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Abstract

We analyze the effectiveness of environmental policy when consumers are subject to social
influence. To this end, we build a model of consumption decisions driven by socially-
embedded preferences formed under the influence of peers in a social network. This
setting gives rise to a social multiplier of environmental policy. In an application to
climate change, we derive Pigouvian and target-achieving carbon taxes under socially-
embedded preferences. Under realistic assumptions the social multiplier is equal to 1.30,
allowing to reduce the effective tax by 38%. We show that the multiplier depends on
four factors: strength of social influence, initial taste distribution, network topology and
income distribution. The approach provides a basis for rigorously analyzing a transition
to low-carbon lifestyles and identifying complementary information and network policies
to maximize the effectiveness of carbon taxation.
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1. Introduction

Social psychology has long established the sensitivity of individual decision-making to
peer influence (Festinger, 1954; Deutsch and Gerard, 1955; Nolan et al., 2008; Schultz
et al., 2018). Research in behavioral economics affirms that choices cannot be fully
explained by stable preferences and behavioral biases but that the social environment
affects agents’ decisions (Bowles, 1998; Postlewaite, 1998; Mailath and Postlewaite, 2010;
Fehr and Hoff, 2011; Hoff and Stiglitz, 2016; Astier, 2018; Fatas et al., 2018). In addition,
neuroeconomic studies support the role of social context in the formation of preferences
(Fehr and Camerer, 2007; Mason et al., 2009; Engelmann and Hein, 2013).

In view of this, we develop a framework for the study of environmental and climate
policies which explicitly recognizes that consumers’ preferences are shaped by interactions
with social peers. This can contribute to better design of policies aimed at promoting
or discouraging the consumption of goods or services whose utility depends on social
interactions. For example, price instruments can achieve a desired long-term outcome
by shifting a social norm towards the consumption of goods that are less damaging to
the environment (Nyborg et al., 2006, 2016; Dasgupta et al., 2016). In this study, we
focus on carbon taxation as a key policy aimed at reducing global greenhouse gas (GHG)
emissions.

Carbon taxation, and more generally carbon pricing, increases the relative prices of
goods and services with a carbon-intensive production cycle, thus encouraging a reduction
in their consumption and a shift to low-carbon alternatives (Baranzini et al., 2017b;
Cramton et al., 2017; Stiglitz et al., 2017). Existing economic studies analyze carbon
pricing under the assumption that agents have fixed preferences and do not interact with
others (e.g. Belfiori, 2017; Goulder et al., 2018; Hart, 2019). The purpose of our study
is to examine carbon taxation when preferences are subject to social influence.

That visible behavior affects peers has been confirmed for various types of consump-
tion decisions with considerable mitigation potential (Wynes and Nicholas, 2017), such
as energy consumption (Allcott, 2011; Ferraro et al., 2011; Allcott and Rogers, 2014),
adoption of renewable energy technologies (Ozaki, 2011; Bollinger and Gillingham, 2012;
Inhoffen et al., 2019), and choice of transportation mode (Bamberg et al., 2007; Grinblatt
et al., 2008; Abou-Zeid et al., 2013; Pike and Lubell, 2018). For instance, Allcott (2011)
show that agents decrease their consumption of energy when they receive information
about the consumption of similar neighbors. Studies by Bollinger and Gillingham (2012),
Baranzini et al. (2017a) and Baranzini et al. (2018) find that agents are more likely to

adopt solar panels if neighbors have already done so. Such local diffusion is driven by
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imitation of conspicuous consumption and communication of positive information about
solar panels among neighbors.

Few studies have addressed carbon taxation with changing or even endogeneous pref-
erences. Mattauch et al. (2018) analyze non-social endogenous preferences and climate
policies. They consider the case of a carbon tax directly affecting the preferences of
agents, through crowding-in or -out of intrinsic preferences by the monetary incentives
(Bowles and Hwang, 2008). A study by van den Bijgaart (2018) finds that endogenous
habit formation causes persistence in consumption choices. She shows that, as a result,
the optimal externality tax should initially be higher than the standard Pigouvian one
and gradually decrease over time. Finally, Ulph and Ulph (2018) study the role of con-
formity in consumption decisions under Pigouvian taxation. They find that the existence
of a consumption norm weakens the effectiveness of the tax unless it succeeds to change
the norm. As an addition to this literature, we model the influence of carbon taxation
on preferences explicitly through social network effects, which comes down to combining
public economics with social network theory.

Our results show that a carbon tax induces two types of effects. A first-order or im-
mediate effect is a reduction in carbon-intensive consumption by an agent through the
usual price effect. A second-order or subsequent effect is a change in preferences due
to changes in consumption in the social network, leading to further changes in the con-
sumption choices of agents through socially-embedded preferences. We explore different
hypotheses concerning the mechanism of imitation between agents, i.e. perfect and im-
perfect imitation. We show that the endogenous formation of preferences in a social
network can lead to the emergence of a ’social multiplier’ of carbon taxation (Glaeser
et al., 2003). As a result, due to imitation between agents, the tax elasticity of carbon-
intensive consumption is higher than the instantaneous price elasticity. It is worth noting
that in our model agents evolve towards a stronger taste for low-carbon goods because of
an imitation mechanism and not as a result of increased altruism or concern for climate
change.

We derive the Pigouvian and target-achieving taxes under socially-embedded prefer-
ences. The target-achieving approach determines the lowest carbon tax sufficient to meet
a given GHG emissions reduction target, which does not necessarily emerge from a wel-
fare maximization exercise. This approach resembles the Intended Nationally Determined
Contributions within the 2015 Paris Agreement. We demonstrate that through network
effects a policy objective can be reached with a lower tax. In other words, considering
the social context in which preferences are formed allows reducing the effective carbon

tax rate, which in turn can raise public and political support for it. We further quantify
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the social multiplier of carbon taxation by simulating the outcomes of a tax in a large
network. Under realistic assumptions, social interactions multiply the effect of the tax
by 1.3 which allows to reduce the effective tax by 38%. In addition, the social-network
simulations makes possible an analysis of how core social characteristics, such as the
strength of social influence in the formation of preferences, the distribution of tastes, the
topology of the social network, and the distribution of income influence the effectiveness
of a carbon tax. A precise description of the context in which social interactions hap-
pen, through network modelling, can deal with relevant contextual factors that affect
the social multiplier and are bound to differ between regions and countries (Andor et al.,
2020).

Our findings indicate that a population with high polarization of tastes experiences a
lower social multiplier of taxation. The reason is that agents with a strong taste for either
high- or low- carbon goods are less sensitive to social influence, leading to a lower tax
effect on consumption. Such polarization is more likely to happen when social influence
plays a strong role in the formation of preferences. We further show that increasing the
strength of social influence does not always raise the social multiplier. Finally, income
distribution and network topology have a small impact on tax effectiveness when social
influence is weak. However, when social interactions play a strong role in consumption
decisions, asymmetry in degree distribution of the social network and income inequality
can produce polarization by creating clusters of agents with similar tastes that weaken
the effectiveness of carbon taxation.

Our results mean that if consumption decisions depend on social interactions, the
design of environmental and climate policies should account for these. Moreover, the
contextual social factors allow for defining additional instruments, such as information
and network policies, which can reinforce the social multiplier and hence the effectiveness
of the basic regulatory policy.

The remainder of this article is organized as follows. Section 2 describes the model
of carbon taxation and socially-embedded preferences in the context of high- and low-
carbon consumption. Section 3 derives the social multiplier of the carbon tax and the
optimality conditions for Pigouvian and target-achieving taxation approaches. Section
4 presents numerical simulations to analyze the sensitivity of the social multiplier to
the strength of social influence, initial taste distribution, network topology, and income
distribution. Section 5 concludes, discusses policy implications and suggests questions

for further research.



2. Modelling consumption choices of socially-embedded agents

We consider a population of agents interacting in a fixed social network N. They
consume two types of conspicuous goods, namely a low- and a high-carbon one. L;
and H; denote the quantities of low- and high-carbon goods, respectively, which agent
i consumes. The choice by an agent is influenced by intrinsic taste for high- and low-
carbon goods as well as by the choices of peers in her ego-network, N;, i.e. the subset
of peers agent i is connected to. We conduct our analysis in partial equilibrium to limit
model complexity, allowing us to focus on agents that are primarily affected by social
interactions, namely the consumers.

