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Various measures have been proposed and validated to assess environmental
motivation and explain peoples’ consumer behavior. However, most of the
measures are rather complex, sometimes comprising dozens of items. In order to
overcome the associated response burden, the goal of our research is to validate a
much simpler measure of environmental motivation, namely the measure of
Climate Change-Stage of Change. To do so we analyze data from a discrete choice
experiment in which drivers decide to purchase a car with different levels of CO2

emissions and we also measure their environmental motivation with three
alternative measures. The results show that environmental motivation assessed with
Climate Change-Stage of Change explains the choices in the experiment as well as
with more complex measures. Our findings have substantial implications for
researchers as they may be able to assess climate-relevant motivation – a
significant factor for many consumer choices – with a single question.

KEYWORDS: Climate change; stage of change; vehicle choice general ecological
behaviors; new environmental paradigm

1. Introduction

Climate change is one of the most pressing problems of our time. Many actions are
required in order to meet the goals of carbon neutral societies. In order to help guide
policy, researchers conduct experiments to elicit how people might act given certain
choice scenarios. In the context of climate change, some people may not believe that it
exists or be sufficiently motivated to behave accordingly while others may be.
Therefore, researchers conducting experiments related to environmental choices should
control for such behavioral antecedents so that users of scientific results will know
how the policies might affect those sub-populations. Currently, established measures
exist on environmental behaviors, attitudes and beliefs that can be used in behavioral
models. However, those measures are complex and often contain many more than 10
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questions. In this article we examine whether a simpler question capturing climate
change belief and behavior might sufficiently replace the established measures.

Travel choices are typical situations that influence climate change emissions. Previous
research has demonstrated that CO2 emissions (CO2-E) information affects transport
choices (Waygood and Avineri 2016; Daziano et al. 2017; Waygood and Avineri 2018).
However, the response to CO2-E information has been found to vary between groups of
people, depending on their environmental motivation (Gaker and Walker 2013; Daziano
et al. 2017). Gaker and Walker (2013) used latent class modeling to categorize individu-
als with respect to the strength of their response to the CO2-E information. As one group
had statistically no response, and the other a strong one. However, lacking any exogenous
indicator of environmental motivation, they could only infer that the latter was highly
motivated by environmental concerns. Daziano et al. (2017) also used latent class model-
ing but was able to corroborate the effect of motivation on the choice only for the price
of using an extensive set of exogenous motivational indicators. In that experiment, 50
questions came from the General Environmental Behavior scale (Kaiser and Wilson
2004) and 15 from the New Environmental Paradigm (Dunlap et al. 2000).

Established measures such as the General Ecological Behavior (GEB) and New
Environmental Paradigm (NEP) are valid and reliable measures of environmental atti-
tudes and behavioral tendencies (Kaiser and Wilson 2004; Dunlap et al. 2000).
However, the burden of that number of questions increases costs to researchers and
may increase respondent fatigue (e.g. Backor, Golde, and Nie 2007; Peytchev and
Peytcheva 2017). A less arduous method able to evaluate a respondent’s environmental
behavior and beliefs would thus make scientific endeavors to mitigate the climate
change more efficient.

Another point to consider is that climate change is a specific environmental con-
cern, and a question focused on it might be better than a general environmental one.
For example, an individual might undertake environmental behaviors such as recycling
or not throwing batteries in the garbage, but these will have little impact on climate
change and might be related to concerns over garbage rather than climate. How indi-
viduals respond to the climate-related impacts of their choices likely relates to their
concern for, and motivation to take action on, climate change. Waygood and Avineri
(2011, 2018) showed, for example, how the strength of influence of CO2-E informa-
tion differed by what they termed a climate change stage of change (CC-SoC) meas-
ure. This measure is based on the Transtheoretical Model (TTM) which defines six
key stages of change in climate-related behavior: precontemplation, contemplation,
preparation, action, maintenance, and termination. Here is a brief description of those
stages (Prochaska and Velicer 1997; Prochaska, Redding, and Evers 2015):

a. Precontemplation refers to not intending to take action in the next 6 months and is
often related to believing that the behavior is not a problem. Having no intention
to act could be because of previous failed attempts at behavior change or being
unaware of the consequences of their behavior;

b. Contemplation means intending to take action in the next 6 months. Individuals in
this stage are aware of the problem, but may not be sufficiently motivated to take
action. Thus, they may be stuck in “chronic contemplation”;

c. Preparation refers to being ready to take action in the next 30 days. These
individuals are motivated to take action and have likely identified actions to take;

d. Action refers to having made an overt lifestyle change in the past 6 months;

2 E.O.D. Waygood et al.



e. Maintenance means performing a new behavior for more than 6 months;
f. Termination is that an individual is no longer at risk of returning to their

previous behavior.

The measure, CC-SoC in this study was composed of questions related to the first
four stages. The later stages are essentially combined into the highest level due to find-
ings from previous studies (e.g. Waygood and Avineri 2016, 2018) that found a small
percentage of people at such a stage. In the future, as more people consciously make
efforts to reduce, the distinction between those levels may become important.

In order to know how people respond to the vehicle choices based on the informa-
tion related to climate change, various context information about the vehicle would be
provided for respondents in the discrete choice experiment (DCE), such as the vehicle
price, fuel cost per year, CO2 emissions per year, etc. The information about CO2

emissions could be presented in different framings, for example, using the number of
grams per mile or pounds per year to present it (Daziano et al. 2017). Different infor-
mation presentations (framings) would have different effects on people’s choices
(Daziano et al. 2017; Daziano et al. 2021). Details on the expected influence are given
in the Methodology section. Moreover, various questions related to the respondents
should be asked to investigate the internal causes of their decision-making, including
socio-demographics, environmental behavior, and related beliefs.

The objective of this research is to measure how individual response to CO2-E
varies by the individual levels of attitudes assessed with established measures, namely
GEB and NEP, as well as the proposed CC-SoC measure. First, with respect to previ-
ous research on climate change and potential sociodemographic confounders, the CC-
SoC stages are analyzed with respect to those. Then, how the GEB and NEP measures
relate to the CC-SoC are presented. Following that, logit models are used to determine
willingness-to-pay for CO2 based on data from a discrete choice experiment (DCE). A
separate logit model is estimated for each of the three environmental attitude measures.
The results of those models are used to evaluate how the CC-SoC measure compares
to the GEB and NEP in terms of explaining different willingness to pay (i.e. variance
explained) and model fit. The main innovation for this study is the analysis results that
provide empirical support for the use of a simplified measure of environmental atti-
tudes and behavior with respect to climate change.

The next section will give a more detailed introduction to the CC-SoC measure
and its use. Section 3 contains details on the methods used including the participants,
survey tools, and the vehicle choice models used in this study. Based on the survey
data, statistical analysis results and model results are shown in Section 4, which will
be discussed in Section 5. Finally, the conclusion gives a summary of the study and
points out the current limitations and future research.

