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Abstract

This paper develops a theory of optimal taxation with behavioral agents. We use a general
behavioral framework that encompasses a wide range of behavioral biases such as mispercep-
tions, internalities and mental accounting. We revisit the three pillars of optimal taxation:
Ramsey (linear commodity taxation to raise revenues and redistribute), Pigou (linear com-
modity taxation to correct externalities) and Mirrlees (nonlinear income taxation). We show
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1 Introduction

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, internalities, or
mental accounting), 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 and share a common structure.

The sufficient statistics can be decomposed into two classes: traditional and behavioral. Tradi-
tional sufficient statistics, which arise in non-behavioral models, include: social marginal utilities of
income and of public funds, compensated demand elasticities, marginal externalities, and equilib-
rium demands. Behavioral sufficient statistics are misoptimization wedges that arise only in behav-
ioral models. The behavioral tax formulas differ from their traditional counterparts because of the
behavioral sufficient statistics and because the presence of behavioral biases shapes the traditional
sufficient statistics and, in particular, cross and own price elasticities as well as social marginal
utilities of income.

The generality of our framework allows us to unify existing results in behavioral public finance as
well as to derive new insights. A non-exhaustive list includes: a modified Ramsey inverse elasticity
rule (for a given elasticity, inattention increases the optimal tax, quadratically); a modified optimal
Pigouvian tax rule (for a given externality, inattention increases the optimal tax, linearly); a new role
for quantity regulation (heterogeneity in attention favors quantity regulation over price regulation);
the attractiveness of targeted nudges (which respects freedom of choice for rational agents and
limit the tax burden of the poor); a modification of the principle of targeting (in the traditional
model, it is optimal to tax the externality-generating good, but not to subsidize substitute goods;
in the behavioral model, it is actually optimal to subsidize substitute goods); a uniform commodity
taxation result within a “rigid” mental account (i.e. when the total budget on a category of goods
is inelastic because of behavioral mental accounting); in the Mirrleesian optimal nonlinear income
tax, marginal income tax rates can be negative even with only an intensive labor margin; if the top
marginal tax rate is particularly salient and contaminates perceptions of other marginal tax rates,
then it should be lower than prescribed in the traditional analysis, and, conversely, if the wealthy
overperceive the productivity of effort, top marginal rates are higher than the traditional analysis.

We also revisit two classical results regarding supply elasticities and production efficiency. The
first classical result states that optimal tax formulas do not depend directly on supply elasticities
if there is a full set of commodity taxes. The second classical result, due to Diamond and Mirrlees

(1971), states that under some technical conditions, production efficiency holds at the optimum (so



that, for example, intermediate goods should not be taxed and inputs should be taxed at the same
rate in all sectors) if there is a complete set of commodity taxes and if there are constant returns
to scale or if profits are fully taxed. We show that both results can fail when agents are behavioral
because agents might misperceive taxes. Roughly, a more stringent condition is required, namely, a
full set of commodity taxes that agents perceive like prices (in addition perhaps to other commodity
taxes which could be perceived differently from prices).

Finally, we show that the celebrated uniform commodity taxation result of Atkinson and Stiglitz

(1972) requires more stringent conditions when agents are behavioral.

Relation to the literature We rely on recent progress in behavioral public finance and
basic behavioral modelling. We build on earlier behavioral public finance theory.! Chetty (2009)
and Chetty, Kroft and Looney (CKL, 2009) analyze tax incidence and welfare with misperceiving
agents; however, they do not analyze optimal taxation in this context—our paper can thus be
viewed as a next logical step after CKL. An emphasis of previous work is on the correction of
“internalities,” i.e. misoptimization because of self-control or limited foresight, which can lead to
optimal “sin taxes” on cigarettes or fats (Gruber and Készegi 2001, O’Donoghue and Rabin 2006).

Mullainathan, Schwarzstein and Congdon (2012) offer a rich overview of behavioral public fi-
nance. 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 develop those
ideas in the context of health care. Allcott, Mullainathan and Taubinsky (2014) analyze 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) study a Mirrlees framework when agent misperceive the mar-
ginal tax rate for the average tax rate. Two recent, independent papers by Gerritsen (2014) and
Lockwood (2015) study a Mirrlees problem in a decision vs. experienced model, including a calibra-
tion and evidence. Our behavioral Mirrlees framework is general enough to encompass, at a formal
level, these models as well as many other relying on alternative behavioral biases.

We also take advantage of recent advances in behavioral modeling of inattention. We use a
general framework that reflects previous analyses, including misperceptions and internalities. We
rely on the sparse agent of Gabaix (2014) for many illustrations, which builds on the burgeoning
literature on inattention (Bordalo, Genaiolli and Shleifer (2013), Caplin and Dean (2015), Chetty,
Kroft and Looney (2009), Gabaix and Laibson (2006), K&szegi and Szeidl (2013), Schwartzstein
(2014), Sims (2003), Woodford (2012)). This agent misperceives prices in a way that can be

' Numerous studies now document inattention to prices or more broadly consequences of purchases, e.g. Abaluck
and Gruber (2011), Allcott and Taubinsky (forthcoming), Allcott and Wozny (2014) (see also Busse, Knittel and
Zettelmeyer 2012), Anagol and Kim (2012), Brown, Hossain and Morgan (2010), Chetty (2015), DellaVigna (2009),
and Ellison and Ellison (2009).



endogenized to economize on attention (hence the name “sparse”), respects 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 2 gives introduction to the topic, using
a minimum of mathematical apparatus to uncover some of the intuitions and economic forces.
Section 3 then develops the general theory, with heterogeneous agents, arbitrary utility and decision
functions. Section 4 shows a number of examples applying this general theory. Section 5 studies the
optimal nonlinear income tax problem. Section 6 studies the impact of endogenous attention and
salience as a policy choice. Section 7 revisits Diamond and Mirrlees (1971) and Atkinson and Stiglitz
(1972). Section 8 outlines the new empirical measures demanded by the behavioral tax formulas,
discusses some of the limitations of our approach, and identifies directions for future work. The

online appendix contains more proofs and extensions.

2 The Basic Behavioral Ramsey and Pigou Problems

This section is meant as a simple introduction to the topic of this paper, using a lighter formal
apparatus than the rest of the paper. It is in particular designed for the reader who is interested
in behavioral insights, but does not wish to pay the fixed cost of acquiring the general notions of
traditional canonical taxation theory, as in Section 3. We start with an elementary treatment of
the basic Ramsey problem with behavioral agents. We then move to Pigouvian taxation.

The simplicity of the analysis in this section arises from a set of assumptions that we relax
later: we mostly abstract from heterogeneity and confine ourselves to the case of a representative
agent; we ignore redistributive concerns and focus only on taxes to raise revenues and to correct
externalities and internalities; we consider quasi-linear and separable preferences; we study the
limit of small taxes; and we restrict ourselves to a simple parametrized set of behavioral biases with
misperceptions of taxes (Ramsey) and temptation (Pigou).

Section 3 relaxes all these assumptions and extends the results in this section in the context
of our general model, which allows for arbitrary heterogeneity, redistributive motives for taxation,

general preferences, large taxes, and general behavioral biases.

2.1 Basic Ramsey Problem: Raising Revenues with Behavioral Agents
2.1.1 The Consumer

We consider a representative agent with utility function u (¢) and budget constraint q-c¢< w. Here
c= (¢, ..., ¢ is the consumption vector, p = (py, ..., p,) is the before-tax price vector, 7= (79, ..., 7)

is a vector of linear commodity taxes, ¢ = p+7 is the after-tax price vector, and w is wealth. If



the representative agent were fully rational, he would solve:

mgmxu(c) st. - e < w,

with resulting demand ¢" (g, w) (the superscript r standing for the traditional rational demand).

But the representative agent may not be rational. In the general model in Section 3, we specify
a general demand function ¢ (g, w) which reflects arbitrary behavioral biases, but still exhausts the
budget q- ¢(q, w) = w. This flexible and general modelling strategy allows us to capture a range of
behavioral traits, ranging from temptation to misperception of prices and taxes. In this introductory
section, we use a simple specialization of the general model. We assume that behavioral biases take
the form of misperception of prices and taxes as captured by the sparse max model developed in
Gabaix (2014). Demand depends on both true prices g, perceived prices ¢° (the superscript s stands

for “subjectively perceived prices” here) and wealth w. It can be represented as

smaxu (¢) s.t. - ¢ < w.
clg®

The resulting demand ¢° (q, ¢°, w) has the following characterization
¢ (g.¢",w) = (g’ w),

where w’ solves g-¢” (¢°,w’) = w. In other words, the demand of a behavioral agent perceiving prices

q° and with budget w is the demand ¢" (g°, w’) of a rational agent facing prices ¢° and a different

budget w’. The value of w’ is chosen to satisfy the true budget constraint, q-¢” (g*, 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 /- = Z—i. For example, with
co 2

quasilinear utility u (¢) = ¢y + U (c1, ..., ¢,) and qo = ¢§ = 1, all wealth effects are absorbed in the

demand for good 0, and we can write ¢ (g, ¢°,w) = ¢ (¢°) for i € {1,...,n}. The demand of the
behavioral agent is then simply the demand of a rational agent with perceived prices g°.
Perceived prices ¢° are a function of true prices g and wealth w. In the general model in Section

