.07.002.

United Nations Economic Commission for Europe, 2018. UN Alliance Aims to Put
Fashion on Path to Sustainability. UNECE [WWW Document]. unece.org. URL. https
://unece.org/forestry/press/un-alliance-aims-put-fashion-path-sustainability,
9.1.21.

United Nations Environment Programme, 2020. Emissions Gap Emissions Gap Report
2020 (Nairobi).

Urama, K.C., Hodge, 1.D., 2006. Are stated preferences convergent with revealed
preferences? Empirical evidence from Nigeria. Ecol. Econ. 59, 24-37. https://doi.
org/10.1016/J.ECOLECON.2005.09.022.

Vaidya, O.S., Kumar, S., 2006. Analytic hierarchy process: an overview of applications.
Eur. J. Oper. Res. 169, 1-29. https://doi.org/10.1016/J.EJOR.2004.04.028.

Vasic, A.M., Weilenmann, M., 2006. Comparison of real-world emissions from two-
wheelers and passenger cars. Environ. Sci. Technol. 40, 149-154. https://doi.org/
10.1021/es0481023.

Walsh, C., Jakeman, P., Moles, R., O’Regan, B., 2008. A comparison of carbon dioxide
emissions associated with motorised transport modes and cycling in Ireland.

27

Journal of Cleaner Production 429 (2023) 139398

Transport. Res. Transport Environ. 13, 392-399. https://doi.org/10.1016/J.
TRD.2008.07.002.

Wei, L., Li, C., Wang, J., Wang, X., Wang, Z., Cui, C., Peng, S., Liu, Y., Yu, S., Wang, L.,
Shi, Z., 2020. Rising middle and rich classes drove China’s carbon emissions. Resour.
Conserv. Recycl. 159, 104839 https://doi.org/10.1016/J.
RESCONREC.2020.104839.

Whitmarsh, L., Seyfang, G., O’Neill, S., 2011. Public engagement with carbon and
climate change: to what extent is the public ‘carbon capable’? Global Environ.
Change 21, 56-65. https://doi.org/10.1016/J.GLOENVCHA.2010.07.011.

Whitmarsh, L., Poortinga, W., Capstick, S., 2021. Behaviour change to address climate
change. Current Opinion in Psychology 42, 76-81. https://doi.org/10.1016/J.
COPSYC.2021.04.002.

Wibeck, V., 2014. Enhancing learning, communication and public engagement about
climate change — some lessons from recent literature. Environ. Educ. Res. 20,
387-411. https://doi.org/10.1080,/13504622.2013.812720.

Williams, I.D., 2015. A change of emphasis: waste to resource management. In:
Harrison, R.M., Hester, R.E. (Eds.), Issues in Environmental Science and Technology
No. 40. Still Only One Earth: Progress in the 40 Years since the First UN Conference
on the Environment, Issues in Environmental Science and Technology. Royal Society
of Chemistry, Cambridge, pp. 207-252. https://doi.org/10.1039/9781782622178-
00207.

WRAP, 2016. UK Food System GHG Emissions: Total UK Food & Drink Consumption
Footprint and Pathway to a 50% Reduction by 2030 (Banbury).

Yang, Y., Wang, C., Liu, W., 2018. Urban daily travel carbon emissions accounting and
mitigation potential analysis using surveyed individual data. J. Clean. Prod. 192,
821-834. https://doi.org/10.1016/J.JCLEPRO.2018.05.025.

Yasin, 1., Naseem, S., Muhammad, Anwar, A., Ghulam, Madni, R., Mahmood, Haider,
Murshed, Muntasir, Anwar, M.A., Madni, G.R., Mahmood, H., 2022. An analysis of
the environmental impacts of ethnic diversity, financial development, economic
growth, urbanization, and energy consumption: fresh evidence from less-developed
countries. Environmental Science and Pollution Research 2022 29 (52 29),
79306-79319. https://doi.org/10.1007/511356-022-21295-7.

YouGov, 2022. Dietary choices of Brits (e.g. vegeterian, flexitarian, meat-eater etc)?
[WWW Document]. YouGov.co.uk. URL. https://yougov.co.uk/topics/lifestyle/tra
ckers/dietery-choices-of-brits-eg-vegeterian-flexitarian-meat-eater-etc, 10.5.22.

Youn, S., Chyung, Y., Roberts, K., Swanson, I., Hankinson, A., 2017. Evidence-based
survey design: the use of a midpoint on the Likert scale. Perform. Improv. 56, 15-23.
https://doi.org/10.1002/PF1.21727.

Yuan, C., Yang, H., 2019. Research on K-Value Selection Method of K-Means Clustering
Algorithm. J, vol. 2, pp. 226-235. https://doi.org/10.3390/j2020016.

