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Optimal Taxation with Behavioral Agents’

By EMMANUEL FARHI AND XAVIER GABAIX*

This paper develops a theory of optimal taxation with behavioral
agents. We use a general framework that encompasses a wide range
of biases such as misperceptions and internalities. We revisit the three
pillars of optimal taxation: Ramsey (linear commodity taxation to
raise revenues and redistribute), Pigou (linear commodity taxation
to correct externalities), and Mirrlees (nonlinear income taxation).
We show how the canonical optimal tax formulas are modified and
lead to novel economic insights. We also show how to incorporate
nudges in the optimal taxation framework, and jointly characterize
optimal taxes and nudges. (JEL D62, D91, H21)

This paper develops a systematic theory of optimal taxation with behavioral
agents. Our framework allows for a wide range of behavioral biases (for example,
misperception of taxes or internalities), structures of demand, externalities, and
population heterogeneity, as well as tax instruments. We derive a behavioral version
of the three pillars of optimal taxation: Ramsey (1927) (linear commodity taxation
to raise revenues and redistribute), Pigou (1920) (linear commodity taxation to
correct for externalities), and Mirrlees (1971) (nonlinear income taxation).

Our results take the form of optimal tax formulas that generalize the canonical
formulas derived by Diamond (1975), Sandmo (1975), and Saez (2001). Our
formulas are expressed in terms of similar sufficient statistics, which include both
classical ones (social marginal utilities of income and of public funds, compensated
demand elasticities, marginal externalities, and equilibrium demands) and new
behavioral ones (wedges that arise from agents’ misoptimization).

We also propose a model of nudges as unconventional instruments that influence
behavior without budgetary incidence. We show how to integrate nudges in canoni-
cal public finance models and jointly characterize optimal nudges and taxes.

The value of our framework is three-fold. First, it unifies existing results in one
single framework and identifies the key concepts that permeate many specialized
behavioral public finance problems. Second, it allows to show how the forces
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arising in isolation interact. Third, it delivers concrete new insights on some of the
cornerstone results of public economics (of course, these results require specific
assumptions, which we make explicit as we derive them). Findings (i)—(iii) have to
do with limited attention, and for those we model the perceived tax as the true tax
times an attention parameter (between 0 and 1).

(i)

(iii)

The Ramsey inverse elasticity rule states that optimal taxes to raise revenues
are inversely proportional to the elasticity of demand. We show that when
agents have limited attention to the tax, the Ramsey inverse elasticity rule is
modified: optimal taxes increase and scale with the inverse of the square of
the attention.

The Pigou dollar for dollar principle requires that corrective taxes be set to
the dollar value of the externality they correct. When agents have limited
attention, optimal taxes increase and must be set to the dollar value of the
externality divided by the attention to the tax.

When agents have heterogeneous attention, tax instruments become imper-
fect because they generate misallocation across agents: optimal Ramsey
and Pigou taxes decrease with the variance of attention. Pigouvian taxes
can no longer attain the first best and may be dominated by quantity restric-
tions, even though these blunter interventions prevent agents from express-
ing the intensity of their preferences. The principle of targeting no longer
holds and it may be optimal to tax complements or subsidize substitutes of
externality-generating goods.

Pigouvian taxes are not only attractive to correct for externalities but also
internalities. However, to the extent that internalities are more prevalent
among the poor, these taxes have adverse distributive consequences leading
to a trade-off between internality correction and redistribution. Nudges are
an attractive intervention to circumvent this trade-off and target internalities
while avoiding reverse redistribution.

A fundamental result of the Mirrlees nonlinear income tax model is that opti-
mal marginal tax rates are weakly positive. We show that if the poor do not
fully recognize the future benefits of work, perhaps because of myopia or
hyperbolic discounting, then it is optimal to introduce negative marginal tax
rates for low incomes. In addition, if the top marginal tax rate is particu-
larly salient and contaminates perceptions of other marginal tax rates, then it
should be lower than prescribed in the traditional analysis.

Relation to the Literature—We rely on recent progress in behavioral public
finance-and basic behavioral modeling. We build on earlier behavioral public finance
theory." Chetty (2009) and Chetty, Looney, and Kroft (2009) analyze tax incidence

! Numerous studies now document inattention to prices, e.g., Abaluck and Gruber (2011); Allcott and Taubinsky
(2015); Anagol and Kim (2012); Brown, Hossain, and Morgan (2010); DellaVigna (2009); and Gabaix (2019).
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and welfare with misperceiving agents; however, they do not analyze optimal tax-
ation in this context. An emphasis of previous work is on the correction of “inter-
nalities,” i.e., misoptimization because of self-control or limited foresight, which
can lead to optimal “sin taxes” on cigarettes or fats (Gruber and Kdszegi 2001,
O’Donoghue and Rabin 2006).

Mullainathan, Schwartzstein, and Congdon (2012) offers an overview of behav-
ioral public finance. In particular, they derive optimality conditions for linear taxes,
in a framework with a binary action and a single good. Baicker, Mullainathan, and
Schwartzstein (2015) further develops those ideas in the context of health care.
Allcott, Mullainathan, and Taubinsky (2014) analyzes optimal energy policy when
consumers underestimate the cost of gas with two goods (e.g., cars and gas) and two
linear tax instruments. The Ramsey and Pigou models in our paper generalize those
two analyses by allowing for multiple goods with arbitrary patterns of own- and
cross-elasticities and for multiple tax instruments. We derive a behavioral version of
the Ramsey inverse elasticity rule.

Liebman and Zeckhauser (2004) studies a Mirrlees framework when agents
misperceive the marginal tax rate for the average tax rate. Two recent, independent
papers by Gerritsen (2016) and Allcott, Lockwood, and Taubinsky (2019) study a
Mirrlees problem in a decision versus experienced utility model. Our behavioral
Mirrlees framework is general enough to encompass, at a formal level, these models
as well as many others relying on alternative behavioral biases.

We also take advantage of recent advances in behavioral modeling. We use a
general framework that reflects previous analyses, including misperceptions and
internalities. When modeling consumer demand with inattention to prices, we
rely on part of the framework in Gabaix (2014), which builds on the burgeoning
literature on inattention (Bordalo, Gennaioli, and Shleifer 2013; Caplin and Dean
2015; Chetty, Looney, and Kroft 2009; Gabaix 2019; Gabaix and Laibson 2006;
Khaw, Li, and Woodford 2017; Kd&szegi and Szeidl 2013; Schwartzstein 2014;
Sims 2003). The agent in this framework misperceives prices while respecting the
budget constraint in a way that gives a tractable behavioral version of basic objects
of consumer theory, e.g., the Slutsky matrix and Roy’s identity. Second, we also
use the “decision utility” paradigm, in which the agent maximizes the wrong utility
function. We unify those two strands in a general, agnostic framework that can be
particularized to various situations.

The rest of the paper is organized as follows. Section I develops the general the-
ory, with heterogeneous agents, arbitrary utility, and decision functions. Section II
shows a number of examples. We explain how they connect to the general theory, but
also make an effort to exposit them in a relatively self-contained manner. Section III
studies the Mirrlees (1971) optimal nonlinear income tax problem. The main proofs
are in Appendix C. The online Appendix contains more proofs and extensions.

I. Optimal Linear Commodity Taxation

In this section, we introduce our general model of behavioral biases. We then
describe how the basic results of price theory are modified in the presence of
such biases. Armed with these results, we then analyze the problem of optimal
linear commodity taxation without externalities (Ramsey) and with externalities
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(Pigou). We also propose a model of nudges and characterize the joint optimal use
of taxes and nudges. This analysis is performed at a general and rather abstract
level. In the next section, we will derive a number of concrete results using simple
particularizations of the general framework.

A. Some Behavioral Price Theory

We start by describing a convenient ‘“behavioral price theory” formalism to
capture general behavioral biases using the central notion of “behavioral wedge.”
Our primitive is a demand function ¢(q,w) where q is the price vector and w is the
budget of the consumer. Both c(q, w) and q are of dimension n x 1, where n is the
number of commodities. The demand function incorporates all the behavioral biases
to which the agent might be subject (internalities, misperceptions, etc.). The only
restriction that we impose on this demand function is that it exhausts the agent’s
budget so that q - c(q,w) = w. We evaluate the welfare of this agent according to
a utility function u(c), which represents the agent’s true or “experienced” utility.
The resulting indirect utility function given by v(q,w) = u(c(q, w)) Crucially,
the demand function c(q, w) is not assumed to result from the maximization of the
utility function u(c) subject to the budget constraintq - ¢ = w.

A central object is the behavioral wedge, defined by

ue(e(q,w))

1 (q.w) = q —
(1) (@w) = q )
of dimension n x 1. Itis the difference between the pricg and marginal utility vectors
(expressed in a money metric, as captured by v,,(q,w)).7 The wedge T°(q, w), which
equals 0 in the rational agent model, encodes the welfare effects of a marginal reduc-
tion in the consumption of different goods, expressed in a money metric.

This behavioral wedge plays a key role in a basic question that pervades this
paper: how does an agent’s welfare change when the price g; of good j changes
by dg;? The answer is that it changes by vqj(q,w)dqj, where vqj(q,w) is given by
the following behavioral version of Roy’s identity:

qu(q’ w)

e = —ofa) — ) S0

(2)

where Sc(q, w) is the “income-compensated” Slutsky matrix, of dimen-
sion n X n, whose column j (corresponding to the consumption response to a
compensated change in the price g;) is defined as

Si(a.w) = c;(a.w) + cu(a,w) c(q. w).

The term T° (q, w) . Sjc(q, w) in equation (2) is a new term that arises with
behavioral agents. The intuition is the following: a change dg; in the price of

2The behavioral wedge is independent of the particular cardinalization chosen for experienced utility.
3We refer the reader to Appendix B for the detailed derivations.
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good j changes welfare by v,(q,w)dq; = ue(c(q. w))cqi(q,w)dqj, a change
which can be decomposed into an income effect —uc(c(q, w)) c.(a,w)ci(q,w)dg;
= —vw(q,w) cj(q,w)dqj and a substitution effect uc(c(q,w)) . Sjc(q,w)dqj. In
the traditional model with no behavioral biases, the income-compensated price
change that underlies the substitution effect does not lead to any change in
welfare, an application of the envelope theorem. With behavioral biases,
income-compensated price changes lead to welfare changes in proportion to T°.

To make this more concrete, imagine that the agent is a net buyer of good
j (¢; > 0) and that we are considering an increase dg; in the price of good j. If the
agent were rational, his welfare in monetary unit would be reduced by the usual
term —c;dg; < 0. Now suppose that the agent is subject to biases such that the
wedge is positive for good j (TJb > 0) and that the other goods have zero wedges
(77 = 0 for i # j). In addition, assume that the usual own-elasticity sign holds
(SJST < 0). In this case, the usual term —c;dg; < 0 overestimates the welfare loss
for the agent because he was overconsuming good j to begin with.

To put some numbers on this effect, we use an example from Gruber and
Készegi (2004), and consider a smoker who consumes ¢; = 1 pack of ciga-
rettes a day. Suppose the price of a pack of cigarettes increases by 1 dollar,
and daily consumption goes down by —Sj? = 0.14 packs. The smoker over-
consumes cigarettes: the corresponding internality is Tf = 10.5 dollars per
pack.” Then the behavioral Roy’s identity says that his utility is improved
by —1 4+ 10.5 x 0.14 = 0.47 dollars a day rather than reduced, because increas-
ing the price helps the agent curb his excessive smoking.

