
Voting Between Social Justice and Rewarding Pro-environmental
Behaviour - An Experimental Framework

Tanguy Richard1,2

1IFP Energies nouvelles, 1 et 4 avenue de Bois-Préau, 92852 Rueil-Malmaison, France
2Univ Rennes, CREM CNRS, France

March, 2025

1 Introduction

Tackling climate change requires a drastic reduction in greenhouse gas emissions. The transport sector
is the first emitting sector in France in 2023 and the second in the European Union in 2022 (Baude et al.,
2024). To reduce these emissions, a shift in behaviour is needed: more efficient use of private vehicles
(such as car-pooling) or more environmentally friendly means of transport (such as public transport).
To encourage this shift, carbon pricing is an effective tool and may even be essential (Stiglitz et al.,
2017). Carbon taxation, with a cap-and-trade system, is the main policy option when considering
carbon pricing. However, a carbon taxation policy can play a crucial role in reducing greenhouse gas
emissions where the EU ETS does not apply, such as private car transport.

However, public acceptance is key to this type of policy, as new tax implementation can face rejection,
and environmental taxation such as the carbon taxes are no exception to this. These considerations are
particularly striking in France, where public opposition led to the failure of a carbon tax (Douenne and
Fabre, 2022; Fabre et al., 2023). Our work focuses on carbon taxation policy, and in particular, in the
context of urban commuting.

Various studies have been conducted to identify the factors that explain opposition to carbon taxes.
We present here a non-exhaustive list of these factors. The mere label “tax” exposes these mechanisms to
tax aversion (Kessler and Norton, 2016). Taxes suffer from misperception at various levels. For example,
carbon taxes aim to reduce greenhouse gas emissions, but their environmental effectiveness is often not
well perceived (Carattini et al., 2018). Citizens also tend to misperceive the monetary impact of carbon
taxes, overestimating the negative impact on their purchasing power (Douenne and Fabre, 2022). This
overestimated impact comes with a perceived risk of exacerbating poverty (Dresner et al., 2006), a risk
that is not necessarily false: carbon taxes can be regressive (Owen and Barrett, 2020; Wang et al., 2016).
Mistrust in the political institution also has a negative impact on tax acceptance, since acceptance also
requires trust that the government will use tax revenues appropriately (Baranzini and Carattini, 2017;
Barrez, 2024). It goes hand in hand with the misperception of efficiency mentioned above: carbon
pricing is often seen as a way to increase the general budget of the government, rather than as a way to
reduce greenhouse gas emissions (Dresner et al., 2006; Sommer et al., 2022). The fear of a mechanism
that exacerbates poverty is a factor that can increase the perceived unfairness of carbon taxes. Fairness
encompasses more than the issue of social justice, but if a policy is perceived as unfair, for whatever
reason, it can also hinder public acceptance (Sommer et al., 2022; Ewald et al., 2022; Dechezleprêtre
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et al., 2025). To avoid this, various institutions agree on a just transition, even if its application is not
clearly defined (Galanis et al., 2025).

There are different frameworks for addressing justice in the environmental transition, which differ in
the different aspects of justice defined. The distributive aspect of justice seems to always be a major
dimension of a just transition (McCauley and Heffron, 2018; Krüger, 2022; Jose Carlos Cañizares and
Doorn, 2024). Distributive justice relate to justice in the distribution of outcomes (Cook and Hegtvedt,
1983; Paavola and Adger, 2002). In the case of a carbon taxes, outcomes are both the environmental
and monetary outputs. In the following we will focus on the tax monetary output. We will explore
whether or not different revenue recycling procedure aimed at providing a just redistribution of outcome
can enhance public acceptability for a carbon tax.

It the classic economy theory, states’ taxation and spending are only to be considered through
cost-effectiveness. The classic use of tax revenue is therefore to allocate it to the general government
budget, as it allows for their flexible use among competing purposes (Musgrave and Musgrave, 1989).
In this matter, other revenue usage can be consider as sub-optimal. However, in order to tackle public
acceptance, other revenue usage should be explored.

Revenue recycling is usually divided in three main mechanisms : earmarking, tax reform and redis-
tribution (Barrez, 2024; Carattini et al., 2018; Maurice et al., 2013; Rouaix et al., 2015). The fourth tax
usage being an inclusion to the general budget, as classically prescribed. These categories are aggregated,
and can be developed in further detail (Mohammadzadeh Valencia et al., 2024; Barrez, 2024).