Without loss of generality, we assume that the low-carbon good has a zero carbon
intensity and that a unit of consumption of the high-carbon good generates one unit of
GHG emissions. We introduce negative externalities as a function of aggregate GHG
emissions, e (Z jeN Hj), that agents by definition do not consider in their consumption
decision. A carbon tax 7 is levied to correct for the externality. The tax revenue is
distributed among the agents as a lump-sum transfer. Agents maximize their utility,

subject to a budget constraint:
maxHi,Li Ui(ai,H“Li) (1)

H:
st. H;(Pg+7)+ LiPp <w; +7 Z WJ
JEN
o—1 -1\ 527
with UZ(O[“HZ,LZ) = (O[Z.E[lT + (]. — OZJL?) ' — € Z Hj
JEN

Here, a; € [0, 1] represents the taste of agent i for high-carbon consumption goods,* o
the elasticity of substitution between the two goods, w; the income, and Pr, and Py the
prices of the goods. We denote with P (7) the price after tax (i.e. Py(7) = Py + 1)
and set Pp as the numeraire (i.e. Pp = 1). We primarily consider the case of high-
and low-carbon goods being substitutes (o > 1). This assumption captures the common
case of a low-carbon option competing in consumption with a high-carbon one (e.g.,

transportation mode choice (Salvucci et al., 2019)).2.

I The marginal utility of good H increases with o;. Thus, a change in taste modifies the structure of
preferences. In the rest of the paper, we refer to changes in taste as changes in the preference ordering.
2Macro studies indicate that at a larger scale high- and low- carbon goods may be complementary
due to the relative inelasticity of the power generating sector (Ma et al., 2008; Li and Lin, 2016; Kim,
2019; Mair et al., 2020). In view of this, we also present numerical results for o < 1 in the Appendix C.
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We consider two components of taste: intrinsic m; € [0,1] and social S;. The intrinsic
component of taste is fixed while the social one is subject to change. The latter is
endogenously determined by the observed consumption within an agent’s ego-network N;,
i.e. the subset of peers agent 7 is connected to.? If the consumption of high-carbon goods
in one’s network decreases (increases) then the socially-embedded taste also decreases

(increases). This is formalized as follows:

a; = afm;, Si) = (1 —v)m +7S; (2)
0S; 0S;

S; = S([Hjljen;, [Ljljen;, Pa(T)) and O, >0, oL,

<0 (3)

Here v € [0,1] denotes the strength of social influence in the formation of preferences.
Note that if v = 0 then the agents exhibit standard fixed preferences. The taste can
change as a direct reaction to the tax, an effect known as crowding-in or -out of prefer-
ences, something addressed in other studies but beyond our approach here (Bowles and
Polania-Reyes, 2012).

With socially-embedded preferences, the utility of agent ¢ is a function of her consump-
tion, her intrinsic taste, the relative price of the high-carbon good, and the consumption
decisions and income of her social peers. More specifically, the consumption decisions
of peers are strategic complements: an agent experiences a higher marginal utility of
consuming a good as its popularity among her peers increases (Young, 1996).

In this system of social interactions, the equilibrium is defined as a vector of high-
carbon consumption where no agent can be better off by deviating. The action space
{H}, i.e. the set of possible consumption choices, is compact and convex, and the utility
function is concave and continuous in the agent’s own choice and the choice of her peers.
The Marshallian demand of agent ¢ that solves the optimization problem defined in Eq.(1)
is conditional on the consumption of agents j € N;, captured by the endogenous taste
Q;, is:

o, 1

PH(T)) aZ Py (T)'=7 + (1 — ay)°

This demand function is equivalent to the best response given the consumption of peers,

HP (i, P (1), w;) = w ( (4)

hence B stands for best response. Assuming that the budget constraint is binding,
the consumption of the other good is fixed and we denote the utility of agent ¢ with
U;(H;,o;, Py (7),w;). The vector H* is the equilibrium vector of high-carbon consump-

tion if each agent is best-responding to the other agents best-response; that is:

34 is not an element of Nj;.



H} = argmaxy U;(H;, o, Py (1), w;) Vi € N
= argmaxy, U;(H;, {H},w;}jen,, mi, Pu(7),w;) Vi € N. (5)

Note that the taste vector « is not an argument of the equilibrium consumption function,
as consumption and tastes are jointly determined in equilibrium. Agents update their
taste a;({Hj,w;}tjen,, Pu(7),m;) based on the consumption decisions they observe in

their ego-network. We denote with o the taste of agent ¢ in equilibrium:

af = a({H},wj}jen,, Pu(T), ™). (6)
Therefore, Egs. (4) and (5) are linked in the following way:

HY = HPR (o}, Py (1), w;) Vi € N. (7)

As our system only exhibits local interactions,* the existence of the equilibrium fol-
lows from the concavity of the utility function via a fixed-point argument (Horst and
Scheinkman, 2006; Ballester et al., 2006). It is widely recognized that social interactions
can give rise to multiple equilibria. Glaeser and Scheinkman (2003) show that uniqueness
of equilibrium depends on the relative influence of peers on an individual’s decision. Our
‘32]2’ > ‘agzg%’ Vi, that is, if the marginal utility

of consuming high-carbon goods decreases faster in own consumption than it increases

system has a unique equilibrium if

in consumption of peers. This is equivalent to imposing a positive upper bound ¢ < 1
on the strength of social influence . Intuitively, in the case of v = 1 agents have no
intrinsic taste but only imitate others, giving rise to multiple unstable equilibria, such
as all agents consuming only either the high-carbon good or the low-carbon one. In the
case of v = 0, there is one obvious equilibrium with the taste vector being the intrinsic
tastes of the agents. We show the value of this upper bound in Table 4 in Appendix B.

In the next section, we derive the effect of carbon taxation for v < ¢.

3. Carbon tax under socially-embedded preferences

To explain the role of socially-embedded preferences on a carbon tax, we first describe
the reaction of agents’ consumption and taste when a tax is introduced. Then, we derive

Pigouvian and target-achieving taxes under socially-embedded preferences.

4 A network exhibits local interactions if the utility of an agent depends on the specific consumption
decision of peers in her ego-network. Alternatively, in a system with global interactions the utility of an
agent depends on the distribution of consumption in the whole population.
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3.1. The multiplier effect of carbon tazation

Under socially-embedded preferences, a marginal decrease in the consumption of the
high-carbon good of agent i induces a decrease in high-carbon consumption of her social

peers:
OHBR OHBR Oo;

U L > 0Vi,j € NxN;. 8

3Hi 8013' 8HZ b x ( )

This, in turn, drives further down the high-carbon demand of agent i. Therefore, in
equilibrium, the total price effect on agent i’s consumption is moderated by the social
interactions among all agents in the network. If the social interactions reinforce the tax

effect, we say that the tax has a positive social multiplier (Glaeser et al., 2003).

Proposition 1. Under socially-embedded preferences, the tax has a positive multiplier if

the taste for the high-carbon good decreases due to social interactions.

dai .

e <0Vi
H* HBR

@81<6Z Vi e N. (9)
or or

Proof. See Appendix A.

Distinct assumptions about the influence of peers’ consumption on preferences lead
to different tax effects. We present results for two formulations of socially-embedded
preferences. The first one reflects that agents perfectly imitate their peers’ tastes, taking
into account the observed consumption and prices of the goods, and the second that they

imperfectly imitate their peers, relying only on observed consumption.

3.1.1. Perfect taste imitation

Consumption depends on both taste and relative prices. Hence, agents can interpret
a change of consumption of their peers in two ways: (i) as a taste shock, meaning that a
change in observed consumption is due to a variation of taste, and (ii) as a price shock.
For example, consider the choice between an electric vehicle and a combustion-engine car.
With a carbon tax, electric vehicles are relatively cheaper and their share in total vehicles
purchased increases due to the price effect. If an agent knows the demand function of
its peers, she is able to infer that this variation is totally imputable to a change of price

and not to a change of taste.

S,F(J)“PH) = D_l(xi,PH). (10)



BR

Here D(a, Py) = % denotes the ratio of high- and low-carbon consumption for
- _ ZjeNi Hj . P .y

a given taste and x; = Syon, 1L this ratio in agent i’s ego-network.

Using the Marshallian demands, one obtains:

al=

1
PIfI (ZjeNi Hj)

SP(H;,Ly) = — A
Pg (ZjEN,; Hj) 0 + PHT (ZjeN,; Lj)

K

T (11)

o

Proposition 2. Under perfect taste imitation, a tax has a positive multiplier if agents

underestimate the tax effect on their peer’s consumption.
Proof. See Appendix A.

The interpretation of Proposition 2 is that as agents observe a stronger decrease in
consumption than expected based on the price effect, they attribute this to a change
in the taste of their peers. Therefore, their own taste for high-carbon goods decreases
by imitation, triggering a stronger effect of the carbon tax on their own consumption.
Corollary 1 below shows that the gap between expected and observed peers’ response to a
tax depends on the shape of the demand functions. In particular, it formalizes for a CES
utility function that the social multiplier is positive for complementary goods (¢ < 1) and
negative for substitute goods (¢ > 1). It means that agents generally underestimate the

tax effect when goods are complements and overestimate it when they are substitutes.
Corollary 1. Under perfect taste imitation, a tax has a positive multiplier if:

OHBE(ay,.)/0a - OHBE(ay,.)/0a
9?HBE(ay,.)/0adPy ~ 0*HBE(as,.)/dadPy

Va; < az € (0,1)% (12)
With our utility function, this condition becomes:

o<1 (13)
Proof. See Appendix A.