2. Background

Previous research on environmental attitudes and behavior have highlighted the prob-
lem that attitudes do not necessarily explain behavior (Anable, Lane, and Kelay 2006;
Kaiser, Byrka, and Hartig 2010). As an example, someone may have a positive attitude
toward environmental issues, but may still perform behaviors counter to those attitudes
such as driving a large vehicle. Moreover, some psychological literature indicates that
behavioral barriers must be low in order for attitudes to play a significant role in
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behavior (Swim et al. 2009; Kaiser, Byrka, and Hartig 2010, but c.f. Taube et al.
2018). A behavioral barrier can be something that makes an action difficult to do. For
example, without good cycling infrastructure, an individual might not cycle to places
because the safety cost is too high. Referred to as Campbell’s paradigm, the gap
between attitudes and behavior can be explained by behavioral costs (Kaiser, Byrka,
and Hartig 2010). One can think of behavioral costs in terms of different costs such as
effort, time, or money. The behavioral cost of recycling is relatively low in most pla-
ces where the city collects waste for recycling regularly, but the behavioral cost of
composting could be considered higher due to a need for space, a basic knowledge of
how composts function, and the effort to empty it yearly.

Kaiser, Byrka, and Hartig (2010) argue that attitudes and behaviors should not be
seen as having a causal relationship, but a formal one where they are “inseparable
aspects of a unity; they are two sides of one coin.” In other words, it is not that one
causes the other, but they should be considered together. They argue that attitude is a
propensity (in their words, a latent disposition) that shapes people’s pro-environmental
behavior. This means that someone with a positive attitude is inclined to perform envir-
onmental behaviors. From the perspective of the behavior, attitude is a measure of the
subjective value (or salience) that one places on the behavior. For example, an individual
who has concerns over climate change may be more inclined to use non-motorized
travel which is indicative of pro-environmental attitudes. Further, as that action has
meaning to them (it is salient), doing such an action likely makes them feel better. This
formal relationship is in contrast to commonly applied causal relationship theories such
as the theory of planned behavior (Ajzen 1991) where attitudes cause behavior.

The behavioral cost of a pro-environmental behavior will also affect the likelihood
of it being conducted (Taube et al. 2018). An individual could be strongly motivated to
conduct a pro-environmental behavior, yet still not conduct it. For example, an individ-
ual living in the suburbs may wish to use more environmentally benign options, but the
costs of doing so may prevent them. The costs can be any number of things including
time, physical effort, or going against social norms. Following the perspective proposed
by Kaiser, Byrka, and Hartig (2010), which they term Campbell’s paradigm, for an indi-
vidual to state “I am concerned about the environment” is an “easy behavior” related to
pro-environmental attitudes. Conducting a behavior that requires higher costs (whether
they be mental, physical, time, or financial) such as abstaining from car use would indi-
cate a stronger attitude toward environmental conservation. Thus, one could propose a
gradation of attitude-behavior from a lack of concern through to action.

2.1. Climate change stage of change

The notion of moving from no concern to action is captured in the Transtheoretical
Model (TTM) where the Stages of Change (SoC) lie at the heart. TTM is a behavioral
model used to conceptualize the process of intentional behavior change, which was ori-
ginally used for change in health behavior (Prochaska and Velicer 1997; Prochaska
and Norcross 2001; Prochaska, Redding, and Evers 2015). Using this approach as a
framework, we propose different stages of change in climate behavior to be an alterna-
tive and very simple measure of environmental attitudes and behavior. The possible
responses range from not being concerned about climate change, concerned about cli-
mate change but with no action planned (low cost), planning to take action to reduce
one’s emissions (planning effort costs), and finally to having taken action to reduce
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one’s climate change emissions (high cost). Higher costs indicate the strength of the
attitude-behavior toward climate change. The first, not being concerned, represents an
absence of attitude-behavior toward climate change; the second, concerned with no
action, shows some attitude-behavior. The third, planning to act, is a sufficient atti-
tude-behavior strength that the individual is consuming mental and time costs, but the
total behavioral cost may prevent them from actually taking any action. The final cat-
egory, having taken action (to reduce climate change impacts), represents attitude-
behavior strength so strong that they have made changes.

In this study, the question and responses relate to general climate change behavior
as transport choices have a significant impact on individual emissions. Further, the
development of a general measure is more useful as it can be applied to other behav-
iors. Further, depending on the context of the individual’s life domain (e.g. life-cycle
stage, built environment, health, etc.) it may be more or less easy to make climate-
friendly transport choices (Sun et al. 2009). But the option of having made changes to
reduce emissions allows for individuals with sufficiently high motivation to have found
an appropriate behavior and followed through (whether that be home improvements,
transport changes, diet changes, etc.). Thus, a person may determine that it is more
appropriate for them to make reductions to their climate change emissions in some
other domain such as their home, being vegetarian, saving energy, etc. In all cases,
they have made efforts to reduce their emissions, which is the defining characteristic
for that stage.

2.2. Environmental attitude measures

There is a variety of environmental attitude measures including the scales of General
Ecological Behavior (GEB) and New Ecological Paradigm (NEP) which are widely
used and the validity and reliability of which have been assessed (Milfont and Duckitt
2010; Dunlap 2008). The GEB scale uses self-reported environmental behaviors to
measure environmental attitudes (Kaiser and Wilson 2004; Kaiser, Byrka, and Hartig
2010). The NEP scale is an often-used environmental attitude measure assuming one’s
moral values to be the core concept of environmental attitudes (Dunlap et al. 2000).
Different types of behaviors have been successfully explained by GEB and NEP meas-
ures. The GEB is widely used and is one of the most established domain-general
measures (Lange and Dewitte 2019). The NEP scale is one of the world’s most widely
used measures (Dunlap 2008) for pro-environmental behavior and it has been used
extensively with respect to a wide variety of behaviors such as waste reduction, par-
ticipation in green electricity programs, and green buying (Hawcroft and Milfont
2010). Henn, Taube, and Kaiser (2019) also demonstrated that environmental attitude
is essential for restraining consumption and saving energy, it contributes to appropriate
behavior choices being made, and rigorously implementing these choices.

However, general environmental concern or general environmental behavior is not
necessarily related to climate change concern or action. Climate change is a global
commons problem (Brown et al. 2019) with impacts that are often perceived to be
geographically and temporarily distant. This may differ from more visible environmen-
tal issues such as garbage pollution or toxic pollutants with direct health impacts. As
such, although the Climate Change Stage of Change scale is simple in comparison to
the more complex GEB and NEP scales, it may compensate for that simplicity by tar-
geting climate change concerns and action.

Journal of Environmental Planning and Management 5



2.3. How information is presented can impact response strength

In practice, CO2-E information is typically presented as grams/mile (or km) or tons/
year (Gaker et al. 2011; Achtnicht 2012; Daziano and Achtnicht 2014; Waygood and
Avineri 2016, 2018; Daziano et al. 2017). However, presented in this manner, it may
be difficult for people to use CO2-E information in their decisions because they do not
have the necessary knowledge to judge whether the amount is high or low. It has been
documented that the form in which CO2-E information is presented to individuals
influences the degree to which people act pro-environmentally (Avineri and Waygood
2013; Waygood and Avineri 2016; Daziano et al. 2017; Waygood and Avineri 2018);
presenting CO2-E information as grams/mile was much less effective than when some
context was given. The difference between response strength is even more pronounced
if consideration to their climate change concern is taken into account. For example,
individuals who were not concerned about climate change were not influenced by
CO2-E information when it was presented as grams/mile (Waygood and Avineri 2011;
Waygood and Avineri 2018), but were when it was presented with context such as
trees required to absorb the emissions or with respect to a carbon budget. Thus, in test-
ing how people respond to environmental information, it is important to not only con-
sider their environmental motivation, but also the framing of the environmental
information.

