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Abstract

Background: It is now universally acknowledged that climate change constitutes a major threat to human health.
At the same time, some of the measures to reduce greenhouse gas emissions, so-called climate change mitigation
measures, have significant health co-benefits (e.g., walking or cycling more; eating less meat). The goal of limiting
global warming to 1,5° Celsius set by the Conference of the Parties to the United Nations Framework Convention on
Climate Change in Paris in 2015 can only be reached if all stakeholders, including households, take actions to mitigate
climate change. Results on whether framing mitigation measures in terms of their health co-benefits increases the
likelihood of their implementation are inconsistent. The present study protocol describes the transdisciplinary project
HOPE (HOuseholds’ Preferences for reducing greenhouse gas emissions in four European high-income countries) that
investigates the role of health co-benefits in households’ decision making on climate change mitigation measures in
urban households in France, Germany, Norway and Sweden.

Methods: HOPE employs a mixed-methods approach combining status-quo carbon footprint assessments, simulations
of the reduction of households’ carbon footprints, and qualitative in-depth interviews with a subgroup of households.
Furthermore, a policy analysis of current household oriented climate policies is conducted. In the simulation of the
reduction of households’ carbon footprints, half of the households are provided with information on health co-benefits
of climate change mitigation measures, the other half is not. Households’ willingness to implement the measures is
assessed and compared in between-group analyses of variance.

Discussion: This is one of the first comprehensive mixed-methods approaches to investigate which mitigation
measures households are most willing to implement in order to reach the 1,5° target set by the Paris Agreement, and
whether health co-benefits can serve as a motivator for households to implement these measures. The comparison of
the empirical data with current climate policies will provide knowledge for tailoring effective climate change mitigation
and health policies.

Keywords: Climate change, Health co-benefits, Mitigation, household preferences, Mixed-methods, Policy
* Correspondence: alina.herrmann@uni-heidelberg.de
1Institute of Public Health, Heidelberg University Hospital, Im Neuenheimer
Feld 130.3, 69120 Heidelberg, Germany
Full list of author information is available at the end of the article

© The Author(s). 2017 Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0
International License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to
the Creative Commons license, and indicate if changes were made. The Creative Commons Public Domain Dedication waiver
(http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.

http://crossmark.crossref.org/dialog/?doi=10.1186/s12889-017-4604-1&domain=pdf
http://orcid.org/0000-0002-6502-106X
mailto:alina.herrmann@uni-heidelberg.de
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/


Fig. 1 The effects of climate change mitigation on health (health
co-benefits and others). Climate change mitigation measures
adopted by an individual can directly affect this individual’s health,
if the health effect is accessible by personal choice (e.g. health co-
benefits of reduced cardiovascular health risks by biking to work or
eating less meat). Climate change mitigation measures adopted by
many individuals can indirectly effect health on population level
(e.g. health co-benefits of reducing greenhouse gas emissions and
therefore air pollution, reducing e.g. respiratory and cardiovascular
morbidity and mortality). Moreover, successfully mitigating climate
change can reduce the negative health effects of climate change
itself. (Please note, that this effect on health is no health co-benefit).
Households in the HOPE study are only presented with information
about direct health co-benefits accessible for individuals by personal
choice (upper orange arrow)
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Background
It is now universally acknowledged that climate change
constitutes a major threat to human health [1]. Although
its impacts can in principle be positive and negative for
health, most empirical studies suggest that negative
health impacts will outweigh positive ones [2–4]. Cli-
mate change can intensify the spread of communicable
diseases, such as malaria or diarrheal diseases, by im-
proving environmental conditions for disease vectors
[5–7]. Moreover, climate change can increase morbidity
and mortality of non-communicable diseases, such as
cardiovascular or respiratory diseases, for instance by fa-
voring extreme heat and longer duration of the pollen
season [6, 8, 9]. Indirectly, climate change can impact
health by bringing about social or ecological disruptions,
for instance through extreme weather events or sea level
rise, potentially leading to population displacement or
malnutrition and reducing global food security, at least
on a regional scale [4, 10–12].
At the same time, some of the measures to reduce

greenhouse gas emissions, so-called climate change
mitigation measures, have significant health co-benefits
[13–15]. Health co-benefits are “health gains from strat-
egies that are directed primarily at climate change, and
mitigation of climate change” [1]. On the one hand
health co-benefits can arise from changes in lifestyles,
which are more healthy and more climate-friendly. For
instance, this is the case, when someone decides to eat
less meat, which reduces this person’s risk of cardiovas-
cular mortality and some cancers and at the same time
reduces emissions from raising cattle [16]. Another ex-
ample is the personal choice of biking or walking to
work (so-called ‘active transport’) instead of using a
private car, which increases cardiovascular health of that
individual independent of mitigation actions taken by
other stakeholders [17]. We call these effects direct,
because they have a measurable direct impact on the
individual taking action.
On the other hand, there are health co-benefits which

result from the reduced exposure to substances which are
climate active and have negative health impacts, for in-
stance air pollutants. Climate policies which are aimed at
reducing greenhouse gas emission often reduce air pollu-
tion at the same time, which leads to the reduction of e.g.
cardiovascular and respiratory morbidity and mortality on
population level [18]. However, as these effects only occur
if there is collective action and are not directly accessible
by a single individual, we consider these effects as indirect.
Another indirect way in that climate change mitigation
can affect health, is that mitigation reduces the negative
health effects of climate change, as described above. How-
ever, these kinds of effects are not considered as health
co-benefits. Figure 1 illustrates the effects of climate
change mitigation on health as described above.
In order to mitigate climate change, the European
Union (EU) put forward a greenhouse gas (GHG) emis-
sions reduction target of at least 40% by 2030 compared
to 1990 emission levels [19]. However, even deeper cuts
are necessary to attain the currently targeted 1.5 °C
warming limit of the Paris Agreement in 2015 at the
Conference of the Parties (COP) to the United Nations
Framework Convention on Climate Change (UNFCCC)
[20]. To reach strict emission targets a societal trans-
formation with profound changes in production, con-
sumption and lifestyles, is needed [21]. Nevertheless,
climate policies on private consumption and lifestyles
are relatively rare, even though households are key
actors in global GHG-mitigation [22–24]. Today, up to
72% of global emissions are related to household con-
sumption in high income countries [25].
Yet to engage households in climate change mitigation