3.1.2. Imperfect taste imitation

Alternatively, one can assume that agents imitate the average consumption of their
peers, without taking into account the prices of the goods. This comes down to imperfect
taste imitation. In this case, the tax does not directly affect the taste for goods, i.e.
g—i = 0. Using the same example as above, when an agent observes that the share of

electric vehicles increases, she interprets it as a new descriptive norm (Schultz et al.,
9



2018) and her taste for electric vehicle increases, regardless of any changes in vehicle

. We believe that imperfect taste imitation is behaviorally more realistic as it

prices
does not assume that agents are capable of undertaking the complex calculations that
involve prices and elasticity of substitution (as illustrated by Eq. 11 above), needed to
infer the tastes of their peers.® To elaborate this case, we define the social component as

follows:

ZJGNi Hj

S{(Q%PH(T)) = Z—H—i-L
JEN; *1J J

(14)

Proposition 3. Under imperfect taste imitation, the tax has a positive social multiplier:

OH; _ OH/™
or or

* BR
with {ML‘ } =0 PHi ] . (16)
Ot lien Ot Jien

Here Q denotes the social multiplier of carbon tazation.

Vie N (15)

Proof. See Appendix A.

The social multiplier captures the impact in equilibrium of the social interactions
in each individual reaction to a marginal increase of the carbon tax. Proposition 3
formalizes that under imperfect taste imitation, the overall tax effect is always higher
than the direct price effect. Note that the social multiplier of the tax Q in Eq. (15) is
linked to the network structure through the Bonacich centrality of its agents (Bonacich,
1987; Ballester et al., 2006).” This means that a more centrally positioned agent will be
more sensitive to changes in consumption by other agents in the network, thus increasing
the indirect and overall effect of the tax.®

Eq.(17) provides an approximation of the total tax effect on high-carbon consumption

by an agent ¢ when only interactions with peers and peers of peers are taken into account

5Under imperfect taste imitation, if all peers have the same intrinsic taste, they will have the same
equilibrium taste, which may differ from their intrinsic taste. This means that even if all agents have
identical intrinsic tastes, social interactions can still cause a change in these.

6Moreover, one can argue that individual agents do not possess information about the elasticity of
substitution of their peers.

7According to Bonacich, an agent is more central if connected to peers having high centrality. In
our case, a tax has a larger indirect effect on an agent if she is connected to agents that also experience
larger direct and indirect effects from it.

8 Acemoglu et al. (2012) makes a similar argument in the case of productivity shocks propagating
through the intersectoral network of an economy. See also King et al. (2019) for a discussion on carbon
tax in presence of interdependencies between sectors.
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(i.e. k=2).0

Amplification of direct effect

OH; OHPE . OHPE OHPT
ar ~ _or T 2% omr | T
N—— JEN; J i
Direct price effect
oHPR [ QHBR OHPR OHER -
2 or \omp T 2=, CoH; oM,

Indirect effect due to peers’ reaction to the tax

Figure 1 further illustrates Eq.(17) for the case of three connected agents. Let us
focus on agent a. Firstly, the direct price effect modifies consumption of agent a, her
peer - agent b, and the peer of b - agent c. For k = 1, agents a and b experience an
amplification of the direct price effect by imitating consumption of each other. Agent a
further changes her consumption because of her peer’s reaction to carbon tax. For k = 2,
the picture is complemented by the role of peers’ of peers’ (¢) reaction to price effect

changing consumption of agent b and, as a consequence, of agent a.

OH,4

Direct price effect: <
or

Amplification of direct

e T, OHy OH,
price effect: OH: OH:

Indirect price effect:
H, | OH. 8H,\0H,
(T + %7 OH? )z)//,j

OH, Olic
or or

Figure 1: Total effect of carbon tax on agent a when first and second-order social interactions are
accounted for, i.e. k = 2.

In what follows, we describe how the properties of our model determine the influence

of social interactions. The social multiplier of a carbon tax is driven by two mechanisms

9 olif . . QHPR . £ oHPE 54,
To simplify the notation, we write =57~ instead o Ba; DHF"
g J

J
11




(see Eq. 8): (i) the endogeneity of tastes to the choices of peers gfj ; and (ii) the marginal
J

BR
effect of tastes on consumption choices ag& . The first mechanism captures how the

consumption of peers influences the perception of the goods. Its magnitude affects the
strength of social influence +, as stated in Proposition 4. A higher ~ can be interpreted
either as a higher visibility of the consumption or a stronger compliance with social

IlOI“mS.lO

Proposition 4. The effect of choices of peers on tastes is increasing in the strength of

social influence ~y.
Proof. See Appendix A.

The second mechanism captures how the change in goods’ perception affects the con-
sumption decision. In our model, this depends on the tastes of agents. As shown in
Figure 2, agents with strong taste for either the high- or low-carbon good react less to a

change in taste than agents with neutral tastes.

2.0

000 025 050 075 1.00
Tastes («)

Figure 2: Partial derivative of the demand function for H with respect to taste for Py (7) = Pp and
o=2.

Proposition 5. There is a taste qq, such that the marginal effect of tastes on con-
PHPT Pr (1)
Ba? P (r)+1°

sumption choices is maximized, i.e. =0, and ez =

Proof. See Appendix A.

10Tn the case of solar panel diffusion, Baranzini et al. (2017a) show that households are more likely to
adopt the technology if neighbors’ panels are more visible.
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Proposition 6. The social multiplier of a tax decreases with the polarization of tastes
if E(a) = ttmaz-

Proof. See Appendix A.

Proposition 5 formalizes that there is a taste au,q, that maximizes the social multiplier
of a carbon tax. This taste ensures that agents consume both goods equally at the
optimum before the tax. If an agent consumes mainly one of the two goods before
taxation then she will not respond as strongly to changes in consumption patterns in her
ego-network. Intuitively, agents whose welfare depends primarily on the consumption of
carbon-intensive goods are not as sensitive to social influence as agents with comparable
consumption of the two goods. As formalized in Proposition 6, in a population with

higher tastes polarization the social multiplier of carbon taxation is lower.

3.2. A Pigouvian tazx under socially-embedded preferences

Let v;(Py +7,w;,e) = U(af, Hf, LY) denote the indirect utility of agent i. We suppose
that utility is cardinal, thus enabling the comparison of indirect utilities, necessary for
assessing social welfare. We define the social welfare W as a function of the vector of
indirect utilities. This includes external costs associated with carbon emissions. The

social planning problem is then as follows:
max, W ([v;(Py + 7, wi, €)],c v) (18)

For a representative agent with fixed preferences, the Pigouvian tax is defined by the
traditional F.O.C., HOv/0w = 0e/0H x OH/Ot, leading to a carbon tax equal to the
marginal damage cost. Under socially embedded-preferences, the Pigouvian tax depends

on the social multiplier, as stated in Proposition 7.

Proposition 7. The optimality condition for the Pigouvian carbon tax is:

ow ov, , Oe oOH*

ieN 6’Ui 8w1 OH JEN or

+¢G ) =0 (19)

* o—1 o—1
with ¢; = ggﬁ aao:, proportional to (L: c —H ° )

Proof. See Appendix A

Proposition 7 shows that under socially-embedded preferences, the Pigouvian tax de-

pends on three effects: an income effect fgs)? H?, an externality reduction effect taking
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into account social interactions —g—g ZjeN %—H;, and a taste effect (. While the first two
terms are similar to the basic Pigouvian tax rule, the last one arises from the endogeneity
of preferences. As explained above, in addition to modifying the budget constraint, the
tax affects the taste for each good through social interactions, the net effect of which will
determine the reduction in consumption related externalities. The taste for high-carbon

I g0 that agents consuming more high- than low-carbon goods

consumption decreases
suffer a welfare loss. (; can be considered either as a marginal cost when H; > LY or a
marginal benefit when L7 > H?.

To derive more detailed insights about the role of social networks on the optimal tax,
we employ numerical analysis. This is difficult to implement with a Pigouvian approach
as it requires specifying a credible social welfare function, which in turn depends on,
among others, the strong assumption that utility is cardinal. Hence, we proceed with

another, more pragmatic and less contestable approach.

3.8. A target-achieving taz under socially-embedded preferences

An alternative method to set the carbon tax is to determine its lowest value that
suffices to meet a particular GHG emissions reduction target (Kunreuther et al., 2013;
van der Ploeg, 2018). This approach is consistent with the Paris Agreement’s objective
to limit global warming to 2°C above pre-industrial levels, translated into the intended
nationally determined contributions of all participating countries.