3. Methodology

3.1. Research framework

The research framework used in this study to account for one’s environmental attitude,
climate change concerns and information framing is shown in detail in Figure 1. The
strength of the reaction to the above-mentioned factors can be measured through will-
ingness-to-pay (WTP) derived from choices in a discrete choice experiment.

First, following a review by McCright et al. (2016), a number of relevant socio-
demographic variables were identified for testing to examine whether relationships

Figure 1. Research framework.
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between the CC-SoC and previous work are consistent. The association of CC-SoC
with sociodemographic characteristics of individuals is analyzed with ANOVA and
chi-squared. Then, relations between CC-SoC, GEB and NEP are presented. Finally,
mixed logit models with panel effects are conducted to compare the explanatory power
of CC-SoC compared to GEB or NEP in in climate change-related consumer choices.
The same logit model structure is conducted using the separate measures of GEB,
NEP, and CC-SoC. As the GEB and NEP measures result in continuous variables, but
the CC-SoC is an ordinal measure, quartiles are created for GEB and NEP to facilitate
comparison. The measures for the model’s goodness of fit (e.g. loglikelihood, Rho-
square-bar, AIC, BIC), hypothesis testing (likelihood ratio test), and the WTP by the
different attitudinal measures are then compared to assess whether the CC-SoC can be
used as a reasonable substitute for the more complex measures NEP and GEB. Table 1
summarizes the hypothesis and empirical strategies in this study which are (1) correl-
ate CC-SoC to socio-demographic measures; (2) correlate the three measures with
each other, and; (3) compare fit statistics for the three choice models.

3.2. Respondents and survey design

An online survey was conducted in Philadelphia and Boston, USA, between December
15, 2015 and March 15th, 2016. Because the information is related to CO2 emissions
of vehicles, only car owners living in these two metropolitan areas were recruited. A
panel of 1,581 car owners completed the online survey. General socio-demographic
information for the participants is shown in Table 2.

The survey includes six parts: (1) Current vehicle ownership and plans for the next
car; (2) Socio-demographics of respondents; (3) Tax policy preference and environ-
mental concern; (4) Measurement for general ecological behavior (GEB); (5)
Measurement for new environmental paradigm (NEP); (6) Discrete choice experiment
on vehicle choice.

3.3. CO2 Emissions information framing

Four different methods of framing the CO2 emissions information were tested (see
also Daziano et al. 2017). Those four framings are referred to as treatments in the
experiment. Individuals were randomly assigned to one of the treatments so that their
responses could be treated independently. The four different framings were:

1. CO2 emissions as grams per mile (e.g., 336 g/mile);
2. CO2 emissions as pounds per month (e.g., 926 lbs/month);
3. CO2 emissions as tons per year (e.g., 5.56 tons/year);
4. CO2 as a percentage of the 2025US EPA reduction target of 27% from 2005

levels (e.g., 134% of reduction target).

For the government reduction target 27% was used. Following the current car-label
standard, for all treatments, an annual mileage of 15,000 miles was used to derive
annual amounts. In reality, fuel economy/expenses and emissions are correlated, but in
this experiment, both are treated as orthogonal to ensure correct identification of the
values of the attributes. The orthogonality assumption is not problematic in this case
as the relationship between fuel and emissions is not a direct one for consumers.
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The influence of different framings was tested previously by Daziano et al. (2017)
using latent class modeling. Membership to the latent class modeling was examined
using socio-demographic and some environmental attitudinal information, but not with
the measure CC-SoC. The hypotheses for that experiment were that due to a lack of
context, the first framing would perform the worst, the second and the third would per-
form better than the first, especially with more environmentally inclined people, and
the last would perform best following findings by Waygood and Avineri (2011, 2016)
that found that even people who are not concerned about climate change were moti-
vated by such information.

3.4. Measurements of environmental attitudes

Two established measures of environmental attitude were used: the General
Environmental Behavior (GEB) scale composed of 50 questions, and the New
Environmental Paradigm (NEP) scale composed of 15 questions which are

Table 2. Socio-demographic characteristics of the respondents.

Frequency Percent
Cumulative
Percent

Gender Male 794 50.2 50.2
Female 787 49.8 100

Household cars 1 616 39 39
2 739 46.7 85.7
3 155 9.8 95.5
4 or more 71 4.5 100

Residence location Greater Philadelphia 926 58.6 58.6
Greater Boston 655 41.4 100

Education Professional or
postgraduate degree

309 19.5 19.5

Bachelor’s degree 610 38.6 58.1
Associate degree 145 9.2 67.3
Some college,
no degree

314 19.9 87.2

High School Graduate
(Diploma or
equivalent GED)

192 12.1 99.3

1-12th grade 11 0.7 100
Household income Less than $40,000 210 13.3 13.3

$40,000-$59,999 297 18.8 32.1
$60,000-$84,999 380 24 56.1
$85,000-$99,999 339 21.5 77.6
More than $125,000 278 17.5 95.1
I prefer not to answer 77 4.9 100

Hispanic Yes 104 6.6 6.6
No 1477 93.4 100

Political Strongly conservative 110 7 7
Moderately
conservative

364 23 30

Independent 633 40 70
Moderately liberal 320 20.2 90.3
Strongly liberal 154 9.7 100
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described in more detail in Section 4. As an innovation, a simple question about
Climate Change Stage of Change (CC-SoC) was used same as in e.g. Waygood and
Avineri (2011, 2016). The question asked individuals to choose the statement
which best describes them with respect to climate change emissions. The responses
were as follows:

Precontemplation: I am not concerned;

Contemplation: I would like to reduce my emissions, but I don’t know how;

Preparation: I would like to reduce my emissions, and will do so in the future;

Action: I have already reduced my emissions significantly.

3.4.1. General ecological behavior

The General Ecological Behavior (GEB) scale includes 50 self-reported environmental
behaviors such as: “I drive my car in or into the city”, “I contribute financially to
environmental organizations”, etc. The operational scale entails that the indicator items
such as self-reported behavior in the GEB from which a person’s general environmen-
tal attitude is inferred represent a single – for all individuals – transitively ordered
class of items. The inferred property is also sufficient for accurately anticipating the
responses of individuals (Bond 2015). This study only used 49 GEB items. The item
(#17): “I refrain from using a car” was left out, since frequent driving was a qualifica-
tion criterion for participation in the study.

The GEB scale indicates the performance of environmental behaviors which differ
in behavioral difficulty. Recycling represents an example of a rather easy behavior (a
common environmental behavior in the most wealthy countries), while going car-free a
rather difficult behavior (which would require in most cases greater motivation and
effort). In order to derive an individual’s level of environmental motivation, i.e. one’s
propensity to overcome behavioral costs/obstacles related to environmental behaviors,
a Rasch model is used. The Rasch model is a conventional way to consider an individ-
ual’s latent ability related to the difficulty of behaviors in which an individual engages
(Rasch 1993; Merrell and Tymms 2005; Roczen et al. 2014).