Earmarking correspond to a pre-commitment to use tax revenue towards specific purposes. In the
case of environmental earmarking, tax revenue is directed for environmental usage: new infrastructures,
low-carbon technologies, environmental damage remediation, etc. The interest of earmarking is solv-
ing two issues: mistrust in institutions and underestimation of carbon tax’s environmental efficiency.
Revenue usage is public, showing that it is not misused and making the environmental benefits more
salient(Carattini et al., 2018). Through many studies, environmental earmarking show positive effect
on acceptance (Barrez, 2024; Carattini et al., 2018; Mohammadzadeh Valencia et al., 2024). However,
earmarking may be more popular with a section of the population that is already more supportive of
carbon taxes, running the risk of polarizing the social support (Sommer et al., 2022; Tatham and Peters,
2023). Additionally, environmental earmarking are less perceived has a way to reduce the tax regressiv-
ity, leading advocates of earmarking to support lower tax levels to prevent too much fiscal pressure on
poorer households (Sommer et al., 2022). Nevertheless, environmental earmarking appears to be one of
the favourite revenue recycling options to increase public acceptance of carbon taxes (Maestre-Andrés
et al., 2021; Sommer et al., 2022; Barrez, 2024).

An other tax revenue recycling option is to conduct a tax reform. The principle is to have tax
reduction equivalent to the new carbon taxes: the overall tax level is maintained but with a shift from
labour, capital and consumption to activities harmful for the environment. This shift aims at reducing
GHG emissions while introducing a positive effect on the economy: it is the double dividend hypothesis
(Freire-González and Ho, 2018). However, this hypothesis is not well known, or sceptically perceived and
therefore have small to no effect on public acceptability (Dresner et al., 2006). This revenue recycling
option is usually less supported than earmarking and tax revenue redistribution (Sommer et al., 2022;
Barrez, 2024).

The last considered revenue recycling option is tax revenue redistribution. The idea is to used
tax revenue to reduce the impact of the carbon tax on the lower income household. Fairness is an
important concern when considering carbon taxes (Carattini et al., 2018; Dechezleprêtre et al., 2022),
and mechanisms that allocate a higher burden to higher income households and a lower burden to
lower income households are usually preferred (Barrez, 2024). Tax carbon literature tackle two different
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redistribution methods: social cushioning and lump-sum transfer. Social cushioning address the potential
regressive nature of carbon taxes by reallocating tax revenue to low income household. Even if social
fairness is often stated as a main concern (Ewald et al., 2022; Carattini et al., 2018), positive social
cushioning often fails to show significant effect on acceptance (Sælen and Kallbekken, 2011; Hammerle
et al., 2021; Sommer et al., 2022). However, some studies still find a positive effect of social cushioning
on tax acceptability (Carattini et al., 2017; Maestre-Andrés et al., 2021; Dechezleprêtre et al., 2022).
Lump-sum transfer corresponds to a uniform redistribution of tax revenues, and can in some cases reduce
or eliminate the regressivity of carbon taxes (Carattini et al., 2018). This revenue recycling option shows
mixed effect: with either positive effect (Carattini et al., 2017; Nowlin et al., 2020; Maestre-Andrés et al.,
2021) or no effect (Sommer et al., 2022; Ewald et al., 2022; Dechezleprêtre et al., 2022). Maestre-Andrés
et al. (2021) shows that a lump-sum redistribution can show higher effect on perceived fairness than
social cushioning. The authors establish a link between perceived fairness and perceived personal gain,
suggesting that an important element of the perceived fairness of a policy is that individuals see it as
fair to themselves. Overall redistribution mechanism seems to perform better than a general budget
inclusion and a tax reform, but worse than environmental earmarking (Barrez, 2024). In this article, we
will examine the effects of these different redistribution schemes.

This literature is mainly built on stated preference methodology, with a large part of them relying
on survey data Barrez (2024). As explained in Cherry et al. (2012) these methods “might not effectively
disentangle material interests from possible behavioural influences”. We propose a laboratory experiment
to elicit the redistribution effect on acceptability. The monetary incentives enable a control for material
interests and subsequently to identify the impact of redistribution schemes on acceptability.