Let () denote the GHG emission target and o - the initial emission level. The objective

is to find the lowest tax 7* that achieves the target, i.e. which solves:

T =min 7 (20)
st. Y Hf (Pu(r)) < Q.
iEN
As H* () is decreasing in 7, solving Eq.(20) is equivalent to finding 7* satisfying the
following equality:

> Hi(Pu(r))

iEN

Q. (21)

The social multiplier €2 reflects the effect of the carbon tax on demand that is achieved
through social interactions. A higher (lower) social multiplier means that a lower (higher)
carbon tax can yield the same emissions reduction target. Thus, we compare the effective

tax between the cases with and without social interactions. High-carbon consumption

H Conversely, the taste for low-carbon increases.
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before tax is a function of the vector of tastes a*Y.

If the social planner ignores the
social influence on preferences, she decides on the level of the tax as if tastes were fixed:
a; = o*% Vt. On the other hand, if the social planner takes into account the dynamics
of preferences, the effective tax will take into account the social multiplier.

Without social interactions, the equilibrium consumption vector defined in Eq.(5) is
*,0

%

the conditional best-response vector in Eq.(4) evaluated at a; = «

The effective tax under fixed preferences 7% is defined implicitly by:

ZHPR(%,PH(TF%W)

‘ %0
ieN X =0y

Q. (22)

To find the lowest tax that ensures a sufficient reduction of emissions, we integrate the
marginal tax effect. When the integral is equal to the targeted reduction, its upper bound

is the target-achieving tax:

/T*
0 jen

From Eq.(15) we know that the marginal effect of the tax on high-carbon consumption is

OH} ™ = OHER(al®, Py (r), w;)
3 de/O Z

T or

dr = Qo — Q. (23)

ieEN

greater with socially-embedded preferences. Therefore, the target-achieving tax is lower
when we take into account the social interactions. This is illustrated in Figure 3. We
define the tax reduction due to the social multiplier, M, as the relative difference between
the effective tax with socially-embedded preferences and its counterpart without social

interactions:'?

M=1- (24)

T*
e
The interpretation of M is the following: accounting for the role of social interactions
allows to reduce the effective tax by M x 100%.

4. Numerical simulations

Now we will perform a numerical analysis to estimate the effects of a target-achieving
tax with imperfect taste imitation. This will allow us to derive the social multiplier
effect, namely by assessing the ratio between similarly effective taxes with and without

social interactions.

2Note that the social multiplier of carbon taxation Q is a matrix, whereas the tax reduction M is a
scalar.
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Figure 3: Reduction of high-carbon good consumption due the carbon tax under fixed and socially-
embedded preferences.

We estimate a baseline social multiplier for a realistic set of parameters and study the
impact of different factors: (i) the strength of social influence, (ii) the distribution of
tastes, (iii) the topology of the social network and (iv) the income distribution. We set
Py (0) = P, and the target Q = Qo/2. We focus on the case where high- and low-carbon
goods are substitutes (o = 2).'*. We proceed with numerical simulations, following a

four steps procedure:
1. Identify the consumption and taste vectors at the equilibrium (as defined in Eq.5);

2. Assess the minimum tax that yields a decrease of 50% of the carbon-intensive

consumption with respect to the prior equilibrium (as defined by Eq.21);!*

3. Determine the minimum tax that yields the same target but fixing the tastes at

their equilibrium value prior to the tax (as defined by Eq.22);

13We estimate the social multiplier for complementary goods and show that the qualitative findings
are not affected by this assumption (see Appendix C)

14Ty identify the extra effect due to social interactions, we also compute the decrease in carbon-
intensive consumption with the effective tax and no social interactions (v = 0).
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4. Calculate the tax reduction M due to the social multiplier as defined in Eq.(24).

4.1. Parameter values

Table 1 summarizes the baseline model parametrization and alternatives tested. To
study the interactions between the strength of social influence and the other factors
mentioned above, we estimate numerically the social multiplier for v € [0,1) and for
different taste distributions, networks, and income distributions. In the following we

provide more details and motivation for each parameter.

Table 1: Overview of parameters varied in numerical simulations

Baseline Alternatives tested
Strength of social influi- ~=0.3 v€[0,1)
ence
Distribution of intrinsic w~ B(1,1) B(0.1,0.1), B(4,4), B(15,15)
tastes
Network topology Small world Regular, random, scale
free
Gini index 0.4 0.2, 0.3, 0.5

4.1.1. Strength of social influence

The strength of social influence v determines how the tastes of agents react to changes
in consumption in their social network. To our knowledge, no empirical study directly
estimates this coefficient. To approximate a realistic value, we employ the results of an
experiment undertaken by Falk et al. (2013). In a public good game setting, they estimate
the effect of average contribution of the peers of an agent on her own contribution.
They find a significant regression coefficient equal to 0.605. For our case, this translates
to OH;,t/0S;; = 0.605. Assuming w; = 1, Py = 1, a; = 0.5 and o = 2, we have
Oa; 1 /OH;; = 0.5. Therefore, a rough estimate of the strength of social influence on
agent’s tastes is v = 0.605 x 0.5 = 0.3.

As discussed in Section 2, social interactions can give rise to multiple equilibria. We
find that the critical value v¢ depends on the network structure and the intrinsic taste
distribution, and varies between 0.50 and 0.55 (Table 4 in Appendix B). With v < ~¢, our
system converges to a unique stable consumption equilibrium. With v > ~¢, the system
has two equilibria. In this case, it converges to one of them or oscillates between the
two.!5 Clearly, for the baseline value v = 0.3, we have a unique equilibrium irrespective

of the social network structure and taste distribution.

151n the latter case, we report the average of the two equilibria.
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4.1.2. Intrinsic taste distribution

We assume in the baseline that intrinsic taste for carbon-intensive goods follow a beta

distribution, 7; ~ B(1,1). This means that the tastes are uniformly distributed in the
interval [0,1]. The variance of this distribution is 0% = 0.083.

To study the role of polarized tastes, we estimate the social multiplier for three al-
ternative distributions, that are mean-preserving spread transformations of the uniform

distribution. We report the variance of such distributions as a measurement of their
polarization:'6

(i) B(15,15),02 = 0.008,
(ii) B(4,4),0% = 0.028,

(iii) B(0.1,0.1),02 = 0.208.

w = ot

5]

Probability density

0.0 0.2 0.4 0.6
Intrinsic tastes ()

Figure 4: Distributions of intrinsic tastes.

4.1.8. Topology of the social network
We generate undirected networks'” of 10,000 agents with 20,000 links,'® which results

in a mean degree of 4. As we model the emergence of consumption norms, we are

16 According to Axiom 3 in Esteban and Ray (1994), symmetric distributions with a higher variance
have a higher polarization.

17 A network is undirected if j € N; < i € N(j). In other words, 4 influencing j implies j influencing
7.

18The trade-off in deciding on the number of agents is that more agents means that the results are less
dependent on random initial conditions, while the computational time needed increases exponentially.
A network of 10 000 agents is usually considered to ensure sufficient robustness with a relatively fast
computational time.

19The degree of an agent is its number of peers in the network. A mean degree of 4 implies a very low
social network density in line with empirical estimates by, e.g., Hu and Wang (2009) and a very sparse
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interested in physical social networks (i.e. a neighborhood, workplace network or friend-
ship network). Many of empirical social networks of these types exhibit two common
characteristics (Amaral et al., 2000; Jin et al., 2001; Handcock et al., 2017): (i) high
clustering, meaning that there is a high probability for two peers of an agent to be con-
nected, and (ii) low average path length, meaning that any two agents are connected
through a low number of links. We achieve these topological properties of a network by
using the well-known small-world algorithm (Watts and Strogatz, 1998).%°

To study the influence of topological characteristics of the social network on the effec-
tive tax, we simulate networks with different features (Table 2): (i) regular networks with
high clustering and high average path length, (ii) random networks with low clustering
and low average path length, and (iii) scale free networks with low clustering and av-
erage path length, and asymmetric degree distribution where few so-called ’star agents’
can have a high number of peers, whereas the majority of agents have few connections
(Barabasi and Albert, 1999).

Table 2: Network characteristics for 10 000 nodes and 20 000 undirected links

Average Average Degree

clustering path length asymmetry
Regular lattice  50.00 % 1250.00 0.00
Small world 35.62 % 12.50 0.12
Random 0.04 % 6.76 0.50
Scale free 0.15 % 4.27 36.30

Note: Degree asymmetry of a network is measured by the skewness of its degree distribution.

4.1.4. Income distribution

Equation (2) shows that an agent with a higher income and thus signalling a higher
level of consumption has a larger influence on the consumption norm. Thus, the effect
of peer interaction depends on income. The assumption of a larger social influence of
agents with a higher income is in line with Veblen (1899), who considers diffusion of
conspicuous consumption norms to be instigated by wealthy agents. It is thus relevant
to consider the distribution of income as it translates to weighted social interactions in the

network.?! We set the average income at 36,000 monetary units, the minimum income

social interactions matrix A.