For the 49 GEB items, 17 behaviors were measured with yes/no questions and
32 behaviors with a 5-point frequency scale ranging from 1 (never) to 5 (always)
and 6 (don’t know). In order to run the simple Rasch model, the responses to the
latter items need to be recoded into a dichotomous format (e.g. 1, 0 rather than the
frequency scale) (Fischer and Molenaar 2012). The recoding of the behavioral self-
reports measured by their frequency into a dichotomous format has proven to
diminish measurement error rather than substantive information relevant for a valid
assessment of interindividual differences in people’s attitudes (Kaiser and Wilson
2004). “Never”, “seldom”, and “occasionally” are considered “no pro-environ-
mental” engagement. “Often” and “always” were collapsed into “yes pro-environ-
mental” engagement. “I don’t know” was a response category when an answer is,
for whatever reason, not possible. Such responses are coded as missing values. Of
all behavior statements, 3.6% were found to be missing. For negatively formulated
behavior, the scales are subsequently reversely coded.

10 E.O.D. Waygood et al.



3.4.2. New ecological paradigm measures

The New Ecological Paradigm (NEP) scale is an often-used environmental attitude
measure assuming one’s moral values to be the core concept of environmental attitudes
(Dunlap et al. 2000). For the NEP measure of attitude requires that every person rates
each of the 15 items on a 5-point scale ranging from 1 (strongly agree) to 5 (strongly
disagree). In order to make people concentrate on responses for each item, the eight
odd items are formulated positively, and the seven even items are formulated nega-
tively. The NEP score is a summation of the 15 rescaled items, with higher values
indicating greater pro-environmental attitude for an individual (the odd items were sub-
sequently reverse coded). The standardized value of NEP score is used in the analysis.

To improve the data efficiency, all cases with zero variance in attitudinal
responses, which indicates respondent’s non-attention to the questions, were excluded
from the data analysis. Altogether 42 (2.7%) cases were excluded from the analysis
resulting in N¼ 1,539 final sample.

The general distributions of CC-SoC, GEB, and NEP measures are presented in
Table 3.

3.5. Discrete choice experiment

For the logit model data, the discrete choice experiment (DCE) described in Daziano
et al. (2017) is used. A Bayesian efficient design (Kessels, Goos, and Vandebroek
2006; Bliemer, Rose, and Hess 2008) was applied to derive the combination of vehicle
attributes leading to a total of 12 choice tasks. Note that the information frames act as
treatments and are not additional experimental attributes. The actual attributes were
purchase price, fuel costs per year, and grams of CO2 per mile (Table 4). The experi-
ment used a simple text-based presentation of these three pieces of information (Figure
2). The respondent needs to choose one from two types of vehicles. Vehicle A has
higher fuel costs per year and grams of CO2 per mile with higher purchase price than

Table 3. General distribution of environmental attitude measures.

Name Freq./Mean Percent/Std. Dev.

CC-SoC
Precontemplation (1) 214 13.54
Contemplation (2) 489 30.93
Preparation (3) 627 39.66
Action (4) 251 15.88
NEP sum 53.85 9.05
NEP standardized 0.00 1.00
NEP standardized (quartile)
1 460 29.85
2 357 23.17
3 341 22.13
4 383 24.85
GEB theta �0.22 0.76
GEB theta (quartile)
1 407 25.86
2 415 26.37
3 359 22.81
4 393 24.97

Journal of Environmental Planning and Management 11



vehicle B. The attributes for different scenarios are different combinations of the same
attribute of vehicle A and vehicle B in different levels. The values for Vehicle A are
based on a conventional gasoline vehicle, whereas those of Vehicle B are based on
hybrid vehicles. The final experimental design was obtained using the software Ngene.

3.5.1. Vehicle Choice CC-SoC model

Following the choice model proposed in Daziano et al. (2017), the indirect utility on
individual i when choosing alternative j was specified as follows:

Uij ¼ bprice priceij þ PVFCij þ xEPVFEij
� �þ eij (1)

where PVFC is the present value of the future (operating) costs over the holding horizon,
PVFE is the present value of future emissions, and xE is the marginal willingness to pay
for reducing emissions (over the whole holding horizon, i.e. the willingness to pay for
reducing one unit of emissions over the whole period in which the car is owned).

Also as in Daziano et al. (2017), if both emissions and operating costs are meas-
ured in a per-month basis, then:

PVFCij ¼
XLij

t¼1

1

1þ rð Þt E ocijtð Þ (2)

PVFEij ¼
XLij

t¼1

1

1þ rð Þt E emissionsijtð Þ (3)

where r is the subjective discount rate (reflecting time preferences), Lij is the total
number of months of ownership, EðocijtÞ is the expected value of operating costs at
month t, and EðemissionsijtÞ is the expected value of emissions at month t: Taking the
monthly uniform equivalent of future operating costs oci, and the monthly uniform
equivalent of future emissions emissionsi, over a sufficiently large holding horizon,
the following capitalized value approximation can be applied:

PVFCij ¼ ocij
r

(4)

PVFEij ¼ emissionsij
r

(5)

meaning that it is possible to rewrite the choice model as:

Uij ¼ bprice priceij þ
ocij
r

þ xE

r
emissionsij

� �
þ eij (6)

Table 4. Experiment attributes and levels.

Attribute Levels Vehicle A Levels Vehicle B

Purchase price 80%, 90%, 105%, 115% of
stated willingness to spend

90%, 110%, 120%, 130% of
stated willingness to spend

Fuel costs per year $1,500; $1,900; $2,500 $800; $1,200; $1,500
Grams of CO2 per mile 304; 320; 336 170; 215; 260
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where r becomes an additional parameter to estimate. Note that the estimates for
all discrete choice analysis in this paper reflect the parameters of the WTP-space
specification.

There are 4 levels for the Stage of Change variable: not concerned (SoC1,
Precontemplation); concerned, don’t know what to do (base, Contemplation); con-
cerned, will do something (SoC3, Preparation); concerned, have done something
(SoC4, Action). To analyze the effect of CC-SoC on vehicle purchase choices, deter-
ministic variations in the willingness to pay for reducing emissions are introduced as a
function of both CC-SoC and information framing. The utility of individual i, when
choosing alternative j is thus specified as follows (Daziano et al. 2017):

Uij¼ bpricepriceij þ
bprice
r

½ocijþðxtonsþdSoC1DSoC1þdSoC3DSoC3þdSoC4DSoC4þ
dgpmDgpmþdppmDppmþdobjDobjÞtonsij� þ eij

(7)

Tons per year was taken as the reference for framing (dollars per ton is a standard
unit for emission abatement), and willingness to pay measures are determined incre-
mentally with respect to this reference. The other framings were grams per mile,
pounds per month, and societal reduction goal (for more information, please see
Daziano et al. 2017). For the level of concern, “don’t know what to do” is the base
level of climate change concern. xtons is the marginal willingness to pay for reducing
emissions. In order to explain heterogeneity around WTP measures and how it may
relate to different measures of environmental attitude. f ðxtons) has been specified to be
normal distribution: xtons � Nðl, r2Þ with parameters l, r:

Moreover, in the discrete choice experiment, each decision maker provided
repeated choices under 12 choice tasks t: The panel effects are considered to avoid
underestimating the standard errors of the parameters. Thus,

xtons ¼ xtons þ hdijt (8)

where xtons is the mean value of xtons, which represents the base willingness to pay
for emissions treatment of tons per year. dijt is a random variable which is assumed to
follow standard normal distribution. h is a parameter to be estimated. Then the utility
function of the general form in Equation 7 becomes:

Uijt¼ bpricepriceijt þ
bprice
r

½ocijtþðxtonsþdSoC1DSoC1þdSoC3DSoC3þdSoC4DSoC4þ
dgpmDgpmþdppmDppmþdobjDobjÞ tonsijt� þ eijt

(9)

Figure 2. Example of choice experiment question.
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3.5.2. Vehicle choice model with GEB measures

In order to compare the utility effects of the CC-SoC variable with the effect of the
GEB variable, the CC-SoC dummy indicators are replaced by GEB theta scores
derived from the responses on the GEB scale (see Equation 10). The GEB theta score
indicates the extent of a person’s environmental attitude with a higher value indicating
that the individual has a greater propensity to conduct the pro-environmental behavior.
Following the same model structure of Equation 9 as outlined in the previous subsec-
tion, the utility of individual i when choosing alternative j at time t was specified as:

Uijt¼ bpricepriceijt þ
bprice
r

½ocijtþðxtonsþdGEBhGEBþdgpmDgpmþdppmDppmþdobjDobjÞ tonsijt� þ eijt

(10)

Note that the CC-SoC variables have been replaced by the GEB propensity hGEB,
with a coefficient dGEB that represents the influence of pro-environmental attitudes on
the utility of an individual’s choice. To investigate the different levels of people’s pro-
environmental attitude, we divide the GEB active ability into four categories by quar-
tiles. The higher level means stronger pro-environmental attitude, which is similar to
the CC-SoC levels. The other variables are the same as the Vehicle Choice CC-SoC
model. As a result, the utility function is changed to:

Uijt¼ bpricepriceijt þ
bprice
r

½ocijtþðxtonsþdGEB1DGEB1þdGEB3DGEB3þdGEB4DGEB4þ
dgpmDgpmþdppmDppmþdobjDobjÞ tonsij� þ eijt

(11)

where the second level of GEB active ability is the base level.

3.5.3. Vehicle choice model with NEP measures

Similar to the substitution of the CC-SoC variable with the GEB variable, the CC-SoC
dummy variables in Equation 9 are replaced by a measure of an individual’s environ-
mental attitude derived from the NEP scale. The standardized value of NEP score is
adopted into the model, with higher values indicating stronger pro-environmental attitude
for an individual. The standardized NEP score is a continuous variable. As before, the
utility of individual i when choosing alternative j at time t was specified as follows:

Uijt¼ bpricepriceijt þ
bprice
r

½ocijtþðxtonsþdNEPSTNEPþdgpmDgpmþdppmDppmþdobjDobjÞtonsijt� þ eijt

(12)

where the CC-SoC variables have been replaced by the standardized NEP score
STNEP, with a coefficient dNEP that represents the influence of pro-environmental atti-
tude on the utility of an individual’s choice. We divide the standardized NEP scores
into four categories by quartiles. The higher level means stronger pro-environmental
attitude, which is similar to the CC-SoC levels. Then the utility function becomes:

Uijt¼ bpricepriceijt þ
bprice
r

½ocijtþðxtonsþdNEP1DNEP1þdNEP3DNEP3þdNEP4DNEP4þ
dgpmDgpmþdppmDppmþdobjDobjÞtonsijt� þ eijt

(13)

where the second level of the NEP score is the base level.
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Therefore, there are five models with different measures of environmental attitude:
1) GEB score, 2) GEB quartiles, 3) NEP score, 4) NEP quartiles, 5) CC-SoC. The
model variables for these models are shown in Table 5.

4. Results

4.1. Descriptive Statistics

To examine how the CC-SoC relates to different socio-economic variables and the
other environmental measures (GEB and NEP), ANOVA and chi-squared tests of inde-
pendence are conducted. Following a review by McCright et al. (2016), a number of
relevant socio-demographic variables were identified for testing to examine whether
relationships between the CC-SoC and previous work are consistent. In this section,
ANOVA is used where the dependent variable is a continuous variable, and chi-
squared tests of independence are used when the variable is categorical or ordinal.

4.1.1. Sociodemographic relationships to CC-SoC

According to the results in Table 6, all the sociodemographic characteristics of the
respondents affect CC-SoC. The implication of those findings and how they relate to
previous findings are discussed in Section 5.2.

4.1.2. Relationships between GEB and NEP with CC-SoC

ANOVA using the Bonferroni multiple-comparison test method shows that the Stage
of Change based question separates people into clearly defined groups according to
their environmental attitudes and behaviors; each stage is distinct from the others. The

Table 5. Model variables.

Variable Full description Variable type Variable's role Model

Price Vehicle price Continuous Financial information All
Oc Fuel cost Continuous Financial information All
Dgpm Grams/mile Dummy GHG information treatment All
Dppm Pounds/month Dummy GHG information treatment All
Dtpm Tons/year (base case) GHG information treatment All
Dobj Societal Objective Dummy GHG information treatment All
hGEB GEB theta Continuous Environmental attitude GEB score
DGEB1 GEB theta quartile 1 Dummy Environmental attitude GEB quartiles
DGEB2 GEB theta quartile 2 (base case) Environmental attitude
DGEB3 GEB theta quartile 3 Dummy Environmental attitude
DGEB4 GEB theta quartile 4 Dummy Environmental attitude
STNEP NEP sum Continuous Environmental attitude NEP score
DNEP1 NEP sum quartile 1 Dummy Environmental attitude NEP quartiles
DNEP2 NEP sum quartile 2 (base case) Environmental attitude
DNEP3 NEP sum quartile 3 Dummy Environmental attitude
DNEP4 NEP sum quartile 4 Dummy Environmental attitude
DSoC1 Precontemplation Dummy Environmental attitude CC-SoC
DSoC2 Contemplation (base case) Environmental attitude
DSoC3 Preparation Dummy Environmental attitude
DSoC4 Action Dummy Environmental attitude
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cross distributions of environmental measures (NEP and GEB with CC-SoC) are
shown in Table 7. These results follow the logic of the Stage of Change theory, as atti-
tudes toward the environment must pass a certain threshold for individuals to con-
sider action.

For the ordinal variables of GEB and NEP, the chi-squared tests show that the
GEB and NEP measures have close relationships between the CC-SoC measure. In
Table 7, the level (stage) distributions of CC-SoC by GEB and NEP categories are
similar, although some stage levels do not match each other. For example, most of the
people who do not perform a lot of environmental behaviors (GEB1) state that they
are at CC-SoC Level 2 (SoC2), i.e. they are concerned about climate change, but do
not know what to do.

Inversely, the level distributions of GEB and NEP by CC-SoC are shown in Figure
3, as well as the cross distribution between GEB and NEP measures. The results show
that people who are concerned about climate change will conduct more environmental
behaviors and have higher environmental attitudes in general. We can also see that the
majority of individuals in SoC1 are at the NEP1 and GEB1 levels, and under 10% are at
the top levels of the two. However, between NEP and GEB, there is not this same level
of agreement with less than 40% of GEB1 being in NEP1 and vice versa. This might be
a result of the difference of NEP relating to beliefs and attitudes, whereas GEB focuses
on behaviors. At the other end of the scale, we can see that for SoC4, the majority of
individuals are at GEB4, and slightly over 40% at NEP4, with over 20% at NEP3.