3, we allow for arbitrary perception functions g° (g, w). The resulting demand function is

c(qw)=c(q, ¢ (qw),w),

so that demand depends on both perceived prices and true prices, and perceived prices depend on

true prices. In this section, we use a simple parametrization and assume that the agent correctly

2This adjustment rule is discussed in Chetty, Looney and Kroft (2009), building on Liebman and Zeckhauser
(2004) and Gabaix and Laibson (2006); its statement for general constrained maximization problems is systematized
in the sparse max.



perceives prices p but perceives taxes to be

7 (T) = mTi, (1)
where m; € [0, 1] is an attention parameter. Full attention/rationality corresponds to m; = 1, and
full inattention to m; = 0. In the general model we also allow attention m to be endogenous, but

we take it to be exogenous in this section. Perceived prices are then given by
¢ (g, w) = p; + my7; with ¢ = p+ 7. 2)

2.1.2 Planning Problem

The government must raise revenues using linear commodity taxes 7. We assume that good 0 (e.g.
leisure) is untaxed with 79 = 0 throughout the paper.® In the general model in Section 3, we allow
for a general production function. In this section, we assume a simple linear production function.
Normalizing pg = 1, prices are set by the technological resource constraint: p-y < w, where w = p-e

is the value of the initial endowment. The government planning problem is
max L (1),
T

where
L(T)=u(e)+ It c(p+T,w)

and A\ > 0 is the marginal utility of public funds.*

From now on in this section, we consider a quasi-linear and separable utility
n
u(e)=co+ Y Ulc).
i=1

As is common in many introductory expositions of the Ramsey problem, we work in the limit of
small taxes (i.e. in the limit of A = A — 1 close to zero). Without loss of generality, we normalize

production prices to p; = 1, so that 7; is both the specific and ad valorem tax on commodity <.

Lemma 2.1 (Approximation of the government objective function). The government objective

function admits the following approximation

L(r)=L0)=L(r)+o(|r*) +O A7)

3Otherwise, the taxation problem with a representative agent is trivial. The government can replicate lump-sum
taxes with a uniform tax on all commodities.

4If the government needs to raise revenues G from taxes, the problem is max,u(c) st. 7-¢ > G and ¢ =
c(p+ 7,w). Then, X\ is endogenous and equal to the Lagrange muliplier on the government budget constraint.



where
n

L(r)= _71 Z (Tis)2¢iyi + AZTiyi' (3)

=1

Here 77 1is the perceived tax, y; expenditure on good i at zero tazes, and ; = —y%l,(;liy)) 18 the
inverse of the curvature of the utility function U" for good i at zero taxes or equivalently the demand

elasticity for good v of a rational agent.

From now on in this section, we use (3) as the government’s objective function in this section.
As we shall see, optimal taxes T are of order O (A) so that L (7) is of order O (A?) and captures the
leading approximation term in A of the government objective function £ (7). This approximation
generalizes the traditional approximation by replacing true taxes 7; with perceived taxes 7°. The
first term <1 >0 (7F )* ;y; in (3) captures the welfare distortions arising from taxation. Crucially,
it is the perceived tax 77, not the actual tax 7;, that matters for welfare distortions.” The second
term, A > " | 7;y;, captures the net benefit from raising revenues (benefit to the government, minus

cost to the agents). There it is the real tax 7;, not the perceived tax, that matters.

2.1.3 Optimal Taxes

The perceived tax is 77 = m;7; with m; > 0. The objective function (3) becomes
-1
L(t)= 5 XZ: miTiy; + A XZ: TiYi.

Maximization over 7; yields the following result.

Proposition 2.1 (Modified Ramsey inverse elasticity rule) In the basic Ramsey problem with mis-

perceptions, optimal tazes follow an inverse-elasticity rule modified by inattention

A A
i m;’ hi m;; (4)

This Proposition generalizes the traditional Ramsey inverse elasticity rule, which prescribes
that the optimal tax should be 7 = 1% (this traditional rule is recovered when consumers are fully
attentive so that m; = 1 for all 7). Optimal taxes are higher at 7; = ﬁ than they would be in the
traditional Ramsey solution. Loosely speaking, this is because inattention makes agents less elastic.
Given partial attention m; < 1, the effective elasticity of the demand for good 7 is m;;, rather than
the parametric elasticity ;. In the spirit of the traditional Ramsey formula, lower elasticity leads

to higher optimal taxes.’

5This effect is anticipated in Chetty, Looney and Kroft (2009).
Finkelstein (2009) finds evidence for this effect. When highway tolls are paid automatically thus are less salient,
people are less elastic to them, and government react by increase the toll (i.e., the tax rate).



However, a naive application of the Ramsey rule would lead to the erroneous conclusion that

T, = mi\wi rather than 7, = m%wl

a marginal increase in 7;. The marginal benefit in terms of increased tax revenues is Ay;. The

To gain intuition for this discrepancy, consider the effect of

marginal cost in terms of increased distortions is 7°m;1;y;. At the optimum, the marginal cost and

the marginal benefit are equalized. The result is that 77 = m[-\dr’ i.e. it is the perceived tax 77 that
is inversely related to the effective elasticity m;;. This in turns implies 7; = ;Tl = mé\ e 7

The upshot of this analysis is that optimal taxes 7; increase relatively fast with inattention

m;.8 Formally, taxes increase quadratically with inattention, so that partial attention m; leads to

1
m

a multiplication of the traditional tax by —5.

k3

2.2 Basic Pigou Problem: Externalities, Internalities and Inattention
2.2.1 Optimal Corrective Taxes

We continue to assume a quasilinear utility function. We assume that there is only one taxed good
n = 1. The representative agent maximizes u (co,c) = ¢y + U (¢) subject to ¢y + pc < w. Here ¢
stands for the consumption the good 1 (we could call it ¢;, but expressions are cleaner by calling it

¢). If the representative agent were rational, he would solve

max U (¢) — pe.

c

However, there is a negative externality that depends on the aggregate consumption of good 1
(think for example of second-hand smoke), so that total utility is co + U (¢) — &.c. Alternatively,
&. could be an internality: a divergence between decision utility ¢y + U (¢) and experienced utility
co + U (¢) — &c. This would capture the idea that good 1 is tempting and has extra unperceived
negative effects ,c (e.g. a heart attack). The analysis is identical in both cases.?

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. The objective function of the government is therefore

Ue)=(p+&)c. (5)

"In the more general case with perceptions 78 = m;7; + (1 — m;) 7%, for some “default tax” function 7¢ (7) (which

could be the average tax, for instance), we can write L (7,7%) = 2 37, (m7i + (1 — my) Td)2 Yy + AY, Ty, We

OL(7,m%) grd .. OL(7,r? . .
have %ﬁ:) = —1mty; + Ay; + g:dT ) B%T(:) with ((9:[; ) - >0 75 (1 =m;)jy;. The optimal tax is then
given by
AL o7
_ A ot Oy 1—my d
Ti=—5 1T 35 - T,
miy; - mivy; m;

Since gTLd < 0, the optimal tax on a good 7 is lower when the tax on this good raises the default tax (the term %—Trd)
8This result relies on the adjustment for error being absorbed by the linear good, good 0. See Proposition 4.8 for
an example where the error is absorbed by the good itself.
In this simple example, the internality is analyzed in a similar way to an externality. As we shall see, it is not
true in general that the behavioral biases that concern us can be modelled as externalities.



To attempt to correct the externality/internality, the government can set a tax 7. If the agent

correctly perceived taxes, he would solve
max U (¢) — (p+7)c.

The optimal tax is 7 = &,. It ensures that the agent maximizes the same objective function as that
of the government. This is the classic Pigouvian prescription: the optimal tax makes the agent
exactly internalize the externality /internality. Now consider an agent who only perceives a fraction
m of the tax. Then he solves

max U(e) = (p+m7)ec (6)

The optimal Pigouvian corrective tax required to ensure that agents correctly internalize the exter-

nality /internality is now 7 = f* . We record this simple result.

Proposition 2.2 (Modified Pigou formula) In the basic Pigou problem with misperceptions, the

optimal Pigouvian corrective tax is modified by inattention according to T = 5*

Suppose for concreteness that a good has a negative externality of $1. With rational agents,
it should be taxed by exactly $1. This is the “dollar-for-dollar” principle of traditional Pigouvian
taxation. Accounting for misperception leads to a relaxation of this principle. Indeed, suppose that
agents perceive only half of the tax. Then, the good should be taxed by $2, so that agents perceive
a tax of $1.

It may be contrasted to the modified optimal Ramsey tax (Proposition 2.1), which had 7; = &,

wl m?
Partial attention m; leads to a multiplication of the traditional tax by mi in the Pigou case and by
10

# in the Ramsey case.
If different consumers have heterogenous perceptions, then Proposition 2.2 suggests that no
uniform tax can perfectly correct all of them. Hence, heterogeneity in attention prevents the

implementation of the first best. We now explore this issue more thoroughly.

2.2.2 Inattention and a Rationale for Quantity Regulation

We now assume that there are several consumers, indexed by h = 1...H. Agent h maximizes
uh (cg, ch) = ch+ U (ch). The associated externality/internality is "c". He pays an attention

h

mh" to the tax so that perceived taxes are 75 = m/7. The government is utilitarian, so that the

government planning problem is
Z U ( (p+&h) (7)

We call ¢*" = arg max. U" (") — (p+ €") ¢" the quantity consumed by the agent at the first best.