20The small-world algorithm involves generating a network in which agents are connected to a few
nearest neighbors (i.e. a regular lattice), and then rewiring every link with a probability p. As the
probability goes to 1, the topology resembles a random network. The so-called small world network
topology with high clustering (similar to regular lattice) but low average path length (similar to random
network) is obtained for p € [0.001,0.1].

21For more discussion of a social norm diffusing through weighted social interactions see Konc and
Savin (2019).
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at 20,000 and the maximum income at 1,000,000. We parametrize a bounded Pareto law
such that we obtain a Gini index approximately equal to 0.4. This is consistent with
empirical values for industrialized countries (Hellebrandt and Mauro, 2016). Income and
degree distributions are slightly correlated?? to take into account the positive relationship
between a high degree and wealth accumulation (Fafchamps and Gubert, 2007). It also
reflects that agents find it attractive to connect with wealthier peers. We estimate the
social multiplier of the carbon tax for alternative income distributions characterized by
Gini indexes equal to 0.2, 0.3 and 0.5.

4.2. Results

As the simulations imply generating random numbers, we report average results over
50 runs for each combination of parameters.?® For the baseline parameter values, we find
that social interactions multiply the effect of a tax by 1.30, leading to an average tax
reduction M of 0.38. This result means the social multiplier magnifies the effect of the
tax such that it can be lowered by 38%. We study the impact of the four above-mentioned
factors on M.

First, we estimate the impact of the strength of social influence v on the social mul-

24 We find a non-monotonous effect, namely an inverted U-shape (subplot (A)

tiplier.
in Figure 5). On the one hand, stronger interactions contribute to increase the social
multiplier via the role of consumption norms on tastes. On the other hand, stronger
social influence leads to a more polarized distribution of tastes in equilibrium before the
tax is implemented, thus undermining the social multiplier (Proposition 6).2° Figure 6
shows the distribution of tastes in equilibrium before and after the tax is introduced. It
illustrates that a higher strength of social influence is associated with a more polarized
distribution. The highest social multiplier in Figure 5(A) is reached for v & 0.7. Below
this value, increasing the strength of social interactions has a positive effect on the mul-
tiplier —hence lowering the target-achieving tax— as the first mechanism dominates. For
higher values of ~, the resulting polarization of the distribution of tastes weakens the

social multiplier.

22The correlation coefficient is equal to 0.1

23For each simulation run, the allocation of income and tastes, and the position of the agents in the
social network are randomized.

241n the following, we use the terms "social multiplier" and "tax reduction" interchangeably, as they
both signal the socially-mediated effect of the tax.

25In other words, without any carbon tax, the initial taste distribution is different than the intrinsic
taste distribution to social interactions. Low- and high-carbon consumption norms tend to cluster in
different parts of the social network, causing a polarization of tastes. This polarization is due to the
weighted and asymmetric nature of interactions.
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Figure 5: Reduction in effective carbon tax due to social multiplier effect for varying strength of social
influence and (A) Baseline parameters; (B) different intrinsic taste distributions; (C) different network
topologies; (D) different income distributions.

Note: Unless specified differently, the parameters are chosen according to the baseline scenario
specified in Table 1. The shaded area represents +/- 1 standard deviation around the average.
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Figure 6: Taste distributions in equilibrium before and after target-achieving tax for (A) v = 0.3, (B)
v =0.6, (C) y=0.9. 7 ~ B(1,1), small-world network and Gini index = 0.4.

Second, we estimate the social multiplier for alternative intrinsic taste distributions.
Figure 5(B) shows the results. We find that higher polarization of initial tastes leads
to a lower social multiplier. For higher strengths of social influence the polarization of
tastes in equilibrium does not differ much across the four intrinsic taste distributions,
and hence the social multiplier shows little differences between these cases.

Third, we estimate the social multiplier for different network topologies. We find that
for v < 0.45 the exact network topology does not affect the social multiplier. For + >
0.45, however, considerable differences arise between distinct network structures (Figure
5C). In particular, we see that a scale-free network tends to produce the lowest social
multiplier. The explanation for this is that taste polarization —hence the social multiplier—
depends on structural properties of the networks. The emergence of clusters of agents
with either high- or low-carbon tastes undermines the social effects of the carbon tax.
In the scale-free network, agents with many peers and higher income serve as influence
hubs contributing to the strongest polarization of tastes (Figure 7D). In the regular and
small-world networks agents are embedded in clusters of strongly interconnected peers
reinforcing each others’ tastes, resulting in strong taste polarization (Figure 7A-B). Given
the lower clustering value of the small-world network compared to the regular one (Table
2), there is a lower resistance of agents to change to low-carbon consumption resulting in
higher social multiplier. Finally, the random network has little degree asymmetry and the
lowest clustering which translates into the highest social multiplier and tax reduction for
v € [0.6,0.7]. Its performance quickly deteriorates though for v — 1 as even a moderate
degree asymmetry becomes sufficient to produce taste polarization. To summarize, while
short paths connecting distinct parts of a clustered social network increase the social
multiplier, degree asymmetry —particularly under high social influence— reduces it. In
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other words, social network structures where people are exposed to a greater variety of

opinions without strong opinion leaders are most beneficial in magnifying the effectiveness

of a carbon tax.

250 [ Tastes before tax 250
Tastes after tax
2.00 2.00
Z150 £150
g g
a a
1.00 1.00
0.50 0.50
0.00560 025 050 075 L0 0.00500 025 050 075 L0
Tastes («) Tastes («)
(A) (B)
2.50 2.50
2.00] 2.00
£150 £1.50
5 g
a a
1.00] 1.00,
0.50 0.50
r
0.00550— 025 050 075 L0 0.005 60025 050 075 L0
Tastes () Tastes (a)
© (D)

Figure 7: Taste distributions in equilibrium before and after target-achieving tax (y = 0.7) for (A)
regular network, (B) small world network, (C) random network, (D) scale free network.

Finally, we compute the social multiplier for income distributions with different Gini
indices (Figure 5(D)). We find that income inequality does not influence the social mul-
tiplier for v < 0.5. However, for higher ~, a lower income inequality leads to a higher
socially mediated effect. This is because income inequality results in asymmetric inter-
actions, where wealthier agents have a stronger effect on stationary consumption norm.
This asymmetry dampens the social multiplier. Table 3 summarizes the results of our

numerical experiments.
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Table 3: Drivers of the social multiplier

Driver Effect

Strength of social influence Non-monotonic
Polarization of intrinsic taste Negative
Degree asymmetry of the social network Negative
Income inequality Negative

5. Conclusions

Given substantial evidence that preferences of agents depend on social context, we
extend environmental policy analysis with social interactions among consumers. In par-
ticular, empirical evidence shows that the consumption of many types of goods and
services that generate considerable environmental externalities in production is subject
to social influence. This underpins the relevance of analyzing of what we have called the
"social multiplier of environmental policy". We applied our framework to carbon pricing
analysis and developed a model of carbon-intensive consumption with socially-embedded
agents. Their utility is a function of consumption of high- and low-carbon goods, intrin-
sic preferences for high-carbon goods, and consumption decisions of peers in their social
network.

In this setting, consumption decisions are affected directly by the price effect and indi-
rectly by consumption decisions of peers. We demonstrate that if agents are influenced
by the observed consumption of peers without inferring their tastes, i.e. showing imper-
fect imitation, then interdependent preferences gives rise to a positive social multiplier of
carbon taxation, which amplifies policy effectiveness. We further find that if agents try to
perfectly imitate the tastes of their peers, social interactions either amplify or undermine
the tax effectiveness, depending on the substitutability between low- and high-carbon
goods. In particular, we show that if goods are substitutes the tax multiplier is negative
if agents correctly anticipate the reaction of their peers to the tax and positive if they
fail to do so.

Focusing on the first and arguably more realistic case, we estimated the impact of
social interactions on a target-achieving tax through social network simulations. For
realistic parameter values we find that social interactions create a social multiplier of 1.30,
which reduces the effective tax rate by 38%. Numerical analysis shows that the socially-
embedded effects of a tax depend on (i) the strength of social influence, (ii) intrinsic
preference polarization, (iii) clustered or asymmetric social networks, and (iv) income

inequality. In particular, the topology of the social network and the income distribution
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do not affect the social multiplier for a moderate strength of social influence. However,
for a high social influence, the social multiplier decreases with income inequality and
degree asymmetry of the social network. We further demonstrate that high polarization
of preferences undermines the social multiplier of carbon pricing.

The fact that the effect of price variation on consumption decisions is not instantaneous
but mediated by social interactions can help to explain differences between observed
impacts of carbon taxation and fuel price fluctuations. Empirical studies indicate that
the tax elasticity of fuel consumption is up to three times higher than the price elasticity
(Li et al., 2014; Rivers and Schaufele, 2015; Andersson, 2019). This phenomenon is
generally explained by salience of taxes or crowding-in of intrinsic preferences. Our study
suggests another explanation, namely that taxes may have a stronger effect because they
cause a long-term price change, in turn allowing consumer preferences to adjust through
social interactions. In other words, the tax effect is stronger because it involves the effect
of social influence on top of the direct price effect.