Zheng, Z., Liu, Z., Liu, C., Shiwakoti, N., 2014. Understanding public response to a
congestion charge: a random-effects ordered logit approach. Transport. Res. Pol.
Pract. 70, 117-134. https://doi.org/10.1016/j.tra.2014.10.016.


https://doi.org/10.3390/IJERPH17176109
https://doi.org/10.3390/IJERPH17176109
https://www.southampton.gov.uk/council-democracy/have-your-say/peoples-panel
https://www.southampton.gov.uk/council-democracy/have-your-say/peoples-panel
https://doi.org/10.1038/s41558-018-0269-8
https://doi.org/10.1146/annurev-psych-032720-042905
https://doi.org/10.1146/annurev-psych-032720-042905
https://doi.org/10.1007/978-3-642-17103-1_6
https://doi.org/10.1007/978-3-642-17103-1_6
https://doi.org/10.1007/S10584-011-0189-3/FIGURES/4
https://www.which.co.uk/news/article/could-you-save-232-on-your-energy-bill-by-switching-to-led-bulbs-ajZyW0D0htIN
https://www.which.co.uk/news/article/could-you-save-232-on-your-energy-bill-by-switching-to-led-bulbs-ajZyW0D0htIN
https://www.which.co.uk/news/article/could-you-save-232-on-your-energy-bill-by-switching-to-led-bulbs-ajZyW0D0htIN
https://doi.org/10.1017/S0266267120000073
https://doi.org/10.3389/fpsyg.2019.00266
https://doi.org/10.3389/fpsyg.2019.00266
https://doi.org/10.1080/00036848700000007
https://doi.org/10.1016/j.gloenvcha.2016.07.002
https://unece.org/forestry/press/un-alliance-aims-put-fashion-path-sustainability
https://unece.org/forestry/press/un-alliance-aims-put-fashion-path-sustainability
http://refhub.elsevier.com/S0959-6526(23)03556-4/sref157
http://refhub.elsevier.com/S0959-6526(23)03556-4/sref157
https://doi.org/10.1016/J.ECOLECON.2005.09.022
https://doi.org/10.1016/J.ECOLECON.2005.09.022
https://doi.org/10.1016/J.EJOR.2004.04.028
https://doi.org/10.1021/es0481023
https://doi.org/10.1021/es0481023
https://doi.org/10.1016/J.TRD.2008.07.002
https://doi.org/10.1016/J.TRD.2008.07.002
https://doi.org/10.1016/J.RESCONREC.2020.104839
https://doi.org/10.1016/J.RESCONREC.2020.104839
https://doi.org/10.1016/J.GLOENVCHA.2010.07.011
https://doi.org/10.1016/J.COPSYC.2021.04.002
https://doi.org/10.1016/J.COPSYC.2021.04.002
https://doi.org/10.1080/13504622.2013.812720
https://doi.org/10.1039/9781782622178-00207
https://doi.org/10.1039/9781782622178-00207
http://refhub.elsevier.com/S0959-6526(23)03556-4/sref167
http://refhub.elsevier.com/S0959-6526(23)03556-4/sref167
https://doi.org/10.1016/J.JCLEPRO.2018.05.025
https://doi.org/10.1007/S11356-022-21295-7
https://yougov.co.uk/topics/lifestyle/trackers/dietery-choices-of-brits-eg-vegeterian-flexitarian-meat-eater-etc
https://yougov.co.uk/topics/lifestyle/trackers/dietery-choices-of-brits-eg-vegeterian-flexitarian-meat-eater-etc
https://doi.org/10.1002/PFI.21727
https://doi.org/10.3390/j2020016
https://doi.org/10.1016/j.tra.2014.10.016

	“I’ll take the easiest option please”. Carbon reduction preferences of the public
	1 Introduction
	2 Methods
	2.1 Social survey
	2.2 Criteria development
	2.3 Demographic questions
	2.4 K-Means cluster analysis

	3 Results
	3.1 Preference trends
	3.2 Self reported personal factors
	3.3 Preferences in relation to demographics and personal factors
	3.4 K-Means cluster analysis

	4 Discussion
	5 Conclusions
	Funding sources
	CRediT authorship contribution statement
	Declaration of competing interest
	Data availability
	Acknowledgements
	Appendix 1 Acknowledgements
	Appendix 1A. Original Criteria List
	Appendix 1B. Demographic justifications
	Appendix 1C. Survey
	Demographics

	Appendix 1D. Criteria Levels Descriptions
	Appendix 1E Attitude and Behaviour Survey Section

	Appendix 2 Appendix 1E Attitude and Behaviour Survey Section
	Appendix 2A Attitude and Behaviour Results

	Appendix 3
	Appendix 4 Appendix 4A
	Appendix 4A
	Appendix 4B 

	References