A Concrete Model with Misperception of Prices and Utility.—We now present a
concrete instantiation of the general formalism, in which agents misperceive prices
and maximize the “wrong” utility. There are three primitives: an “experienced”
utility function u(c), a perceived “decision” utility u*(c), and a price perception
function indicating the price qs(q, w) perceived by the agent, as a function of the
true price q and his income w (superscripts s indicate subjective perceptions).

The agent maximizes a perceived utility function us(c) given perceived prices

qs(q, w), but ultimately experiences “true” utility u(c) Given true prices q,
perceived prices q°, and budget w, the demand cs(q, q’, w) is the consumption

vector ¢ satisfying u3(c) = A’q’ for the value of A* > 0 such that the true budget

N

#The “dollar” is for ease of interpretation, as strictly speaking it only holds as a first-order approximation. The
reader may prefer to think of a “cent.”

3 Gruber and Készegi (2004) estimates that the total future health cost of a pack of cigarettes is 1 = 35 dollars
and report a demand elasticity of below-median-income smokers of ¢» = 0.7. If the smoker is a hyperbolic  — §
discounter with quasilinear utility, then he only internalizes a fraction 5 = 0.7 of these costs, so the internal-
ity for a pack of cigarettes is 7’}’ = (1 — ﬁ)h = 10.5 dollars per pack. With a price ¢; = 5 dollars per pack
and a consumption of ¢; = 1 pack a day, the diagonal Slutsky term encoding the sensitivity of the demand
for cigarettes to its price is Sg = —t¢; = —0.14 packs per dollar per day. Hence, assuming that behavioral
wedges are zero for all goods but cigarettes (72 = 0 for i # j), the behavioral term in the Roy’s identity (2)
is —b - SjC = 77}’55 = 1.47 packs per day.
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constraint holds q - ¢ = w. The primitive demand function c(q, w) of the general
model is then given by

c(qw) = c‘v(q,q“(q,w),w).

With this formulation, the usual “trade-off” intuition applies in the space of
perceived prices: marginal rates of substitution are equal to relative perceived
prices ugl./ugj =g /q;. The adjustment factor \° ensures that the budget con-
straint holds, despite the fact that agents misperceive prices. True and per-
ceived prices, as well as perceived decision utility all influence both choices and
welfare. By contrast, the experienced utility function only influences welfare but
not choices.

The behavioral wedge is then given by

wie(q,w uc(q,w q’(q,w
(3) ‘rh(q,w) _ (S ( )) o ( ( )) +q-— - ( ) )
Vw(qv W) Vw(q7 W) q (q’ W) ’ cw(q’ W)
misperception of preferences misperception of prices

The first term is the simply the gap between decision and experienced marginal
utilities. The second term is the discrepancy between true prices and (renormalized)
perceived prices. Intuitively, if a good entails a negative internality, or if its price is
underperceived, then the agent overconsumes it at the margin, and the correspond-
ing behavioral wedge is positive.

To make things concrete, let there be two goods and quasilinear
utility u(co,c;) = co+ U(c) and u’(cy,c;) = co+ U(c;). Good 0 is the
untaxed numeéraire, the pre-tax price of good 1 is py, the post-tax price of good 1
is ¢; = p; + 7 where 7 is the tax. The tax is not fully salient so that the per-
ceived tax is m; T, where m; € [O, 1] is the attention to the tax, and the per-
ceived price is ¢] = p, + m; 7. In this case the behavioral wedges are 75 = 0
and 77 = U”(cl) —Ule) + (1 —my) 7.

To derive the Slutsky matrix, we start by defining the Hicksian matrix
of marginal perceptions MH(q,w), of dimension n x n and with elements
Mg(q, w) = 8q,-s(q, w)/@qj — (8q,-s(q, w)/(?w) (vf]j/viv), each of which is the mar-
ginal impact of a change in true price g; on the perceived price g;. Next, we define
S’(q,w) to be the Slutsky matrix of an agent with utility u°(¢) who faces prices
q’(q,w) and achieves utility v°(q,w). The Slutsky matrix is given by

(4) $aw) = (1= ey(aw)(v"(a.w))") S'(a.w)M"(q.w).

SThis is the formulation advocated for in Gabaix (2014), which discusses it extensively and uses it to derive a
behavioral version of classical consumer and equilibrium theory. The fixed-point problem for A* has a solution under
the usual Inada conditions. If there are several such \*, we take the lowest one, which is also the utility-maximizing
one. Note that A\’ is a function of q, q°, and w.
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Note that the Slutsky matrix is influenced by both true and perceived prices. By
contrast, it is only affected by the perceived decision utility function and not by true
experienced utility.

In the rest of the paper, we will consider only the case where q;, = 0, so
that M = M, where M = qyq is the matrix of marginal misperceptions. It shows
how a change in the price g; of good j creates a change M kj(q, w) = 9qi(q,w)/ dgjin
the perceived price g} of a generic good k. The term S’(q, w) encodes how this change
in the perceived price changes the demand for goods. The term cw(q,w) ('rb (q, w)) !
is a correction for wealth effects.

B. Optimal Taxation to Raise Revenues and Redistribute: Ramsey

There are H agents indexed by h. Each agent is competitive (price taker) as
described in Section IA. All the functions describing the behavior and welfare of
agents are allowed to depend on 4. We assume perfectly elastic supply with fixed
producer prices p./’

The government sets a tax vector T, so that the vector of after-tax prices
isq = p + 7. Good 0 is constrained to be untaxed: 7, = 0.% We introduce a social
welfare function W(vl, s vH) and a marginal value of public funds \. We omit the
dependence of all functions on (q, w), unless an ambiguity arises.

The planning problem is max.. L(T), where

(5) L(r) = W(("h(p + T, Wh)) H) + )\Zh:T ~(p + T, wh),

h=1,...
and w" = p - e is the value of the initial endowment e” of agent /.

Following Diamond (1975), for every agent i we define 3" = W, ! to be the
social marginal welfare weight and 7" = 3" 4+ AT - ¢/, to be the social marginal
utility of income. The difference AT - ¢/, between 3" and 4" captures the marginal
impact on tax revenues of a marginal increase in the income of agent #. We also
renormalize the behavioral wedge for agent 4 to take into account the welfare weight
attached to him:

h
(6) b = Do

We now characterize the optimal tax system.’

7The traditional justification for this assumption is the result, established by Diamond and Mirrlees (1971), that
with a full set of commodity taxes, optimal tax formulas are independent of production elasticities. In Farhi and
Gabaix (2019) we show that this result extends to environments with behavioral agents under stronger assumptions.
We also show how to generalize our optimal tax formulas when these assumptions are not verified.

8 Leisure for instance cannot be taxed. This assumption rules out the replication of lump sum taxes via uniform
ad valorem taxes on all goods, which also entail no distortions since they do not change relative prices.

9 Suppose that there is uncertainty, possibly heterogeneous beliefs, several dates for consumption, and complete
markets. Then, our formula (7) applies without modifications, interpreting goods as a state-and-date contingent
goods. See Spinnewijn (2015) for an analysis of unemployment insurance when agents misperceive the probability
of finding a job, and Dévila (2017) for an analysis of a Tobin tax in financial markets with heterogeneous beliefs.
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PROPOSITION 1 (Behavioral Ramsey Formula): If commodity i can be taxed, then
at an interior optimum

T B T YR )

An intuition can be given along the following lines. The impact of a marginal
increase in 7; on social welfare is the sum of three effects: a mechanical effect, a
substitution effect, and a misoptimization effect.

Let us start with the mechanical effect, _, ()\ — fyh) ¢! dr,. If there were no changes
in behavior besides income effects, then the government would reduce the utility
of agent h by 3"c"dr; and collect additional revenues (1 - T- cfv) chdr;, valued
at )\(1 - T cﬁ) c!dr;, and leading to a total effect on the government objective of
()\ — ’yh) chdr,.

Let us turn to the substitution effect Y ,\T - S,-C’th,-. The change in consumer
prices resulting from the tax change dr; induces a change in behavior S dr, of
agent h over and above the income effect accounted for in the mechanical effect.
The resulting change T - Sic’thi in tax revenues is a fiscal externality which is
valued by the government as AT - S& hdrl-.

Finally, let us analyze the misoptimization effect —Y ,A¥>" . Sic’th,-. Noting
that — A 727" . S,-C’ thl- = —phrbh. SI-C’ thi, this effect can be understood as a man-
ifestation of the failure of the envelope theorem encoded in the behavioral version of
Roy’s identity in equation (2). Basically, if the agent overconsumes a good i, then,
everything else equal, taxing good 7 is more attractive at the margin.

All in all, adding behavioral agents introduces the following differences. First, it
modifies behavioral responses, which endogenously changes the values of 3", v",
and S&".'9 Second, it leads to the new term — A 75" - S&.

One way to think about the optimal tax formula (7) is as a system of equations
indexed by i in the optimal taxes 7; for the different commodities:

C.h _ ~b,h oC,h
®  En ] —cov<7h Hcf-’) _ LTS
Ci A A7 G Ci ’

raising revenues redistributing correcting biases

where ¢; = Y_,c! is total consumption of good i and 7 = (I/H)Zh A" is the
average social marginal utility of income. The term on the left-hand-side encodes
the extent to which the consumption of good i is discouraged by the overall tax
system. The first and second right-hand-side terms capture respectively the rev-
enue raising and redistributive objectives of taxation: at the optimum, good i
is more discouraged if the need for government revenues is large and if agents
with low social marginal utility of income consume relatively more of good i.
The last right-hand-side term captures the corrective objective of taxation: at the

101f the government needs to raise a given amount of revenues from taxes, then \ is endogenous and equal to
the Lagrange multiplier on the government budget constraint. Behavioral biases then also modify the value of \.
See online Appendix Section VIIL.B.1 for an example.
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optimum, good i is more discouraged if good i and complements to i have large
behavioral wedges."’

We can view this as a linear system of equations in the 7;s indexed by i with
endogenous coefficients given by Zj,h Sﬁ’h/ ¢; and endogenous forcing terms
given by the right-hand-side of (8). Solving this system allows us to express the
taxes as functions of these endogenous objects which we refer to as sufficient
statistics since they mediate the dependence of optimal taxes on primitives
of the model and of observables at the optimum. Since these observables in
turn depend on taxes, one can view this mapping as a nonlinear fixed-point
equation.

To be clear, the sufficient statistics must be computed at the optimum. In certain
parametric models, these objects will be constant, leading to a closed-form solution
for taxes. Indeed, this will be the case for many of the examples explored in
Section II, which require specific functional forms (e.g., isoelastic, quasilinear), in
which elasticities or key derivatives are independent of the tax. In general, however,
these sufficient statistics are not constant. It would then be incorrect to use estimates
obtained away from the optimum to infer optimal taxes. Instead, they can be used
to test for optimality of an observed tax system, and in case of suboptimality, to
determine the direction of welfare-improving marginal tax reforms. Alternatively,
meta-analyses of empirical estimates of these sufficient statistics can be used to
determine a plausible range for optimal taxes."”