Our study has not only implications for the design of a first-best Pigouvian tax. The so-
cial planner may consider additional, complementary instruments that employ or modify
the social network so as to make the environmental policy more effective. In line with the
four factors mediating the strength of the social multiplier of taxation in our framework,

illustrative instruments are:

1. Comparative feedbacks to reinforce the social context in the formation of prefer-
ences (Allcott, 2011; Astier, 2018). In the context of our model, this would translate

into a higher social-influence parameter .

2. Information policies to correct misperceptions of climate change, which would al-
ter the preference structure towards low-carbon consumption goods (Moxnes and
Saysel, 2009). Alternatively, such policies could expose people to distinct opinions,

and highlight the behavioral feasibility of alternative lifestyles.

3. Targeted subsidies or marketing policies to encourage the most interconnected
agents in a social network (influence hubs) to adopt low-carbon options (Neilson
and Wichmann, 2014; Bloch et al., 2016).

4. Revenue recycling schemes associated with the carbon tax to reduce income inequal-

ity, such as lump-sum redistribution or more ambitious re-distributive schemes.

By increasing the social multiplier, such additional policy instruments allow for a further
reduction in the effective environmental tax. This in turn will improve the political

feasibility of carbon taxation as an instrument of climate policy.
25



References

Abou-Zeid, M., Schmdcker, J.-D., Belgiawan, P. F., and Fujii, S. (2013). Mass effects and mobility
decisions. Transportation Letters, 5(3):115-130.

Acemoglu, D., Carvalho, V. M., Ozdaglar, A., and Tahbaz-Salehi, A. (2012). The network origins of
aggregate fluctuations. Econometrica, 80(5):1977-2016.

Allcott, H. (2011). Social norms and energy conservation. Journal of Public Economics, 95(9):1082-1095.
Allcott, H. and Rogers, T. (2014). The short-run and long-run effects of behavioral interventions:
Experimental evidence from energy conservation. American Economic Review, 104(10):3003-3037.
Amaral, L. a. N., Scala, A., Barthélémy, M., and Stanley, H. E. (2000). Classes of small-world networks.

Proceedings of the National Academy of Sciences, 97(21):11149-11152.

Andersson, J. J. (2019). Carbon Taxes and CO 2 Emissions: Sweden as a Case Study. American
Economic Journal: Economic Policy, 11(4):1-30.

Andor, M. A., Gerster, A., Peters, J., and Schmidt, C. M. (2020). Social norms and energy conservation
beyond the US. Journal of Environmental Economics and Management, page 102351.

Astier, N. (2018). Comparative feedbacks under incomplete information. Resource and Energy Eco-
nomics, 54:90-108.

Ballester, C., Calvo-Armengol, A., and Zenou, Y. (2006). Who’s who in networks. Wanted: The key
player. Econometrica, 74(5):1403-1417.

Bamberg, S., Hunecke, M., and Blébaum, A. (2007). Social context, personal norms and the use of
public transportation: Two field studies. Journal of Environmental Psychology, 27(3):190-203.

Barabési, A.-L. and Albert, R. (1999). Emergence of scaling in random networks. Science, 286(5439):509—
512.

Baranzini, A., Carattini, S., and Péclat, M. (2018). Social interactions and the adoption of solar PV :
Evidence from cultural borders. GRI Working Papers 339, Grantham Research Institute on Climate
Change and the Environment.

Baranzini, A., Peclat, M., and Carattini, S. (2017a). What drives social contagion in the adoption of
solar photovoltaic technology. GRI Working Papers 270, Grantham Research Institute on Climate
Change and the Environment.

Baranzini, A., van den Bergh, J. C. J. M., Carattini, S., Howarth, R. B., Padilla, E., and Roca, J.
(2017b). Carbon pricing in climate policy: seven reasons, complementary instruments, and political
economy considerations. Wiley Interdisciplinary Reviews: Climate Change, 8(4):e462.

Belfiori, M. E. (2017). Carbon pricing, carbon sequestration and social discounting. European Economic
Review, 96:1-17.

Bloch, F. et al. (2016). Targeting and pricing in social networks. The Ozford Handbook of the Economics
of Networks, pages 7T76-791.

Bollinger, B. and Gillingham, K. (2012). Peer effects in the diffusion of solar photovoltaic panels.
Marketing Science, 31(6):900-912.

Bonacich, P. (1987). Power and centrality: A family of measures. American journal of sociology,
92(5):1170-1182.

Bowles, S. (1998). Endogenous preferences: The cultural consequences of markets and other economic
institutions. Journal of economic literature, 36(1):75-111.

Bowles, S. and Hwang, S.-H. (2008). Social preferences and public economics: Mechanism design when
social preferences depend on incentives. Journal of Public Economics, 92(8-9):1811-1820.

Bowles, S. and Polania-Reyes, S. (2012). Economic incentives and social preferences: substitutes or

complements? Journal of Economic Literature, 50(2):368—425.

26



Cramton, P., MacKay, D. J., Ockenfels, A., and Stoft, S. (2017). Global carbon pricing: the path to
climate cooperation. The MIT Press.

Dasgupta, P., Southerton, D., Ulph, A., and Ulph, D. (2016). Consumer behaviour with environmental
and social externalities: implications for analysis and policy. Environmental and Resource Economics,
65(1):191-226.

Deutsch, M. and Gerard, H. B. (1955). A study of normative and informational social influences upon
individual judgment. The Journal of Abnormal and Social Psychology, 51(3):629-636.

Engelmann, J. B. and Hein, G. (2013). Chapter 13 - Contextual and social influences on valuation and
choice. In Pammi, V. S. C. and Srinivasan, N., editors, Progress in Brain Research, volume 202 of
Decision Making, pages 215-237. Elsevier.

Esteban, J.-M. and Ray, D. (1994). On the measurement of polarization. Econometrica: Journal of the
Economeltric Society, pages 819-851.

Fafchamps, M. and Gubert, F. (2007). The formation of risk sharing networks. Journal of Development
Economics, 83(2):326-350.

Falk, A., Fischbacher, U., and Gichter, S. (2013). Living in two neighborhoods—Social interaction
effects in the laboratory. Economic Inquiry, 51(1):563-578.

Fatas, E., Hargreaves Heap, S. P., and Rojo Arjona, D. (2018). Preference conformism: An experiment.
FEuropean Economic Review, 105:71-82.

Fehr, E. and Camerer, C. F. (2007). Social neuroeconomics: the neural circuitry of social preferences.
Trends in Cognitive Sciences, 11(10):419-427.

Fehr, E. and Hoff, K. (2011). Introduction: Tastes, castes and culture: the influence of society on
preferences*. The Economic Journal, 121(556):F396-F412.

Ferraro, P. J., Miranda, J. J., and Price, M. K. (2011). The Persistence of Treatment Effects with
Norm-Based Policy Instruments: Evidence from a Randomized Environmental Policy Experiment.
American Economic Review, 101(3):318-322.

Festinger, L. (1954). A theory of social comparison processes. Human Relations, 7(2):117-140.

Glaeser, E. L., Sacerdote, B. I., and Scheinkman, J. A. (2003). The social multiplier. Journal of the
European Economic Association, 1(2-3):345-353.

Glaeser, E. L. and Scheinkman, J. A. (2003). Non-market interactions. In Advances in Economics and
Econometrics: Theory and Applications, FEighth World Congress, page 392. Cambridge University
Press, Cambridge, U.K. ; New York.

Goulder, L. H., Hafstead, M. A., Kim, G., and Long, X. (2018). Impacts of a carbon tax across us
household income groups: What are the equity-efficiency trade-offs? Technical report, National
Bureau of Economic Research.

Grinblatt, M., Keloharju, M., and Ikdheimo, S. (2008). Social influence and consumption: Evidence
from the automobile purchases of neighbors. The review of Economics and Statistics, 90(4):735-753.

Handcock, M. S., Raftery, A. E., and Tantrum, J. M. (2017). Model-based clustering for social networks.
Journal of the Royal Statistical Society: Series A (Statistics in Society), pages 301-354.

Hart, R. (2019). To everything there is a season: Carbon pricing, research subsidies, and the transition to
fossil-free energy. Journal of the Association of Environmental and Resource Economists, 6(2):349—
389.

Hellebrandt, T. and Mauro, P. (2016). The future of worldwide income distribution. Technical Report
Working Paper 15-7, Peterson Institute for International Economics.

Hoff, K. and Stiglitz, J. E. (2016). Striving for balance in economics: Towards a theory of the social

determination of behavior. Journal of Economic Behavior € Organization, 126:25-57.

27



Horst, U. and Scheinkman, J. A. (2006). Equilibria in systems of social interactions. Journal of Economic
Theory, 130(1):44-77.

Hu, H. and Wang, X. (2009). Evolution of a large online social network. Physics Letters A, 373(12):1105—
1110.