4.2. Experiment-revealed WTP estimates inferred from the vehicle choice model

In this section, the results of mixed logit models with panel effects are presented. The
logit models are identical except for how an individual’s environmental attitude is

Figure 3. Cross distribution of environmental measures.
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measured. There are five models in total: 1) GEB score, 2) GEB quartiles, 3) NEP
score, 4) NEP quartiles, 5) CC-SoC. The GEB and NEP quartiles are used to make
comparisons between the estimated WTP easier. This is considered reasonable as, if a
population was studied for their climate-change relevant choices, they would most
likely be grouped (as opposed to treated on a continuous scale) for use in an informa-
tion campaign. Measures of the models’ fit, explanatory power, and the WTP estimates
are used to judge whether the CC-SoC is a reasonable substitution in such analysis.

The five models were run for several times respectively with the same start values
in Biogeme (Bierlaire 2020). The measures of models’ fit are shown in Table 8, which
include the number of estimated parameters, final log likelihood, AIC, BIC, goodness
of fit (Rho-square-bar), hypothesis testing (likelihood ratio test), etc. The best model
results with maximum final log likelihood, minimum AIC and BIC are in bold, and
the Rho-square-bar and likelihood ratio test were calculated based on the best results
for each model. Since the five models were estimated on the same data and with the
same set of alternatives, the initial log likelihood is the same for all models and the
measures of the models’ fit are comparable. Comparing the goodness of fit (Rho-
square-bar) for these five models, the results are essentially all the same (26.3%).
Moreover, the changes of AIC and BIC along with the final log likelihood are all
within 0.2% of each other. These results suggest the use of CC-SoC is a reasonable
substitution for GEB and NEP in this context.

Based on the best model results, the willingness to pay estimates for the five
models are shown in the Appendix. Table 9 is a summary of these models on the
WTP point estimates and their significance. Note that the estimates for all discrete
choice analyses reflect the parameters of the WTP-space specification specified in
Equation (9)–(13). For the derivation of the point estimates, a logit choice model
in WTP-space was assumed by imposing a type-1 extreme value taste shock
(i.e. eij � EV1ð0, 1ÞÞ:

Table 8. Comparison with the measures of model fits of different models.

NEP
quartiles

NEP
score

GEB
quartiles

GEB
score CC-SoC

Number of
estimated parameters:

10 8 10 8 10

Sample size: 1539 1539 1539 1539 1539
Observations: 18468 18468 18468 18468 18468
Run times 3 3 4 3 5
Max. Final log likelihood: �9429.388 �9424.278 �9427.171 �9425.558 �9429.585
Min. Final log likelihood: �9434.318 �9427.93 �9434.241 �9428.166 �9433.86
Min. AIC 18878.78 18864.56 18874.34 18867.12 18879.17
Max. AIC 18888.64 18871.86 18888.48 18872.33 18887.72
Min. BIC 18932.16 18907.27 18927.73 18909.83 18932.56
Max. BIC 18942.03 18914.57 18941.87 18915.04 18941.11
Number of draws: 1000 1000 1000 1000 1000
Types of draws: Normal Normal Normal Normal Normal
Init log likelihood: �12801.04 �12801.04 �12801.04 �12801.04 �12801.04
Rho-square-bar for

the init. model:
0.263 0.263 0.263 0.263 0.263

LR 6743.304 6753.524 6747.738 6750.964 6742.91

Journal of Environmental Planning and Management 19



T
ab
le

9.
C
om

pa
ri
so
n
w
it
h
es
ti
m
at
es

of
V
eh
ic
le

C
ho
ic
e
C
C
-S
oC

m
od
el
,
V
eh
ic
le

C
ho
ic
e
G
E
B
m
od
el

an
d
V
eh
ic
le

C
ho
ic
e
N
E
P
m
od
el
.

N
am

e
A
tt
ri
bu
te

N
E
P
qu
ar
ti
le
s

N
E
P
sc
or
e

G
E
B

qu
ar
ti
le
s

G
E
B

sc
or
e

C
C
-S
oC

d g
pm

W
T
P
va
ri
at
io
n
gr
am

s-
pe
r-
m
il
e
fr
am

in
g

�0
.2
01
��
�

�0
.1
91
��
�

�0
.1
98
��
�

�0
.1
88

��
�

�0
.2
07
��
�

d p
pm

(N
.S
.)

W
T
P
va
ri
at
io
n
po
un
ds
-

pe
r-
m
on
th

fr
am

in
g

�0
.2
2

�0
.2
24

�0
.1
69

�0
.0
73
6

�0
.2
07

�
x

to
ns

(r
ef
.)

B
as
e
W
T
P
[$
/t
on
]

(r
ef
er
en
ce

em
is
si
on

s
as

to
ns

pe
r

ye
ar

fr
am

in
g)

0.
25
9�
��

0.
28
2�
��

0.
22
4�
��

0.
31

��
�

0.
23
��
�

d o
bj

W
T
P
va
ri
at
io
n
so
ci
et
al
-

ob
je
ct
iv
e
fr
am

in
g

0.
96
5�

0.
99
4�

1.
02
�

1.
13

��
1.
06
��

dð
C
on
t:
V
ar
ia
bl
eÞ

0.
10
8�
��

0.
14
3�

��
dð
le
ve
l
1Þ

W
T
P
va
ri
at
io
n
fo
r
th
os
e

no
t
co
nc
er
ne
d

�0
.1
08
��
�

�0
.0
45
7

�0
.1
38
��
�

dð
le
ve
l
2Þ

(r
ef
.)

0
0

0
dð
le
ve
l
3Þ

(N
.S
.)

W
T
P
va
ri
at
io
n
fo
r
th
os
e

co
nc
er
ne
d,

w
il
l

do
so
m
et
hi
ng

0.
07
27
�

0.
07
48
�

0.
11
6�
��

dð
le
ve
l
4Þ

W
T
P
va
ri
at
io
n
fo
r
th
os
e

co
nc
er
ne
d,

ha
ve

do
ne

so
m
et
hi
ng

0.
15
5�
��

0.
21
7�
��

0.
17
3�
��

b p
ri
ce

($
10
00
)

P
ur
ch
as
e
pr
ic
e

�0
.1
96
��
�

�0
.1
96
��
�

�0
.1
96
��
�

�0
.1
96

��
�

�0
.1
97
��
�

r
M
on
th
ly

di
sc
ou
nt

ra
te

10
.9
��
�

10
.9
��
�

10
.9
��
�

10
.9
��
�

10
.9
��
�

h
D
is
tr
ib
ut
io
n
pa
ra
m
et
er

�0
.5
07
��
�

�0
.5
02
��
�

�0
.5
05
��
�

�0
.5
05

��
�

�0
.5
07
��
�

��
� S

ig
ni
fi
ca
nt

at
th
e
le
ve
l
of

0.
00
1.

