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Abstract

This paper considers an environment where individual actions have extern-
alities, and where there are two types of agents: socially responsible agents
(the good) and selfish agents. Selfish agents have payoff functions that do
not take into account social welfare. The payoff of a socially responsible
agent is a linear combination of (i) social welfare, and (ii) the payoff of a
selfish agent. We demonstrate that the corrective tax rates that maximize
social welfare do not depend on the degree of social responsibility of socially
responsible agents. Hence, the good and the selfish should not be taxed
differently.

JEL-Classification: H21.

Keywords: Efficiency-inducing taxation, externalities, social respons-
ibility.



Two souls alas! are dwelling in my breast;

And each is fain to leave its brother.

The one, fast clinging, to the world adheres

With clutching organs, in love’s sturdy lust;

The other strongly lifts itself from dust

To yonder high, ancestral spheres.

Oh, are there spirits hovering near,

That ruling weave, twixt earth and heaven are rife,
Descend! come from the golden atmosphere

And lead me hence to new and varied life!

Johann Wolfgang von Goethe, Faust

1 Introduction

How should taxation treat individuals that have two souls, one selfish and
the other one socially responsible? To our knowledge, this question has not
been formally discussed in the optimal taxation literature. This lack of in-
terest is somewhat surprising, given the frequent appeal that good citizens
should have a sense of social responsibility. Of course, an appeal for social re-
sponsibility is all that can be done if individual actions cannot be influenced
by measures such as taxes and subsidies. But how should the government
respond to the existence of (partially) socially responsible agents if it can in-
fluence individual actions? For example, should the government — if possible
—make environmental taxes dependent on the degree of social responsibility?
Is there another dimension to be taken into account when designing an op-
timal tax/subsidy scheme? Our paper demonstrates an invariance theorem:
social responsibility does not play any role for policy design as long as all rel-
evant actions can be taxed/subsidized and agents agree on “common sense”,
i.e., agree on what should be done for the group as a whole.

The issue of taxing activities which give rise to externalities has a long-
standing tradition in economics. Since the early work of Pigou (1920), it is
well-known that the outcome of individual actions is typically Pareto inef-
ficient if individuals, in the pursuit of private interests, take actions that

directly affect the wellbeing of others. This is true both in the case where
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there are no strategic interactions, and in the case where the group of in-
dividuals is small enough so that each takes into account the strategies of
others. In the absence of co-ordination, selfish utility maximization normally
results in a Nash equilibrium that is sub-optimal.

In order to internalize externalities and to increase social welfare, Pigou
(1920) proposed a corrective tax (subsidy) for a negative (positive) external-
ity.! In this paper, we ask whether the optimal tax/subsidy scheme should be
changed if a sub-group of individuals is not entirely selfish but has developed
a sense of social responsibility. These “good” agents have “common sense”;
they know what would be best for the whole group and take this into account
when making decisions. We model their behavior such that their actions no
longer aim at maximizing private utility; they seek to maximize a linear com-
bination of private utility and social welfare. Should these agents be taxed
differently? In this paper, we show that the good and the selfish should not
be taxed differently.

The taxation literature does not seem to have touched this issue from this
perspective but has focused on issues of fairness and redistribution. Fairness
has been considered in the context of optimal taxation (Alesina and Angele-
tos, 2005, Fleurbaey and Maniquet, 2006, 2007), and experimental evidence
suggests that agents are inequality averse (Ackert, Martinez-Vasquez and
Rider, 2007)2. This literature is more concerned with redistribution, whereas
we focus on allocational effects of taxation. We assume that issues of fairness
and redistribution could be solved by another set of instruments.

The public economics literature does not lack invariance results so our
contribution is not completely novel in this respect. Bergstrom, Blume and

Varian (1986) have shown that restribution does not change the private pro-

! Alternative solutions include negotiation (Coase, 1960), and setting up a market for
externalities (Arrow, 1970). In the case where the regulator does not have perfect informa-
tion, implementation of efficient allocations as sub-game perfect equilibria can be achieved
by mechanism designs, see Moore and Repullo (1988), Varian (1994). For a review of the
literature on implementation under complete information, see Moore (1992).