The generality of the formula is useful for several reasons. First, it identifies the
basic objects that matter for optimal taxes in different contexts. Second, it unifies
an otherwise disparate set of insights. Third, it allows to identify tractable special
cases while at the same time clarifying the forces that are being eliminated to get
tractability.

C. Optimal Taxation with Externalities: Pigou

We now introduce externalities and study the consequences for the optimal
design of commodity taxes with behavioral agents. The utility of agent % is now
uh<ch,£), where ¢ = 5((ch>h:1’ B _,H) is a one-dimensional externality (for
simplicity) that depends on the consumption vectors of all agents and is therefore
endogenous to the tax system. All individual functions encoding the behavior and
welfare of agents now depend on the externality &.

The planning problem becomes maxTL('r), where

L(t) = W((vh<p + 7w, 5))h:1 H> + )\;T . ch<p + T,wh,f)

sy

"' Suppose that in addition to linear commodity taxes, the government can use a lump sum tax or rebate,
constrained to be identical for all agents (a “negative income tax”). Then optimal commodity taxes are character-
ized by the exact same conditions, but with an additional condition for the choice of the lump sum rebate, yielding
¥ =X\

2This requires the assumption that the meta-analysis be of cases in which taxes are not too far from the
optimum, in the sense defined by the welfare criterion (5).
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H). We let the social marginal value of the

and ¢ = ¢(("(p+ 7w ),

externality be

.....

h
Do [ﬁh:,f + AT - c?]

w

1 - Zhgc” : Cg

—
—

This concept includes all the indirect effects of the externality on consumption and
the associated effects on tax revenues (the term ) , AT - cé’ in the numerator) as well
as the associated multiple round effects on the externality (the “multiplier” term
encapsulated in the denominator). With this convention, = is negative for a bad
externality, like pollution. We call 75" the (agent-specific) Pigouvian wedge

9) T8 = —:)%ch,
which represents the social dollar value of the externality created by one more unit
of consumption by agent h. We finally define the externality-augmented |social
marginal utility of income 7% = 7"+ Z¢u- ¢! = ' + )\(T — Tf’h) ¢l '3 The
next proposition generalizes Proposition 1.

PROPOSITION 2 (Behavioral Pigou Formula): If commodity i can be taxed, then
at an interior optimum

(10)

Sl w5 -

Formally, misoptimization and externality wedges (%", T¢") enter symmetri-
cally in the optimal tax formula. We will see later that in some particular cases,
behavioral biases can be alternatively modeled as externalities. But this is not true in
general for at least two reasons: our model allows for behavior which could not be
rationalized via an externality (for example, nonsymmetric Slutsky matrices S¢"),
and allows for internalities mediated via prices which cannot be captured in the
standard externalities treatment (for example, misperception of taxes creates inter-
nalities q — q°).

D. Optimal Nudges

We turn our attention to another type of instrument with no counterpart in the
traditional theory: nudges (Thaler and Sunstein 2008). The concept of nudge
captures many different forms of interventions ranging from shocking pictures (for
example, the picture of a cancerous lung on a pack of cigarettes), to default options
(for example, in 401(k) retirement savings accounts). The goal of this section is to
make an attempt at proposing a simple model that will allow us to jointly charac-
terize optimal nudges and optimal taxes (see also Section IID for an application).

13 As one dollar is given to the agent, his direct social utility increases by ~", but the extra dollar changes
consumption by ¢!, and, hence, the total externality by & - ¢, with a welfare impact = &g - ch.
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While our model is stylized and makes particular parametric assumptions on how
nudges alter marginal and absolute utilities, we think this framework is useful in
order to capture the key economics of nudges within a theory of optimal taxation.

At an abstract level, we assume that a nudge influences consumption but does not
enter the budget constraint. This is the key difference between a nudge and a tax. We
acknowledge that this approach to nudges is conceptually standard, and is similar to
how one might model information or advertising a la Becker and Murphy (1993).
It also involves shortcuts vis-a-vis the “deep psychology” of nudges. However, it
allows us to provide a unified treatment of optimal nudges, optimal taxes, and of
their interactions.

The demand function ch(q, w, X) satisfies the budget constraint
q- ch(q, w, X) = w, where X is the-nudge vector. In general, a nudge may also
affect the agents’ utility u ( ) 1 The nudge changes the perceived utility
to u"(e,x) = u"*(c) — xn'c;, where ui™* is the marginal decision utility
in the absence of nudges, and 1" > 0 captures the nudgeability of the agent so
that 7" = 0 corresponds to a non-nudgeable agent.'> This captures that the
nudge alters the perceived marginal utility of good i. A straightforward example
of such nudge is a public campaign against cigarettes (x > 0) or for recycling
(x < 0). The extent to which these nudges are intrinsically aversive can be cap-
tured with an aversiveness parameter ¢" and an experienced utility of the form
uh(c, X) = uh(c) —i"ye,

The planning problem is max. , L(T, x), where

L(T.x) = W( (vh(p + T, wh €, X)) ) + )\;T c(p+T,wheEx),

h=1,....H

with vi(p + T,w, & x) = uh(ch(p + T, wh¢, X)@X)-

PROPOSITION 3 (Optimal Nudge Formula): At an interior optimum, nudges satisfy
GL Zbh) . oh U
(11) Z Al — ¢ ')-cx+ﬁv—h

The optimality conditions for taxes (10) are unchanged.

Equation (11) has four terms corresponding to the potentially conflicting
goals of nudges. The first term, AT - cﬁ‘c, captures the fact that the changes in
behavior induced by nudges directly change tax revenues. The second term,
AT x’ captures the fact that the changes in behavior induced by nudges
affect welfare and tax revenues through their effect on externalities. The third

14 Glaeser (2006), Loewenstein and O’Donoghue (2006), and Galle (2014) discuss the idea that nudges have
a psychic cost.

"SHere 7" depends on the cardinalization of utility. To get a unit-less parameter, we could write
= i, (q*,w*) ¢f, where stars denote a reference point. Then 7" is unit-less, hence potentially portable across
situations.
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term, AT - \» captures the fact that the changes in behavior mduced by nudges

affect welfare because agents misoptimize. The fourth term, ﬁh(ux / vw , captures
the potential direct effects of nudges on utility.'©

E. A Simple Specification

We lay out a particularization of the concrete model with misperception of prices
and preferences of Section IA. This case will prove useful to construct many of our
examples in Section II.

We make several simplifying assumptions: we assume that decision and
experienced utility are quasilinear so that the marginal utility of wealth is constant;
we allow for a simple convenient form for misperceptions of taxes; we assume that
externalities £ are separable from consumption.

Formally, we decompose consumption ¢ = (¢, C) with C = (cy,...,c,) and
we normalize py = g9 = 1, as good 0 is assumed to be untaxed. The experienced
utility of agent % is quasilinear,

uh(CO,C,f) = ¢o+ Uh(C) - &,

where £ = ¢ ((Ch)h:]““, H) is an externality. Agent A is subject to two sets of
biases. First, taking £ as given he maximizes a decision utility

ey, C,€) = ¢+ UMM(C) = ¢,

which differs from his experienced utility, but remains quasilinear. Second, while
the true after-tax price is q = p + T, he perceives prices to be

(12) q"" = p+M'r

where M" is a constant matrix of marginal perceptions. The corresponding percep-
tion function is ¢*"(q) = p + M"(q — p)."”
Consumption of goods 1, .. .,n is

Ch(q,W> _ Cs,h(qs,h(q)) _ argénax Us,h(c) o qs,h<q> .C

and consumption of good 0 is co(q,w) =w-q- Ch(q,w).

The behavioral wedge is %" = v/ 4 (I - Mh)'r, where T =Ug(C)
— U(C).

1We note in passing that to date, the empirical literature (reviewed briefly below) has measured the impact
of nudges on decisions (c”), but not (to the best of our knowledge) the impact on utility (u”).

"7Tn all those deﬁmtlons we omit the row and columns corresponding to good 0, which has no taxes and no
misperceptions.
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We refer to T/ as the internality wedge. The externality wedge is
h
Téh = Tf .

Finally, the Slutsky matrix is

s,h( s, h
SCh(qw) = S (q*(q))M", where §'(q"") = w
The matrix S”h(q‘“h) is the Slutsky matrix for an agent who correctly perceives
prices.

We assume a utilitarian welfare function with exogenous Pareto weights b”. Since
utility is quasilinear, we have 7% = 4" = g" = p".

Closed-form solutions can be obtained only in special cases, e.g., when utility
is isoelastic or quadratic, as we shall see in Section II. Closed-form solutions can
also be obtained as an approximation in the limit of small taxes often emphasized in
public finance, and to which we now turn.'®

Optimal taxes can then be derived in terms of fundamentals, as a first-order
approximation:

(13) T~ —[E};M’“S”h(p,w)Mh]l%:Kl —%h) Ch(p,w)]

raising revenues and redistributing

+ [Zh:Mh’S”h(p,w)Mh] 1Z};[M}“S”h(p,w)(’r”‘(p,w) + 'rg’h(p,w))] .

correcting internalities and externalities

The objects on the right-hand side are evaluated at the zero-tax equilibrium, and
can therefore be taken to be primitives (independent of taxes). This expression can be
broken down in the different motives for taxation: the revenue-raising and redistrib-
utive motives (the first term on the right-hand side), and the internality-externality
corrective motives (the second term on the right-hand side). In the Appendix, we
derive a similar formulation for the optimal tax without assuming quasilinear utility
(see equation (41)).

Equation (13) delivers some explicit comparative statics. In response to a
change d'r”‘(p,w) in the internalities, we have the following average comparative
static result (up to the third order in 7):"®

(14) dt' Y M"'S8™(p,w)dr""(p,w) < 0.
h

1875 consider the limit of small taxes, we assume that b — \is small, and that 70 and 75" are small when
taxes are equal to 0 (and hence that they remain small for small taxes). To be formal, we introduce a small distur-
bance vector n = ({b” — /\}, {-r"h}, {Téh}) and we compute a Taylor expansion in 7 around 0. Equation (13)
holds up to the second order in 7).

YIndeed (13) gives dt = Q0 'dx with dx = Y ,M"S""(p,w)dt""(p,w) and Q0 = >_M"S""(p,w)M"
is a negative definite matrix, as rational Slutsky matrices are negative semi-definite. So, dT'dx = d7'Qdt < 0,
ie., (14).
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This means that on average, the change in optimal perceived taxes comoves
positively with the change in internalities. For example, imagine that for all
agents, the attention matrix M”" is diagonal and positive and that all other
goods are substitutes with good i. Suppose that for all agents, we increase the
internality of good i and that we decrease the internalities for the other goods
so that de’h(p, w) > 0 and dT;’h(p, w) < 0 for all j # i. As is intuitive, the
optimal tax system then redirects consumption away from good i and toward the
other goods.

We can also get some explicit comparative statics with respect to the attention
matrix M”. For example, both the revenue-raising and redistributive term and the
internality-externality correcting terms increase (in absolute value) when taxes are
made less salient via a proportional reduction of all the elements of all the attention
matrices.