Our experiment follow a design similar to the one developed in Kallbekken et al. (2011) and in a
forthcoming experiment (the pre-registration is available on the AEA RCT Registry website 1). Par-
ticipants engage in a repeated mode choice game; each round they are asked to choose between using
a low cost private vehicle or a higher cost public transport. Private cars are the source of two exter-
nalities: congestion borne by the driver and pollution borne by everyone. Our participants are divided
into two categories with different travel costs, creating inequity. The travel costs and externalities are
such that the Nash equilibrium deviates from the social optimum. A Pigouvian tax is introduced to
solve this social dilemma. We propose three different mechanisms to redistribute the tax revenue. In
addition to social cushioning and lump-sum redistribution, we also consider a redistribution treatment
that favours environmentally friendly behaviour. This last treatment is a midway point between redis-
tribution and environmental earmarking: it isn’t earmarked for environmental purposes, but is given
directly to the household, and it isn’t conditional on income, but is given to the less polluting households.
This environmental redistribution lack in regard to social justice but should enhance the saliency of the
environmental effect of the taxes. Participants’ support for each mechanism is elicited before and after
its implementation. Participants have access to feedback information in each round. Our experiment
is designed to assess the initial preference for a mechanism and whether it’s implementation causes a
revision in preference.

In their experiment, Kallbekken et al. (2011) propose a market experiment with heterogeneous resale
values and pollution externalities. They implement a Pigouvian tax with either lump-sum redistribution
or redistribution to either polluters or victims. They find preferences for group-based redistributions,
which are also a mechanism for reducing inequality. However, participants were assigned a role in
pollution (polluter and/or victim) and couldn’t switch between them. We are interested in behaviour
change from carbon intensive transport to low carbon transport. Our design will not directly create group
identification in externality production. Therefore we may have a finer explanation of the preference

1https://www.socialscienceregistry.org/trials/13408
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for group-based redistributions described in Kallbekken et al. (2011): group identification is related to
high or low travel costs, which in our calibration are independent of polluting behaviour. But we may
still observe preferences of some respondents depending on their mode choice (i.e. polluting behaviour).
Many other experiment were built upon Kallbekken et al. (2011) designs (Cherry et al., 2012, 2014,
2017; Heres et al., 2017; Janusch et al., 2021; Huang and Xiao, 2021; Andreassen et al., 2024; Dupoux
and Ouvrard, 2023). These other studies focuses on different dimension of social acceptability of market
regulation and in particular taxation: comparison of different settings including subsidies or quantity
regulations, part of revenue redistributed through lump-sum mechanism, group communication and peer
pressure, etc. However none of these other studies are aimed at assessing acceptability for different tax
revenue recycling options.

The originality of our experiment is to bridge the gap between the laboratory experiment literature
and the revenue recycling literature. We provide a factorial design that allows us to explore the rela-
tionship between transport cost inequalities and different options for recycling carbon tax revenues. We
have shown in a forthcoming experiment that tax implementation has an effect on acceptance only the
first time, even if the tax is different. We want to see whether this result can be applied to redistribution
mechanisms. We also ought to see whether pro-social preferences can lead to greater acceptance of
mechanisms with lower expected payoffs if they favour the less advantaged. Finally, we want to identify
the determinant of preferences for the three different mechanisms.

The following work highlights the outline of a future experiment. In section 2 we describe the theo-
retical framework behind the experiment. Section 3 covers the design of the experiment: the procedure,
the calibration, and the predicted bids and usages. The theoretical hypothesis we will test is presented
in section 4.

2 Theoretical background

2.1 The externality game

2.1.1 Notations, definitions and assumptions

We consider two populations r and p with different transportation cost.

• CV,r : transportation costs arising from private vehicle use for the population r,

• CV,p : transportation costs arising from private vehicle use for the population p,

• CT,r : transportation costs arising from the use of public transport for the population r,

• CT,p : transportation costs arising from the use of public transport for the population p,

• qr, qp : PV traffic for the population r and for the population p respectively,

• nr, np : total number of transport users for the population r and for the population p respectively,

• tV,r, tV,p : temporal cost cost to a user of using a PV for the population r and for the population
p respectively,

• tT,r, tT,p : temporal cost (constant) of using public transport for the population r and for the
population p respectively,

• αr, αp : private fixed cost of private vehicle use for the population r and for the population p
respectively,
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• β : marginal cost of congestion externality linked to PV traffic,

• γ : marginal cost of pollution externality linked to PV traffic,

• ρ : share of the common path between the two populations.

The users’ choice is between a private vehicle, for which the total cost per user is cB, and public
transport, for which the cost is cH .