2 As for fair allocations, the literature has dealt with the existence and the properties of
allocations which are considered fair. For example, Nishimura (2004) discusses this issue
for allocations which are considered envy-free.



vision of a public good as long as the set of contributors does not change.?
Atkinson and Stiglitz (1976) have demonstated that differential commodity
taxes are unnecessary if an optimal non-linear income tax has been set. Our
invariance theorem is closest to Becker’s (1974) rotten kid theorem. He con-
siders a setup in which a benevolent principal transfers resources to (selfish)
agents, and shows that redistribution does not change consumption, as long
as all of them are still supported, because selfish agents behave such that
they maximize the group’s income (see also Bergstrom, 1989). In our model,
however, there is no benevolent principal on whom other (selfish) agents are
dependent. Agents in our model do not differ in terms of their social status
in a hierarchy but are instead different in terms of their social responsibility.

The remainder of the paper is organized as follows. Section 2 develops
the basic model and the invariance theorem. Section 3 shows that our results
extend to non-individualized taxes. Section 4 shows that our model is not
restricted to the functional specification introduced in Section 2. Section 5

concludes.

2 The model

There are n different agents. We label those agents who maximize their own
payoft as selfish agents. Those agents who also take social welfare into account
are labeled socially responsible agents; they are the good in our model. An
individual agent will be denoted by 7. Let a; be agent i’s action, and let a_;
be the vector of actions of his rivals.* Let us define the selfish component of
each payoff first. The gross payoff of an agent i, before tax and ignoring any
social responsibility, is

u® = u(a;,a_;).

The function u is assumed to be twice differentiable and strictly concave in

a;. We assume that the net payoff is the sum of the gross payoff v and the tax

3See Groves and Ledyard (1997) for the pioneering paper on a mechanism to solve the
free rider problem.

4Our results would not change if a; is the vector of actions of agent i, and a_; denotes
the matrix of actions of all other agents.



bill ¢;a;, so that the payoff arising from the actions (a;,a_;) — again ignoring

any social responsibility — is equal to
uaz,a_;) = u®(a;,a_;) — tia,

where t; is the agent-specific tax rate, imposed by the government, and taken
as given by each agent. We assume that the tax bill depends linearly on the
level of actions of agent 7. As for social welfare, we assume that it can be
represented by
W =W(ay,a, ..., ay).

This specification assumes that all agents agree on its functional form; W
therefore represents what is called common sense.5

However, agents differ with respect to the degree by which they care about
social welfare, and therefore we distinguish two different types of agents. The
selfish type does not take social welfare into account, whereas the socially
responsible agent does so to a certain extent. We suppose that any agent ¢

seeks to maximize the objective function

V(i)(ei,ai, a,i) = (1 — 91)6(1)(a1,371) + HiW(ai, a,i), 0< 91 < 1,

where 6; is i’s the degree of social responsibility. A selfish agent is character-
ized by 6; = 0, and a socially responsible agent is characterized by 6; > 0.
Note that agents differ in two dimensions: first, their gross payoff u(?) may
differ even if the same actions are carried out by all agents, including them-
selves; second, agents may have different degrees of social responsibility even
if their gross payoft functions coincide.

We begin our analysis with the case where all n agents are selfish: ; = 0
for all 7. This case will serve as a benchmark for the taxation of socially

responsible agents. If the government had direct control over all the a;’s, it

5We will deal with non-individualized taxes in the subsequent section.

6Note that W could be based on individual payoffs such that W =
WaM (ay,a_1),u? (az,a_s), ..., 0™ (a,,a_,)], but this is not required. See also our ex-
ample in Section 3.



would choose the vector a = (aq,aq, ..., a,) to maximize welfare. The first-

order conditions for social welfare maximization consist of n equations

8”5—55) =0,fori=1,2,...,n. (1)

We assume that the second-order conditions are satisfied, and the first-order

conditions uniquely identify the socially optimal vector a* = (af, a3, ..., a).

We now show that the social optimum can be achieved by imposing an op-
timally chosen tax vector t* = (3,3, ...,t%); in particular, we shall prove the
invariance result that the optimal tax vector is independent of the degree of
social responsibility of any agent.