Increases in the heterogeneity of attention unrelated to the heterogeneity
of internalities also tend to lower both components of the optimal tax (in
absolute value). For instance, this result obtains when each agent is duplicated
into two otherwise-identical agents, with respective attention M”" + AM”"
and M" — AM”, and all matrices M", AM", and S”" are diagonal. The intuition
is that higher heterogeneity in attention introduces an extra cost of taxation in
the form of misallocation across consumers who do not all perceive the same
post-tax price.

F. Discussion

Measurement.—QOperationalizing our optimal tax formulas requires taking a
stand on the relevant sufficient statistics, which are also required in the rational
agent model, except for the behavioral wedges 7%". In principle, they can be esti-
mated with rich enough data on observed choices."

As pointed out in Section IB, there are several ways to use estimates of these
sufficient statistics. In general, estimates for a given tax system can be used to test
for optimality of this tax system or to identify the direction of welfare-improving
local tax reforms. With extra assumptions about functional forms, these sufficient
statistics reflect constant deep parameters (e.g., demand elasticities for isoelastic
utility functions) and then local estimates can be used to compute globally optimal
tax system, as we shall see in Section II.

In practice, this remains a momentous task, as the data and sources of exogenous
variations are limited. With behavioral biases, estimating these sufficient statistics
requires extra care, as they might be highly dependent on contextual factors. The
behavioral wedges b1 which summarize the effects of behavioral biases at the mar-
gin, are arguably even harder to measure because estimating welfare is inherently
challenging. This poses a problem similar to the more traditional one of estimating
marginal externalities T to calibrate corrective Pigouvian taxes in the traditional
model with no behavioral biases. In both cases, it is possible to use a structural model,
but more reduced-form approaches are also feasible in the case of behavioral biases.

20This is true except for the “social constructs” such as the social welfare function and its impact on ~".
A possible approach is to vary these parameters to trace out the whole constrained Pareto frontier.
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Existing approaches to measuring behavioral wedges T
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b can be divided in three

broad categories. In Section II when we consider specific examples, we will attempt
to draw from the existing empirical evidence to give a concrete sense of how to
implement these principles.

(i)

(i)

Comparing Choices in Clear versus Confusing Environments.—A common
strategy involves comparing choices in environments where behavioral
biases are attenuated and environments resembling those of the tax system
under consideration. Choices in environments where behavioral biases are
attenuated can be thought of as rational, allowing the recovery of experienced
utility u" as a utility representation of these choices, with associated indirect
utility function v". Indeed, choices are more likely to reveal true preferences
if agents have a lot of time to decide, taxes and long-run effects are salient,
and information about costs and benefits is readily available, etc. Differences
in choices in environments where behavioral biases are present would then

allow to measure the marginal internalities ™" = q — (ué’ / vﬁ)

For example, if the biases arise from the misperception of taxes so
that 7" = 1 — 75" then perceived taxes %" could be estimated by com-
paring consumption behavior in the environment under consideration where
taxes might not be fully salient to consumption behavior in an environment
where taxes are very salient (see, e.g., Chetty, Looney, and Kroft 2009;
Allcott, Mullainathan, and Taubinsky 2014; and Feldman, Katuscak, and
Kawano 2016). We flesh out the details regarding the implementation of this
strategy in the quantitative illustration at the end of Section ITA.

Another example is when agents may not fully understand the util-
ity consequences of their choices, which can be captured with misper-
ceived utility. For instance, Allcott and Taubinsky (2015) studies the
purchases of energy-saving light bulbs with or without an intervention
which gives information on potential savings in a field experiment. By
comparing purchase decisions with and without treatment, they recover

T = (w3 /v) = (ue/v,)-

Surveys.—Another strategy, if behavioral biases arise from misperceptions,
is to use surveys to directly elicit perceived taxes T". See, e.g., de Bartolomé
(1995), Liebman and Zeckhauser (2004), and Slemrod (2006) for examples
implementing this method.

Structural Models.—Finally, it is sometimes possible to use a calibrated
structural model. For example, Allcott, Lockwood, and Taubinsky (2019)
combines an assessment of the health consequences of soda consumption
with a hyperbolic discounting model (Laibson 1997) to estimate the associ-
ated internality. See Section IID for a more detailed explanation.

Paternalism.—In our model, agents make mistakes that the government can
identify, which is difficult in practice. This approach departs from the revealed
preferences welfare paradigm and has elements of paternalism (Bernheim and
Rangel 2009). There are several objections to this approach. Governments may not
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understand agents’ motives and constraints well enough; may also not be benevolent
or fully optimizing; and may face political economy constraints. While we acknowl-
edge these objections, they are beyond the scope of this paper.

Information-Based Biases.—Despite our model’s generality, it is not ideally
suited to capture information-based behavioral phenomena, such as self and social
signaling as a motivation for behavior, or the potential signaling effects of taxes and
nudges (see, e.g., Bénabou and Tirole 2006b and references therein).

Lucas Critique.—A difficulty confronting all behavioral policy approaches is
a form of the Lucas critique: how do the underlying biases change with policy?
The empirical evidence is limited, but we try to bring it to bear when we discuss
the endogeneity of attention to taxes (Section IIE). We hope that more empirical
evidence on this will become available as the field of behavioral public finance
develops.

II. Examples
A. Basic Ramsey Problem: Raising Revenues with Behavioral Agents

Inverse Elasticity Rule: A Behavioral Version.—We start by developing a
behavioral version of the canonical Ramsey inverse elasticity rule. Following the
tradition, we start with a homogeneous population of agents (so that we can drop
the h superscript), with welfare weight v. We define A = 1 — (’y/ )\) so that
a higher A corresponds to a higher relative benefit of raising revenues. Utility is

co+ Y 1( 1=1/vi 1) /(1 —1/%;). The only bias is that the agent perceives the

tax 7;as 7; = m;T;, where m; € (0, 1] captures the attention to the tax.
The Ramsey planning problem is thus

[ ( )]1 1/1/11_
(15) rr{lTaXfylZ: D —(pi+ )¢ —i—)\ZTc

where ¢,(7;) = (p; + m;7;) """ is the demand of the consumer perceiving the price
to be p; + m;7;. The optimal tax formula can be derived either by specializing
the general Ramsey formula (7) or by directly taking first-order conditions
n (15).

PROPOSITION 4 (Modified Ramsey Inverse Elasticity Rule): The optimal tax on
good iis

Ti A 1
(16) R .
When m; = 1 we recover the traditional Ramsey inverse elasticity rule which

states that taxes decrease with the elasticity ¢; of the demand for the good and
increase with A. When m; < 1 the tax is higher. Mullainathan, Schwartzstein, and
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Congdon (2012) discusses intuitively that taxes should be higher when they are
underperceived, but does not derive a formal mathematical behavioral counterpart
to the Ramsey inverse elasticity rule.

To gain intuition for equation (16), we consider the limit of small taxes (i.e.,
the small A limit). Up to the first order in A, optimal taxes are then given by the
first term in equation (16). Thus, whereas the traditional Ramsey rule prescribes
that 78 /p; = A /4);, with inattention optimal taxes are higher and equal to

(17) 3= A

! m; Y;
Loosely speaking, this is because inattention makes agents’ demand less price-elastic.
Given m; < 1, the effective elasticity of the demand for good i is m;);, rather than
the parametric elasticity 1,.>! However, a naive application of the Ramsey rule
would lead to the erroneous conclusion that 7,/p; = A/(m;);) rather than 7,/p;
= A/ (ml2 w,-). The fact that 7; should rise by even more than stated by the “naive”
formula arises because it is the perceived tax, and not the true tax, that should be
inversely proportional to the effective demand elasticity: 7} /pi = A/ (m,»w,-).22

Heterogeneity in Attention.—We now turn our attention to the case where
perceptions of taxes are heterogeneous.*”

We suppose that type 4 has attention m” to the tax on good i. With isoelastic
utility, no closed-form solution for the optimal tax is available, and so we directly
place ourselves in the limit of small taxes to derive analytical insights. We con-
firm the validity of these intuitions in our quantitative illustration at the end of this
section, where we do notrely on this approximation. Optimal taxes are now given
by an application of (13):*4
(18) Ig - ; 2] — /2X ’

' %E[(mlh) ] w,(<E[mf’]) + Var[mf’])

where here and elsewhere E and var denote respectively the average and the
variance computed over the different types / of agents. As we saw at the end of
Section IE, controlling for average attention E [mf’] (which determines the effective
elasticity of total demand to the tax), an increase in the heterogeneity of attention
var [mfl] reduces the optimal tax because it increases misallocation across

consumers.

2! Finkelstein (2009) finds evidence for this effect. When highway tolls are paid automatically and thus are less
salient, people are less elastic to them, and the government reacts by increasing the toll (i.e., the tax rate).

228ection 1A extends the analysis to an endogenous social cost of public funds.

23For instance, the poor might pay more attention to the price of the goods they currently buy, while perhaps
paying less attention to some future consequences of their actions. For explorations of the demographic correlates
of attention, see Mani et al. (2013) and Taubinsky and Rees-Jones (2018).

24This can be directly seen by maximizing the second-order approximation of the objective function of the
government, valid for small A and small taxes:

b = 5ol )] (B) v+ A S 7o
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Quantitative Illustration.—To gauge the real-world importance of these
effects, we calibrate the behavioral Ramsey formula (7) with heterogeneity in
misperceptions, based on the findings of Taubinsky and Rees-Jones (2018) for
sales taxes. Sales taxes are not included in the tag price. To elicit their salience,
Taubinsky and Rees-Jones design an online experiment and elicit the maximum
tag price that agents would be willing to pay when there are no taxes or when there
are standard taxes corresponding to their city of residence (in the latter case, they
are not reminded what the tax rate is). In our notation, the ratio of these two prices
is 1+ (’7‘/ p)mh, where p is the maximum tax price when there are no taxes (we
focus on a given good, and suppress the index i). This allows the estimation of tax
salience m”.

Taubinsky and Rees-Jones (2018) finds (in their standard tax treatment)
E [mh] = 0.25 and Var(mh> = 0.13, so that heterogeneity is very large,
Var(mh)/(E[mh])2 = 0.13/0.25% = 2.1. In our calibration, we take 1) = 1 (as in
the Cobb-Douglas case, which is often a good benchmark for the elasticity between
broad categories of goods), a two-point distribution with rational and behavioral
agents to match the mean and dispersion of attention, and A = 1.25 percent, which
is consistent with the baseline tax in their setup, at 7 = 7.3 percent (see online
Appendix Section VIIL.A.1 for details). If the tax became fully salient, the optimal
tax would be divided by 5.7. If heterogeneity disappeared (but keeping mean
attention constant), the optimal tax would be multiplied by 2.8.?

We conclude that the extant empirical evidence and our simple Ramsey model
indicate that the mean and dispersion of attention have a sizable impact on
optimal taxes.

B. Basic Pigou Problem: Externalities, Internalities, and Inattention

Dollar for Dollar Principle: A Behavioral Version.—We continue to assume a
quasilinear utility function. We assume that there is only one taxed good, n = 1.
The decision and experienced utilities of the representative agent coincide and are
given by u(cy,c,€) = co+ U(c) — & where the negative externality that depends
on the aggregate consumption of good 1 (think for example of second-hand smoke)
is £ = &, c. Alternatively, this setup could represent an internality with decision
utility ¢y + U(c) and experienced utility ¢y + U(c) — &, c.