was shown to be difficult [26, 27]. Sauerborn et al. and
Myers et al. pointed out that health was a potential
motivator to adopt mitigation action [28, 29]. This is be-
cause health provides a positive message as a motivator,
saying that "what is good for the climate is good for your
own health". Empirical research in the fields of cognitive
psychology and public health promotion demonstrates
that messages framed in terms of possible gains are
more effective in achieving behavior change than mes-
sages framed in terms of the prevention of losses [30].
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More specifically, in the climate change domain, one
study showed that framing climate change in terms of
the achievement of a more caring society or techno-
logical progress, enhanced pro-environmental action
intentions in climate deniers compared to framing it in
terms of risk avoidance [31]. In another study involving
a large community sample, frames around positive
values and visions were more effective in promoting
mitigation behavior intentions than frames around per-
sonal sacrifices [32]. Yet, negative scenarios, sometimes
called “doom-and-gloom scenarios”, abound in commu-
nications of climate change to the public.
Research on whether health as a possible gain from

mitigation measures motivates people to adopt individ-
ual mitigation measures is still scarce and controversial.
Many studies have shown that a health frame can en-
hance individual engagement and support for climate
change mitigation [28, 33–35]. Furthermore, research on
what motivates people to buy organic food, shows that
perceived health benefits of organic feed are more im-
portant for consumers than environmental benefits. This
is especially interesting, because the scientific proof for
health benefits (on the individual consumer) is far less
supported by scientific studies than that of environmen-
tal benefits of organic food [36]. On the other hand, a
recent large study has shown that simply reframing
GHG mitigation efforts in terms of their health co-
benefits is unlikely to increase individuals’ support for
climate change mitigation [37].

Methods
Study objectives
The present study protocol describes a transdisciplinary
research project investigating how information on health
co-benefits influences household’s choices of climate
change mitigation actions in urban households in France,
Germany, Norway, and Sweden. The project at large inves-
tigates HOuseholds’ Preferences for reducing greenhouse
gas emissions in four European high-income countries
(HOPE) with researchers from public health research,
psychology, political science, sustainability studies, envir-
onmental research and economy. HOPE concentrates on
health co-benefits, which are directly accessible to individ-
uals, such as reducing meat consumption or making use of
active means of transport (see upper arrow in Fig. 1). This
procedure stands in contrast to general and impersonal
health framings of mitigation efforts which have previously
been tested in research yielding mixed results [37].
To gain a deeper understanding of the question of

health as a motivator to adopt climate change mitigation
measures in households, HOPE will use a mixed-
methods approach combining quantitative and qualita-
tive research methodologies. HOPE investigates the
following broad research objectives:
(1)To investigate households’ motivations and barriers
to adopt climate change mitigation measures,
especially with regard to the role of direct health co-
benefits in households’ preferences for those
measures.

(2)To investigate which mitigation measures
households in European high-income countries
prefer to adopt under the goal of reducing emissions
by 50% by 2030 addressing the 1.5 °C goal.

(3)To estimate the GHG emission reduction potential
and private economic impact of the preferred and
non-preferred mitigation measures as well as
respective costs and savings for households.

(4)Investigate the link between climate policies and
household preferences as well as the potential
implications of our findings for policy makers on
local, national and EU-level.

In this paper we focus in particular on presenting the
part of the HOPE project that deals with the aspect of
health co-benefits. We expect that providing households
with information on the individual health co-benefits of
adopting mitigation measures will increase their prefer-
ence to select these measures.
Mixed-methods design
HOPE applies an explanatory mixed-methods design
comprising three steps of data collection termed house-
hold Interactions. Data collection of Interactions 1 and 2
are done in parallel, and are quantitative. Interaction 3 is
done approximately 3 months after completion of Inter-
actions 1 and 2 to build upon their results, and will be
purely qualitative (see Fig. 2). This kind of mixed-
methods design is called explanatory, because the quali-
tative part of the research is designed to further explain
results from the quantitative part [38]. Each participating
household is asked to select one household representa-
tive to participate in the study on behalf of the whole
household. This was decided to ensure similar condi-
tions of data collection for each household excluding
group dynamics. The household is free to decide who
should be the representative as long as he or she is aged
over 18 years of age. Interactions 1 and 2 were pre-tested
in a pilot study in all partner countries in December 2015
and January 2016. Data collection was accomplished from
June 2016 to June 2017.
Three steps of data collection
Interaction 1: Online carbon footprint assessment
Scientific basis The carbon footprint is a core con-
cept in consumption related climate research. We de-
fine a household’s carbon footprint to include all
GHGs measured as CO2-equivalents in tons, which
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are caused directly or indirectly by the household’s
activity in 1 year [39].

Procedure In Interaction 1, we assess each household’s
carbon footprint. Households fill in an online question-
naire to attain the necessary information. For households
who are not willing or able to fill in the questionnaire
online, a paper version is provided, an assistant helps
the household fill in the questionnaire, or a hotline is
available (depending on country) that helps to clarify
questions. Participants first provide socio-economic data
of the household such as age of household members,
education of the household representative, or household
income. The main part of the questionnaire is concerned
with detailed household consumption patterns and
spendings in the four areas of housing, mobility, food
and other consumption.
The data are then transferred into a footprint calcula-

tion and simulation tool (FCS-tool), specifically devel-
oped for the HOPE study. The FCS-tool calculates the
initial carbon footprint of the household and simulates
the emission reduction, cost development and health
effects of households’ mitigation choices. The exact
functioning of the tool is described elsewhere (Dubois
et al., forthcoming). An overview of all variables col-
lected in HOPE Interaction 1 and 2 can be found in the
Additional file 1.

Interaction 2: On-site simulation of 50% carbon footprint
reduction by 2030
Scientific basis The core of HOPE, interaction 2, is an
on-site simulation, evaluating household’s preferences
and choices for a set of personalized mitigation actions.
The households’ preferences are represented through
the statement of the household’s willingness to perform
the actions, measured by ratings and choices. In this
sense, HOPE applies principles of Contingent Choice
Surveys, a method commonly used to elicit stated pref-
erences in environmental issues [40]. Furthermore, inter-
action 2 applies elements of the method of serious
gaming. Serious games apply game principles, such as a
narrative or rules, for non-entertainment purposes, such
as learning or research [41]. They are a well-established
Fig. 2 Explanatory mixed-method design of the HOPE-Study. The explanat
The first two steps use quantitative methods, the third step uses qualitative
tool to engage study participants into participatory, inte-
grated assessments of complex socio-technical policy
problems [42, 43]. Last, in interaction 2 HOPE applies
an experimental design in order to test the effect of giv-
ing information on direct health co-benefits of mitiga-
tion actions versus not giving this information.