It will be convenient to use the following notation:

OW (aj,a%;) _ oW (a*)
Gai o Gai

M/;(CL:, a*—z) =

A selfish agent i takes as given the tax rate t; and the actions of all other
agents, denoted by a_;. Maximizing V' (0, a;,a_;) = u" (a;, a_;) with respect

to a; yields the first-order condition

(9&(1) (CLZ‘, a_i) — ﬂ(l)

da; Nai,ay) =l (a;,a_) —t; = 0. (2)

We arrive at
Lemma 1 The tax vector t* = (t3,15,...,t%) defined by

tr = u(i)(a;‘, a’;) — Wi(aj,a*;) (3)

7 7

implements the socially optimal action vector as a Nash equilibrium of the

game played by n selfish agents.

Proof: Suppose that the government sets ¢; according to (3). The first-order

condition (2) of agent 7, evaluated at ¢}, is
uaa) — [ af,a%y) — Wila,a,)] =0 (@

i

Clearly, if agent ¢ thinks that all other agents choose a_; = a*,, then the

first-order condition (4) is satisfied by choosing a; = a}. O

)



We now show that the same tax vector is optimal, and achieves the same
action vector, even if one, some or all agents are socially responsible. Suppose
that ¢; is set at ¢} as given by equation (3), and that a socially responsible
agent ¢ believes that all other agents will choose a*,. Then the objective

function of the socially responsible agent ¢ is
VO =(1-6;) [u(i)(ai,aii) — tfa;] + 0, W (a;,a%,)
and the corresponding first-order condition is
(1—0;) [Ugi)(%a*—z) - tﬂ + 0;Wi(a;, aZ;) = 0. (5)

Clearly, this first-order condition is satisfied by choosing a; = a}, which is
the socially optimal action defined by equation (1), for the term inside the

square bracket is zero, and so is W;(a},a*;). We have proven

Proposition 1 The social optimum can be achieved as a Nash equilibrium by
applying a vector of individual taxes. The optimal tax vector is independent of
the vector of parameters 0; that represents the degree of social responsibility.

At the optimal tax, the Nash equilibrium action of each agent is independent

Of (91

If we require that the government’s net tax receipt be zero, we must

*

modify the tax bill of each agent, from t;a; to t;(a; — a;

¥) where af is the

socially optimal action. Then all the results go through, but no agent pays
any tax in equilibrium. Clearly, ¢;a’ is a lump sum payment to the agent.
What is the intuition for our invariance theorem? Social responsibility
implies that an agent has two souls. The selfish soul needs the tax in order
to behave well; the other soul does not need it, but it also does no harm.
Proposition 1 shows that the tax rate does not depend on the strength of
the two souls; it is sufficient to deal with the bad one, the other will follow

anyway. In the following sections, we will generalize this result.

3 Non-Individualized Tax Schemes

The last section’s model and Proposition 1 have both relied on the feasibility

of individual tax rates. In particular, the government is supposed to know
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each individual’s gross payoff function. Usually, taxes are not individualized
but depend on an observable level of certain actions. We will now explore
how our results generalize if tax rate must not be individual-specific, but
the government may use a tax scheme which depends on observable actions
only.”

Let T'(a) denote the (non-individualized) tax scheme that depends on
the observable level of actions which is denoted by a.® Since the tax is not

individualized, the net payoff of agent i is now equal to
ut (ai,a;) = U(i)(az‘, a_;) — T(a;)a;,

where there is no subscript for the tax. Each selfish agent maximizes over
his action and takes into account his effect on his tax bill. The first-order

condition for a selfish agent i is:

ﬂgl) (ai, a_i) = U(l) (ai, a_i) — T(CLZ) —

i

Note that we now observe a tax avoidance effect (dT'(a;)/da;)a; because the
actions will vary the tax rate.