To focus on the corrective role of taxes, we assume that A = 0 and that the
government can rebate tax revenues lump sum to consumers. As before, we suppose
that the agent perceives a fraction m of the tax. The optimal Pigouvian corrective tax
(10) required to ensure that agents correctly internalize the externality /internality

25The numbers we report in the main text use formula (7) without any approximation. To get a feel
for these magnitudes, however, it is useful to consider the small tax approximation. Then, if the tax
became fully salient, the optimal tax would be divided by 5 (multiplied by (E[mh])2+var(mh) ~ 0.2).
If heterogeneity disappeared (but keeping mean attention constant), the optimal tax would be multiplied by

((E[mh])ervar(m"))/(E[mh])z ~ 3.
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is 7 = &, /m.?9 A dollar of externality must be corrected with 1/m dollars of tax.
We record this simple modification of the “dollar for dollar” principle of traditional
Pigouvian taxation, which assumes m = 1 and yields 7 = £,.%”

PROPOSITION 5 (Modified Pigou Formula): In the basic Pigou problem with
misperceptions, the optimal Pigouvian corrective tax is modified by inattention
accordingto = &, /m.

It is interesting to contrast this result with the modified optimal Ramsey tax
(Proposition 4), for which 7;/p; = (A/v)) (1 / m,z) in the limit of small taxes. Partial
attention m; leads to a multiplication of the traditional tax by 1/m; in the Pigou case
and by 1 /m7 in the Ramsey case.

The intuition is as follows. At the optimum in the Ramsey case, the perceived
tax my; 7; is proportional to the inverse of the demand elasticity m;1); which is itself
reduced by inattention. At the optimum in the Pigou case, the perceived tax m;7; is
set equal to the externality £, which is independent of inattention.

If different consumers have heterogeneous perceptions, then Proposition 5
suggests that no uniform tax can perfectly correct all of them. Hence, heterogeneity
in attention prevents the implementation of the first best.?*

Heterogeneity.—We now explore this issue more thoroughly. We assume that there

are several consumers, all with the same welfare weight 4" = " = \. Agent h

maximizes uh(cg, c”) = ch4 Uh(ch). The associated externality /internality is £" ¢”.

To be more precise, in the internality case, U“’h(ch) — Uh(ch) = §h ¢, and in the

externality case, the externality is ¢ = (1 /H ) > x&"c". Agent h pays an attention m"

to the tax so that perceived taxes are 75 = m'7. We specify (or approximate) utility
to be quadratic, U"(c) = (ahc —(1/ 2)c2) /¥, which implies a demand function
ch(qs) = a"— Vg

With heterogeneous externality or attention, to reach the first best, we would
need a person-specific Pigouvian tax, &"/m". However, under our maintained
assumption of a single uniform tax, the first best cannot be implemented except in
the knife-edge case where &" / m" is the same across agents.

A direct application of the general behavioral Pigou formula (10) yields the
optimal Pigouvian tax:

el El)sl] + o)
v el " (el varl

26The derivation is as follows, in the externality case. We drop the / as there is just one type of agent. From (3),
=t =g—g = p+71)—(p+mr) = (1-m)r,

while (9) gives 7° = &,. Finally, (10) gives 7° = 7—7° = mr,ie,7 = &/m.

27The intuition that Pigouvian taxes should be higher when they are not fully salient is also discussed in
Mullainathan, Schwartzstein, and Congdon (2012) and could be formalized using their framework.

281f the budget adjustment is concentrated on a “shock absorber” good with a sharply decreasing marginal
utility, then we obtain another force making Pigouvian taxes more distortionary, resulting in lower optimal
Pigouvian taxes. This is developed in online Appendix Section VIII.B.3.
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As observed at the end of Section IE and in the Ramsey case, an increase in the
heterogeneity of inattention var(mh) reduces the optimal tax. In addition, there is
something new and specific to the Pigouvian setup. The optimal tax is higher if the
tax is better targeted in the sense that agents with a higher externality /internality £"
pay more attention to the tax, as measured by Cov(fh,mh). See Allcott, Knittel, and
Taubinsky (2015) for a study where subsidies to weatherization are hampered by the
fact that people who benefit the most pay the least attention.

Inattention and Tax versus Quantity Regulation.—We continue to use the
assumptions of heterogeneous consumers with quasilinear utilities and utilitarian
government with no motives of raising revenues or redistributing. The fact that
the first best is generally not achievable in the presence of heterogeneity opens
up a potential role for quantity regulations. Suppose the government imposes a
uniform quantity restriction, mandating ¢" = ¢*. A simple calculation reveals
that the optimal quantity restriction is given by the intuitive formula ¢* = FE [ch*],
where ¢"* = argmax,: Uh(ch) - (p + fh) c" the quantity consumed by agent 4 at
the first best.

The following proposition compares optimal Pigouvian regulation and optimal
quantity regulation. We consider a situation where the planner implements either
an optimal Pigouvian tax, or an optimal quantity regulation, but not both policies.

PROPOSITION 6 (Pigouvian Tax versus Quantity Regulation): Consider
a Pigouwvian tax or a quantity restriction in the basic Pigou problem with
misperceptions and heterogeneity. Quantity restrictions are superior to corrective
taxes if and only if

[(¢")?]l(m)’] - (le'n'])"

L var(ch*
(20) var(c") < W 2E[(mh>2] )

pAY

where the left-hand side is the welfare loss under optimal quantity regulation, and
the right-hand side the welfare loss under optimal Pigouvian taxation.

Consider first the case with homogeneous attention (m”" = m). Then, the
right-hand side of (20) is \P(Var(ﬁ‘h> / 2). Quantity restrictions tend to dominate

taxes if heterogeneity in externalities/internalities is high compared to the hetero-
geneity in preferences. A higher demand elasticity (high W) favors quantity restric-
tions, because agents suffer less from a given deviation from their optimal quantity
and more from a given price distortion. This generalizes the results in Weitzman
(1974) which provided a treatment in the case with full (and hence homogeneous)
attention.

Let us turn to the case with homogeneous externalities (" = &). Then, the
right-hand side of (20) is ¥ & (Var(mh) /2E [(mh) 2] ) Whether quantity restrictions
dominate taxes is determined by similar principles as in the previous case, with
heterogeneity now in attention instead of externalities. Heterogeneity of attention
renders taxes less attractive because they introduce misallocation across consumers
but do not affect the effectiveness of quantity restrictions, and this difference in
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effectiveness is magnified by high elasticities of substitution. Note however a
difference: with homogeneous attention the common level of attention is irrelevant,
whereas with homogeneous externalities the common level of the externality is
relevant and higher levels favor quantity restrictions.

Now consider the case where both externalities/internalities and attention are
heterogeneous. There is then an interaction effect: the tax is more attractive to the
extent that it is better targeted in the sense that cov(fh,mh) is higher.

Quantitative Illustration.—To get a sense of magnitudes, we use again the
empirical findings of Taubinsky and Rees-Jones (2018) regarding the mean

and dispersion of attention (E [mh] = 0.25 and Var(mh) = 0.13). We consider
the case where the internality /externality £ is the same across agents. We saw
that the optimal Pigouvian tax is 7° = £ (E[mh] / ((E[mh])z—i-var(mh))).
In the baseline case with heterogeneity, their numbers lead to 7 = 1.3&. If the
tax became fully salient (i.e., m" = 1), it would be divided by 1.3. If heteroge-
neity disappeared (i.e., m" = 0.25), the optimal tax would be multiplied by
((E[mh])2+Var(mh)>/(E[mh])2 = 3. As in the Ramsey case, the effects of
attention and its heterogeneity on optimal taxes are important.

C. Correcting Internalities | Externalities: Relaxation of the Principle of Targeting

The classical “principle of targeting” can be stated as follows. If the consump-
tion of a good entails an externality, the optimal policy is to tax it, and not to
subsidize substitute goods or tax complement goods. For example, if fuel pollutes,
then optimal policy requires taxing fuel but not taxing fuel-inefficient cars or sub-
sidizing solar panels (see Salanié 2011 for such an example). As we shall see,
misperceptions of taxes lead to a reconsideration of this principle of targeting.

We use the specialization of the general model developed in Section IE. We
assume that 4" = " = ), so there is no revenue-raising motive and no redistri-
bution motive. We also assume that agents are identical except for their attention
to taxes.

We consider the case with n = 2 taxed goods (in addition to the untaxed
good 0), where the consumption of good 1 features an internality /externality so that
™ = (€.,0) with &, > 0. This can be generated as follows in the specialization
of the general model developed in Section IE. In the externality case, we simply
assume that f((Ch)h:LA ) _,H) = &, (I/H)ZhCﬁ’. In the internality case, we assume
that U*(C) = U™"(C) — &, C!. For example, in the externality case, good 1 could
be fuel and good 2 a solar panel. In the internality example, good 1 could be fatty
beef and good 2 lean turkey. In addition, we assume that the attention matrices are
diagonal so that M = diag(m}f,m}z’). Goods 1 and 2 are substitutes (respectively
complements) if at all points S7,(q,w) > 0 (respectively < 0).

PROPOSITION 7 (Modified Principle of Targeting): Suppose that the consumption
of good 1 (but not good 2) entails a negative internality | externality. If agents perceive
taxes correctly (mh = 1 for all h), then good 1 should be taxed, but good 2 should
be left untaxed: the classical principle of targeting holds. If agents’ misperceptions
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of the tax on good 1 are heterogeneous (Var(m;f) > 0), and if the price of good 2
is homogeneously perceived or if the misperceptions m" and m5 of the taxes on the

two goods are not too correlated (i.e., le[mg — (E[m}fmg] /E[(m’f) 2] )mﬁ’] > 0),
then good 2 should be subsidized (respectively taxed) if and only if goods 1 and 2
are substitutes (respectively complements).?*

Proposition 7 shows that if people have heterogeneous attention to a fuel tax,
then solar panels should be subsidized (Allcott, Mullainathan, and Taubinsky
2014 derived a similar result in a different context with binary consumption).
The reason is that the tax on good 1 is an imperfect instrument in the presence
of attention heterogeneity. Heterogeneity is key for this result. Indeed, if atten-
tion to good 1 were uniform at m; > 0, the first best could be attained by taxing
good 1 with tax 7y = &,/m,. This ceases to be true only in the knife-edge case
where m; = 0.

A similar logic applies in the traditional model with no behavioral biases, but
then only if the externality is heterogeneous across agents (Green and Sheshinski
1976). Our result offers an additional reason for why the principle of targeting might
fail in the presence of behavioral biases: heterogeneous perceptions of corrective
taxes. We believe that this new rationale is important because it applies even with
homogeneous externalities, which is arguably the relevant case for one of the most
pressing externalities: global warming due to the release of greenhouse gases in the
atmosphere, where the externality is mediated by the total quantity of emissions,
independently of the identity of their emitter.

D. Correcting Internalities via Taxes or Nudges with Distributive Concerns

Suppose that the poor consume “too much” sugary soda. This brings up a difficult
policy trade-off. On the one hand, taxing sugary soda corrects this internality. On
the other hand, taxing sugary soda redistributes away from the poor. These were
the arguments regarding a recent proposal in New York City. In independent
work, Allcott, Lockwood, and Taubinsky (2019) examines a related problem, in the
context of a Mirrleesian income tax.’"