Material Interaction 2 is centered around 65 possible
household mitigation options (e.g. using public transport
more; eating less meat; reducing room temperature by
1 °C). Each possible mitigation option is displayed on
one action card (Fig. 3), and falls within one of the four
sectors housing, food, mobility, and other consumption
(see symbols in Fig. 3). In addition to the mitigation ac-
tion, each action card displays additional information on
the amount of CO2 emissions that this action can save
and the monetary costs or savings of this action. Emis-
sion information displays the emission savings associated
with implementing the measure (in kg of CO2-e saved
per year), the cost information displays the costs or
savings associated with implementing the measure (in
Euros/Kronor per month).
Half of the households additionally receive information

on the health effect of this measure. Health information
displays the health benefits or harms associated with
implementing the measure. The health information is
calculated on a generic level based on the concept of
Quality Adjusted Life Years (QALYs) as described in
chapter 2.5 below. Since households cannot be expected
to be familiar with the concept of QALYS, health effects
are expressed as ‘+’ to indicate a small positive effect, ‘++’
to indicate a moderate positive effect, ‘+++’ to indicate a
substantial positive effect and ‘-‘to indicate a negative ef-
fect. We provide only half of the households with health
information in order to create an experimental design
with a treatment group receiving health information and a
control group not receiving health information. The
health information is deliberately given in a discrete way
aiming for the measurement of an experimental effect in a
realistic and complex simulation, which reflects real life
decisions.
The mitigation measures are specifically tailored to in-

dividual households in two ways. First, measures that do
ory mixed-methods design comprises three steps (=Interaction 1–3).
methods



Fig. 3 Action cards on mitigation options in Interaction 2. Examples of action cards (translated into English). Action cards are color-coded for the
category the mitigation option belongs to (housing, food, mobility, or other consumption – see also symbols in the upper left corner). In the
lower part of the action card two or three boxes with additional information are presented to the household, depending on the experimental
group the household belongs to health (health information vs. no health information). Each household receives information on reduction of CO2

emissions and money spent or saved associated with implementing the mitigation option (left and middle box). Half of the households additionally
receive information on how their health is affected when implementing the measure (right box)
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not apply to a specific household as known from Inter-
action 1 are crossed out on the action card. For example,
reducing meat consumption is crossed out for vegetarian
households. These cards are still offered to the participant
to double-check, but are then coded as non-applicable in
the FCS-Tool. Second, the information regarding CO2-
savings and monetary costs or savings indicated on the
cards is individualized on the basis of the information
given by the household in interaction 1. For example, the
amount of money saved when room temperature is re-
duced is calculated for the size of the household (Fig. 3).

Procedure Approximately two to 4 weeks after a house-
hold has filled in the online (or paper) questionnaire,
Interaction 2 starts. Interaction 2 typically takes place in
the household’s home, but may also take place in a neu-
tral place if required by the interviewee.
At the beginning of the Interaction 2, the interviewer fa-

miliarizes the household representative with the concept
of the carbon footprint, and informs about the household’s
initial carbon footprint. The interviewer presents figures
displaying the total amount of emissions (e.g. 17 tons
CO2-e/year), and emission shares in the sectors housing,
food, mobility, and other consumption in a graphic way
(see Fig. 4, left side). The understandability of the figures
has been tested in the pilot study and co-developed with a
cognitive psychologist specialized in climate change com-
munication. After this introduction, the on-site simulation
starts. The interviewer explains to the representative that
there is a target for households to reduce their carbon
footprint by 50% by 2030, and asks the representative to
approach this aim within three rounds (see Fig. 5).
In the first round (rating of mitigation options), the

representative indicates his willingness to implement
each measure on a Likert scale from 1 = very willing to
5 = not willing. To do so, the representative physically
sorts each of the 65 action cards under one of five Likert
scale labels indicating the values from 1 to 5 on the
table. Rating scales are commonly used in psychological
research to assess preferences. The assumption of an
interval type level of measurement (equal intervals be-
tween the categories 1–5) is generally made to enhance
statistical power (Norman, 2010).
In the second round (Choosing and ranking in voluntary

scenario) the household representative chooses and ranks
those actions that he or she would actually like to imple-
ment in his or her household. The interviewer enters the
households’ choices into the FCS-tool that calculates the
resulting reduction of the household. The representative is
then shown graphs displaying (a) the reduced carbon
footprint in total, (b) the initial and reduced carbon foot-
print for each of the four sectors housing, food, mobility
and other consumption, and (c) a graph displaying the
reduction that has been reached together with the 50%
reduction target line. The point where representatives stop
selecting measures can be seen as them implementing
a red line, thus being unwilling to implement further
measures.



Fig. 4 Overview on HOPE Study Protocol
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In the third round (choosing and ranking in forced
scenario), the household representative adds those
measures he or she would most likely implement if they
were forced to reduce their carbon footprint by 50% by
2030 (given the household did not reach a 50% reduc-
tion in round 2). While receiving continuous feedback
on the current state of their carbon footprint reduction,
the representative keeps selecting (less and less favor-
able) actions until the 50% emission reduction target is
reached. The simulation is finished when the target is
reached, the representative is unwilling to go further, or
when there were no remaining solutions.
Fig. 5 Tasks in the three rounds of the on-site simulation in Interaction 2
In a last step, the household representative fills out
a follow-up questionnaire assessing perceptions of the
simulation game and measuring variables formulated
from concepts in the “Theory of Planned Behavior”
[44], such as behavioral intentions and perceived
control. The interviewer fills out a follow-up ques-
tionnaire assessing perceptions of the representative,
and collecting topics that the household representa-
tives talked about during the simulation game, espe-
cially but not exclusively pertaining to motivations
and barriers for action, to inform the qualitative part
of HOPE.
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This information is collected in order to better assess
the hypothetical and statement biases, which stated
preferences surveys often generate. Individuals face
significant difficulties in stating realistic preference with-
out needing to commit to it, partly due to cognitive biases
[45]. However, HOPE’s protocol is designed to lighten
these limits, because the FCS-Tool creates plausible and
individualized options for each household. Furthermore,
the three-step approach in interaction 2 supports house-
holds in making informed decisions. This is because the
rating of options in round 1 familiarizes the households
with all options and allows for an informed choice in the
voluntary and forced scenario of the simulation. Voluntar-
ily choosing a sub-set of actions in round 2 allows house-
holds to make a realistic choice and stop as they reach a
limit, which is the point after which they will not be
willing to act. Thus, round 2 increases the incentive
compatibility and consequentiality of the choice. When
households choose additional actions in round 3 in order
to reach the −50% reduction target, a compulsory dimen-
sion of choice is introduced. HOPE allows at various
points to measure the level of construction of preferences
and attitudes, which provides a strong signal of the level
of decision for each household [46, 47].