We now show how an efficiency-inducing tax schedule 7%(.) may be found.
Again, let a* = (a}, a}, ...,a’) be the socially optimal vector of actions. We
assume all a} are strictly positive. Without loss of generality, we re-label
individuals so that

O0<a<aj<a;<..<a. (7)

After this re-labeling, we define, for any individual 7, his “divergence of

private marginal benefit from social marginal benefit” by

o; = ul@(a =a;,a";) — Wi(a=a,a",)

7 1) C—i 1) C—i

Let us introduce the following assumption:

"In this model, the government knows that there are n agents with n (generally) dis-
tinct and known objective functions, but does not know which agent has which objective
function. This also holds for each individual agent. This assumption is in line with the
optimal taxation literature in which agents can pretend to be of a certain type but cannot
invent a type which does not exist.

8Note that 7" has no subscript because taxes no longer depend on individuals but are
the same for all individuals who take the same level of actions.



Assumption A: (monotonicity)

0<¢ <Py < ... < P (8)

This assumption implies that the more an individual’s private marginal be-
nefit (evaluated at the social optimum) exceeds the social marginal benefit,
the higher is his activity level. Note that the ¢,’s are (known) real numbers,
not functions.

In view of inequalities (7) and (8), we can now construct a monotone
non-decreasing function w(a) which has the following properties:’
(i) w(ay) = ¢; fori =1,2,..n.
(ii) w(a) is continuously differentiable, with derivative w’(a) > 0.

Define the function

Notice that ©(0) = 0, so that, as will be clear below, an agent who chooses

a = 0 will pay no tax. Our construction implies that
Y(a) = w(a),
hence, by property (i) above,

V(a)) = ugi)(a =a,a*,) — Wi(a=a},a*,;).

7 1) C—1

Our tax function is now constructed as follows:

The selfish individual i’s first order condition (6) is then
u(a;,a_;) — V' (a;) = 0.

*
(2

It follows that by choosing a; = a}, the individual achieves his private op-

timum (given the tax schedule), which coincides with the social optimum.

The second order condition
W (a;,ay) — Var) = u'(a;,a;) — w'(a;) <0
(%)

is satisfied because u;;’ < 0 and w’ > 0. We are now able to prove

9There are infinitely many functions that satisfy these properties. We may take any of
them.



Proposition 2 The social optimum can be achieved as a Nash equilibrium by
applying a non-individualized tax scheme if Assumption A holds. The optimal
tax scheme is independent of the vector of parameters 0; that represents the

degree of social responsibility.

Proof: The invariance follows easily from the optimal behavior of a socially

responsible agent. His net payoff is
VO = (1—16;) [u(i)(aiaaii) - T(@i)} +0;W(a;,a%,)

and yields the first-order condition

dT'(a;)

(4) *
1-0. (@) ¢ N —T(a) —
( 0:) |u;” (a;,a”;) (ai) da

a;| +0;Wi(a;,a*;) = 0.
This condition is fulfilled for a; = a} if tax scheme aT'(a) = Q(a) is applied. O

Let us illustrate our results by an environmental economics example with
heterogeneous agents. Let a; be the amount of resources used by individual
i, and let Z = " a? be the resulting pollution. Assume that individual 4’s
utility function is

, 1
u® =6;1na; — ZZQ,

where 0 < 07 < d9 < ... < 0,,. Let social welfare be the sum of individual

W = iu(i) = —gZ2 + i(& In a;.
i=1 ‘

=1

utility levels:

Define A = )" | ;. The appendix proves that the optimal tax schedule is

given by

T(a) = @ % (9)

This tax schedule will lead to an optimal allocation also if one, some or all
agents are “green”in the sense that they partially take into account the effect
of their resource use on others.

Our example also offers some guidance on the shape of the tax scheme.

T'(a) in our example is linear in activity levels because the divergence between



private marginal benefit and social marginal benefit is linear in a,' and thus
(a) is quadratic. For other specifications, the divergence may be increasing
in @ at an increasing (decreasing) rate, then we expect the optimal tax scheme

will be progressive (regressive).