10The fact that the tax should be higher when it is underperceived is qualitatively anticipated in Mullainathan,
Schwartzstein and Cogdon (2012), but without the specific % factor.

9



To make things transparent, we specify

which using U = % = ¢°, implies a demand function ¢ (¢°) = a” — ¥g. 1t

After some algebraic manipulations, social welfare compared to the first best can be written as
L(r)= v S (mhr — €y’ (8)
2 < '

The first best cannot be implemented unless all agents have the same ideal Pigouvian tax, &"/m”.
Heterogeneity in attention creates welfare losses.

This opens up a potential role for quantity regulations. Suppose the government imposes a
uniform quantity restriction, mandating ¢* = ¢*. For instance, banning the good corresponds to
setting ¢* = 0. 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 2.3 (Pigouvian tax vs Quantity regulation) Consider a Pigouvian tax or a quantity

restriction in the basic Pigou problem with misperceptions and heterogeneity. The optimal Pigouvian
E[ghm!]

e
tax1s T = SN

. The optimal quantity restriction ¢* =& [ch*} . Quantity restrictions are superior

to corrective taxes if and only if

a[e7]a o] - el
2F [mhz}

1 %
ﬁvar (ch ) < v

(9)
where the left-hand side is the welfare loss under optimal quantity regqulation, and the right-hand

side the welfare loss under optimal Pigouvian tazxation.

Several insights can be gleaned from (9). First, quantity restrictions tend to dominate if atten-

h

tion m” is very heterogeneous. Taxes are better if preferences are very heterogeneous (the optimal

o . *
quantities c¢”

are very heterogenous). Second, when the demand elasticity is low (low V), quan-
tity restrictions are worse. This is because agents suffer more from a given deviation from their
optimal quantity, an effect reminiscent of Weitzman (1974). Third, for small enough externali-
ties/internalities, taxes are better than quantity restrictions. Indeed, there are only second order

losses from the externalities/internalities (E [§h2] ), while the quantity restriction discretely lowers

'The expressions in the rest of this section are exact with this quadratic utility specification. For general utility
functions, they hold provided that they are understood as the leading order terms in a Taylor expansion around an
economy with no heterogeneity.

10



welfare (to the zeroth order).!> A natural instrument in this context is a nudge, which we develop
in detail below in the context of the general model in Section 3.
We have concluded our introductory tour of the most elementary impacts of bounded rationality

on taxation. We now move on to a more general analysis.

3 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 behavioral biases. Armed with these results,
we then analyze the problem of optimal linear commodity taxation without externalities (Ramsey)
where the objective of the government is to raise revenues and redistribute, and with externalities
(Pigou) where an additional objective is to correct externalities. We also propose a model of nudges.
We show how to incorporate nudges in the optimal taxation framework 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 in a series of simple examples. These

examples are simple particularizations of the general model and results.

3.1 Price Theory with Behavioral Agents

Consider a consumer. Our primitive is a demand function ¢(g, w) where ¢ is the price vector and w
is the budget. The demand function incorporates all the behavioral biases that the agent might be
subject to (internalities, misperceptions, etc.). The only restriction that we impose on this demand
function is that it exhausts the agent’s budget so that q - ¢(g,w) = w. We evaluate the welfare
of this agent according to a utility function u (¢). This utility function represents the agent’s true
or “experienced” utility, with a resulting indirect utility function given by v (q,w) = u (¢ (q,w)).
Crucially, the demand function ¢(q, w) is not assumed to result from the maximization of the utility
function u (¢) subject to the budget constraint q - ¢ = w.

This formulation imposes another implicit restriction, namely that producer prices p and taxes
7 matter to the consumer only through q = p+ 7. We relax this assumption in Sections 6.2 and 7.1
where we consider a demand function of the form ¢(p, 7, w). Note however that this distinction is
immaterial if producer prices p are exogenously fixed, an assumption which we maintain throughout
this section, but which we relax in Section 7.1.

We now introduce the basic objects of price theory and explain how their relations are modified
in the presence of behavioral biases. We only highlight the main results. We refer the reader to

Appendix 11 for the detailed derivations.

12This third point is specific to a quantity mandate (which has no free disposal). It would not hold with a quantity
ceiling (which has free disposal).

11



We define two different Slustky matrices. First, there is the “income-compensated” Slutsky

matrix
S§(qw) = ¢, (q,w) + cu(q, w)c;(q, w).

Second, there is the “utility-compensated” Slutsky matrix

qu (q) w)

S;{ (qa w) = Cy; <q7w) - Cw (q>w> Vo <q7 w) :

The utility-compensated Slutsky matrix SJH (g, w) can also be computed using the expenditure

function e(q,u) = min, w s.t. v(g,w) > u and the corresponding Hicksian demand function

h(q,u) = c(q,e(q,u)). Indeed, we have

Sfi (q, v (q; ’LU)) = h’Qj (q,'U (q7 w)) :

The two Slustky matrices Sjc(q, w) and S f (g, w) correspond to two different ways of decomposing
the marginal consumption change c,,(q, w)dg; resulting from a marginal price change dg; into an
income effect and a substitution effect depending on whether the substitution effect is assumed
to be computed at constant income or at constant utility. In the first case, the income effect is

—c,(gq,w)cj(g, w)dg; and the substitution effect is Sjc(q,w)dqj. In the second case, the income
vg; (q,w)
95

v (q,w)
In the traditional model with no behavioral biases, income-compensated marginal prices changes

effect is ¢, (g, w) dq; and the substitution effect is S JH (g, w)dg;.

preserve utility since by Roy’s identity v, (q,w)dg; + vy, (q,w)c;(q,w)dg; = 0. As a result,
S]»C(q, w) =S JH (g, w) and the two decompositions coincide. But with behavioral biases, income-
compensated marginal prices changes do not preserve utility since, as we shall see below, Roy’s
identity fails. As a result, S]C(q, w) # S f (g, w) and the two decompositions differ.

With behavioral biases, two other properties of Slutsky matrices are modified. First, in general,
the Slutsky matrices S¢(q,w) and S (q,w) are not symmetric. Second, in general, the vectors
SY(q,w)-q, 8% (q,w)- qand q- S (q,w) are not necessarily equal to 0.3

To see how Roy’s identity is modified in the presence of behavioral biases, it is useful to first

define the misoptimization wedge

e (e (g, w))

v (g, w) 1)

Tb(qaw):q_

13We treat the case of S f (g, w). In the traditional model with no behavioral biases, we can rewrite the planning
problem defining the expenditure function as e(g,%) = mine g - ¢ s.t. u(¢) > u and apply the envelope theorem
to get h(q,u) = eq(g,w). This in turn implies that Sg (q,v(q,w)) = eq,q, (g, ) is necessarily symmetric. And
together with the homogeneity of degree 0 of the Hicksian demand function h (g, @), this implies that S H (q,w) -
q=gq- sH (g, w) = 0. With behavioral biases, this rewriting of the planning problem defining the expenditure
function is invalid. As a result, in general Sg (q,v(gq,w)) # eqq; (q,u) so that we cannot conclude that ST (g, w)
is symmetric. See below for an explicit example using the misperception model.
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where b refers to a wedge to due behavioral biases. In the traditional model without behavioral
biases, 7° (g, w) = 0. The wedge 7° (g, w) is an important sufficient statistic for behavioral biases.
Armed with the definition of 7° (g, w) , we can now state the behavioral version of Roy’s identity

% = —¢;(qw) — 7" (qw) - SF (q,w), (1)

where the term 7° (g, w) - Sjc (g, w) is a discrepancy term that arises from a failure of the envelope
theorem because agents do not fully optimize. The intuition for equation (11) is the following: the
impact on welfare vy, (g, w)dg; = u'(¢)cy;(q, w)dg; of a change dg; in the price of commodity j
can be decomposed into an income effect —u'(¢)e,(q, w)cj(q,w)dg; = —vy, (g, w) ¢;(q, w)dg; and
a substitution effect u'(¢) - Sjc(q, w)dg;. 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. The traditional version of Roy’s identity follows.
As we have already argued above, with behavioral biases, income-compensated price changes lead
to changes in welfare—a failure of the envelope theorem. The behavioral version of Roy’s identity
accounts for the associated welfare effects.

We now present two useful concrete particularizations of the general model: the decision vs.

experienced utility model and the misperception model.

Decision vs. experienced utility model We start with the decision vs. experienced utility
model, in which the demand function could arise from a “decision utility” u* (¢) (the subjectively

perceived utility), so that
c(q,w) = argmaxu’(c) s.t. ¢- ¢ < w.

However, the true “experienced” utility remains u (¢) which can be different from «® (¢). In this
case, the misoptimization wedge is simply given by the wedge between the decision and experienced

marginal utilities
u (g, w) (g, w)
vi (Gw) v (g w)

' (qw) =

The income-compensated Slutsky matrix SjC (g, w) is the Slutsky matrix of an agent with utility
u®(e). It is different from the utility-compensated Slutsky matrix Sf (g, w) since the underlying
compensation is for experienced utility u (¢) rather than decision utility u® (¢).