Interaction 3: Qualitative in-depth interview

Scientific basis Qualitative research enables researchers
to understand experiences, attitudes or values that stand
behind social phenomena [48]. In fact, qualitative re-
search postulates that the perceived reality of individuals
is socially constructed and therefore depends on per-
sonal experiences and beliefs [49, 50]. As these are very
individual and hard to capture with structured quantita-
tive research approaches, qualitative research applies
other techniques to investigate social phenomena, such
as open interviews or observations [51].

Procedure Interaction 3 consists of qualitative in-depth
interviews with a sub-sample of households that
completed both Interactions 1 and 2. A semi-structured
interview guide is developed based on the research
questions, a literature review and preliminary results
from interaction 1 and 2. The aim of the in-depth inter-
views is to explore households’ knowledge and percep-
tion of climate change and mitigation as well as their
health perceptions in these areas. With regard to health
perceptions, we will specifically explore the role of
health co-benefits in participants’ decisions, including
participants’ beliefs on how climate change will person-
ally affect their individual or family members’ health,
participants’ perceptions of which mitigation measures
may be linked to health effects, or which specific health
effects are perceived to be personally important.
An additional area of investigation will be the barriers,
facilitators and dilemmas households encounter when
reducing their carbon footprint. Within this area, inter-
views will explore perceptions of difficulty of reducing
carbon footprints by 50% as well as perceived facilitators
for making bigger lifestyle changes. The interview will
also be used to investigate participants’ rationales behind
their specific ways of prioritizing the mitigation options,
and understand more about what kind of support house-
holds wish for to be able to make major reductions.

Sampling and sample size calculation
Our sample consists of households from Bergen in
Norway, the city of Communauté du Pays d’Aix in
France, the city of Mannheim in Germany and the city
of Umeå in Northern Sweden. Urban households are
particularly vulnerable to some negative side effects of
climate change but have, on the other hand, unique
possibilities to take on a leading role in combating
climate change [52]. Therefore, and to be able to engage
closely with local stakeholders for research and dissem-
ination we have focused on one city in each of the pro-
ject countries.

The quantitative sample
The total sample size for quantitative Interactions 1 and
2 has been determined prior to data collection based on
our hypothesis for the health research question. The
hypothesis is that participants who are given the health
information give better ratings to actions with positive
effects on health than those participants who don’t
receive the health information. We determined the
sample size needed to test the experimental effect on the
mean rating of mitigation measures (health information
given versus no health information given) given one-
sided testing and a small- to medium-sized effect of
d = .3 (as found in framing studies, e.g. [31]), alpha = .05,
and .8 power. This yields a total sample-size of N = 278.

The qualitative subsample
To obtain the subsample for the qualitative Interaction
3, we will apply the qualitative sampling technique of
maximum variation sampling. Maximum variation sam-
pling is a purposeful sampling that aims at investigating
a diverse set of participants to cover a broad range of
perspectives on the social phenomenon under study
[53]. We are able to ensure the diversity of participants,
as we will have socioeconomic data and results from
interactions 1 and 2, which can inform our choice of
participants for interaction 3. Data which we will use
will be socio-economic criteria, such as age, gender,
income, education or type of housing, but also informa-
tion about the GHG footprint of the participant and his
choices of mitigation options.
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The definite sample size will be determined by the
qualitative principle of saturation. Data saturation in
qualitative studies is achieved, when the findings in
newly won data sets, for instance interviews, reach a
high grade of repetition without bringing up new
themes [54].

Recruitment
In a pilot study from December 2015 to January 2016
we sent out letters to a random sample of participants
from city registries to test response rates. Since this
technique yielded a rather low response rate of below
7%, we decided to proceed with a more open approach
including a wider range of recruitment techniques such
as advertisements in the local media as well as snowbal-
ling where necessary in the final study. In order to
minimize selection bias, each participant completing
Interaction 2 receives a voucher worth 25 Euro and the
chance to win a prize worth a 1000 Euros in a scalable
lottery. Scalable means that participants, who are open
for participation in Interaction 3, increase their chance
to win the prize worth 1000 Euros. This innovative form
of lottery is particularly well-adapted to panel protocols
with long interviews. The double reward can motivate
different kind of participants (risk averse or risk seek-
ing), and increase both the participation rate (voucher)
and the completion rate (scalable lottery). Finally, this
incentive scheme is efficient to reduce both the non-
response bias and the measurement error [55, 56].
Due to the length and the intensity of the protocol

(three interaction, one online and two in person meet-
ings) and the available resources of the project we are
also not able to increase the sample size to much over
100 participants per city. However, to maximize the
generalizability of our results, given the restricted sample
sizes, each country follows up the recruitment procedure
with a guide of demographic criteria. These criteria in-
clude: type of housing (collective, individual), geographic
location (central, urban, rural), presence of children
(<18 years), state of household’s ownership (owner,
renter), age group (18–35, 36–50, 51–65, 65+), and
gender. In iterative recruitment rounds, the cells with
respect to selected criteria can be filled in progressively.
This guide is primarily used as a control function, to
make sure that the recruited participants reflected each
city’s population.

Calculation of health effects
As the interaction 2 aims at assessing individual action
preference, we only considered information on direct
health co-benefits, which are accessible to household
member as described in the introduction (see Fig. 1).
We estimated the individual health impact of each miti-
gation measure in terms of quality adjusted life years
(QALYs). QALYs are computed by examining the effect
on age-specific mortality from the change in exposures
or health-related behaviors associated with an estimate
of the decrease in the quality of life for the additional
years lived with a disease or disability. Quality weight-
ings are represented on a 0–1 scale, with 1 representing
full health. As an example, 3 years lived with quality rat-
ing 0.5 gives 1.5 QALYs. Dying a year early gives a loss
of 1 QALY. Our estimates of loss in QALYs for each
household measure are informed by the results of mod-
elling studies of the health effects of low carbon inter-
ventions in areas as diverse as electricity production
[18], housing [57], transport [58] and food and agricul-
ture [59] were based on published detailed analyses for
the UK, the results of which were then translated into
semi-quantitative estimates by extrapolation to the study
population. Because of uncertainties we classified the
likely impact on life expectancy using four categories:
−1 month, < +1 month (small effect), +1–3 months
(moderate effect), and > +3 months (substantial effect).
Out of the total of up to 65 mitigation measures, 11