4 Discussion

We now discuss how our results may be extended to alternative specifications,
and explore conditions under which our results may not hold true. Would the
invariance property in Proposition 1 still hold if the utility functions are not
quasi-linear? Suppose there are F' factors of production, G final consumption
goods, and [ individuals. Let 0/]} (respectively, c;) be the amount of factor
f supplied by (respectively, final good g consumed by) individual i. Suppose

the utility function of individual ¢ is
U =UD(af, ab, ... fp, &, 5, o @™ €7")

where a™% and ¢~% are the vector of factor supplies and consumptions of

other individuals. Suppose the social welfare function is
11 11 1 12 2 2 2 2 2 _
Wy, Qg ey Qs €1y Coy vy Clay Ay Qs vy Qs CF 5 C s oy Cony o) = W e, €),

where all technological constraints have been taken into account. The socially
optimal allocation, denoted by a hat, is assumed to be the unique solution
of the (F + G)I first order conditions, for ¢ = 1,2,...,1, f = 1,2,.. F,
g=12..G,

—8W(a1 Qy, ooy O, O, Chy ooy Oy Qs y Qg ovy g, O, oy oy Cogy o) = 0

80/' 19 5529 =00 B0F ) 219 &2y 2009 TGy HP1y FE2y ey HEFY Y1y B2y 2y HGy tert ) T YD
f

aW(Al ~1 ~1 ~ ~ ~ A2 ~2 ~2 ~2 ~2 ~2 )_ 0

—aci A, 0o,y ..., Xy C1,Coy ety Cry O, Qg ooy Xy C1y Coy ooty Cry ovn ) = U
9

Assume that corresponding to the optimal allocation, we can determine the
(pre-tax) price of factor f (denoted by wy) and the (pre-tax) price of good g
(denoted by p,), where f =1,2,..., Fand g = 1,2, ..., G. Let 7 (respectively,

10See equation (A.3) in the appendix.
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t!) be the individualized tax per unit of o (respectively, c}). Assume that
the consumption of good 1 does not generate externalities, so that i = 0 for
all 7. Let L; be the lump sum transfer to individual 7. The budget constraint

of individual 7 is then

pici = L'+ (wp —75)af =Y (pg + 1)), (10)

! g
Consider for the moment the case where all individuals are selfish. The
optimal taxes must ensure that the optimal allocation is implementable as
a Nash equilibrium, i.e., for each i, the vector (Q},al, ..., 0%, ¢, ..., Cq)

maximizes individual ¢’s utility

L4 (wy = T5)al = X (pg +1h)c)
P1

YA i i i i i
U()(Ozl,%,...,aF, ,Coy ey Cy O 1, CT 1),
te., for f=1,2,.. F

U AP, L'+ 3 (wy — 7h)ah — 3Py + 1)
80&} 15 “429 ==y YLy 12}

(11)
and for g =2,....G

oU®) ob ot ot L'+ Z(wf B T?)@éc _ Z(pg + t;)cz
oy \h et "

i i i i
1 Cyy ey Co, O ', C

(12)

Setting the hat values ag; and /c\_f] into the system of (F'+ G)I equations

(10), (11) and (12), we can determine the (F'+ G — 1)I tax rates (recall that
ti = 0) and I lump sum transfer amounts L’ for i =1,2,...,I.

Now suppose some agents are socially responsible. Very generally, the

objective function of a socially responsible agent can be written as the a

function depending on the utility of a selfish agent and social welfare:

The utility of a selfish agent is a special case of V* for which V;i, = 0. The
first-order conditions for a socially responsible agent are, for f = 1,2,..., F
and g =2,3,...,G

11

i i a—i |
,Coy ey Cy 1, C )—0

=0.



U Sy el = Sl 1)

Vi——(ad,...a%, , ,...,i,&_i,ﬁ_i +
U@a} (o) ap n Ca Ca )
COW
L -(a,c) =0
W@Oz}< ) ) ’
U@ , (w; — 1), — > tti)a; SN
FECRIR RIS ikt Ll DAL R AP R
8g Do

Clearly, the optimal tax vector when all agents are selfish is also optimal

when some or all agents are socially responsible, since g‘g(&,ﬁ) = 0 and
)
g”i/ (a,¢) = 0 . This analysis suggests that our basic results can be exten-
f

ded to intertemporal models as well, because we may consider the different

activity levels as activity levels in time.