To gain insights on how to balance these two conflicting objectives, we continue
to use the specialization of the general model developed in Section IE. For simplic-
ity, we assume that good 1 is solely consumed by a class of agents #* but not by other
agentsh # h*.Asaconcrete example, 2" could stand for “poor” and good 1 for “sug-

ary soda.” We also assume that utility is separable in good 1, Ut(C) = U (e)) +
US"(C,), where C, = (c;);», and US"(C) = US™(C,) for h # h*. We assume
that experienced utility for good 1 is Uf(c;) = (c}fl/w1 — 1)/(1 —1/v)

2%In particular, the conclusion of the proposition applies if agents do not misperceive the tax on good 2 but
have heterogeneous misperceptions of good 1: it is then optimal to tax good 1 and to subsidize good 2. This makes
clear that the key driving force is the imperfection of the tax on good 1 as a corrective instrument in the face of
heterogeneous misperceptions of that tax.

30See also O’Donoghue and Rabin (2006) and Cremer and Pestieau (2011) for a related approach in the context
of sin goods and savings, respectively, and Allcott, Lockwood, and Taubinsky (2018) for a recent development.
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and that the internality is Uf’h*(cl) — U}l‘*(cl) = &"¢,, where " is a positive con-
stant. Taxes are correctly perceived.

PROPOSITION 8 (Taxation with Both Redistributive and Corrective Motives):
Suppose that good 1 is consumed only by agent h*, and entails an internality
(captured by the behavioral /internality wedge 7'1 §h ). Then the optimal tax
on good 1 is

(21) =

The sign of the tax 7 is ambiguous because there are two forces at work,
corresponding to the two terms in the numerator of the right-hand side. The first
term ('y o / )\)ﬁh* corresponds to the internality-corrective motive of taxes and is
unambiguously positive. The second term (1 — ('yh*/ A))(p,/%) corresponds to
the redistributive objective of taxes, and is negative if the government wants to
redistribute toward the agent (i.e., if v" /A > 1). This is because good 1 is con-
sumed only by agent 4™ and therefore taxing good 1 redistributes away from agent /"

Concretely, if the redistribution motive is small (y" /X close to 1), soda should
be taxed. If the redistribution motive is large (y" /A — o0) soda should taxed if
and only if & > p/iy, i.e., if the internality correction motive is large enough or
if the demand elasticity is large enough. The former is intuitive, the latter arises
because if demand is very elastic, then a given tax increase leads to a larger reduc-
tion in consumption and hence to a larger reduction in the amount of fiscal revenues
extracted from the agents, thereby mitigating the associated adverse redistributive
consequences.

Is It Better to Tax or to Nudge?—In this environment there is a tension between
the redistributive and corrective objectives of the government. Correcting for the
internality of good 1 calls for a tax, but this tax redistributes revenues away from
the agents of type A" consuming the good. In this context, a nudge is attractive
because it allows the government to correct the internality without increasing the
tax bill of these agents. Indeed, formula (11) shows that the optimal nudge is given
by y = &" /n, where 7 is the nudgeability of these agents. It perfectly corrects the
internality of the agent.

The following proposition formalizes this comparison of the optimality of nudges
and taxes.

PROPOSITION 9 (Optimal Nudge versus Tax): If ~"/\ > 1 and
o> (1 - (/\/’yh))(pl/wl), then a nudge is better than a tax. If y" /X = 1,
tax and a nudge are equally good and each achieve the first best. If v /A < l,a
tax is better than a nudge.

The intuition for this proposition is as follows. Suppose " /A > 1 so that the
government wants to redistribute toward agents of type A*. If the internality is strong
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enough so that " > (1 — ()\/vh*) ) (p1/11), then the optimal tax 7y is positive as
shown by (21). A nudge can always be designed to achieve the same level of con-
sumption of good 1. Compared to the optimal tax, this nudge leaves more income
to agents of type h*. This guarantees that the optimal nudge does better than the
tax. In the case v /A < 1 there is no conflict between the redistributive and cor-
rective goals of the government: a tax helps achieve both goals, while a nudge only
addresses the latter.”!

E. Endogenous Attention and Salience

We now allow for endogenous attention to taxes and analyze its impact on
optimal taxes. For conciseness, we illustrate this in the basic Ramsey case of
Section ITA with just one taxed good (good 1, whose index we drop, and whose
pre-tax price is p). Then, optimal attention is

m(T) = arg;naxu(c(p + mT)) — (p + T)c(p + mT) — g(m),

where c(q) = ¢ ¥.?2 We only present the results in the “no attention in welfare”
case, i.e., when the experienced utility is ¢y + u(c) rather than ¢y + u(c) — g(m).

The optimal tax formula with endogenous attention takes a form simi-
lar to formula (16), the only difference being that i) must be replaced by
1/1(1 + T(m’(v') / m(T))) to account for the increase in the elasticity of demand arising
from endogenous attention.” We have the following.

PROPOSITION 10: Consider two economies. The first economy features endoge-
nous attention with “no attention cost in welfare,” and an optimal tax rate T such
that m(T*) and m’(T*) are strictly positive. The second economy has exogenous
attention fixed at m(T*) Then the optimal tax in the second economy is higher than
in the first one.

A partial intuition is that consumers’ demand is less elastic in the second
economy (with fixed attention) than in the first one (with variable attention), so
that the optimal tax is higher in the second economy. This intuition is only partial

31In a model with heterogeneity in misperceptions of taxes and heterogeneity in nudgeability, both corrective
taxes and nudges become imperfect instruments which generate additional misallocation. Higher heterogeneity in
nudgeability (respectively misperceptions) makes nudges (respectively taxes) less desirable (see online Appendix
Section VIIL.A.2). In general, it is preferable to use both in conjunction. This remains true if there is more hetero-
geneity in income and richer instruments for redistribution.

32 This is, attention maximizes consumption utility, minus the cost g(m). Here, we choose the “ex post” allocation
of attention to the tax m(T), where system 1 (in Kahneman’s 2011 terminology: roughly, intuition) chooses attention
given 7 before system 2 (roughly, analytic thinking) chooses consumption given 7 = m7. One could alternatively
choose attention ex ante, based on the expected size of the tax (as in m(E [72] 1 2)) , imagining the tax as drawn from
the distribution of taxes. See Gabaix (2014) for discussion of this.

33Indeed, demand is D(7) = (qs( 7) ) “Ywith ¢°(1) = p + m(7)7, so that the quasi-elasticity of demand is

—4*(7) D) = w(m(T) + Tm'(T)) = m(T)d;(l + 7"::!’<(77_—))>
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because inattention not only reduces the consumption elasticity but also introduces
a behavioral wedge. We now show that this result has quantitative bite.

Quantitative Illustration—We rely again on Taubinsky and Rees-Jones (2018).
They compare a standard tax regime and a high-tax regime where the tax is
tripled. They find that mean attention is doubled in the high-tax regime (from 0.25
to 0.5). To match this evidence, we calibrate a locally constant elasticity of attention
7(m/(7)/m(7)) = « to the tax, and find an elasticity o = In2/In3 ~ 0.6. For
simplicity, we focus on the homogeneous attention case. Our theoretical results
above imply that accounting for the endogeneity of attention reduces the optimal
tax by a factor 1 + 7(m/(7)/m(7)) ~ 1.6.

Salience as a Policy Choice.—Governments have a variety of ways of mak-
ing a particular tax more or less salient. For example, Chetty, Looney, and Kroft
(2009) presents evidence that sales taxes that are included in the posted prices that
consumers see when shopping have larger effects on demand. It is therefore not
unreasonable to think of salience as a characteristic of the tax system that can be
chosen or at least influenced by the government. This begs the natural question of
the optimal salience of the tax system.

We investigate this question in the context of two simple examples, the basic
Ramsey and Pigou models developed in Sections IIA and IIB. We start by assuming
away heterogeneity in attention and introduce it only later.

We start with the basic Ramsey model. Imagine that the government can
choose between two tax systems with different degrees of salience m and m'
with m; < m; for all i, with homogeneous attention. Then it is optimal for the
government to choose the lowest degree of salience because the government then
raises more revenues for any given perceived tax.>? The basic Pigou model yields a
very different result. The salience of taxes is irrelevant to welfare since the first best
can always be reached by adjusting taxes according to Proposition 5.

In discussing salience as a policy choice, we have so far maintained the assumption
of homogeneous attention. Heterogeneity can alter the optimal degree of salience.
In the basic Ramsey model and in the limit of small taxes, optimal welfare is given

by (H/2) Y i(A%/4) (yl/<(E[mf’])2[1 + var[m!] / (E[mf‘])z] )) , up to an additive
constant (see footnote 24). It is therefore possible for a tax system with a lower average
salience (E [mf“] ) > < KE [mf’] ) ? to be dominated if it is associated with enough of
an increase in attention heterogeneity var mf” / (E [mf”])z > var [mf’] / (E [mf’])z
The same reasoning holds for the Pigou case.

34The proof is very simple. Suppose that we start with the more salient tax system with atten-
tion m;. Let 7; be the optimal taxes and c¢; be the optimal consumptions. Now consider the less salient tax system
with attention m; < m;. It is always possible to set taxes in such a way that the perceived tax is the same as at the
optimum of the salient tax system by simply choosing 7/ = (m;/m/)7; > ;. The consumption of good i > 0
by the agent is the same but that of good 0 is lower reflecting the fact that the government collects more revenues
((m; — m{)/m{)7;c;. The improvement in welfare ((m; — m/)/m{)7;c(A —~) > O constitutes a lower bound for
the welfare gains from moving to a fully optimal less salient tax system.
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III. Nonlinear Income Taxation: Mirrlees Problem
A. Setup

We next give a behavioral version of the celebrated Mirrlees (1971) income tax
problem. To help the readers, we provide here the major building blocks and intu-
itions. Many details are spelled out in the online Appendix (Section IX).

Agent’s Behavior—There is a continuum of agents indexed by skill n with
density f(n) (we use n, the conventional index in that literature, rather than #).
Agent n has a utility function u”(c,z), where ¢ is his one-dimensional consump-
tion, z is his pre-tax income, and u, < 0.3 The total income tax for income z is
T(z), so that disposable income is R(z) = z— T(z).

We call g(z) the social marginal welfare weight (the counterpart
of 3" in Section IB) and 7(z) the social marginal utility of income (the counterpart
of 7M. Just like in the Ramsey model, we define the “behavioral wedge”
Tb<Z> = —((1 — T’(Z)) uc(c,z) + uz(c,z)) /vy, Where v,, is the marginal utility
of a dollar received lump sum.?¢ If the agent works too much, perhaps because
he underperceives taxes (see Feldman, Katuscak, and Kawano 2016 for recent
evidence on confusion about marginal tax rates) or overperceives the benefits of
working, then 77 is positive. We also define the renormalized behavioral wedge

7b (z) = g(z) ' (z)

Planning Problem.—The objective of the planner is to design the tax
schedule T(z) in order to maximize the following objective function:
JoW(v(n)) f(n)dn + [(2(n) — c(n))f(n)dn, where v(n) is the utility attained by
agent of type n.