generate a positive health impact for the individual, one
exerts a negative health impact, and 53 actions do not
have a clearly proven health impact on the individual.
Measures are not labeled as having a proven health co-
benefit on the individual (even if they might be per-
ceived as healthy; e.g., eating organic food), if:
(1) The health effect is very modest if only one person

adopts a mitigation measure, and is only appreciable at
population level (e.g., reduced air pollution);
(2) There is not enough scientific evidence to conclude

about a health effect to date. This does not necessarily
imply that a health effect does not exist; or.
(3) There is conflicting evidence or conflicting argu-

ments (e.g., use of nuclear power is good for the climate
and okay for health as long as there are no accidents).
Please note that this constitutes a highly (and deliber-
ately) conservative apprehension of health co-benefits.
Table 1 shows mitigation options given to households in
this study, which exert an established and scientifically
proven health co-benefit as a direct effect (as depicted in
Fig. 1). We want to point out that in this study we only
consider health co-benefits, which are accessible to the
individual by personal behavior change.

Data analysis plan
Mixed-methods analysis
The idea of an explanatory mixed-methods design is to
explain the findings or remaining open questions form
the quantitative part with the results of the qualitative
part. This means that the results from the quantitative
research should already be used in developing the
qualitative research part. Thus, the quantitative part can
inform the qualitative part to ask the right questions.



Table 1 Mitigation measures with health effects. Household mitigation measures exerting an established and scientifically proven
health co-benefit on the individual, together with the strength and direction of the effect

Mitigation measure Strength and direction of
health effect (in QALYs)

Explanation

H.1.1 Insulate your roof/ attic. <1 month
+

Reduced cold-related health problems (including improved
mental well-being), and lung and heart disease

H.1.2 Insulate your walls. <1 month
+

Reduced cold-related health problems (including improved
mental well-being), and lung and heart disease

H.1.3 Improve your windows (increase glazing of your
windows).

<1 month
+

Reduced cold-related health problems (including improved
mental well-being), and lung and heart disease

H.2.3 Lower in-house temperature by 3 °C <1 month
-

Some increase in risk of cold-related health problems if
winter indoor temperatures fall below around 18 °C

F.2.1 Eat 30% more vegetarian food (less meat and fish). > 3 months
+++

Reduced risk of heart disease and some cancers

F.2.2 Eat 60% more vegetarian food (less meat and fish). > 3 months
+++

Reduced risk of heart disease and some cancers

F.2.3 Become a vegetarian (stop eating meat and fish). > 3 months
+++

Reduced risk of heart disease and some cancers

F.3.1Gradually give up on ready-made meals (e.g.
frozen pizza, canned soups, frozen lasagne).

1–3 months
++

Reduced risk of stroke, heart disease and some cancers

M.1.1 Shift significantly (more than 30%) from car to
public transport (bus, tramway, metro, train).

1–3 months
++

Reduced risk of heart disease, some cancers, diabetes,
obesity and dementia;
Neg: Increased in risk of road injury

M.1.2 Shift to non-motorized modes of transport
(walk, bike) instead of public transport.

1–3 months
++

Reduced risk of heart disease, some cancers, diabetes,
obesity and dementia;
Neg: Increased in risk of road injury

M.2.2 Decrease your travels with cars public transport
and other motorized vehicles by 30%.

1–3 months
++

Reduced risk of heart disease, some cancers, diabetes,
obesity and dementia;
Neg: Increased in risk of road injury

M.2.3 Give up your car(s) and other motorized vehicle(s) 1–3 months
++

Reduced risk of heart disease, some cancers, diabetes,
obesity and dementia
Neg: Increased in risk of road injury
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This is one way how different methods can intertwine in
mixed-methods research.
In addition to that, measuring the same social

phenomenon with different research methods can allevi-
ate measurement errors. If two imperfect tools (and
measurement tools are never perfect) bring up the same
findings, the confidence that can be put in those findings
is higher. This principle is also known as across-method
triangulation [60].
In our study we start with the analysis of the quantita-

tive results in order to inform the development of the
interview guide for the in-depth interviews. Combining
the findings of households’ ratings and choices in Inter-
actions 1 and 2 with the qualitative findings of related
barriers, facilitators and health perception in Interaction
3 will enable us to gain a deeper understanding of health
co-benefits as motivators for European households’
climate action. We will also strive to understand the
rationales behind participants’ stated preferences in the
quantitative part with the help of the qualitative results.
Furthermore, any new themes, which may be identified
via qualitative exploration, will be fed back into the
quantitative analysis, if possible.
Quantitative data analysis
First, in the quantitative analysis, analyses of variance
(ANOVAs) will compare households’ preferences to
implement mitigation measures with vs. without the
additional health information with respect to (1) the
main quantitative dependent variable, which is the mean
rating of the measures, and also (2) number of measures
with positive health effect that were selected in the
voluntary scenario, and (3) number of measures with
positive health effect that were selected in the forced
scenario. Second, a regression analysis will be performed
to assess the strength of a possible effect of the health
information on the dependent variables while controlling
for a number of possible confounds (demographic
variables and household characteristics). Independent
variables collected in HOPE are listed in the Additional
file 1. The experimental approach concerning the health
information will allow to investigate a causal relationship
if differences in-between groups are found. We expect to
find that households receiving the additional information
on health co-benefits (1) will rate measures with health
co-benefits more positively compared to households not
receiving health information; (2) will choose measures
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with health co-benefits more, and earlier than measures
without health information (3), and will choose mea-
sures with health co-benefits more, and earlier compared
to households not receiving health information.
Second, additional exploratory analyses will investigate

for which category the hypothesized benefit of informa-
tion on health co-benefit exists, or is particularly strong
(i.e., food, housing, mobility, other consumption). Third,
additional exploratory analyses will investigate for which
household representative the hypothesized benefit of in-
formation on health co-benefit exists, or is particularly
strong (e.g., those with children or women).

Qualitative data analysis
The in-depth interview will be recorded and transcribed
verbatim. The transcripts will be analyzed with the
method of content analysis supported by NVivo soft-
ware. This is achieved by subsuming meaning units
under a common classification in order to work out im-
portant themes and patterns in the data [61]. Because
we want to openly explore study participants’ knowledge
and perception on climate change mitigation and health
we will analyze the in-depth interviews primarily induct-
ively. This means that no predefined coding schemes are
projected to the data, but that the codes and classifica-
tions will be grounded in the data.