Furthermore, our model and results in Section 2 are also not affected when
we introduce non-zero costs of public funds because the government cannot
use lump-sum taxes to raise tax revenues. Let A > 0 denote the shadow price

of public funds. Welfare is equal to

W =W(ay,ag, ...,a,) + AT,

where T' = ) t;a; is the tax revenue. If A > 0, the optimal tax vector will
be different compared to the case of a zero shadow price of public funds.
However, a socially responsible agent will also take this effect into account
when deciding on his activity level. The first-order condition (5) will remain
qualitatively unchanged, but it will change quantitatively with a change in
the shadow price of public funds. Our invariance theorem (Proposition 1),
however, is not affected.

The invariance theorem relies on the feasibility of taxing all relevant activ-
ities. If at least one activity which gives rise to an externality problem can-
not be taxed (or subsidized), Proposition 1 will not hold. In this case, the
tax scheme can only be second best as it can only indirectly influence un-

taxed activities. Obviously, in that case, the optimal tax will also depend on

12



the degree of social responsibility. We should also mention that our invari-
ance theorem will not hold under asymmetric information, for example in a
Mirrlees-type optimal taxation model, because unobservable actions remain
untaxed by definition. Finally, our invariance theorem fails if restribution
should be achieved by taxation as well or if taxation should deal with effects
of envy in a group at the same time unless this tradeoff can be dealt with by

the specification of the welfare function W.

5 Concluding remarks

In this paper, we have developed a model in which individual agents are dif-
ferent in two dimensions. First, the payoffs they derive for themselves may
differ due to different payoff functions. Second, the extent to which they take
welfare aspects into account (their degree of social responsibility) may vary
across individuals. We have shown that the degrees of social responsibility
felt by individual agents have no bearing on the optimal tax rate and on
the optimal allocation which is implemented as a Nash equilibrium. Hence,
efficiency-inducing tax policy which may apply to any activity which cre-
ates an externality problem should take account of heterogeneity in terms
of individual payoffs functions only, and not heterogeneity in terms of social
responsibility.

We have also demonstrated that, under relatively mild assumption, non-
individualized tax schemes are insensitive to the degree of social respons-
ibility. This is an important result as it demonstrates clearly that a social
planner only needs to know the distribution of types in terms of the payoff
functions. Unless certain activities cannot be taxed and these activities give
rise to externalities, the social planner does not need to know the individuals’

degree of social responsibility in order to be able to design optimal policies.

Appendix

In the absence of any regulation, each selfish individual will maximize «(9 by

choosing a;, taking Z_; as given. This leads to n first-order conditions:

13



5; = a2Z. (A.1)

Adding up over all n first order conditions leads to A = Z2. The unregulated

Nash equilibrium in this game implies the aggregate pollution level of Z =

VA. Each individual’s resource use amounts to a; = /0; /7 = /i) VA.

The socially optimal pollution level can be derived from maximization of

W, which gives n first-order conditions:
W, = % _ na;Z = 0.
Adding up all n first-order conditions yields A = nZ2. Thus the socially

optimal level of pollution is given by

— /A/n, (A.2)

and the resulting optimal resource use, a;

a_ff

The marginal utility and the marginal welfare, computed at the optimal

level of resource use, are respectively equal to

@y, % % 9 x| %2 *2 | 0; * rzk
u;”(a=a;,a",) pra A - E a; —E—alZ
v J# v
and
J(a=af,a”, e TN |a; a;’| = —
v J#i v
Thus

¢ =u(a=a},a") — Wila=al,a") = (n—1)a;Z*.  (A3)

Expression (A.3) shows that Assumption A (monotonicity) is satisfied. We

can then construct the function w(a) = (n — 1)aZ*. Integration lead to

m@:m_nﬁ%

14



and the tax function is thus given by

T(a) = Qia) _ (n —21)Z*a. (A4)

(Here, each individual treats Z* as given). Inserting Z* from (A.2) yields the
tax function (A.4). Individual i, taking as given the tax function (A.4) and

assuming that j chooses aj, finds that his first-order condition is

i
a;

a? + Z(a;)Ql — (n—1Da;\/A/n =0.
J#
Choosing a; = a; will satisfy this first-order condition. The second-order

condition is also satisfied:

6i * *
—G—%—Z —2a} —(n—1)Z*<0.0
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