As an example, consider the case of two goods ¢ = (cy, ¢1), quasilinear utilities u® (¢) = ¢y +
U? (¢1) and u (¢) = ¢o + U (¢1) with U (¢1) = U® (¢1) — €c; and € > 0. The consumption ¢; of good
1 entails a negative internality —&c;. For instance, good 1 could be ice creams, U® (¢;) would then
represent the immediate pleasure from eating the ice cream, while U (¢;) represent those immediate

pleasures minus the future pain {c; from the extra weight gained (see e.g. O’Donoghue and Rabin
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2006 and Cremer and Pestieau 2011 for such an approach in the context of sin goods and savings,
respectively). Then, 7° (g, w) = (78, 7}) where 70 = 0 and 7/ = £ > 0, so that the misoptimization

wedge 70 on good 1 is exactly equal to the associated internality £.

Misperception model We turn to the misperception model, which was already outlined in
Section 2. There are two primitives: a utility function u (¢) and a perception function ¢° (g, w).

Given true prices q, perceived prices ¢°, and budget w, the demand

c’(q,q°,w) = argsn‘laxu(c) st. g-ec<w
c|q®

is the consumption vector ¢ satisfying u. (¢) = A\*q® for some \* > 0 and q- ¢ = w.!* Then the
primitive demand function ¢ (g, w) of the general model is given by
c(q,w) =c’(q, ¢ (q,w),w).

s .
= q— -L@% _ However, because in the
q°-cuw(qw)

misperception model, we have ¢° (q,w) -S* (g, w) = 0, and because 7° (g, w) enters all our formulas

The misoptimization wedge is formally given by 7° (g, w)
through 7° (q,w) -S¥ (q,w), we can take

™ (qw) = q— ¢ (g w) (12)

in all of our formulas involving 7°-S#. This fleshes out the idea that 7° (g, w) represents the impact
of the discrepancy between true prices and perceived prices.

Given this demand function ¢(g,w), the notions of the general model apply and receive a
concrete interpretation. First, we define the matrix of marginal perceptions

9q; (g, w
Mij <q> U}) = %7
J

where the j-th column M ; (q,w) = —aq';(;}w)
J

q; on the perceived price ¢*.'* It is convenient to define the Hicksian demand of a fictitious rational

encodes the marginal impact of a change in true price

agent facing prices ¢°

h" (¢°,u) = argmin q° - ¢s.t. u(e) > u,
c

and the associated Slutsky matrix
S} (¢°,@) = By (7).

We also define S™ (q,w) =S"(q° (q,w),v (g, w)). Then, the utility-compensated Slutsky matrix

14Tf there are several such )\, we take the lowest one, which is also the utility-maximizing one.
For instance, in specification (2), M;; = m;lg—;.
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SH (g, w) of the general model is given by

S" (qw) = 8" (q,w) - M (g, w). (13)

ie. Sg (q,w) = >, S (g, w) My; (g, w). That is, when the price of good j changes, it creates a

change My, (g, w) = %{j’w) in the perceived prices ¢j of a generic good k, which in turn changes
J

(via the rational Slutstky matrix S (q,w)) the demand for good .19

3.2 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
3.1. All the functions describing the behavior and welfare of agents are allowed to depend on h.!"
We omit the dependence of all functions on (g, w), unless an ambiguity arises.

We introduce a social welfare function W (vl, I ) and a marginal value of public funds .
The planning problem is

max L (1),

where!8

L(r)= W((vh <p+T’w))h:1...H) —I—)\Z [T ' (p+T,w) —w} )

Good 0 is constrained to be untaxed: 75 = 0. We assume perfectly elastic supply with fixed
producer prices p. We relax this assumption in Section 7.1 where we consider the case of imperfectly
elastic supply with endogenous producer prices p.

Following Diamond (1975), we define 7" to be the social marginal utility of income for agent h
Vr=p"+ AT, (14)

where

B =Wy (15)

is the social marginal welfare weight. The difference A7 -¢? between v and 5" captures the marginal

impact on tax revenues of a marginal increase in the income of agent h.

16There always exists a representation of the general model as a misperception model, but not as a decision vs.
experienced utility model (see Lemma 12.1 in the online appendix).

17This formalism allows the interpretation that each agent has a type ¢ (h), that all agents of the same type are
identical with the number of agents of type h given by Hj,.

18The analysis is identical if we allow for endowments e”, using the objective function

L) =W (" (p+rw+p-e)),_, ,)+AD [r " (p+Tw+p-e)—u].
h
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We also renormalize the misoptimization wedge

h
Foh _ %Tb,h. (16)

We now characterize the optimal tax system.!?

Proposition 3.1 (Behavioral many-person Ramsey formula) If commodity i can be tazed, then at

the optimum

OL (1) B . OL(T)
ar, =0 with or

=Y I ="+ AT =7 - 87, (17)

Proof We have

oL vhi
p = Z[thvfz v(i + Al 4+ AT cZi].
h w
Using the definition of 3" = W, ,v", the behavioral versions of Roy’s identity (11), and the Slustky
relation, we can rewrite this as
oL

0 Z[ ' ( cf " Siah) A+ AT (=l + Sf’h)].
Ti
h

We then use the definition of the social marginal utility of income v* = 8" + A1 - ¢ to get

g—fi => ((A=")d + [Ar = i7" - 87,
h

The result follows using the renormalization (16) of the misoptimization wedge.

O

An intuition for this formula can be given along the following lines. The impact of a marginal
increase in d7; 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 >, (A — v")cl'dr;. If there were no changes in behavior,

then the government would collect additional revenues c?dr; from agent h, which are valued by the

19Quppose that there is uncertainty, possibly heterogeneous beliefs, several dates for consumption, and complete
markets. Then, our formula (17) applies without modifications, interpreting goods as a state-and-date contingent
goods. See Spinnewijn (2014) for an analysis of unemployment insurance when agents misperceive the probability of
finding a job, and Davila (2014) for an analysis of a Tobin tax in financial markets with heterogeneous beliefs.

20We can also write the optimal tax formula using the utility-compensated Slutsky matrices S Hh " For this purpose,

:b,h h
it is convenient to introduce a different renormalization of the misoptimization wedge 7 = %Tb’h. We then get
_OL(7)

0= T = Sl =) el - 7). sl (1)
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government as (A — 7")cldr;. Indeed, taxing one dollar from agent h to the government creates a
net welfare change of A\ — 7", where \ is the value of public funds and 7" is the social marginal
utility of income for agent A (which includes the associated income effect on tax revenues).

Let us turn to the substitution effect >, A7 - S ic’hdn. The change in consumer prices resulting
from the tax change d7; induces a change in behavior S ic’hdn of agent h over and above the income
effect accounted for in the mechanical effect. The resulting change 7 - Sic’hdn in tax revenues is
valued by the government as A7 - S ?’hdn.

Finally, let us analyze the misoptimization effect — ), AT ST, This effect is linked
to the substitution effect. If agent h were rational, then the change in behavior captured by
the substitution effect would have no first-order effects on his utility. This is a consequence of
the envelope theorem. When agent h is behavioral, this logic fails, and the change in behavior
associated with the substitution effect has first-order effects — 800" . §%"dr, = —AF"" . 8" dr; on
his utility.

One way to think about the optimal tax formulas (17) is as a linear system of equations indexed

by 7 in the optimal taxes 7; for the different commodities

C.h _ ~bh Coh
~ 255 '—l—z—cov(vh HC) LTSy
Ao Ci ’

G A

where ¢; = Y, ¢! is total consumption of good i and § = % >, 7" is the average social marginal
utility of income. Of course the coefficients in this linear system of equations and the forcing terms
(on the right-hand side) are endogenous and depend on taxes 7;. Nevertheless, at the optimum,

one can in principle solve out the linear system to express the taxes 7; as a function of these
~h Hch
Ao )
captures the revenue raising and redistributive objectives of taxation. The second forcing term
-3, 7 ~bh Ch

coefficients and forcing terms (valued at optimal taxes). The first forcing term 1 — 3 — cov(3-

captures the corrective obJectlve of taxation to address the effects of misoptimization.
_ 5

Ci

Note that the formulas feature 7 " so that the misoptimization wedges are weighted by
the social marginal welfare weights ﬁh. Intultlvely, optimal taxes put more weight on addressing

misoptimization by agents on which the social welfare function puts more weight.

Comparison with the traditional model with no behavioral biases In the traditional
model of Diamond (1975) where all agents are rational, only the mechanical and substitution effects

are present, yielding
oL (7) h\ h r,h
o :zh:[()\—fy)ci—l—)\7'~si ].

Adding behavioral agents introduces the following differences. First, the changes in behavior (in-
come and substitution effects) and the social marginal welfare weights are modified, leading to
different values for 5", 4", and a different Slutsky matrix S C’h. Second, there is a new effect (the

misoptimization effect) leading to a new term Y - S, Ok,
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Moreover, in the traditional model without behavioral biases we can use the symmetry of the
Slutsky matrix S™" to write 7 - 87" = > TjS;’h as TSP = > TjS%h. We can then rewrite the

%

optimal tax formula in “discouragement” form as

r.h _
— 275 Y Y Hel
—zl———cov(y, ),
G

C; A

The left-hand side is the discouragement index of good 7, which loosely captures how much the con-
sumption of good 7 is discouraged by the taxes 7; on all the different commodities j. The right-hand
side indicates that in the absence of distributive concerns (homogenous v = ), all goods should be
uniformly discouraged in proportion to the relative intensity 1 — % of the raising revenue objective.
With redistributive concerns (heterogenous v"), goods that are disproportionately consumed by
agents that society tries to redistribute towards (agents with a high 4") should be discouraged less.