Three hypothesis have been formulated :

1. the cost of local pollution and global warming is borne by transport users, regardless of their mode
of transportation;

2. the cost of traffic congestion is borne only by private vehicle users (option 1), and there is no
congestion on public transport (option 2);

3. in each population users are homogeneous, and the technologies used to produce external effects
are identical.

The temporal (private) costs of using these modes are, for each population :

tV,r = αr + β(1− ρ)qr + βρ(qr + qp) (1)
tV,p = αp + β(1− ρ)qp + βρ(qr + qp) (2)
tT,r = Tr (3)
tT,p = Tp (4)

The individual cost functions for private vehicle use for each population, including private and
external costs, are as follows :

CV,r = αr + β(1− ρ)qr + βρ(qr + qp) + γ(qr + qp) (5)
CV,p = αp + β(1− ρ)qp + βρ(qr + qp) + γ(qr + qp) (6)

The individual cost functions for public transport use, including private and external costs for each
population, are :

CT,r = Tr + γr ∗ (qr + qp) (7)
CT,p = Tp + γp ∗ (qr + qp) (8)

2.1.2 Balance without taxes

Following Hartman (2012) reasoning, at traffic equilibrium, transport costs must be equalized internally
across all population (Wardrop-Nash equilibrium). This principle gives :

αr + β(1− ρ)qr + βρ(qr + qp) + γ ∗ (qr + qp) = Tr + γ ∗ (qr + qp) (9)
αp + β(1− ρ)qp + βρ(qr + qp) + γ ∗ (qr + qp) = Tp + γ ∗ (qr + qp) (10)
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Using Equations 9 and 10, we obtain the equilibrium for private vehicle traffic for population r and
p respectively :

q̂r =
1

(1− ρ2)β
(Tr − αr − ρ(Tp − αp)) (11)

q̂p =
1

(1− ρ2)β
(Tp − αp − ρ(Tr − αr)) (12)

2.1.3 The optimal allocation of traffic

A carbon tax policy aim is to minimize the sum of travel cost, given by:

CTT = qr(αr + β(1− ρ)qr + βρ(qr + qp) + γ ∗ (qr + qp))+

qp(αp + β(1− ρ)qp + βρ(qr + qp) + γ ∗ (qr + qp))+ (13)
(nr − qr) ∗ (Tr + γ ∗ (qr + qp))+

(np − qp) ∗ (Tp + γ ∗ (qr + qp))

The first partial derivatives with respect to the PV uses qr and qp are :

∂CTT

∂qr
= 2β(qr + ρqp) + αr − Tr + (nr + np)γ (14)

∂CTT

∂qp
= 2β(qp + ρqr) + αp − Tp + (nr + np)γ (15)

The second derivative being positive (β), the roots of the derivatives give us the sum of total costs
minima. We obtain the optimal private car usage value for each population:

q∗r =
Tr − αr − (nr + np)γ(1− ρ)− ρ(Tp − αp)

2β(1− ρ2)
(16)

q∗p =
Tp − αp − (nr + np)γ(1− ρ)− ρ(Tr − αr)

2β(1− ρ2)
(17)

2.1.4 Pigouvian Taxes

(a) Lump-sum and social cushioning
In both the lump-sum and social cushioning cases, the redistribution value does not change whether

the participant chooses public transport or the private car. Therefore, the redistribution scheme has no
impact on the optimal tax value. The different redistribution terms are given in Appendix 8.

To determine the optimal tax level, we equalise the total cost of private car use at the optimal traffic
level, including the taxes, and the total cost of public transport use at the optimal traffic level. We
consider one tax level by population:

αr + βq∗r + βρq∗p + γ(q∗r + q∗p) + pr = Tr + γ(q∗r + q∗p) (18)

αp + βq∗p + βρq∗r + γ(q∗r + q∗p) + pp = Tp + γ(q∗r + q∗p) (19)

Using Equations 16 and 17 we obtain the pigouvian taxes:
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pr =
Tr − αr + (nr + np)γ

2
(20)

pp =
Tp − αp + (nr + np)γ

2
(21)

(22)

(b) Environmental redistribution
In the calibration scheme, the redistributed revenue is directed at public transport users. Therefore

we need to include the redistributed revenue in the equation at optimum:

αr + βq∗r + βρq∗p + γ(q∗r + q∗p) + p_envr = Tr + γ(q∗r + q∗p)−
p_envr ∗ q∗r + p_envp ∗ q∗p

nr + np − (q∗r + q∗p)
(23)