Traditional and Behavioral Elasticity Concepts.—We call (¢ the compensated
elasticity of labor supply, a traditional elasticity concept. We also define a new
elasticity concept, which we shall call “behavioral cross-influence” and denote by
(g*(z): it is the elasticity of the earnings of an agent at earnings z to the marginal
retention rate (1 — 7'(z*)) at income z* # z. In the traditional model with no
behavioral biases, ({-(z) = 0. But this is no longer true with behavioral agents.””
For instance, in Liebman and Zeckhauser (2004), people mistake average tax
rates for marginal tax rates, so inframarginal rates (at z* < z) affect labor supply,
and (&(z) > 0.

Following Saez (2001), we call h(z) the density of agents with earnings z
at the optimum and H(z) = [5h(z')dz". We also introduce the virtual density

h(z) = (q(z)/(l —T(z) + CczT”(z)))h(z).

331f the agent’s pre-tax wage is n, L is his labor supply, and utility is U(c, L), then u"(c,z) = U(c,z/n). Note
that this assumes that the wage is constant (normalized to 1).

36Formally, this is (1 —T'(z),1 ) - b, where 7 is the vector behavioral wedge defined earlier.

37Hence, normatively irrelevant tax rates may affect choices, a bit like in the behavioral literature on
menu and decoy effects (e.g., Kamenica 2008; Bordalo, Gennaioli, and Shleifer 2013; Bushong, Rabin, and
Schwartzstein 2017).
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B. Optimal Income Tax Formula
We next present the optimal income tax formula.

PROPOSITION 11: Optimal taxes satisfy the following formulas ( for all z*):

TE) ) | LHE) o
(22) =T CC( z*h*(z*) f 1—7H(Z*) dz

foocz (2) Te) = 7(z) 2h'(z)

0 CL Z*) 1 — T/<Z) Z*h*(z*> dZ‘

The firstterm (1/¢°(z%)) (1 — H(z)) /27" (2")) [2°(1 = 7(2)) (h(z) /(1 — H(z")) ) dz
on the right-hand side of the optimal tax formula (22) is a simple refor-
mulation of Saez’s formula. The second term —(1/z") fo‘”((;;(z) / CC(Z*))
x (T'(z) — #(2)) /(1 — T'(z))z(h*(z) /1*(z*)) dz on the right-hand side is new and,
together with the term —77(z*)/ (1 - T’(z*)) on the left-hand side, captures misop-
timization effects.’

The intuition is as follows. First, suppose that Cg*(z) > 0. Then increasing the
marginal tax rate at z* leads the agents at another income z to perceive higher taxes
on average, which leads them to decrease their labor supply and reduces tax reve-
nues. Ceteris paribus, this consideration pushes toward a lower tax rate (hence the
minus sign in front of the last integral in (22)), compared to the Saez optimal tax for-
mula. Second, suppose that %b(z) < 0 (perhaps because the agent underperceives
the benefits of working), then increasing the marginal tax rate at z* further reduces
welfare. This, again, pushes toward a lower tax rate.

C. Implications

We now put this formula to use to uncover a number of concrete insights in dif-
ferent behavioral settings.

The Optimal Top Marginal Tax Rate.—We apply (22) to derive a formula for the
marginal tax rate at very high incomes. To be concrete, we specialize the general
model and consider a case in which the only behavioral bias is that agents are influ-
enced by tax rates on incomes different from theirs. We assume that the perceived
marginal tax rate is

(3) 1) = mr(E) + (- m)| [ T(a)ola)da+ b(z)T(0)].

38 As usual, these objects are endogenous to the tax schedule and so the solution must be found as a fixed point
of formula (22). This is perhaps particularly true of the behavioral cross-influence Cf(z) However, we will see in
the next section that this term simplifies for a class of misperceptions.
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with [ w(a) da =1 and limz_,oob(z) = 0. This means that the subjectively
perceived marginal tax rate T/’s(z) is a weighted average with respective weights m
and 1 — m of: (i) the true marginal tax rate 7'(z); and (ii) a sum of the average of
the marginal tax rates T’(az) at different incomes, with weights w(a), and of the
intercept 7(0), with a vanishing weight.*

We will obtain a general formula that we will apply to two polar cases captur-
ing two different directions of misperceptions. In the first case, we take @ZJ(a) =0
fora < 1and b(z) = 0, so that agents are only influenced by incomes higher than
theirs. One motivation is that people might be overconfident about their probability
of achieving high incomes, as they are optimistic about mobility in general (as in
Bénabou and Tirole 2006a; Alesina; Stantcheva, and Teso 2018). Another might be
that the top rates are very salient.*’ In the second case, we take w(a) = 1, and
b(z) = 1/z. Then, we recover the schmeduling case of Liebman and Zeckhauser
(2004) and Rees-Jones and Taubinsky (forthcoming), in which one’s perceived mar-
ginal tax rate is a weighted average of one’s true marginal tax rate (with weight m)
and of one’s average tax rate (with weight 1 — m).*!

We proceed like Saez (2001) and assume that for very large incomes the vari-
ous elasticities converge. We denote by (" the rational elasticity of labor supply
(positive), 77" the rational labor income elasticity (negative if leisure is a normal
good), and g the social welfare weight, all being asymptotic for large incomes.*2
The earnings distribution is asymptotically Pareto with exponent 7 (i.e., when z is
large, 1 — H(z) o< z 7).

PROPOSITION 12 (Optimal Tax Rate for Top Incomes): The optimal marginal rate
T for top incomes is

_ 1—g
24 = = )
(24) T g+ + ¢ m(m+ (1 — m)A)

where 1 —m and A = fooca’rflw(a) da index the degree of misperception of
taxes (as in equation (23)). Hence, when agents are more behavioral (i.e.,
when m is lower), then the optimal top marginal tax rate is (i) lower when agents are
overinfluenced by higher incomes so that A > 1 (e.g., because of overconfidence);
(ii) higher when agents are overinfluenced by lower incomes so that A < 1 (e.g.,
because of schmeduling). With rational agents (m = 1) we recover the rational
Saez (2001) formula.

39 As before when dealing with misperceived prices, the behavioral first-order condition of an agent with wage n
earning z in equilibrium is n(l — T”S(z)) uc,L) + ug(c,L) = 0 with (c,L) = (z - T(z),z/n).

40 Concretely, think of the recent case of France where increasing the top rate to 75 percent might have created
an adverse general climate with the perception that even earners below the top income would pay higher taxes.
Relatedly, people overestimate the probability that they will be subjected to the estate tax (Slemrod 2006).

“ndeed, [;°T"(az)i(a)da + (T(0)/z) = T(z)/z is the average tax rate.

“2These asymptotic elasticities are well defined for popular utility functions of the form U(c,L)
= U((c"7 = 1)/(1 = 4) = KL/*) for which we get 7 = —ypand (" = 1.
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The proof (detailed in the online Appendix) is a direct application of the
optimal tax formula (22), using the fact that (“(z) = m(“'(z), that (%(z)
= (1 —m)(1(z*/2)/2)¢""(2), that j = 7', and that 7 tends to O for high incomes.

As anumerical example, we use the Saez calibration with(¢ = 0.2,g = " = 0,
and 7 = 2. Then, in the rational case (m = 1), we recover the Saez optimal tax
rate 7 = 0.71. For the case where agents are over-influenced by higher incomes,
we use w(a) = ¢ afgfllazl with & = 1.5, so that the very rich matter more than
their empirical frequency (since { < ), perhaps because they are more frequently
talked about in the media. We are not aware of attempts at estimating the behav-
ioral parameters m and &, and so we explore different values of m. If m = 0.6,
then 7 = 0.58;if m = 0.4, then 7 = 0.53. For the “schmeduling” case, if we use
the value of m = 0.6 estimated by Rees-Jones and Taubinsky (forthcoming),
then 7 = 0.76.

Possibility of Negative Marginal Income Tax Rate and EITC.—In the traditional
model with no behavioral biases, negative marginal income tax rates can never arise
at the optimum. Instead, this is possible with behavioral agents. Consider an exam-
ple using the misperceived utility model. Let decision utility #® be quasilinear so
that there are no income effects us(c, z) = c— gb(z). We take experienced
utility to be u(c,z) = 0c — ¢(z). Then, 7(z) = —g(z)8'(2)((0 —1)/0),
v = g, and (- = 0. When 6 > 1, we have %b(z*) < 0, and it is possible for
this formula to yield 7'(z*) < 0. This occurs if agents undervalue the benefits or
overvalue the costs from higher labor supply. For example, it could be the case that
working more leads to higher human capital accumulation and higher future wages,
but that these benefits are underperceived by agents, which could be captured in
reduced form by € > 1. Such biases could be particularly relevant at the bottom
of the income distribution (see Chetty, Friedman, and Saez 2013 for a review of
the evidence). If these biases are strong enough, the modified Saez formula could
predict negative marginal income tax rates at the bottom of the income distribution.
This could provide a formalization of a behavioral rationale for the EITC (Earned
Income Tax Credit) program. Indeed, this type of bias is the focus of the intuitive
policy arguments that have been put forth for this program: helping individuals
overcome a “culture of poverty,” transmitted both within and across generations.
In parallel and independent work, Gerritsen (2016) and Lockwood (2018) derive
a modified Saez formula in the context of a misperceived utility model. Lockwood
(2018) provides an empirical analysis documenting significant present-bias among
EITC recipients, showing that a calibrated version of the model goes a long way
toward rationalizing the negative marginal tax rates associated with the EITC
program.*

43 This differs from alternative rationales for negative marginal income tax rates that have been put forth in the
traditional literature. For example, Saez (2002) and Choné and Laroque (2005) show that if the Mirrlees model is
extended to allow for an extensive margin of labor supply with unobserved heterogeneous disutilities of work, then
negative marginal income tax rates can arise at the optimum.
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IV. Conclusion

We have generalized the main results of the traditional theory of optimal taxation
to allow for a large class of behavioral biases. Our analysis revisits a number of
classical results and encompasses the traditional arguments of Ramsey, Pigou, and
Mirrlees.

In Farhi and Gabaix (2019) we extend our analysis to the production economy
results of Diamond and Mirrlees (1971) and the uniform commodity taxation result
of Atkinson and Stiglitz (1976). We also present a modest attempt at modeling men-
tal accounts with an application to optimal vouchers, which has since been adopted
by Hastings and Shapiro (2018).

One upshot of this paper is that numerous quantities can in principle have a big
impact on optimal policy, but have scarcely or not yet been measured. Measuring
those quantities presents an exciting research opportunity.

APPENDIX A. NOTATIONS
Vectors and matrices are represented by bold symbols (e.g., ¢):

¢: consumption vector

h: index for household type &

L: government’s objective function

m, M: attention vector, matrix

p: pre-tax price

q = p + T: after-tax price

q’: subjectively perceived after-tax price

S;: column of the Slutsky matrix when price j changes
u(c): experienced utility

u '(c): subjectively perceived utility

v q,w): experienced indirect utility

v*(q,w): subjectively perceived indirect utility

w: personal income

W: social utility

A" (resp. v+"): marginal social utility of income (resp. adjusted for externalities)
n": nudgeability of agents of type h

A: weight on revenue raised in planner’s objective
1);: demand elasticity for good i

T: tax

7°: behavioral wedge

T°: subjectively perceived tax

&: externality

X: intensity of the nudge

b~ T
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APPENDIX B. BEHAVIORAL CONSUMER PRICE THEORY

This section expands on the sketch given in Section IA. Here we develop behav-
ioral consumer price theory with a nonlinear budget. This nonlinear budget is useful
both for conceptual clarity and for the study of Mirrleesian nonlinear taxation. The
agent faces a budget constraint B(c q) < w. When the budget constraint is linear,

B(c,q) = q- ¢ sothat B, = ¢, B, = g;.