Accompanying policy analysis
Within the transdisciplinary research team a policy ana-
lysis on household targeted climate policies in the four
partner countries is conducted. There will be a special
emphasis in the review about the health aspects consid-
ered in those policies. This will allow us to directly relate
and compare our findings to current policies in order to
develop relevant policy recommendations.

Discussion
HOPE adopts a mixed-methods approach including ele-
ments of serious gaming, which is an innovative
approach to investigate health co-benefits as a motivator
to climate action. It is a strength of this protocol that
serious gaming elements ensure the engagement of
participants into the study. Furthermore, triangulation of
different methods will allow the production of robust
results.
On the other hand the time consuming study protocol

doesn’t allow for sample sizes, which are representative
for the country population. Yet, the sample sizes will be
big enough to test for a causal effect of information on
health co-benefits given or not given due to an
experimental design. Additionally, the sample comprises
four European high-income countries, which allows for
international comparison.
The information on health co-benefits are directly
accessible for households and provided for single climate
mitigation measures (as opposed to general health fram-
ing in previous studies). Furthermore, the interdisciplin-
ary assessment of households’ preferences for mitigation
measures will have practical implications for public
health, climate policies, and climate change communica-
tion. To ensure effective dissemination of results a policy
advisory board with local, regional and national stake-
holders from politics and society has been assembled in
each project country from the start.
Finally, HOPE investigates whether health co-benefits

can serve as a motivator for households to adopt mitiga-
tion measures. This is one of the first comprehensive
mixed-methods approaches to this question that combines
quantitative and qualitative methods with an experimental
element. HOPE will deliver important input to the debate
on how to tackle climate change: HOPE will help clarify
which measures European households are most willing to
implement in order to reach the 1,5° target set by the Paris
Agreement. This will enable us to compare how these
measures align with current policies in European high-
income countries and provide knowledge for tailoring ef-
fective climate mitigation and health policies.

Additional file

Additional file 1: List of variables collected in HOPE. (PDF 191 kb)

Abbreviations
ANOVAs: ANalysis Of VAriance; COP: Conference of the Parties; EU: European
Union; FCS-Tool: Footprint Calculation and Simulation Tool;
GHG: Greenhouse Gas; IPCC: Intergovernmental Panel on Climate Change;
UNFCCC: United Nations Framework Convention on Climate Change;
WBGU: Wissenschaftlicher Beirat der Bundesregierung Globale
Umweltveränderungen (German Advisory Council on Global Change).

Acknowledgements
We acknowledge and thank Paul Wilkinson form the London School of
Hygiene and Tropical Medicine, United Kingdom, who calculated the health
effects and provided a manuscript, which was used as a basis for chapter 2.5
on calculations of health effects.

Funding
The presented research project is supported by national funding bodies under
the umbrella of the Joint Program Initiative (JPI) Climate, a pan-European
intergovernmental initiative, which advocates open access. In particular, the
following national funding agencies are funding this research (grant number in
parenthesis): the French National Research Agency (ANR-14-JCLI-0001-03), the
German Federal Ministry of Education and Research (01UV1414A), the Research
Council of Norway (244,905/E10) and the Swedish Research Council for
Environment, Agricultural Sciences and Spatial Planning (214–2014-1717). The
study protocol has undergone peer review of the funding bodies, the detailed
final protocol was developed by the researcher consortium on this basis. The
funding approvals have been forwarded to the BioMedCentral editors.

Availability of data and materials
The datasets which are currently being generated will be made available
after all confidential data of study participants is deleted. The datasets will
be made available through the national funding agency where applicable
and through Open Science Framework (OSF).

dx.doi.org/10.1186/s12889-017-4604-1


Herrmann et al. BMC Public Health  (2018) 18:71 Page 11 of 12
Authors’ contributions
All authors, AH, HF, DA, DL, CAa, CAn, MB, CB, SB, FB, GD, VL, MN, KRM, BS
and RS contributed to designing the study protocol and are still contributing
to implementing the study. HF and AH mainly wrote the article; DA and DL
wrote parts of the article; GD developed the basics of Interaction 1 and 2 in
a pilot project 2009–2012; all authors, AH, HF, DA, DL, CAa, CAn, MB, CB, SB,
FB, GD, VL, MN, KRM, BS and RS commented on and approved of the article.

Ethics approval and consent to participate
All participants were given written information about the study objectives
and modalities (points of assessment, length of questionnaires), data
preparation and pseudonymized data storage, the expected amount of
commitment, the voluntary nature of participation, and their right to
withdraw at any time. Furthermore, participants were informed verbally
about the study purpose and procedures and were given the chance to ask
questions. All participants provided written informed consent. All countries
assure that data processing and storage is done in line with European and
national data protection rules. Where necessary the study procedures were
approved by an ethical committee. In Norway the Norwegian Center for
Research Data approved of the study (44003). In Germany the Institutional
Review Board of the Medical Faculty by the University of Heidelberg
approved of the study (S-611/2015). In Sweden the study was approved by
the Regional Ethical Review Board in Umeå (2015/357-31Ö). In France the
project needed to fullfill the obligations of the CNIL (Commission nationale
informatique et libertés), no specific ethical approval was necessary.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Author details
1Institute of Public Health, Heidelberg University Hospital, Im Neuenheimer
Feld 130.3, 69120 Heidelberg, Germany. 2Institute of Psychology, Heidelberg
University, Heidelberg, Germany. 3TEC-Conseil, Marseille, France.
4Vestlandforsking, Sogndal, Norway. 5Department of Public Health and
Clinical Medicine, Epidemiology and Global Health, Umeå University, Umeå,
Sweden. 6Centre International de Recherche sur l’Environnement et le
Developpement (CIRED), Nogent, France.

Received: 14 May 2017 Accepted: 18 July 2017

References
1. IPCC. Climate change 2014: impacts, adaptation, and vulnerability. Contribution

of working group II to the fifth assessment report of the intergovernmental
panel on climate change. In: IPCC assessment reports. In: Field CB, Barros VR,
Dokken DJ, Mach KJ, Mastrandrea MD, Bilir TE, Chatterjee M, Ebi KL, Estrada YO,
Genova RC, Girma B, Kissel ES, Levy AN, MacCracken S, Mastrandrea PR, White
LL, editors. Assessment Report. vol. 5th. Cambridge and New York: IPCC; 2014.

2. Franchini M, Mannucci PM. Impact on human health of climate changes.
European J Internal Med. 2015;26(1):1–5.

3. Haines A, Ebi KL, Smith KR, Woodward A. Health risks of climate change: act
now or pay later. Lancet. 2014;384(9948):1073–5.