αp + βq∗p + βρq∗r + γ(q∗r + q∗p) + p_envp = Tp + γ(q∗r + q∗p)−
p_envr ∗ q∗r + p_envp ∗ q∗p

nr + np − (q∗r + q∗p)
(24)

Using Equations 16 and 17 we obtain the pigouvian taxes:

p_envr =
(Tr − αr + (nr + np)γ) ∗ (nr + np − (q∗r + q∗p)) + q∗p(Tr − Tp − αr + αp)

2(nr + np)
(25)

p_envp =
(Tp − αp + (nr + np)γ) ∗ (nr + np − (q∗r + q∗p)) + q∗r (Tp − Tr − αp + αr)

2(nr + np)
(26)

2.2 The referendum game

In order to elicit support for the different distribution mechanisms, we will use the voting procedure
presented by Horowitz (2006) and described in detail by Messer et al. (2010). This procedure enable
for a continuous expression of willingness to pay which provide a finer measure of acceptance than the
binary voting procedure used in Kallbekken et al. (2011); Cherry et al. (2012, 2014, 2017); Janusch et al.
(2021); Heres et al. (2017); Huang and Xiao (2021); Andreassen et al. (2024); Dupoux and Ouvrard
(2023). This voting procedure called group format elicitation procedure (Denant-Boemont et al., 2021)
or random price voting mechanism (Messer et al., 2010), follow the procedure:

1. Each participant are given an initial endowment E. From that amount they decide a bid b ∈ [0, E],
that express their support for a policy, in our case a tax with a redistribution mechanism.

2. A number R is randomly drawn in ]0, E[. If the median bid is greater than this randomly drawn
value, then the policy is accepted. In that case each participant pays R and win E − R. If the
median value is lower than the drawn value, then the policy is rejected and participants win E.

Figure 1 show the bid mechanism principle. If the randomly drawn value R ∈]0, E[ fall in ]0,Medsup[,
then at least half the bid are higher and the policy is accepted, otherwise less than half the bid are higher
and the policy is rejected.

As shown in Messer et al. (2010), this procedure is incentive-compatible. In our experiment, each
voting step is divided into three different referendum games: one for each redistribution mechanism.
The voting step is repeated three times, once after each stage. To determine the policy implemented in
the final stage (stage 4), we randomly draw one referendum game out of the nine played and implement
its result.
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Figure 1: Bid mechanism

3 Design, experimental treatments, calibration

Our experimental sessions are randomly divided into two categories: one half of the participants will
experience social cushioning, and the other half will experience environmental redistribution. An exper-
imental session is divided in four steps: the main game, elicitation of inequity aversion, psycho-social
questionnaires and an ex-post experimental questionnaire. During the main game, participants will be
randomly divided into two groups of equal size. Participants will only interact with other participants
of the same group. Participants first play an externality game consisting of repeated transport mode
choices. Then, in a referendum game, they express their preferences for the different redistribution
mechanisms.

3.1 The initial effort task

Drawing on Brent et al. (2019) experiment, we introduce an effort task to divide participants into two
subgroups with different travel costs: a group with advantageous travel cost and one with disadvanta-
geous ones. We use an encryption similar as the one used in Erkal et al. (2011) and Brent et al. (2019).
Participants have 5 minutes to translate a text in number helped by a correspondence table associating
letters to number. The task is not monetised to prevent wealth effect, but participants are informed
that their performance will affect their future payoffs. At this point no information is given about the
next games to prevent any unwanted effect, such a selection bias. The best performers in the task are
assigned to the low travel cost group (population r) and the worst performers are assigned to the high
cost group (population p).

The rest of the main game is inspired by the two-step design of Janusch et al. (2021).

3.2 The experimental sequence

The sequence follows a different setting depending if the session is a “social cushioning session” or an
“environmental redistribution sequence”. In both cases, the experiment is divided into three different
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policy implementations, called stages:

1. A no tax policy, corresponding to a business-as-usual situation,

2. A Pigouvian tax implementation with lump-sum redistribution,

3. A Pigouvian tax implementation with either social cushioning or environmental redistribution,
depending on the session.

The game always starts with a situation without tax, but to control for possible order effects, the
two situations with tax are played in one order for half of the participants and the other for the other
half. To help participants understand how the experiment works, we include two trial periods before the
no tax stage. Figure 2 corresponds to one possible sequence for both session settings.