��
S
ig
ni
fi
ca
nt

at
th
e
le
ve
l
of

0.
05
.

� S
ig
ni
fi
ca
nt

at
th
e
le
ve
l
of

0.
1.

20 E.O.D. Waygood et al.



The parameter bprice represents a marginal (dis-)utility that is subject to scale, all of
the other parameters have a direct economic interpretation. For example, from the
monthly discount rate estimate, r equals 10.9 for all models. It is possible to infer an
annual subjective discount rate of 13.89%, which is slightly high providing evidence
of impatient consumers (Daziano et al. 2017).

Further, xtons is the reference variable directly interpreted as the maximum willing-
ness to pay a premium in purchase price for a vehicle that saves 1 ton of CO2 by a
consumer who saw the emission information in tons per year, and who is at pro-envir-
onmental level 2. All the d parameters are WTP additive variations with respect to
xtons: For the additional WTP of the environmental measures, the models with cat-
egory measures (NEP quartiles, GEB quartiles, and CC-SoC) use the parameter d at
different levels to represent the WTP additive variation with respect to xtons, while the
models with continuous measures (NEP score and GEB score) use dðCont: VariableÞ
to represent the WTP additive variation. It can be seen that all of the parameters are
similar for these five models, which means the CC-SoC measure might be sufficient as
a substitute for the more complex measures of NEP and GEB to represent people’s
environmental attitudes and behaviors.

xtons and the square of h is the mean value and variance of the random parameter
xtons: In Table 9, since the h is significantly different from 0 for all models, that
means the IIA restrictions are rejected and the mixed logit model with panel effects
establishes greater realism than the MNL model.

Table 10 thus summarizes the total WTP by framing and measure levels. It can be
seen that under each information framing treatment the more concerned a respondent
is about climate change, the higher their WTP for GHG emissions. Comparing the
effects of different measures (Figure 4) shows that the three measures have similar
WTP results under different information framings. Comparing the effects of informa-
tion framings, the societal objective framing is the most effective with the highest
WTP for all measures under different levels.

Figure 5 shows the WTP difference between CC-SoC and the NEP/GEB measures
under different information framings, it can be seen that the largest relative differences
are found for Level 1 and Level 4. This shows that: people identifying as not believing
in climate change (SoC1) have a lower WTP than people who do not perform a lot of
environmental behaviors (GEB1); people identifying as having done something to

Table 10. Revealed willingness-to-pay for CO2 emissions by the format of CC-SoC, NEP and
GEB values under different framings.

Level 1 2 3 4

Grams/mile SoC �115 23 139 196
GEB �19.7 26 100.8 243
NEP �50 58 130.7 213

Pounds/month SoC 71.3 209.3 325.3 382.3
GEB 161.4 207.1 281.9 424.1
NEP 129 237 309.7 392

Tons/year (base) SoC 92 230 346 403
GEB 178.3 224 298.8 441
NEP 151 259 331.7 414

Societal Objective SoC 198 336 452 509
GEB 280.3 326 400.8 543
NEP 247.5 355.5 428.2 510.5
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reduce GHG emissions (SoC4), do not have as high a WTP as people who perform
many environmental behaviors (GEB4); People identifying as not believing in climate
change (SoC1) have a lower WTP than people who have low environmental attitudes
in general (NEP1); People identifying as having done something to reduce GHG emis-
sions (SoC4) do not have as high a WTP as people who perform many environmental
behaviors (NEP4). However, the WTP difference is generally small between the CC-
SoC and the NEP/GEB measures.

Therefore, all parameters are similar for these five models and WTP difference
between CC-SoC and GEB/NEP measures is very small under different information
framings, which means the CC-SoC measure can be sufficient as a substitute for the
more involved and more complex measures of environmental behavior (GEB) and atti-
tude (NEP).

For the NEP (sum) and GEB (theta) continuous values, Figure 6 shows the WTP
under different information framings. The distributions of NEP and GEB standardized
values have similar trends with higher willingness-to-pay for CO2 emissions along
with the increase in NEP/GEB values. One difference between these continuous values
and the quartiles is that for the quartiles there is a non-linear increase from one stage
to the next (i.e. the steps from quartile 1 to 2 and 3 to 4 are larger than from 2 to 3).
The rank of WTP from high to low for different information framings is a societal
objective, CO2 emissions as tons per year, CO2 emissions as pounds per month, and
CO2 emissions as grams per mile. The WTPs under framing of tons per year and
pounds per month are not statistically different. For the societal objective framing, the
analysis by NEP shows that even those with very low environmental attitudes still
have a higher WTP than people who have the stronger environmental attitudes when
the information is framed by grams/mile. For the GEB, those who have the lowest
theta values have a WTP of nearly $300 for the societal objective framing, whereas

Figure 4. Revealed willingness-to-pay for CC-SoC/NEP/GEB measures levels under different
information framings.
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this is only achieved by those who conduct more (and more difficult) environmental
behaviors when the grams per mile framing is used.

5. Discussion

This research aimed to examine whether a measure, CC-SoC, based on a single ques-
tion of climate change concern and action, could be used in place of more complex
measures such as the GEB and NEP. The results in Table 8 suggest that the substitu-
tion of the CC-SoC in place of GEB and NEP measures whether as continuous vari-
able or as quartiles produced models of the same explanatory power (R2 of 26.3%)
and measures of model fit (<0.2% difference). In addition, the socio-demographic cor-
relates found for CC-SoC were mostly in line with those reported in a review of cli-
mate change attitudes (McCright et al. 2016).

5.1. Substituting CC-SoC for GEB and NEP

As described above, the GEB and NEP measures are established measures of environ-
mental attitudes, but require numerous questions (50 and 15 respectively) and further
treatment before they can be used in analysis. This creates a burden for both the
respondents and the researcher. Climate change is a specific environmental problem.
In this study, we examined whether the use of a single question on climate change
with four possible responses could be reasonably used as a substitute for a more com-
plex measure of environmental attitude when estimating how people with different
environmental attitudes might respond to information and climate-related con-
sumer choices.

Examining first the overall explanatory factors (Rho-square-bar), we see that all
the results are essentially the same (26.3%). Second, the measures of model fit such as
AIC and BIC along with the final log likelihood are all within 0.2% of each other.
These results suggest the use of CC-SoC is a reasonable substitute for GEB and NEP
in the climate change context. Considering that the CC-SoC question is one single
question with four response options, and that the two other measure have 15 (NEP)
and 50 questions (GEB), we suggest that the CC-SoC question is an effective means
(in terms of response burden and ease-of-analyses) of capturing an individual’s climate

Figure 5. Difference of willingness-to-pay for between CC-SoC and NEP/GEB measures under
different information framings.
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change concern, attitude, and behavior. Further tests between these measures for other
climate-related behaviors should, however, be conducted.

The outcomes of the analysis, the WTP estimates, follow similar patterns and have
WTP values that are similar (Table 10). Individuals at the lowest level of the CC-SoC
were found to have lower WTP than those of the lowest quartile of the GEB and NEP
respondents. This, however, is logical. The lowest CC-SoC contains only people who
self-identified as not worrying about climate change. As can be seen in Figure 3 (a)

Figure 6. Revealed willingness-to-pay for summed NEP and GEB values under different
information framings.