4. Woodward A, Smith KR, Campbell-Lendrum D, Chadee DD, Honda Y, Liu Q,
Olwoch J, Revich B, Sauerborn R, Chafe Z, et al. Climate change and health:
on the latest IPCC report. Lancet. 2014;383(9924):1185–9.

5. Fischer D, Thomas SM, Beierkuhnlein C. Temperature-derived potential for
the establishment of phlebotomine sandflies and visceral leishmaniasis in
Germany. Geospat Health. 2010;5(1):59–69.

6. McMichael AJ, Woodruff RE, Hales S. Climate change and human health:
present and future risks. Lancet. 2006;367(9513):859–69.

7. Patz JA, Campbell-Lendrum D, Holloway T, Foley JA. Impact of regional
climate change on human health. Nature. 2005;438(7066):310–7.

8. Augustin J, Sauerborn R, Burkart K, Endlicher W, Jochner S, Koppe C, Menzel A,
Mücke H-G, Herrmann A. Gesundheit. In: Brasseur GP, Jacob D, Schuck-Zöller S,
editors. Klimawandel in Deutschland: Entwicklung, Folgen, Risiken und
Perspektiven. Berlin, Heidelberg: Springer Berlin Heidelberg; 2017. p. 137–49.

9. Bunker A, Wildenhain J, Vandenbergh A, Henschke N, Rocklov J, Hajat S,
Sauerborn R. Effects of air temperature on climate-sensitive mortality and
morbidity outcomes in the elderly; a systematic review and meta-analysis of
epidemiological evidence. EBioMedicine. 2016;6:258–68.

10. IPCC. Managing the risks of extreme events and disasters to advance climate
change adaptation: special report of the intergovernmental panel on climate
change. Cambridge: Intergovernmental Panel on Climate Change; 2012.

11. Nelson GC, Rosegrant MW, Palazzo A, Gray I, Ingersoll C, Robertson R,
Tokgoz S, Zhu T, Sulser TB, Ringler C. Food security, farming, and climate
change to 2050: scenarios, results, policy options, vol. 172. Washington D.C.:
Intl Food Policy Res Inst; 2010.

12. Phalkey RK, Aranda-Jan C, Marx S, Höfle B, Sauerborn R. Systematic review of
current efforts to quantify the impacts of climate change on undernutrition.
Proc Natl Acad Sci. 2015;112(33):E4522–9.

13. Thurston GD. Mitigation policy: health co-benefits. Nat Clim Chang. 2013;
3(10):863–4.

14. Shaw C, Hales S, Howden-Chapman P, Edwards R. Health co-benefits of
climate change mitigation policies in the transport sector. Nat Clim Chang.
2014;4(6):427–33.

15. Watts N, Adger WN, Agnolucci P, Blackstock J, Byass P, Cai W, Chaytor
S, Colbourn T, Collins M, Cooper A, et al. Health and climate change:
policy responses to protect public health. Lancet. 2015;386(10006):
1861–914.

16. Friel S, Dangour AD, Garnett T, Lock K, Chalabi Z, Roberts I, Butler A, Butler
CD, Waage J, McMichael AJ, et al. Public health benefits of strategies to
reduce greenhouse-gas emissions: food and agriculture. Lancet. 2009;
374(9706):2016–25.

17. James Jarrett JW, Ulla K, Ths G, Chalabi Z, Edwards P, Roberts I, Haines A. Eff
ect of increasing active travel in urban England and Wales on costs to the
national health service. Lancet. 2012;379:2198–205.

18. Markandya A, Armstrong BG, Hales S, Chiabai A, Criqui P, Mima S,
Tonne C, Wilkinson P. Public health benefits of strategies to reduce
greenhouse-gas emissions: low-carbon electricity generation. Lancet.
2009;374(9706):2006–15.

19. European Comission: 2030 Climate & energy framework. https://ec.Europa.
Eu/clima/policies/strategies/2030_en. Accessed 1 Feb 2017.

20. United Nation Framework Convention on Climate Change. Article 2a. In:
Paris Agreement; 2015.

21. Wissenschaftlicher Beirat der Bundesregierung Globale Umweltveränderungen
(German Advisory Council on Global Change): Welt im Wandel–Gesellschaftsvertrag
für eine Große Transformation. Berlin; 2011. http://www.wbgu.de/hauptgutachten/
hg-2011-transformation/. Accessed 25 July 2017.

22. Aall C, Hille J. Consumption—a missing dimension in climate policy.
London: Routledge; 2010.

23. Dubois G, Ceron J-P. Consommation et modes de vie: une autre
perspective sur les politiques d’atténuation du changement climatique.
Natures Sciences Sociétés. 2015;(Supp. 3):76–90.

24. Sovacool BK. What are we doing here? Analyzing fifteen years of energy
scholarship and proposing a social science research agenda. Energy Res Soc
Sci. 2014;1:1–29.

25. Hertwich EG, Peters GP. Carbon footprint of nations: a global, trade-linked
analysis. Environ Sci Technol. 2009;43(16):6414–20.

26. Gifford R. The dragons of inaction: psychological barriers that limit
climate change mitigation and adaptation. Am Psychol. 2011;66(4):290.

27. Lorenzoni I, Nicholson-Cole S, Whitmarsh L. Barriers perceived to engaging
with climate change among the UK public and their policy implications.
Glob Environ Chang. 2007;17(3–4):445–59.

28. Myers TA, Nisbet MC, Maibach EW, Leiserowitz AA. A public health
frame arouses hopeful emotions about climate change. Clim Chang.
2012;113(3–4):1105–12.

29. Sauerborn R, Kjellstrom T, Nilsson M. Invited editorial: health as a crucial
driver for climate policy. Glob Health Action. 2009;2(1):2014.

30. Gallagher KM, Updegraff JA. Health message framing effects on attitudes, intentions,
and behavior: a meta-analytic review. Ann Behav Med. 2012;43(1):101–16.

31. Bain PG, Hornsey MJ, Bongiorno R, Jeffries C. Promoting pro-environmental
action in climate change deniers. Nat Clim Chang. 2012;2(8):600–3.

32. Gifford R, Comeau LA. Message framing influences perceived climate
change competence, engagement, and behavioral intentions. Glob Environ
Chang. 2011;21(4):1301–7.

https://ec.europa.eu/clima/policies/strategies/2030_en
https://ec.europa.eu/clima/policies/strategies/2030_en
http://www.wbgu.de/hauptgutachten/hg-2011-transformation/
http://www.wbgu.de/hauptgutachten/hg-2011-transformation/


Herrmann et al. BMC Public Health  (2018) 18:71 Page 12 of 12
33. Leiserowitz A, Maibach EW, Roser-Renouf C, Smith N. Global Warmings six
Americas in may 2011. In: Yale project on climate change communication.
New Haven: Yale University and George Mason University; 2011.