Figure 2: The two experimental sequences for one possible order

3.3 The referendum game

During the voting procedure, participants play three different referendum game games, one for each
possible policy. For each referendum game, participants are given 20 Experimental Currency Units
(ECUs) to bid for the proposed policy. Each policy correspond to a full policy: the tax and the
redistribution mechanism. In case of rejection no policy is applied, which correspond to the no tax
treatment. The three referendum game are displayed in random order to control any order effect.

3.4 Calibration and Theoretical Predictions

3.4.1 Calibration and externality game prediction

To prevent cognitive burden on participants, calibration should be simple and easily understandable.
We determine a set of parameter using the theoretical model describe above. We opt for a calibration
with equal taxation level between the two population. The proposed set of parameter is given in the
following Table 1:
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nr = np Tr Tp αr αp β γ ρ q̂r = q̂p q∗r = q∗p pr = pp p_envr = p_envp

5 35 45 10 20 4 0.5 0.25 5 2 15 9

Table 1: Calibration of experimental parameters

3.4.2 Calibration and referendum game prediction

With our calibration, we can calculate the travel cost in the different treatment and for the different pop-
ulation. Participants start each round with an initial endowment of 60 points, from which are deducted
their travel costs to find their profit. Table 3.4.2 gives the predicted cos and profit at equilibrium:

Treatment No Tax Tax and lump-sum redistribution Tax and social cushioning Tax and environmental redistribution

Cost at equilibrium (population r) 40 31 36 31
Cost at equilibrium (population p) 50 41 36 41
Profit at equilibrium (population r) 20 29 24 29
Profit at equilibrium (population p) 10 19 24 19

Table 2: Theoretical predicted equilibrium for the different tax treatments

The difference in payoffs between the no-tax treatment and the different redistribution treatments
gives the expected gain from implementing the treatment. In the referendum game, participants bid to
implement the different treatment. In doing so, they express their willingness to pay for the different
redistribution mechanisms. By appropriately selecting the conversion rate of both the points earned
in the externality game and the Ecus from the referendum game, the theoretical willingness to pay (in
Ecus) for a treatment corresponds to the expected gain for that treatment. The different theoretical bid
are given in Table 3.4.2

Treatment Tax and lump-sum redistribution Tax and social cushioning Tax and environmental redistribution

Predicted bid (population r) 9 4 9
Predicted bid (population p) 9 14 9

Table 3: Theoretical predicted equilibrium for the different tax treatments

4 Behavioral conjectures and hypothesis tested

4.1 Support for specific tax revenue redistribution

First we suggest three set of hypothesis regarding redistribution mechanism:

• Hypothesis 0 - Policy efficiency:

a. The private vehicle usage is lower when a tax is implemented, than when none are.
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• Hypothesis 1 - Tax implementation effect:

a. The acceptance of the lump-sum mechanism will increase after the first redistribution mechanism
implementation.
b. The acceptance of the social cushioning mechanism will increase after the first redistribution
mechanism implementation.
c. The acceptance of the environmental redistribution mechanism will increase after the first
redistribution mechanism implementation.

• Hypothesis 2 - Profit maximization:

a. Participant in population p will have higher acceptance for the cushioning mechanism.
b. Participant in population r will have lower acceptance for the cushioning mechanism.
c. The lump-sum and environmental redistribution treatments will have same level acceptance.

4.2 Inequity aversion mechanism

Our experiment introduces heterogeneous payoffs between participants. Moreover, the different redistri-
bution mechanism may grant heterogeneous redistributed values. These two levels of heterogeneity can
lead to the perception of inequity. Participants’ sensitivity to payoff inequities has been well studied,
in particular in bargaining situations(Bellemare et al., 2008). To investigate this effect, we estimate
inequity aversion using the methodology explained in Blanco et al. (2011). In this method participant
pass both an ultimatum bargaining game and a dictator game to estimate the coefficient in the utility
function with inequality aversion base on Fehr and Schmidt (1999) model:

Ui (xi, xj) =

{
xi − αi(xj − xi), if xi ≤ xj ,

xi − βi(xi − xj), if xi > xj
(27)

where U(xi, xj) is the utility of player i for a monetary payoff xi and for the other player j payoff xj .
αi is the coefficient of disadvantageous inequality aversion whereas βi is the coefficient of advantageous
inequality aversion.

We follow Blanco et al. (2011) procedure: participants first play a dictator game with a randomly
drawn partner. They then take part in an ultimatum bargaining game in which each participant proposes
a way to divide a monetary endowment between themselves and a potential partner. Each participant
also decides whether to accept each possible sharing rule. Participants are then randomly paired, one as
the offerer and the other as the receiver. If the sharing rule proposed by the offerer is one of the rules
accepted by the receiver, then it is implemented, otherwise both participants receive no payoff.