With behavioral biases, the optimal tax formula cannot in general be simply written in discour-
agement form. This is because the Slutsky matrix S“" is not symmetric in general. But when the
the Slutsky matrix S©" is symmetric, we can go through the same steps as above and rewrite the

optimal tax formula (17) as follows

)
A C;

—1-1_
o b\ cov

Y

C,h _ ~bh oC,h
—2.; 7S5 ¥ <7h HC?) TSy

C;

with a similar interpretation. The difference is once again that the values for 3", 4", and for the
Slutsky matrix Sﬁ’h are different than in the traditional model with no behavioral biases, and that

~b.h . . . . .
there are new terms 7, reflecting misoptimization.

Lump-sum taxes and the negative income tax Suppose that in addition to linear com-
modity taxes, the government can use a lump-sum tax or rebate, identical for all agents (a negative
income tax). This amounts to assuming that the government can adjust w. Then optimal commod-
ity taxes are characterized by the exact same conditions. But there is now an additional optimality

condition corresponding to the optimal choice of the lump-sum rebate w yielding

1 H
N = — h— 2\ 1
¥ Hh§_17 (19)

Suppose that agents are homogeneous, and that lump-sum taxes are available, so that A = ~".
Proposition 3.1 implies that the optimal tax satisfies 7 =7". The optimal tax corrects the agent’s
internality. If in additional all agents are rational, then we get T =7%" = 0.

When agents are heterogenous, formula (16) implies that optimal taxes are not zero anymore
7 # 0. The optimal tax formula then captures a version of the celebrated negative income tax
famously proposed by Milton Friedman.
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3.3 Optimal Taxation with Externalities: Pigou

We now introduce externalities and study the consequences for the optimal design of commodity
taxes. The utility of agent h is now u” (ch,f) , where & = & ((ch) — H) is a one-dimensional
externality (for simplicity) that depends on the consumption vectors of all agents and is therefore

2L All individual functions encoding the behavior and welfare of

endogenous to the tax system.
agents now depend on the externality &.
The planning problem becomes

max L (1),

where
L(r) =W ((v"(p+7,w,9),_, ,)+ )\Z [T "(p+7,w,&) —w],
h
§=¢ ((Ch (p+ T’w’g))hzl...H) :
We define the social marginal value of the externality
>on [ﬁh% + AT - cﬂ
1—=3 &en C?

(11

This definition includes all the indirect effects of the externality on consumption and the associated
effects on tax revenues (the term At - cfg in the numerator) 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 also define the (agent-specific) Pigouvian

wedge
e __:Ech.
A
It represents the 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
Vo = At B = B+ A (7' — ‘rf’h) e

This definition captures the fact that, as one dollar is given to the agent, his direct social utility

increases by 4", but the extra dollar changes consumption by ¢!, and, hence, the total externality

by & e, with a welfare impact 2,1 ¢?. The next proposition generalizes Proposition 3.1.%2

21For example, to capture an externality (e.g. second hand smoke) from the consumption of good 1, we could
specify & = % Ll and uh (ch7 ) =l (ch) —&.

22Formally, misoptimization and externality wedges (?b’h, 751 enter symmetrically in the optimal tax formula.
In some particular cases, behavioral biases can be alternatively modelled as externalities (for example, this is the
case for a decision vs. experienced utility model with a representative agent). But this is not true in general. For
example, misperceptions naturally give rise to non-symmetric Slutsky matrices S ic’h which cannot be captured with
a traditional externality model. Moreover, even with a quasilinear utility function and separable utility (so that the
Slutisky matrix is diagonal and hence symmetric), the misperception model would require externalities that directly

19



Proposition 3.2 (Behavioral many-person Pigou formula) If commodity i can be taxed, then at

the optimum

OL (1) 0. with OL (1)
87'1- Ti

=IO =AY A (7= ) s, (20)
h

3.4 Optimal Nudges

In this section, we develop a model of nudges (Thaler and Sunstein 2008) and we derive a formula
characterizing optimal nudges. 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.
The demand function " (g, w, x) satisfies the budget constraint q- ¢ (g, w, x) = w, where y is the
nudge vector.

Specializing the general model a bit more, we propose the following concrete model of nudges.
In the absence of a nudge, the agent has decision utility ©*" and perceived price g**, which is the

perceived price before the nudge. With the nudge,

" (qw,x) = argSI‘nai(uS’h (¢) s.t. ¢- c<w.
c|Bs:

That is, his demand e satisfies u>" (¢) = A"B3" (q, ¢, x) for a constant A" > 0 pinned down by the
budget constraint q-¢ = w. The perceived (potentially nonlinear) budget constraint B*" (g, ¢, x) <
w is modified by the nudge. But the true budget constraint is unchanged.

A useful specification is that of a nudge as a (psychological) tax on consumption good i, in
which case

B*"(q,¢,x) = ¢"* - e+ xnci, (21)

where 7" > 0 captures the nudgeability of the agent (7" = 0 corresponding to a non-nudgeable
agent).?®> An example of such nudge is a public campaign against cigarettes (y > 0) or for recycling
(x < 0). Another useful specification is that of a nudge as a (psychological) anchor on a given

consumption of good ¢, in which case
B*"(g.e,x) = ¢ - e+ 1" |ci = x], (22)

so that an extra psychological penalty if the agent deviates from the quantity x recommended by the
nudge. For instance, the nudge could be a default allocation in a retirement plan (see e.g. Carroll

et al. 2009). With the second specification, a number of agents will choose the default.?*

depend on price wedge g — q°, which is not covered in the traditional externalities literature.
23We could generalize to an costly attention away from the nudge along the lines of Section 6, e.g. with n" (m, )
weakly decreasing in m,, with m, = 1 being an non-nudgeable agent.

?4The technical condition for the default to be chosen is [ul (x;) /A" — qf’h’* <.
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A nudge may also directly affect agents’ utility u” (¢, x). This could be captured by specifying
u” (e, x) = u(e) — "xe; or perhaps u” (e, x) = u(c) — " |¢; — x|, depending on the context. For
example, a display of cancerous lungs on a pack of cigarettes not only nudges people away from
consuming a cigarette (as captured by ), but may also directly lower their utility, as measured by
L 25

We now characterize optimal nudges.

Proposition 3.3 (Optimal nudge formula) Optimal nudges satisfy

OL (T,x) ., OL eh  ~bhy _h Uy
a—X:0, with a(T,X)I;[)\(T—T 7)) ey + %] (23)
The optimality conditions for taxes %;’X) = 0 are unchanged.
Proof We use the fact that g - ¢(g, w, x) = w implies g - ¢, = 0:
oL pup Uy hy1 b n [ ue uy hy1 b
N > W Uwv,ff + Uy ff +AMT —TMe =B gt et | F AT -
h w w h w
h
=X\ (- a) e | =3[ (75 ) Al
w h

OJ
This formula clarifies how to best use nudges. It has four terms corresponding to three potentially
conflicting goals of nudges. The first term, A7 - c , captures the fact that the changes in behavior

induced by nudges directly change tax revenues. The second term, —\T5" - captures the fact

X?
that the changes in behavior induced by nudges affect welfare and tax revenues through their effect

on externalities. The third term, AT c};, captures the fact that the changes in behavior induced

h
by nudges affect welfare because agents misoptimize. The fourth term, ﬁhZ—,f, captures the potential

direct effects of nudges on utility.°

25Glaeser (2006) and Loewenstein and O’Donoghue (2006) discuss the notion that nudges have a psychic cost.

26 At, this level of generality, quantity restrictions (e.g. mandates or caps) could be modeled in as nudges, with the
vector x representing a vector of quantity restrictions influencing the demand functions ¢” (g, w, x). Of course the
particular way in which quantity restrictions influence demand differs from nudges, and as a result the implications
of these first order conditions are very different for nudges and quantity restrictions. For example, imagine that x
indexes a quantity restriction stipulating that the consumption of a certain commodity ¢ must be equal to x. In the
context of the specialized model outlined above, this would lead to ¢” (g, w, x) = arg SIMAX | ge.h.x us (e)s.t. g-e<w
and ¢; = x. That is, his demand ¢ satisfies ¢; = u3" (¢) and ¢; = A%¢®"* for all j # 4, for a constant A" > 0 pinned
down by the budget constraint ¢ - ¢ = w.
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3.5 A Useful Simple Case

In this section, we work out a useful particularization of the general model which yields simple
optimal tax formulas. This simple case will prove useful to construct many of our examples in
Section 4. It also allows to explicitly link Sections 2 and 3 by showing how to obtain the tax
formulas of Section 2 as special cases of the general tax formulas derived in Section 3 in the limit
of small taxes.

We use a hybrid model with both decision vs. experienced utility and misperceptions. We make
two simplifying assumptions. First, we assume that decision vs. experienced utility are quasilinear
so that the marginal utility of wealth is constant. Second, we assume that misperceptions are
constant. Finally, we allow for externalities £ but assume that they are separable from consumption.

Formally, we decompose consumption ¢= (cg, C) where C is of dimension n, and we normalize

po = qo = 1. The experienced utility of agent h is quasilinear
uh (607 C? 5) = Co+ Uh (C) - 57

where ¢ = ¢((C")
utility

— H) Agent h is subject to two sets of biases. First, he maximizes a decision

u (e, C,€) = co + U (C) = ¢

which differs from his experienced utility, but remains quasilinear.?” Second, he perceives prices to
be ¢*" = p+ 75" with 75" = M"r, so that the misperception of taxes is given by a constant

matrix of marginal perceptions M". The corresponding perception function is?®

¢"(q)=p+M"(q— p).