34. Madrigano J, Mittleman MA, Baccarelli A, Goldberg R, Melly S, von Klot S,
Schwartz J. Temperature, myocardial infarction, and mortality: effect
modification by individual- and area-level characteristics. Epidemioly
(Cambridge, Mass). 2013;24(3):439–46.

35. Maibach EW, Nisbet M, Baldwin P, Akerlof K, Diao G. Reframing climate
change as a public health issue: an exploratory study of public reactions.
BMC Public Health. 2010;10(1):299.

36. Magnusson MK, Arvola A, Hursti U-KK, Åberg L, Sjödén P-O. Choice of
organic foods is related to perceived consequences for human health and
to environmentally friendly behaviour. Appetite. 2003;40(2):109–17.

37. Bernauer T, McGrath LF. Simple reframing unlikely to boost public support
for climate policy. Nat Clim Chang. 2016.

38. Creswell JW, Clark VLP. Designing and conducting mixed methods research. 2007.
39. Wiedmann T, Minx J. A definition of ‘carbon footprint’. Ecol Econ Res

Trends. 2008;1:1–11.
40. Hanley N, Mourato S, Wright RE. Choice modelling approaches: a superior

alternative for environmental valuatioin? J Econ Surv. 2001;15(3):435–62.
41. Djaouti D, Alvarez J, Jessel J-P. Classifying serious games: the G/P/S model.

Handbook of research on improving learning and motivation through
educational games. Multidisciplinary Approaches. 2011;2:118–36.

42. Wu JS, Lee JJ. Climate change games as tools for education and
engagement. Nature Clim Change. 2015;5(5):413–8.

43. Mayer I, Warmelink H, Zhou Q. A frame-reflective discourse analysis of
serious games. Br J Educ Technol. 2016;47(2):342–57.

44. Ajzen I. The theory of planned behavior. Organ Behav Hum Decis Process.
1991;50(2):179–211.

45. Sheeran P. Intention—behavior relations: a conceptual and empirical
review. Eur Rev Soc Psychol. 2002;12(1):1–36.

46. Lichtenstein S, Slovic P. The construction of preference. New York:
Cambridge University press; 2006.

47. Schwarz N. Attitude research: between Ockham's razor and the
fundamental attribution error. J Consum Res. 2006;33(1):19–21.

48. Pope C, Mays N. Reaching the parts other methods cannot reach: an
introduction to qualitative methods in health and health service research. Br
Med J. 1995;311(1 July 1995):42–5.

49. Rossman GB, Rallis SF. Common Characteristics. In: Learning in the field: an
introduction to qualitative research. Rossman GB, Rallis SF, editors.
Thousand Oaks: 3. Aufl., Sage Publications; 1998. p. 8–11.

50. Kuper A, Reeves S, Levinson W. Qualitative research: an introduction to reading
and appraising qualitative research. BMJ (Clinical research ed). 2008;337:a288.

51. Creswell JW. Qualitative Procedures. In: Laughton CD, editor. Research
Design - Qualitative, Quantitative and Mixed Methods Approaches. 2nd ed.
Thousand Oaks: Sage Publications, Inc.; 2003. p. 179–207.

52. Rosenzweig C, Solecki WD, Hammer SA, Mehrotra S. Climate change and
cities: first assessment report of the urban climate change research network.
New York: Cambridge University press; 2011.

53. Patton MQ. Purposeful sampling. In: Patton MQ, editor. Qualitative evaluation and
research methods. Beverly Hills: SAGE Publications Inc; 1990. p. 169–86.

54. Marshall MN. Sampling for qualitative research. Fam Pract. 1996;13(6):522–6.
55. Dillman DA, Smyth JD, Christian LM. Internet, phone, mail, and mixed-mode

surveys: the tailored design method. Hoboken: Wiley; 2014.
56. Groves RM, Presser S, Dipko S. The role of topic interest in survey

participation decisions. Public Opinion Quarterly. 2004;68(1):2–31.
57. Wilkinson P, Smith KR, Davies M, Adair H, Armstrong BG, Barrett M, Bruce N,

Haines A, Hamilton I, Oreszczyn T, et al. Public health benefits of strategies
to reduce greenhouse-gas emissions: household energy. Lancet. 2009;
374(9705):1917–29.

58. Woodcock J, Edwards P, Tonne C, Armstrong BG, Ashiru O, Banister D,
Beevers S, Chalabi Z, Chowdhury Z, Cohen A, et al. Public health benefits of
strategies to reduce greenhouse-gas emissions: urban land transport.
Lancet. 2009;374(9705):1930–43.
59. Milner J, Green R, Dangour AD, Haines A, Chalabi Z, Spadaro J, Markandya
A, Wilkinson P. Health effects of adopting low greenhouse gas emission
diets in the UK. BMJ Open. 2015;5(4):e007364.

60. Johnson RB, Onwuegbuzie AJ, Turner LA. Toward a definition of mixed
methods research. J Mixed Methods Res. 2007;1(2):112–33.

61. Hsieh H-F, Shannon SE. Three approaches to qualitative content analysis.
Qual Health Res. 2005;15(9):1277–88.
•  We accept pre-submission inquiries 

•  Our selector tool helps you to find the most relevant journal

•  We provide round the clock customer support 

•  Convenient online submission

•  Thorough peer review

•  Inclusion in PubMed and all major indexing services 

•  Maximum visibility for your research

Submit your manuscript at
www.biomedcentral.com/submit

Submit your next manuscript to BioMed Central 
and we will help you at every step:


	Abstract
	Background
	Methods
	Discussion

	Background
	Methods
	Study objectives
	Mixed-methods design
	Three steps of data collection
	Interaction 1: Online carbon footprint assessment
	Interaction 2: On-site simulation of 50% carbon footprint reduction by 2030
	Interaction 3: Qualitative in-depth interview

	Sampling and sample size calculation
	The quantitative sample
	The qualitative subsample

	Recruitment
	Calculation of health effects
	Data analysis plan
	Mixed-methods analysis
	Quantitative data analysis
	Qualitative data analysis
	Accompanying policy analysis


	Discussion
	Additional file
	Abbreviations
	Acknowledgements
	Funding
	Availability of data and materials
	Authors’ contributions
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Publisher’s Note
	Author details
	References