We are interested in the influence of inequity aversion on respondents’ acceptance of social cushioning.
We propose the following:

• Hypothesis 3 - Social cushioning:
a. Participant in population r with high disadvantageous inequality (αi), will have lower accep-
tance for social cushioning.
b. Participant in population r with high advantageous inequality (βi), will have higher acceptance
for social cushioning.
c. Participant in population p with high disadvantageous inequality (αi), will have higher accep-
tance for social cushioning.
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4.3 Psychological construct

To the previous hypotheses, we will add a set of hypotheses corresponding to the effects of psychosocial
characteristics on bids.

• Hypothesis 4 - Effect on bidding for taxes:
a. Participants with high levels of perceived legitimacy of redistribution mechanisms and envi-
ronmental concern show greater support for environmental taxes, regardless of the redistribution
mechanism.

• Hypothesis 5 - Specific effect: :
a. Participants with low levels of system justification and subjective social status show a higher
level of bidding for social redistribution.
b. Participants with high levels of environmental concern show greater support for environmental
redistribution.

5 Statistical method and power analysis

5.1 Statistical analysis

All the hypothesis, other from hypothesis 0, focus on the effect of treatments and participants character-
istics on policy support. Policy support is assessed through participants’ bids for policy implementation.

5.1.1 Hypothesis 0 - Policy efficiency

Hypothesis 0 require testing the evolution share of private vehicle user after tax implementation. This
will be done using a one-sided Wilcoxon signed-rank test.

5.1.2 Hypothesis 1 - Tax implementation effect

Hypothesis 1 requires testing participants’ bids before a policy implementation against the bids after
the policy implementation. This “within” design create matched data sample. We will therefore rely on
one-sided Wilcoxon signed-rank tests to determine the policy effect.

5.1.3 Hypothesis 2 - Profit maximisation

Hypothesis 2 requires testing participants’ bids in one population against the other. Since we don’t
give participants feedback on other participants’ bids after the referendum game, they can’t adjust their
voting strategy to other real bids. Participants can only bid based on their hypothesis of what others
will bid. Therefore, it is not absurd to consider that each participant bids are independent from other
participants bids.

Under this assumption, we will rely on Wilcoxon rank-sum test to test this hypothesis.

5.1.4 Other hypothesis

Hypotheses 3 to 5 examine the impact of individual characteristics on their bidding behaviour. These
characteristics are measured as pseudo-continuous variables. To test these hypotheses, we consider a
modelling framework. To account for bid limits and the panel nature of our data, we propose a random
effects Tobit model.
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Figure 3: Caption

From this Tobit model we test whether the marginal effect of the model parameter is significantly
different from 0.

5.2 Power analysis

Our hypothesis requires the analysis of two outcomes: the share of private vehicle use and participants’
bid for redistribution mechanisms. Our previous experiment 2 rely on similar analysis. We will rely on
this first experiment to conduct our power analysis.

The first experiment rely on a biding between 0 and 10 ECUs for policy support, where this current
experiment allow a biding between 0 and 20. To simplify the use of the first experiment data for policy
support testing, we will conduct our power analysis on a 0 to 10 scales with a Smallest Effect Size Of
Interest (SESOI) divided by two.

First, we define the smallest effect size of interest for both outcomes. For policy support we consider
a SESOI, of 10% of the maximum bids, which correspond to a two ECUs marginal effect. Therefore
in our power analysis we will use a one ECU marginal effect, to account for the 0 to 10 scale used in
the power analysis. For private vehicle use, we consider the effect of one change in transport mode per
person, which equates to two changes in transport mode choice per group.

We rely on the previous experiment to simulate realist outcomes, from which we compute the power
analysis using a Monte Carlo method. Data are simulated using the previously defined smallest effect
size of interest.

We consider a value of α = 0.05 as a first error risk (ie : maximum p-value to reject H0). To account
for the different tests, we use a Bonferroni correction in our analysis.

Figure 3 illustrate the variation of the estimated power of our tests depending on the number of
groups of ten participants.

Twenty groups should give us a power above the 0.8 threshold for all tests. Therefore, we will consider
twenty groups for each of our two treatments, making a total of forty groups of ten people.