The agent, whose ut111ty is u( ) may not completely maximize. Instead, his policy
is described by ¢(q,w), which exhausts his budget B(¢(q,w),q) = w. Though this
puts very little structure on the problem, some basic relations can be derived, as
follows.

A. Abstract General Framework

The indirect utility is defined as v(q,w) = u(c(q,w)) and the expenditure func-
tion as e(q,#) = min,w subject to v(q,w) > i This implies v(q,e(q,ﬁ)) =i
(with @i a real number). Differentiating with respect to g;, this implies
Vq,(q’W) -
volaw) €qy

We call Sc(q, w) the “income-compensated” Slutsky matrix, whose row j (corre-
sponding to the consumption response to a compensated change in the price g;) is
defined to be

(25)

(26) Sf(q.w) = cq,,(q,w) + ¢, (q,w) qu(c, Q) jc—c(q)-

The Hicksian demandish(q, 1) = c(q, (q, ﬁ)), and the Hicksian-demand-based
Slutsky matrix is defined as S(q,#) = h,(q, ).

The Slutsky matrices represent how demand changes when prices change by a
small amount, and the budget is compensated to make the previous basket or the
previous utility level available: S¢(q,w) = ¢ (q + x,B(c(q, w),q + X))|x:0
and SH(q, w) = osc¢ (q + X,e<q + X, v(q, w)))lx:o, i.e., using (25),

Vq,-<q’ W)

V(g W)

In the traditional model, S¢ = S, but we shall see that this won’t be the case in
general .
We have the following elementary facts (with c(q, w),v(q,w) unless otherwise

noted):

(27) SH(q.w) = c,(a.w) — ¢,(q.w)

(28) Be-e, =1, Bc.-¢c,, = —B,, uc-¢, =v,.

#4See Aguiar and Serrano (2017) for a recent study of Slutsky matrices with behavioral models.
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The first two come from differentiating B<c(q,w),q) = w. The third one comes
from differentiating v(q,w) = u(c(q,w)) with respect to w.

PROPOSITION 13 (Behavioral Roy’s Identity): We have

v‘]j(q’w)
(29) (g = Palcl@w)a) + Difaw)
where
(30) Dj(q,w) = —7(q,w) -cqj(q,w) = —1b. SH = —1".Sf,

and the behavioral wedge is defined to be

ude(q.w))

(31) ™(q.w) = Bi(c(q.w).q) - vo(q.w)

When the agent is the traditional rational agent, T°

Tb. cw(q,w) = 0.

= 0. In general,

PROOF:
Relations (28) imply: T°- ¢, = (Bc — (uc/vw)> ¢, = 1 —1 = 0. Next, we
differentiate v(q, w) =u c(q, w) :

3 Vg, | Ut Cq (uc —v,B. + Vch) - ¢y,
(Y v, = vw
U, — v, B.) - ¢

= (e v o _ B, as B¢, = —B,, from (28)

_ b

=TT G BQi'
Next,
(33) D= —t".¢c, = —7"- (Sﬁ—i—cw(p,w)v—'z’) by (27)

= b S]-H ast’-¢, =0

Likewise, (26) gives, using again T’-¢, = O: D, = —7b. ¢,
= —7b. (S]C — chqj) = —7b. S]-C. n

PROPOSITION 14 (Slutsky Relation Modified): With c(q, w) we have

(34) ¢,(qw) = —¢,B, + 8 +¢,D;

wg;

b QH H c
= —¢,B, — cw(‘r - §; ) +8; = —¢,B, + ),
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(35) S¢ -8 = ¢,D; = —CW(‘I‘b : s;").

PROOF:
Note,

V,.
¢, = cwv—i +S7, by (27)

= ¢,(—B,+D;) +S, by Proposition 13.

Also, (26) gives¢, = —c¢,B, + S{.m

LEMMA 1: We have

(36) B.-S{ =0, B.-S!"=-D;.
PROOF:

Relations  (28) imply B.-Sf = B, (¢g,+€uB,) = —B, + B, = 0.
Also, B.- S/ = B.- (Sf —¢,D;) = —D;.u |

B. Application in Specific Behavioral Models
For clarity, we consider the two models of misperceptions separately.

Misperceived Utility Model.—In the decision-utility model there is an
experience utility function u(c), and a perceived utility function u°(c). Demand is
c(q,w) = argmaxcus(c) subject to B(q,c) < w.

Consider another agent who is rational with utility u’. We call
v"(q,w) = us(c(q,w)) his utility. For that other, rational agent, call
S*'(q,w) = ¢q(q,w) + ¢,(q,w) By his Slutsky matrix. Given the previous results,
the following proposition is immediate.

PROPOSITION 15: In the misperceived utility model, S{ = S;" is the Slutsky
matrix of a rational agent with utility us(c). The behavioral wedge is

,  ue(aw)  ufe(q.w))
vi(q,w) v(quw)

Misperceived Prices Model.—To illustrate this framework, we take the misper-
ceived prices model (Gabaix 2014). It comprises a perception function qs(q,w)
(which itself can be endogenized, something we consider later). The demand satisfies

c(q.w) = h'(q*(q.w).v(q.w)).
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where h’(qs, u) is the Hicksian demand of a rational agent with perceived prices
a'(q.w).

PROPOSITION 16: Take the misperceived prices model. Then, with
S'(qw) = has(qs(q, w),v(q,w)) the Slutsky matrix of the underlying rational
agent, we have

(37) SH(qw) = S’(q,w)<q;j(q,w) - q@(tw)%)
ie., Sl’-f = > fk((ﬁqi(q,w)/aqj) - (ﬁqi(q,w)/ﬁw) (vqj/vw)), where

(8q}§(q,w) /8qj) — (qu(q,w) /Gw) (vqj/vw) is the Hicksian marginal perception
matrix. Also,

(38) " = Be.q) —

Given Bc(qs, c) . SJH = 0, we have

(39) D; = —(Bc(q, ¢) — B(q", c)) .S/ = —Bq.c) - SY,
so that
(40) D, = —7"- S/ with 7" = B,(q.c) — B.(q’,¢).

This implies that in welfare formulas we can take T° = B.(q,¢) — B(q’,¢)
rather than the more cumbersome T° = B(c,q) — (Bc(c, q°)/(Be(c.q°) - cw)).

PROOF:

Given ¢(q,w) = h’(q“(q,w),v(q,w)), we have ¢,, = hjv,, 4+ hgsqj,. Then,
qu(q, W)
VW(q’ W)

v,
r r qj
= hqsqf{j(q,w> + huvqj - CWV_‘,:

S/ = ¢,(a,w) — c,(q.w)

v,
= hisqy(q,w) +hjy, — (h;vw + hasqiv<q,w)>v—z asc, = hjv, +hjsq),

rl o8 s Vg
=S (qq,.(q,W) - qw(q,W)v—W'>.

Next, observe that the demand satisfies uc(c(q,w)) = AB(q’,¢) for some
Lagrange multiplier A, and that B.(q’,c)S” = 0 for a rational agent (see
equation (36) applied to that agent). So, B.(q",¢)S” = 0. Next,
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Vv,
Di(qw) = —1"-S/ = — (Bc — ‘If—;) S’(q;j(q’ w) — qi(q. w)%)
AB.(q’,c . Vg
= —<Bc - y>s (qf,,(q, w) — q;,(q, w) q)
r s s qu
= _BCS <qu(q’w) - qw(q’ W)W)

_ —(Bc—Bc(q‘iC))'Sr<q;§,-(q’ w) - qi(a, >vq'>'

Given (28), o ’W = ot = .(c],‘q.c . Finally, (4) comes from (35):*

€= S () = (1 e(e)) Sl

APPENDIX C. ADDITIONAL PROOFS

PROOF OF PROPOSITION 1:
We have

@:Zleh +)\c +)\'rc
or; h Vi

Using the definition of 5" = W, »v", the behavioral versions of Roy’s identity (2),
and the Slutsky relation, we can rewrite this as

gql_‘ Z[ﬁh( gy L Sic’h) + A AT (—cf’vc,}-’ + S,Ch)]

w

We then use the definition of the social marginal utility of income
b= "+ A1 ¢l to get

= Y[ =)l + [ar = gt - sE.
h

The result follows using the renormalization (6) of the behavioral wedge. B

PROOF OF PROPOSITION 3:
We have

i el i)

45 Another useful relation is that ucS¥ = 0 in the (static) misperceived prices model (this is because
u, = AB(c,q°) for some scalar A, and B¢(c,q*)S” = 0 from equation (36)). This is not true in the misperceived
utility model.
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so d¢/dx = (thch . c’;()/(l — > eh - cé‘) . Thus, the additional term in OL/0x
arising due to externality is

%{;th é—!—)\ZT Cf(q,w §X>} = 5%:§ch-c

We use the fact that q - c(q, w, X) = wimpliesq - ¢, = 0O:

h h
u u =
& ;{thvi’v—,fd’( + Wy, S AT €+ B cii}
w w

I h
= Z{ thv’v’vu—;—i-)\( ‘rgh)]c + Wiy i’v
w| | v

w

h
u
Ci + ﬁhv—;f}

h
= Z{ [—)\'T'b’h + (T - ‘rf’h)] e+ ﬁhu—:}. ]
' v

w

<
g:xw

[ h
- z{ (% ara) o xr e

Tax Formula in the Limit of Small Taxes without Quasilinear Utility—We can
obtain a formula similar to (13) for the optimal tax, without assuming quasilinear
utility (for simplicity, we assume no Pigouvian externality). We assume that for small
taxes agents consume c(p+7T) = ¢"(p + T) + &«h(p,w) + eMh(p,w)T +
O(|7]12) + o(||e="(p,w)||?). This formulation captures two forces. First, even
if taxes are 0, consumers may misoptimize, as captured by the term ¢=/(p,w),
which we take to be small in our limit of small taxes. Second, they may misreact to
taxes, as captured by the term ¢-/(p,w)T. This general formulation gives an atten-
tion M" = T+ (c{;h) ~1&M.h Then, (as detailed in online Appendix Section X.A),
the optimal tax is, up to the second order in 7:

(41) S [Eh: (Srh AMh) (I Ohe Mh) I vv;w chch/] !
>0

[Z (1 - %h>ch — (st ey’ Qhé””‘] :

>0

where Q" = —uélc(p,w)/vv@(p,w), S™h = ch+che, =Y, — A+
||¢k(p,w)]|. All the variables are evaluated at (p,w) and subscript >0 indicates
the selection of the (n — 1) x (n — 1) submatrix corresponding to all goods except
good 0.

The numerator of (41) features (l — (b )\)) ¢",  which is the
revenue-raising /redistributive motive; ¢! which captures the consumption
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mistakes made by the agents before any taxes; and (S”h + éM’h)’Qh, which cap-
tures the Slutsky matrix of the agent, corrected by their misperception to taxes ¢".
The denominator is a matrix version of the inverse elasticity, adjusted for income
effects. This is the expression that shows up in more user-friendly terms throughout
Section IT and in (13).
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