Inhoffen, J., Siemroth, C., and Zahn, P. (2019). Minimum prices and social interactions: Evidence from
the german renewable energy program. Energy Economics, 78:350-364.

Jackson, M. O. (2010). Social and Economic Networks. Princeton university press.

Jin, E. M., Girvan, M., and Newman, M. E. J. (2001). Structure of growing social networks. Phys. Rev.
E, 64(4):046132.

Kim, K. (2019). Elasticity of substitution of renewable energy for nuclear power: Evidence from the
Korean electricity industry. Nuclear Engineering and Technology, 51(6):1689-1695.

King, M., Tarbush, B., and Teytelboym, A. (2019). Targeted carbon tax reforms. European Economic
Review, 119:526-547.

Konc, T. and Savin, I. (2019). Social reinforcement with weighted interactions. Physical Review E,
100(2):022305.

Kunreuther, H., Heal, G., Allen, M., Edenhofer, O., Field, C. B., and Yohe, G. (2013). Risk management
and climate change. Nature Climate Change, 3(5):447.

Li, J. and Lin, B. (2016). Inter-factor/inter-fuel substitution, carbon intensity, and energy-related CO2
reduction: Empirical evidence from China. Energy Economics, 56:483-494.

Li, S., Linn, J., and Muehlegger, E. (2014). Gasoline Taxes and Consumer Behavior. American Economic
Journal: Economic Policy, 6(4):302-342.

Ma, H., Oxley, L., Gibson, J., and Kim, B. (2008). China’s energy economy: Technical change, factor
demand and interfactor/interfuel substitution. Energy Economics, 30(5):2167-2183.

Mailath, G. J. and Postlewaite, A. (2010). The social context of economic decisions. Journal of the
European Economic Association, 1(2-3):354-362.

Mair, S., Jackson, T., and Elkomy, S. (2020). Energy & Productivity: A review of the Literature. CUSP
Working Paper 23, University of Surrey.

Mason, M. F., Dyer, R., and Norton, M. I. (2009). Neural mechanisms of social influence. Organizational
Behavior and Human Decision Processes, 110(2):152-1509.

Mattauch, L., Hepburn, C., and Stern, N. (2018). Pigou pushes preferences: Decarbonisation and
endogenous values. CESifo Working Paper Series 7404, CESifo Group Munich.

Moxnes, E. and Saysel, A. K. (2009). Misperceptions of global climate change: information policies.
Climatic Change, 93(1-2):15.

Neilson, W. and Wichmann, B. (2014). Social networks and non-market valuations. Journal of Envi-
ronmental Economics and Management, 67(2):155-170.

Nolan, J. M., Schultz, P. W., Cialdini, R. B., Goldstein, N. J., and Griskevicius, V. (2008). Normative
social influence is underdetected. Personality and Social Psychology Bulletin, 34(7):913-923.

Nyborg, K., Anderies, J. M., Dannenberg, A., Lindahl, T., Schill, C., Schliiter, M., Adger, W. N., Arrow,
K. J., Barrett, S., Carpenter, S., et al. (2016). Social norms as solutions. Science, 354(6308):42-43.

Nyborg, K., Howarth, R. B., and Brekke, K. A. (2006). Green consumers and public policy: On socially
contingent moral motivation. Resource and Energy Economics, 28(4):351-366.

Ozaki, R. (2011). Adopting sustainable innovation: what makes consumers sign up to green electricity?
Business Strategy and the Environment, 20(1):1-17.

Pike, S. and Lubell, M. (2018). The conditional effects of social influence in transportation mode choice.

Research in transportation economics, 68:2—-10.

28



Postlewaite, A. (1998). The social basis of interdependent preferences. European Economic Review,
42(3):779-800.

Rivers, N. and Schaufele, B. (2015). Salience of carbon taxes in the gasoline market. Journal of
Environmental Economics and Management, 74:23-36.

Salvucci, R., Gargiulo, M., and Karlsson, K. (2019). The role of modal shift in decarbonising the
Scandinavian transport sector: Applying substitution elasticities in TIMES-Nordic. Applied Energy,
253:113593.

Schultz, P. W., Nolan, J. M., Cialdini, R. B., Goldstein, N. J., and Griskevicius, V. (2018). The construc-
tive, destructive, and reconstructive power of social norms: Reprise. Perspectives on Psychological
Science, 13(2):249-254.

Stiglitz, J. E., Stern, N., Duan, M., Edenhofer, O., Giraud, G., Heal, G. M., la Rovere, E. L., Morris, A.,
Moyer, E., Pangestu, M., Shukla, P. R., Sokona, Y., and Winkler, H. (2017). Report of the High-Level
Commission on Carbon Prices. pages 1-61.

Ulph, A. and Ulph, D. (2018). Environmental policy when consumers value conformity. Journal of
Environmental Economics and Management.

van den Bergh, J. C. J. M. (2010). Safe climate policy is affordable—12 reasons. Climatic Change,
101(3):339-385.

van den Bijgaart, I. (2018). Too Slow a Change? Deep Habits, Consumption Shifts and Transitory Tax
Policy. CESifo Working Paper Series 6958, CESifo Group Munich.

van der Ploeg, F. (2018). The safe carbon budget. Climatic Change, 147(1):47-59.

Veblen, T. (1899). The Theory of the Leisure Class. OUP Oxford, Oxford, edicién: reissue edition.

Watts, D. J. and Strogatz, S. H. (1998). Collective dynamics of ‘small-world’ networks. Nature,
393(6684):440.

Wynes, S. and Nicholas, K. A. (2017). The climate mitigation gap: education and government recom-
mendations miss the most effective individual actions. Environmental Research Letters, 12(7):074024.

Young, H. P. (1996). The economics of convention. Journal of Economic Perspectives, 10(2):105-122.

29



Appendix A Proofs

A.1 Proposition 1

Proof. The optimal consumption of one agent is defined implicitly as a function of all
other agent’s consumption. Therefore, we cannot simply differentiate the demand func-
tion in Eq. (4) to derive the demand-response to a tax. Instead, we define a function of
consumption and tax F' that evaluates to 0 at the optimum consumption level, and use

the implicit function theorem. Let this function be:
Fi(H, Py (1), w;) = H; — HP® (o, Py (1), w) Vi € N. (25)

Here H is the vector of consumption of agents and HB%(.) was defined in Eq.(4) as the
optimal consumption (best response) given consumption choices in the network. From

Eq.(7) in equilibrium we have:
Fy(H*, Py (1), w;) = Hf — HP® (o}, Py (7),w;) =0 Vi € N. (26)

To find the change in H* after a carbon tax, we apply the implicit function theorem
on the linear mapping F = [Fo(H), ..., F;(H), ..., F,,(H)):

CRSEC
OT lien OT Jien

The second term on the RHS of Eq. (27) is the augmented price effect for all agents,

oF;
OH¥

i,jEN?

i.e. the change in demand as if tastes were fixed to their equilibrium value before the tax

plus the change in demand due to a direct effect of price:

OF; OHBE  OHPE o,
- = | —— 4+ = (28)
0T Jien or O OT |y aimar
The first term on the RHS of Eq.(27) is the inverse of the Jacobian matrix of F:
[ oHPR oHP R
=T ok
OF; oHP" oHER
OH* I 81315 1 - 61317*z ' (29)
J i,jEN?
81'{fR oHPEER
- aHé T 8H_; L - la=a*
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The influence of agent j on agent ¢ occurs through change in taste only. Using the chain

rule, we can write:
OHPE  OHPE do,
L= - Vi,j € N2 30
OHY ~ 0a; oHr 7S (30)

The carbon tax indirectly alters preferences through social interactions taking place be-
tween agents. By assumption, an increase in the consumption of the high-carbon good

by agent j € N; increases the taste for the same good of agent i :

da;(.) o
> 0Vi,jeNxN,. 31
I 0] X (31)
with 7} = >, (1 — Pu(7))H; + w; denoting the total consumption in agent’s i ego-

network, and H; = ZjENi H; the consumption of high-carbon goods in agent i ego-

network. This change in taste induces a change in consumption for agent i equal to:
OHBE() ow; Py (1) (1 — )7 tal ™t

dar ~ (Pa(r)af + Pa(r) (I —a)o) " (32)

The inverse of the matrix defined in Eq. (27) is given by the Neumann series:

k
—1
OF; > OF; >
o =T+> | I- |55 =I+) A =0 (33)
oOH? OH’
J1ijenz k=1 J 1ijenz k=1
with
[0 L. OHFT day . OHPT dayg ]
dag OH? dao OH
_ AHPE 9a, OHEPR gq,
A= | o oms 0 do; OH; : (34)
oHE po, . OHPRoa,
L Odan, OH} dan OHY 1 la=a*