The demand ¢" (q,w,§) = (c’(} (q,w), c’ (q)) of agent h is such that ok (q) = Csh (qszh (q))
and cf (q,w) = w — q- C"(q), where C*" (¢*") = argmaxc U*" (C) — ¢*" - C.
We define the rational Slutsky matrix

acs,h (qs,h)

Sr,h (qs,h) — 8qs7h

This corresponds to the Slutsky matrix of an agent with decision utility U*", but who perceives

taxes correctly. Because decision utility is quasilinear, there are no income effects and we have

S (g,w) = S (q,w) = S™" (¢*"(q)) - M".

2TWhen choosing his consumption, the agent does not internalize the effect of his decisions on the value of &.
28In all those definitions, we omit the row and columns corresponding to good 0, which has no taxes and no
misperceptions.
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We also define the internality wedge 77" and the internality /externality wedge 7" as follows:

5h

" =Ug" (C) ~U&(C) and 7" =7t 4780,

h

The wedge 7" is closely related to the misoptimization wedge %" according to

b,k h

7Ol = gL Sl
Basically, 7%" captures two forms of misoptimization: those arising from the difference between
decision and experienced utility (7/*) and those arising from the misperception of taxes (7 — 75").
In this example, we find it useful to separate them.

We now characterize optimal taxes. Because there are no wealth effects in consumption, we
have 45 = 4" = h,

Proposition 3.4 (Optimal tax formula with constant marginal utility of wealth and constant mis-
perceptions) In the constant marginal utility of wealth and constant misperceptions specification of

the general model, optimal taxes satisfy
hi qrih w7 Y\ h @roh X,k
rQr, — rQr, s
T:—(EhMS (I_(I_M>T)) gh [(1—7)(3' + MM ST (24)

This formula is a direct application of the tax formulas in Propositions 3.1 and 3.2, obtained by
particularizing the general model, and by solving the system of linear equations in taxes 7 formed
by these tax formulas.

In the context of this simple case, we find it convenient to treat differently the different sources

bh, Ll are incorporated into the internal-

s,h

of misoptimization wedges T The internality wedges T

X.h are accounted for by the

ity /externality wedges 7", while the misperception wedges 7 — T
misperception matrices M h,
The tax formula (24) simplifies in the limit of small taxes, with small redistributive, revenue

raising, and internality /externality correction motives. We have

h
= _(Z SM,r,h)—l Z[(l . %)Ch + SM,r,hTX,M,h] + O (62) ’ (25)

h h

where SMmh = MVS™IM" and +XMh = (Mh)f1 7%h are the misperception-adjusted Slutsky
X, M h

, Maxy, H’T ‘ } captures

)
the strength of the redistribution, revenue raising, and internalities/externalities correction motives
9

matrix and internality /externality wedge, and ¢ = max{max; ‘Lh —1

for taxation.?

2 This formula coincides with the standard tax formula in the absence of behavioral biases for some fictitious
rational agents with Slutsky matrices SM:rh and ideal externality wedges 7% However, the analogy with
fictitious agents is misleading. Indeed, and importantly, the sensitivities of consumption to tax changes are given by
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We call this the limit of small taxes for short. The tax formulas of Section 2 are special
cases of equation (25). For example, the basic Ramsey tax formula in Proposition 2.1 obtains
when there is no heterogeneity (all agents are identical), the Slutsky matrices are diagonal 8™" =
diag(y1U1, y2tba, ..., Ynthn) where y; = Cf’h (p), the misperception matrices are diagonal M" =
diag(my, my, ..., m,), there are no internalities/externalities 75" = 0, and with A = A;—Qh Simi-
larly, the basic Pigou formula in Proposition 2.2 obtains when in addition there is only one taxed
good n = 1, there is no revenue raising motive for taxation A\ = 7", and there is a constant inter-
nality /externality wedge 75" = £. Finally, the basic Pigou formula allowing for heterogeneity in
attention or externality /internality in Proposition 2.3 obtains when there is heterogeneity across

agents in M" = m! and in 75" = ¢*,

4 Examples

In this section, we analyze different specializiations of the general model in order to extract concrete

insights from the optimal tax formulations of the previous section.

4.1 Correcting Internalities/Externalities: Relaxation of the Principle

of Targeting

The classical “principle of targeting” can be stated as follows. If the consumption 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 subsidizing solar panels (see Salanié (2011) for such an example). Likewise, if
fatty foods are bad for consumers, and they suffer from an internality, then fatty foods should be
taxed, but lean foods should not be subsidized. 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 3.5. We assume that
A" = A, so there is no revenue-raising motive and no redistribution motive. We also assume that
the internality /externality wedge is constant across agents 75" = 7%, Equation (24) then yields

the optimal tax:
r=(E[M"S'M")) " E[M"]s"rX.

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 7% = (&,,0) with &, > 0. This can
be generated as follows in the model in in Section 3.5. In the externality case, we simply assume that
£((ch) 1 1) = &3 >0, CF. In the internality case, we assume that U" (C) = U*" (C)—£,CY. For

example, in the externality case, good 1 could be fuel and good 2 a solar panel. In the internality

SCh — gl — gmh NI and not by MM S™M™.

24



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?, mP).
When agents have uniform misperceptions (M" = M), the optimal tax is 7 = M ~'7X. This

implies 71 = 7%1 > 0 and 75 = 0. The principle of targeting applies. This is no longer true when

misperceptions are not uniform.

Proposition 4.1 (Modified principle of targeting) Suppose that the consumption of good 1 (but
not good 2) entails a negative internality/externality. If agents perceive tazxes correctly, then good 1
should be taxed, but good 2 should be left untaxred—the classical principle of targeting holds. If agents’
misperceptions of the tax on good 1 are heterogeneous (var (m'{“) > 0), and if the misperceptions
mh and mb of the two goods are not too correlated, then, good 2 should be subsidized (respectively

tazed) if and only if goods 1 and 2 are substitutes (respectively complements).>

Proposition 4.1 shows that if people have heterogeneous attention to a fuel tax, then solar
panels should be subsidize (this result is also reminiscent of Allcott, Mullainathan and Taubinsky
(2014)).3'  The reason is that the tax on good 1 is an imperfect instrument in the presence of
attention heterogeneity. It should therefore be supplemented with a subsidy on substitute goods
and a tax on complement goods. A fuel tax should therefore be supplemented with a subsidy on
solar panels and tax on fuel inefficient cars. Similarly, a fat tax should be supplemented withy a
subsidy on lean foods.

A similar logic applies in the traditional model with no behavioral biases, if there is an externality,
and this externality is heterogenous across agents. Our result should therefore be interpreted as an
additional and potentially important reason why the principle of targeting might fail in the presence

of behavioral biases: heterogenous perceptions of corrective taxes.

4.2 Internalities and Redistribution

Suppose that the poor consume “too many” sugary sodas. This brings up a difficult trade-off. On
the one hand, taxing sugary sodas corrects the poor’s internality. On the other hand, taxing sugary
sodas redistributes away from the poor.*?

To gain insights on how to balance these two conflicting objectives, we use the specialization
of the general model developed in Section 3.5. For simplicity, we assume that good 1 is solely
consumed by a class of agents, h* but not by other agents h # h*. We also assume that good
1 is separable, Us"" (C) = U™ (¢1) + Us™ (Cy), where Cy = (¢i);59 and U (C) = U™ (Cy)

for h # h*. We assume that good 1 features a harmful internality 7'1X hT = %7’11 "> 0 and

30The required formal condition on the correlations of the misperceptions m? and m} of the two goods is
E[mhmh]
E h _ 1 M2 h
mg E[(mil)ﬂ my
31Recall that goods 1 and 2 are substitutes (respectively complements) if and only if ST, > 0 (respectively ST, < 0).
32This was actually the debate about a recent proposal in New York City.

> 0.
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that all taxes are correctly perceived. Formally, we take U" (C) = U®"(C) for h # h* and
UM (C) = U (C) — 7" ¢1. We denote by ¢ = —%Sﬁ’h* the elasticity of the demand for good
1 by agent h*. As a concrete example, h* could stand for “poor” and good 1 for “sugary sodas”.
Proposition 3.4 yields the following.

Proposition 4.2 (Taxation with both redistributive and corrective motives) Suppose that good 1
is consumed only by agent h*, and entails an internality (captured by the internality wedge 7'1[ oh* ).
Then the optimal tax on good 1 is

h* h* _I,h*
1 v 1 YT
—=(1- — -+ — 26
0 ( A)z/}1 - (26)

The sign of the tax 7, is ambiguous because there are two forces at work, corresponding to the

two terms on the right-hand side.?> The first term (1 — 7; Y-+ corresponds to the redistributive

v
objective of taxes. It is decreasing in the marginal social welfare weight 4" on agent h* and

negative if 4*° > A\. This is because good 1 is consumed only by agent h* and therefore taxing
good 1 redistributes away from agent h*. In absolute value, it is decreasing in the elasticity 1! of
the demand of good 1 by agent h* because taxing or subsidizing the consumption of good 1 entails

larger distortions when his consumption is more elastic.
* _I.h*

The second term ”f\ qul corresponds to the internality-corrective motive of taxes. It is positive

and increasing in 7. This is because good 1 is harmful as it entails a negative internality.
I,n*
As we increase the weight v** on agent h*, the tax 7, on good 1 increases if and only if qu_1 >

1
o
i.e. if and only if the internality wedges is large enough and the demand elasticity is large enoffglh.