24 E.O.D. Waygood et al.



and (b) (figures on the GEB and NEP quartiles in each CC-SoC), one can find people
who conduct more general environmental behaviors (GEB) or who report more posi-
tive environmental attitudes in general (NEP). This is not contradictory as an individ-
ual may not be concerned about climate change, but they may be concerned about
local garbage, recycling, and toxic pollutants and conduct behaviors related to those.
Further, we used quartiles for GEB and NEP, and thus, it represents a larger portion of
the population (25.5% and 29.8% respectively; Table 7) than was identified in our
study as not being concerned about climate change (13.2%).

In comparison to the top GEB quartile, the top level of CC-SoC were also estimated
to be less willing to pay for emissions (Table 10). The same argument as just presented
for the other end of the scale (quartile) should not apply here. What may be happening
is that the GEB is better at identifying people who really do act (they perform more
environmental behaviors), whereas the individuals who say that they have reduced emis-
sions may not be doing a sufficient number of changes. Further tests will be required to
establish what type of behaviors are being conducted and if some further distinction
could be made. Another possibility is that people in the top CC-SoC have declared that
they have reduced emissions and are thus less motivated to take further action; they
believe that they have already made sacrifices, so they are justified in relaxing for
other choices.

The CC-SoC measure does not consider the impact of the behaviors. Recent
research has highlighted that at least for governments, the focus is often on behaviors
with little impact (Wynes and Nicholas 2017). An individual may simply recycle and
believe that this is action for climate change and thus identify themselves at the top
stage of change. Another individual may have stopped driving, moved to a location
that supports that, and makes the physical effort to cycle places. According to Wynes
and Nicholas (2017); this latter action has much more impact. Such differences are not
currently captured in the scale. Further steps in this research should look at the types
of behaviors being undertaken, the cost (whether it be mental effort, physical effort,
time costs, financial costs, etc.) with respect to their climate change impact.

5.2. Socio-demographic relationships

The socio-demographic relationships found for CC-SoC were in line with those
reported in a review of climate change attitudes (McCright et al. 2016). However,
some differences are noted and discussed here. Age does not have a consistent trend,
though once someone is concerned, it seems to take time before action is taken which
relates to previous findings that younger age is negatively associated (McCright et al.
2016). For politics, supporting previous findings (McCright et al. 2016), the trend
finds that as people move away from the far political right, they are more likely to be
further along the CC-SoC, though being strongly conservative does not eliminate peo-
ple from the higher CC-SoC, with nearly half of them reporting that they are at those
stages. Men are more likely to report being further along the CC-SoC, which is in con-
trast to some findings that show women being more concerned about the environment
(McCright et al. 2016). The higher their education, the more likely they are to be fur-
ther along the CC-SoC, which is in line with previous findings (McCright et al. 2016).
Higher incomes are also associated with being further along the CC-SoC. However,
there is the issue where people with higher incomes are likely to produce more emis-
sions as they are able to purchase more items, take more long-distance flights, etc.
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Although not shown here, ethnicity was tested, but was not found to be significant
when whites were compared to non-whites (which was previously found to be signifi-
cant (McCright et al. 2016)), nor when the races were examined as White, Black/
African American, Asian, and other.

5.3. Environmental attitudes and framings

In this section, how individuals with different environmental attitudes responded to the
framings is discussed. As mentioned, in a previous study (Daziano et al. 2017) latent
class modeling was used and it identified two groups. Membership in those groups
was explained using mostly socio-demographic variables and environmental attitude
factors. In this study, WTP by different measures of environmental attitudes was the
focus. The WTP was roughly $300 between the lowest and the highest levels for these
three environmental measures.

Individuals who reported not being concerned about climate change showed a
negative willingness-to-pay when the information on CO2 emissions was presented as
grams per mile. This would appear to say that those individuals are willing to spend
more to pollute more. In this situation of next-to-no context, these individuals appeared
to want to demonstrate that they are not at all concerned to the point that they are will-
ing to pay extra just to pollute. However, when given some context, even these indi-
viduals had a willingness to pay to avoid emitting more. Table 10 suggests the societal
objective framing is the most effective with the highest WTP for all measures under
different levels. CO2 emissions as tons per year and CO2 emissions as pounds per
month have similar effects on WTP. For the societal objective framing, even those
with very low environmental attitudes or having conducted fewer environmental
behaviors still have a higher WTP than those people who have stronger environmental
attitudes or conduct more (and more difficult) environmental behaviors when the infor-
mation is framed by grams/mile.

6. Conclusions

The study demonstrated that with respect to the influence of climate change informa-
tion on car purchases, a clear link with the individual’s environmental behaviors (here,
car purchase choice) and attitudes can be found. The trend is logical as the more envir-
onmental behaviors one performs, or the more environmental attitudes one holds, the
larger the WTP for CO2 emissions. An important point to make is that when the emis-
sions information was presented as simply grams per mile (i.e. no context), the influ-
ence of the information was actually negative. This might suggest that as the
information is so vague that individuals who are not concerned actually are motivated
in the wrong direction. However, the research demonstrated that this can be overcome
with better framing and that framing it with respect to society’s reduction target
resulted in a significant and large influence ($510/tonne).

The study also demonstrated that the measure “climate change stage of change”
(CC-SoC) produced very similar results to the General Ecological Behavior scale and
the New Environmental Paradigm scale. The advantage of the CC-SoC is that it is a
single question with four possible responses, whereas the GEB has 50 items and the
NEP has 15. In addition, those latter two measures require that the data be transformed
and summed before use in data analysis. Thus, the CC-SoC reduces respondent burden
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and there is no additional data treatment required for the data analyst. Considering that
the measures for the models and the outcomes were highly similar, the use of CC-SoC
could be an effective measure to use in similar research.

The research involved car-owning individuals from four major cities in the US,
and as such does not necessarily represent people who do not yet own a vehicle, nor is
the sample representative of the US population. This research applies to the presenta-
tion of CO2 emissions information and could be applied to various choice contexts
where such emissions are, or could be, presented. The measure, climate change stage
of change, appears to be an effective question to quickly gather information on an
individual’s concern and motivation related to climate change.

Future research should examine these relationships for the general population and
also make a link with different transport behaviors as some may be more important
than others. An example would possibly be the difference between going car-free and
switching to a hybrid or electric vehicle. This could also include behaviors such as
avoiding flying to destinations. Finally, people may conduct compensatory behaviors
such as making changes in other domains (residential energy efficiency, eating a vege-
tarian diet) may be more easily accomplished than transport changes.

6.1. Limitations. The CC-SoC is a self-reported measure and the actual behaviors
of individuals are not known. However, it is perhaps more important to know how
they view themselves, as opposed to what they have done or are doing. In addition,
the idea here is to search for methods to reduce CO2 emissions that work across all
stages and not just for those who are (highly) motivated to reduce their emissions.
Further, an individual may also undertake energy conservation for economic reasons,
so it is not clear whether such climate friendly behaviors are a result of concern for
climate change or simply budgetary.

The sample was predominantly from individuals from North-Eastern States in the
USA. Thus, the sample itself may not be representative of all Americans (differences
in moral types, political views, economic contexts, exposure to climate change events,
etc.). The politicization of climate change is different in the USA than in many
other countries.
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