Ais an N by N matrix of social interactions whose ij element is the marginal change in
the consumption of the high-carbon good of agent i induced by a change in high-carbon
consumption of her social peer j. Note that this element is strictly positive if ¢ and j
are connected in the network (Eq. 31) and 0 otherwise. A raised to the power k > 1
represents the indirect social interactions between agents connected through k links. For
instance, the elements of A2 represent indirect interactions of agents with one common
peer. We call the matrix € the social multiplier of carbon taxation. As all entries of A

are positive and at least one is strictly positive, it follows that all entries of ) are positive
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and the diagonal entries are greater than 1.2
Combining Eqs. (27), (28), and (33), we find:

Hf HBR HPE da;
{8 ; } _q {8 ; OH;" O } (35)
0T |ien or ooy  OT
Therefore, the total effect of the tax is stronger than the direct price effect if:
OH* OHBE
3 1 . N
or < or vie
-0 OHPE  OHPE dq; < GHBR
or Ooy; OT ic
=0 aHFR 8041- 8HBR
Oo; OT or
OHEBE go OH;
& : - T J : 36
t=d >[ = LN @

From Eq.(33), the inverse of Q is [ OF,; which is defined in Eq. (29). Substituting

OH; L,jeNQ
in Eq. (36), we find:

OHF  OHBR
<

or or vienN
|:(9HZBR (90zzi| 8FIL |:8HFR:|
= —_— ” .
80[2' or aHJ i JeN? or ieN

] )
0T Jicn 0H; ijEN? or ien

(37)
O
A.2  Proposition 2
Proof. The social component of preferences S* is
S} (wi, P) = D™ (i, Pr). (38)

26Theorem 8.3.1 in Jackson (2010) states that the power iteration > 52 ; A* converges if and only if
every set of nodes that is strongly connected and closed is aperiodic. Note that the power iteration will
converge if there is a single stable equilibrium, i.e. if v < 4¢ (Horst and Scheinkman, 2006).
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sy
’dPH.

We examine the impact of price changes on the social component of preference

dPH o E)xi 8PH 8PH

Let o; = SZP (x4, Pg) denote the inferred taste for a given observed consumption in agent’s

i ego-network. As S% is the inverse function of D, we have:

SZ»ID(D(OZi,ZUJj,PH),PH) =aq; VPy

dsF(D(a), Py) _ 9SF D(ai)  0SF _
dPH B 8$i 8PH + (‘)PH =0 (40)

Eq. 40 shows that if the inferred taste «; is the actual taste of all peers of agent i,
then she is able to perfectly attribute all changes in observed consumption to the change
in relative prices. Hence, her inference of peer’s tastes and own socially-embedded taste
will not change.

Comparison of (39) and (40) shows that the effect of a price change on taste depends on

the gap between the real consumption change of peers 5”“ and the expected consumption

change given the inferred taste of peers %f:).

P . P . R _
dS; (z;, Pm) <0 dS; (z;, Pm) < dS;*(D(a), Pu)
3 0D(ey, Pr) _ ID(S* (X jex, Dj(, Pu), Pr))
JEN 8PH 6PH

(41)

By Proposition 1, the above implies that the tax effect is higher under socially-

embedded preferences. O

A.8 Corollary 1

Proof. Underestimating the change of the share of H in the total consumption is equiv-

alent to underestimating the average change in H. To simplify the notation, we define

OH (aj,P, G(a; T H(o;
G(aj) = QI;H n) G ZJGN carfi ;\/2) and Hi = ZjGNi cart(i(]J\/{):

157 gy DMy Py) O ex. Doy, Pr). Pr)
dPy jEN 0Py 0Py

& G < G(H™Y(H)))
& GHG) < H™'(H,y), (42)
because G and G~! are increasing functions.
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We now show that Eq. (42) is true if the utility function has certain properties. To
simplify the proof, we study the case with N; = {1,2} but the result can be generalized.
Let a3 and as denote the tastes of agent i’s peers, with 0 < a3 < ay < 1. We define
a = H'(H;) as the inferred average taste, therefore H(ay) — H(a) = H(a) — H(ay).

Following Cauchy’s mean value theorem, we have:

= for some a € (a1, @)
a

and E%) —H@) _H(®) for some b € (@, az)

(az) —G(a) _ H'(a) G'(b)
G(a)—G(aa)  H'(b) G'(a) (43)

If % is lower than one, then the average of G(a) and G(b) is reached for an

argument lower than &, which means that G~1(G;) < @. Equation (42) can be rewritten

as:

s H'(a)  H'(b)
apy <TGl ST
o H'(a)

< 9a G'()

Vo < ag

> 0. (44)

Substituting with the partial derivatives from the Marshallian demand function defined
in Eq. 4,
OHBE ~ ow Py (1)7(1 - ai)071a$_1 (45)
da;  (Pu(r)ag + Pu(7)7(1— a;)7)?
O?HPER _ow; Py (7)7(1 — @)l (o — 2) — o(1 — ;)7 Py (1)° )

= L 46
90.0Py [Pu(r)a + Pu(r)7(1— a0) T o
we obtain:
OHBE /9o, _ Py(r)af + Py(1)7(1 — ;)7 (47)
82H1’3R/8a18PH N CVZ'(O' - 2) — 0’(1 — Cki)(’—.PH(T)Ufl7
so that the condition in Eq. (44) can be rewritten as:
2 aHiBR/E)ai o 20’(1 - O’)PH(T)2+U(1 — ai)"_laffl >0 (48)
da |O2HPR /00;0Py | [ai(o —2)Pu (1) — (1 — ;)7 P (1)7]2
o<l (49)
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A.4  Proposition 3
Proof. From Eq. (35), if %"Tl =0 Vi € N then:

OH} OHBE
5o 5] 0
OT lien Ot Jien
All entries of € are positive and the diagonal entries are greater than 1, so:
OHr OHPR
< Vie N 51
or or ’ (51)
O

A.5 Proposition 4

Proof. From Eq. (2) and (3), we derive that g?f' = gg? gfﬁ = 'ygf]i . In other words,
J 3 J J

the sensitivity of preferences to the choices of peers increases with the strength of social

interactions. O

A.6 Proposition 5
Proof. Using Eq. (32) we derive:
P HPT .
5oz = f(ei)g(en) = flaw)g () gles) (52)

7

The condition for Eq. 52 being equal to 0 is:
flei)g(ai) — flai)g' (i) =0

Substituting f(c;) = ow; Py (7)% 11 — ;)" 'ad

3

F(0i) = wio Py (1)* g (1 - a;)" ! (”PZ(T) + 1= ;)

9(e) = ai(Pu(m)af +p7 (1 — a;)7)?
and g'(a;) = (Pu(r)af +p7(1 = 0:)7)")*+
+20;0 Py () (@7 7' — (1 — ) ' Py (7)77 1) (af + Py ()7 (1 — o))

we obtain:
(53)
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PH(T)

Pr(r)+T 5 solution to Eq. 53.

Q; =

A.7 Proposition 6
Proof. From the axioms 2 and 3 in Esteban and Ray (1994), any symmetric shift of

tastes from the central a,q. to the lateral tastes (i.e. towards either 0 or 1) increases
polarization. From Proposition 5, it follows that a lower density of agents with the taste

(max translates into a lower social multiplier. O

A.8 Proposition 7

Proof. The social planning problem is max, W ([vi(PH + 7, wi,e)]ieN). Noting that
ov; _ OU(H} L} af)
or

9 = , the first order condition can be written as:

Z oW | 09U 0H; OU OL;  de OH; n oU; 0ot
0v; OHf or OLy or 0OH = or  Oay OT

=0.  (54)

iEN

The tax effect on the consumption of good H is:

with

OH} _ OHBE Z 4 48H]BR
or or “J

We define (; as the taste effect of the tax:

= oU,; ot
! 60[@ 87’7
da* Oa; OHY
with aal - 6]?* 5 <0
T jen, T 9T
oU.: o Lo=1 co=1 wo=1 L=l =
and a; = (H R S )(ain T 41—l ) .
Since aag_* a;{T Ly gLLZ aaLT: = _H;(%i by Roy’s identity, the first order condition can

be rewritten as:

oW ((_Dvi . e 5~ O
Av; ow; * OH or

ieN jEN

+¢ | =0 (55)
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Appendix B Critical value ~,.

Table 4 shows the values v¢ such that if v < v¢ then the system of social interactions
has a single equilibrium. We derived those values numerically, for different network

structures and intrinsic preference distributions.

Table 4: Critical value ¢ for different network structures and intrinsic preference distributions

B(0.1,0.1) B(1,1) B(4,4) B(15,15)
Regular lattice 0.52 0.52 0.54 0.54
Small world 0.51 0.52 0.52 0.55
Random 0.50 0.50 0.50 0.51
Scale free 0.51 0.52 0.54 0.54

Appendix C Social multiplier for complementary goods, o = 0.5
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Figure 8: Reduction in effective carbon tax due to social multiplier effect for the baseline scenario
specified in Table 1. The shaded area represents +/- 1 standard deviation around the average.
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