This situation highlights one of the advantages of nudges over corrective taxes: they allow the
correction of internalities while avoiding the associated mechanical redistributive effects of correc-
tives taxes. To formalize this idea, imagine that the internality can be completely eliminated by an
informational nudge (e.g. explaining the bad consequences of sugar), resulting in 7'1] " — 0. Optimal
taxes are then only used for redistribution, m, = % In some cases, quantity restrictions can be
used to the same effect, and these considerations may also help rationalize why governments choose
to ban high-interest rate loans, rather than tax them, since taxes create an additional burden for

the poor.

4.3 Nudges and Taxes

In this section, we propose an example illustrating the optimal determination of nudges and their
interaction with taxes. We investigate how much optimal policy relies on taxes versus nudges. We
examine whether nudges are complements or substitutes. And we illustrate some of the determinants

of the choice between nudges and taxes.

33In independent work, Lockwood and Taubinsky (2015b) examine a related problem, in the context of a Mirrleesian
income tax.

26



Optimal nudges We use the specialization of the general model developed in Section 3.5.

There is only one taxed good n = 1.

1.2

ahc— C

We use quadratic utilities. Specifically, in the internality case, we assume that U*" (¢) = 7
h,._1.2
and U" (¢) = “2% — ¢, In the externality case, we assume that U" (c) = U" (c) =
where ¢ = ﬁ >, 75", Recall that we define 75" = %T[’h + 750,
h

We model the nudge as a psychological tax, as in (21). The demand of a consumer can then be

expressed as
M(1,x) = g — U (" x +m'7),

where 7" is the sensitivity of agent h and m" is the attention to the tax.
We start with the case where the nudge is the only instrument. We apply the optimal nudge
formula (23).

Proposition 4.3 When the nudge is the only instrument, the optimal nudge is given by**
E [TX,hnh]

o [nhﬂ (27)

X:

where | denotes the average over agents h.
E[TX,}L]
n

when the average internality /externality wedge is greater, and when agents are less nudgeable. Het-

If all agents have the same sensitivity 7, = 7, the nudge is xy = , so the nudge is greater
erogeneities in nudgeability determine how well targeted the nudge is to the internality /externality.
Controlling for E [7*"1"], the nudge is weaker when there is more heterogeneity in nudgeability

(higher E [nh2]), and, controlling for heterogeneity in nudgeability, the nudge is stronger when

X,h h]

nudgeability is correlated with the internality /externality (E [r is higher).

Jointly optimal nudges and taxes We next consider the optimal joint policy using both
nudges and taxes. We only highlight a few results; more results can be found in the online appendix
(Section 12.4). One can show that

0L 1
1Y = _EE [(/\ - ’yh (1 - mh)) nh} :

As a result, if ¥ = X so that there are no revenue raising or redistributive motives, then taxes and
nudges are substitutes. Taxes and nudges are complements if and only if E [(A — " (1 — m")) "] <
0. Nudges and taxes can be complement if social marginal utility of income " and nudgeability
n" are positively correlated. Loosely speaking, if poor agents (with a high 4") are highly nudge-

able, then taxes and nudges can become complements, because in that case, nudges reduces the

34 The intermediate steps are as follows. Using ciz = —Uph, 7 = 0,700 = 75" — \ph, we get 2L (r,x) =

Ox
>on [)\7'7 AT&h — ghr bh] CZ =A>, [O*Tx’h+x’l7h] Unh.
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consumption of poor nudged agents, thereby improving the redistributive incidence of the tax. We

next state the exact values of taxes and nudges, in the case 7" = \.%

Proposition 4.4 Assume " = \. Then jointly optimal nudges and tazes are given by the following

formulas

B[] B[] — B[] B[]
E[(n")? B [(m")?] — (B [*m"])* ’

B [ B [(m] = B[] E ]
E [(n")? B [(m")?] — (B [p"m"])*

The more powerful the nudge is for high-internality agents (the higher is E [T ' ], keeping

X:

all other moments constant), the more optimal policy relies on the nudge and the less it relies
on the tax (the higher is y, the lower is 7). Symmetrically, if the better perceived is the tax by
high-internality people (the higher is E [7*"m"]), the more optimal policy relies on the tax and
the less it relies on the nudge.

The more heterogeneity there is in the perception of taxes (the higher is E [(mh)z], holding all
other moments constant), the less targeted the tax is to the internality /externality, and, as a result,
the lower is the optimal tax 7, and under certain conditions, the higher the optimal nudge y.*
Similarly, the more heterogeneity there is in nudgeability (the higher is E [(nh)2], holding all other
moments constant), then lower is the optimal nudge y, and, under similar conditions, the higher is

the optimal tax 7.

Nudges vs. taxes We now ask how to choose, if one must, between nudges and taxes. We
could analyze this question using the model outlined just above, comparing the relative merits of
nudges and taxes in terms of internality targeting and redistributive incidence. Instead, we choose
to investigate this question in the context of a model with no heterogeneity, but where the nudges
are potentially aversive.

We augment the example of Section 4.2 with aversive nudges. We use the same quadratic
utility functions as in Section 4.3. We use the nudge as a tax model developed in Section 3.4. For

concreteness, we interpret the harmful good (good 1) as cigarettes. We extend the model to account

351n the general case, with the notation oy, z := cov (Yh, Z3) :

E [’yhnh2} E [)\ Xhh O, c/q;] - E hhnhmh] E [/\TX’hnh]

T = ,

B {,Yhn;ﬂ} E {,Yhmh _ O-'ym] — E[yhhmb] B [yhyhmb — o )

2
E [A X B {’yhm"’ - Uym} —E M tmt — o e B [yt — o]
X = 2 2 ’
E ['thh } B [’yhmh - Uvm} — E[yun"m"] E [y'nhm — o, ]

36The condition is E [TX’hmh} E {nhﬂ >E [TX’hnh} E [nhmh]. It is verified if n, m", 75" are independent.
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for the possibility that the nudge may directly create an aversive reaction (perhaps via a disgusting
image of a cancerous lung), which we capture as a separable utility cost ("yc; so that experienced
utility is now
u" (e,x) = u" (¢) — "xci,
where " xc; is the nudge aversion term. And we assume that there is no heterogeneity across agents.
The next proposition formalizes how nudge aversion changes the relative attractiveness of nudges
vs. taxes. The planner must choose between two instruments to discourage cigarette consumption:

a weakly positive tax (7 > 0) or an aversive nudge (x > 0).

Proposition 4.5 (“Nudge the poor, tax the rich”) Consider a good with a “bad” internality (e.g.
cigarettes). Suppose that at most one of two instruments (nudges and nonnegative taxes) can be
used to correct this internality. An suppose that there is no heterogeneity across agents. Then an
optimal tax is superior to an optimal nudge if and only if

Aol kb

> . (28)

This proposition captures a new interesting trade-off between taxes and nudges. Both taxes and
nudges correct internalities. But taxes also raise revenues on the agents consuming the good under
consideration, which is desirable if A > +" but undesirable if A < 7". Nudges do not raise revenues,
and instead directly reduce utility.

When \ > ~", taxes dominate nudges as taxes have desirable side effects by raising revenues
while nudges have adverse side effects by reducing utility. But when A < ~" taxes and nudges
both have undesirable side effects. Taxes dominate nudges when the desire to redistribute income
towards agents consuming the good associated with the internality is weak (" — \ is low), and when
these agents are attentive to the tax (m” is high). Nudges dominate taxes when nudge aversion is

low (" is low) and when agents are easily nudged (" is high).

4.4 Do More Mistakes by the Poor Lead to More Redistribution?

In this example, we consider the consequences for income taxation of the hypothesis that richer
agents make fewer mistakes (e.g., Mani, Mullainathan, Shafir and Zhao 2013). We deviate from
the above setup with quasilinear utility. There are two goods with prices normalized to one. The

decision and experienced utility of agent h are given respectively by

o o’
( ) Cl 1 022 ( ) 6113410342
u’(c1,C9) = s u (€1, Co ,
oy’ oy 1hag?
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with o™ + 5" = ay + @y = 1. The indirect utility of agent h with (post-tax) income z is then

sh\ M s,h\ 2
oy (%%
v (2) = APz, Al = (#) (L) <1
(0751 (6%)

The stronger the behavioral bias of agent h, the lower his marginal utility of income A”". This is

given by

because a marginal unit of income is spent inefficiently.
We focus on a negative income tax: a linear income tax 7, and a lump sum rebate. The unique
purpose of the tax is to redistribute. The pre-tax and post-tax income of agent h are denoted by

2" and 2" 4+ 7,(z — 2") , where Z is average income defined by >, (2" — z) = 0. We assume that the

’Uh l1-0o
social welfare function is given by >, ( 120 with o > 0.

The planning problem is then
max L(7,; {A"}),
TZ

with

L(r.,{A"}) = Z (Ahf)aa (z"+7. (- zh))l_a :

1
h

Proposition 4.6 (Mistakes and redistribution) If the preference for redistribution is strong (o >

1), larger behavioral biases (reductions in A") for the poor (agents with z"

< Z) lead to more
redistribution (higher taxes T,). Conversely, if the preference for redistribution is weak (0 < 1),

larger behavioral biases for the poor lead to less redistribution.