However, we have not considered the required power for Hypothesis 0 here. Our previous experi-
mental data showed a very significant effect of taxes on car usage. Therefore, with a reasonable effect

2Pre-registration available on the AEA RCT Registry website https://www.socialscienceregistry.org/trials/
13408
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size of one car variation, a power threshold of 0.8 is obtained with very few groups.

6 Conclusion

A carbon tax could be a necessary instrument to decarbonise the transport sector. But it’s also one that
is likely to be rejected by the public. Among the many reasons that may explain this resistance, two
important dimensions are the underestimation of the environmental effectiveness of a carbon tax and the
perceived unfairness of this type of tax. One possible solution to increase acceptance is revenue recycling.
The literature on this topic relies mainly on survey methodology. We contribute to the literature by
proposing a laboratory experiment to investigate the impact of revenue recycling on the acceptability of
a carbon tax. Our experiment builds on the design of Janusch et al. (2021) and Hartman (2012) in a
setting with heterogeneous travel costs and multiple redistribution mechanisms. In their article, Janusch
et al. (2021) develop a route choice laboratory experiment with congestion externalities and Pigouvian
taxes. Similarly, we consider a mode choice laboratory experiment with a congestion externality borne
by private car users and add a pollution externality affecting all participants. We introduce three
redistribution options: lump-sum redistribution, social cushioning, which addresses social fairness, and
environmental redistribution, which addresses perceptions of environmental efficiency.

Albeit the “pure” economic model tells us that only the expected payoff should influence bids for
the redistribution mechanism, we might find different results. In fact, prospect theory (Kahneman and
Tversky, 1979), suggests that preferences are dynamically constructed depending on the decision context.
Therefore, we might observe an influence on the way the redistribution mechanism works on preferences
and not only an influence on payoffs.

We hope that this experiment will enable us to make recommendations to policymakers on some of
the determinants of carbon tax acceptability. Tax revenue recycling Recycling of tax revenues is an often
discussed issue, especially in the context of achieving a just transition. This future laboratory experiment
may shed more light on how to design these taxes to maximise the chances of their acceptance.
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The redistribution patterns considered are rooted in the distributive aspect of justice, but other
aspects are highlighted when considering environmental policies, such as restorative or procedural justice
(Galanis et al., 2025; Krüger, 2022). Procedural justice is based on the decision-making process (Rawls,
1999). In this context, citizens’ perception of the fairness of the decision-making process is crucial for the
perceived fairness of the policy as a whole. The issue of procedural justice is therefore closely related to
democratic considerations, as citizen involvement in the decision-making process can increase perceived
fairness (Krüger, 2022; Carman, 2010). The issue of democratic process may also influence the perceived
legitimacy of the policy decision and political institutions (Cohen, 1997; Carman, 2010). In the next
chapter, we propose a discrete choice experiment to assess preferences for democratic innovation in the
implementation of a Low Emission Zone.
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7 Appendix

8 Redistribution pattern

In this section, we will explain the types of redistribution mechanisms discussed in Section 2.1.4. For
the notation used in the following, see Section 2.1.1.

Lump sum redistribution
In the case of lump-sum redistribution, the tax revenue is redistributed evenly across all participants.

There is no difference between the two populations or between the different modes of transport. The
redistribution term is given by:

r =
pr ∗ qr + pp ∗ qp

nr + np
(28)
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Environmental redistribution
For environmental redistribution, the tax revenue is redistributed equally to public transport users.

No revenue is redistributed to private car users. The redistribution term is given by:

 rT =
p_envr ∗ qr + p_envp ∗ qp

nr + np − (qr + qp)
, for public transport user

rV = 0, for private vehicle user
(29)

(30)

Social cushioning
For social cushioning, the tax revenue is first used to equalise the difference in travel costs between

the two populations. It is redistributed evenly in population p. If the tax revenue exceeds the total
difference in travel costs between the two groups, any additional revenue is redistributed equally between
all participants. The redistribution term is given by:

If np ∗ (Tr − Tp) ≥ pr ∗ qr + pp ∗ qp : rp =
pr ∗ qr + pp ∗ qp

np
, for population p

rr = 0, for population r

If np ∗ (Tr − Tp) < pr ∗ qr + pp ∗ qp :
rp = Tr − Tp +

pr ∗ qr + pp ∗ qp − np ∗ (Tr − Tp)

nr + np
, for population p

rr =
pr ∗ qr + pp ∗ qp − np ∗ (Tr − Tp)

nr + np
, for population r
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