The intuition for these results is the following. The key question is the impact of behavioral
biases on the social marginal utility of income " = (Ahz) ~7 A", Indeed, the marginal benefit g—fz
of increased redistribution (a higher tax 7,) is inversely related to the covariance between the social
marginal utility of income and income aaTLz =3, 7" (2= 2") = —cov (4", 2").

Larger behavioral biases for agent h increase its weight (Ahz) ~7 in social welfare, but reduce
his marginal utility of income A”". The resulting effect on the social marginal utility of income ~"
depends on the relative strength of these two effects.?” When o > 1, the former effect dominates
and larger behavioral biases lead to higher v*. The opposite occurs when o < 1. When o = 1, the

two effects exactly cancel out so that 4" is independent of A",

4.5 Mental Accounts

In this section, we show how our general model can accommodate some simple behavioral biases
associated with mental accounting (Thaler 1985, Hastings and Shapiro 2013). We then show how

these biases modify some basic results in optimal taxation.

37The NBER working paper version of Kaplow (2015) discusses a similar idea, in the context of a model with
myopic agents.
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An elementary model of mental accounts The primitives are an experienced utility func-
tion u, a partition of the set of commodities into K subsets or accounts indexed by k£ =1, ..., K,
mental accounting functions w” (q,w), and an extended demand function ¢(q,w), where w =
(wl, L wk ) We denote by C* the vector of commodities associated with account k& and we write
c= (Cl, ., CE ) The mental accounting functions w* (g, w) indicates how much money is devoted

to account k, and must satisfy Y, w* (¢, w) = w. The extended demand function must satisfy
qk : Ck (qaw) = wk (q7 UJ) :

The demand function ¢ (g, w) is simply defined by ¢ (q,w) = ¢(q,w (g, w)). We denote the extended
indirect utility function by v (q,w) = u(c(gq,w)).

Rational demand subject to mental accounts corresponds to
¢ (q,w) = argmaxu(c) st. ¢°-C*=wrfork=1,.. K. (29)

The traditional model with frictionless mental accounts corresponds to w*" (¢, w) = ¢*- C*" (q,w),
where ¢ (q,w) = (Cl’r (q,w),..,C*" (q, w)) is the demand function of a rational agent.

Given these mental accounting functions, spending on the different goods within each categories
could be subject to additional behavioral biases. For example, a concrete model of the mental

accounting functions w* (q,w) is the following

(c(q,w),w(q,w)) = TE e (¢) = z};g’“ (@' —wi (g w)) (30)

st. ¢¢-C*=wFfork=1,.. K and Zwk = w,
k

where w? (g, w) is an exogenous default mental accounting function. The idea is that there are
frictions on mental accounting so that the consumer faces some mental adjustment costs given
by ¢* (w* — w* (g, w)) when the expenditure w* (g, w) on account k is different from the default

kd (g, w). Implicit in the formulation of this concrete model is the assumption that

expenditure w
these mental adjustment costs are not taken into account in the evaluation of welfare. This approach
is justifiable, but so is its polar alternative which fully takes these costs into account in welfare.
Similar issues arise in the treatment of attention in Section 6.1. Note that the more abstract model
presented above does not rely on this assumption.

The optimal tax formulas in Propositions 3.1 and 3.2 corresponding to the many-person Ramsey
problem without and with externalities can then be applied without modifications to this simple

model of mental accounting.

Rigid mental accounts We next explore concrete applications of this framework. In the

interest of space, we focus in the main text on the case of rigid mental accounts, by which we
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mean the following: a mental account k is rigid when the amount w* (g, w) allocated to account
k is independent of ¢ and w (it must be the case that at least one account is not rigid, so that
dow w* = w). We assume that the only bias is one of mental accounting, so that spending within
each account is chosen to maximize utility. This means that the extended demand function is given
by ¢(q,w) = ¢ (g,w). The online appendix (Section 12.3) develops other concrete applications in

the more general case with flexible accounts where w” (q,w) depends on ¢ and w.

Uniform commodity taxation with rigid mental accounts We first derive a uniform

commodity taxation within rigid mental accounts.

Proposition 4.7 (Uniform commodity taxation within a rigid mental account) Suppose that there
18 just one type of agent and that a mental account k is rigid. Then, all commodities associated
with mental account k should be taxed at the same rate.

It is efficient to tax all commodities associated in a rigid mental account at the same rate in
order to avoid distorting the relative consumption of two commodities within the account.®®

Rigid mental accounts therefore give a new, behavioral, rationale for uniform commodity taxes.
It is distinct from the traditional argument for uniform commodity taxation with rational agents
proposed by Atkinson and Stiglitz (1972), which obtains under some separability and homogeneity

assumptions regarding preferences and which we review in Section 7.

Modified basic Ramsey and Pigou rules with rigid mental accounts We consider the
basic setup in Section 2 with no misperceptions (m; = 1 for all 7) but with rigid mental accounts
instead. We make the further simplification that there is one commodity per mental account.
Consumpt.ion is therefore given by ¢; = ‘(‘ZL = 'ﬁn. '
amount w' is allocated to good i, so that U” (w') = p; = 1, and that the rigid mental account w’

We assume that before taxes, the optimal

does not adjust after the introduction of taxes.

We first derive the optimal Ramsey and Pigou tax rules with this rigid mental account with

Ui’(ci)
4 - U (c;)
utility function U* for good ¢, which coincides with the demand elasticity of a rational agent.

one good per account. Recall that we denote by v; = the inverse of the curvature of the

Proposition 4.8 (Ramsey and Pigou formulas with rigid mental accounts) Suppose that agents
use a rigid mental account for good i, and the limit of small taxes. In the basic Ramsey problem,
the optimal tax is

7 = Ay (31)

while in the basic Pigou problem, it is

38The Proposition implicitly assumes that all commodities in account k can be taxed.
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The formula for the Ramsey problem is in stark contrast with the traditional Ramsey case where

T, = %, and the misperception case where 7; = m%wl With rigid mental accounts, a low (rational)

elasticity 1); leads to low taxes, not to high taxes, as in the basic Ramsey. The intuition is as follows:
if a good is very “necessary”, rational demand is very inelastic: v; is low. But with a rigid mental
accounts, a tax 7; leads to a consumption ¢; = 11—7 So, a high tax leads to a high distortion. Hence,
when (rational) demand is very inelastic, the tax should be low.

Likewise, the modified Pigou formula 7; = &;1); now features the rational elasticity of demand
1;. This is in contrast to the traditional case, where 7; = §;, and to the case with misperception m;
where 7; = 7% (Proposition 2.2).

To derive this result and understand it fully, it is useful to generalize it. We denote by «; the
elasticity of the demand for good 7. In the traditional model without behavioral biases, we have

a; = 1);. But in the model with attention m,; to the tax, we had a; = m;¢;. With a rigid mental

k3

W
1+7;°

account for commodity ¢, given demand is ¢; = the elasticity of the demand for good i is

Oéizl. 39

Proposition 4.9 (Ramsey and Pigou formulas with arbitrary behavioral elasticity) Suppose that
the rational demand elasticity for good is v;, and that the behavioral demand elasticity is ;. Con-

sider the limit of small taxes. Then, in the basic Ramsey problem, the optimal tax is

N (33)

a;

while in the basic Pigou problem, it is

(2
Proof. We could use the general formulas, but to gain intuition we proceed as follows, in the

limit of small taxes. In the Ramsey problem, welfare can then be expressed as

1 oz? 9
L:_i i E:%TZ +A;Tiyi, (35)
Indeed, a small tax 7; changes consumption by dc; = —a;¢;7;. The associated distortion is % (5@)2 U (¢;) =
: (—oyeim)? #w(c) = _le—%yﬁf (recall that 1; = —C[{]“,(,‘EC)), and U” = p; = 1 at the optimum, with

y; = ¢;). Hence, the optimal tax is given by L., =0, i.e. 7; = A%

In the Pigou problem, at the first best, the planner would like U (¢;) = 14 &, as in the
traditional tax. This means that consumption should change by dc; = —;¢; after the tax. But as
the actual elasticity of demand is «;, the tax should satisfy: dc; = —a;7; = —;§;, and 7; = fy—i@bft O

In the Ramsey problem, for a given demand elasticity «;, a higher value of v; pushes for higher

39 Proposition 4.8 is a consequence of Proposition 4.9 when «; = 1 of the following result. Propositions 2.1 and 2.2
are also an application, when «; = m;;.
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tax, while for a given v;, a higher value of a; pushes for a lower tax. In the traditional model without
behavioral biases, a; = 1; and the resulting effect of a higher v; is a lower tax. By contrast, in the

behavioral model with a rigid mental account, a;; = 1 so that a higher ¢; results in a higher tax.

5 Nonlinear Income Taxation: Mirrlees Problem

5.1 Setup

Agent’s behavior There is a continuum of agents indexed by skill n with density f (n) (we
use n rather than h, the conventional index in that literature). Agent n has a utility function
u™ (¢, z), where c is his one-dimensional consumption, z is his pre-tax income, and u, < 0.1

The total income tax for income z is T (z), so that disposable income is R (z) = z — T (z). We
call ¢(z) = R'(2) = 1 — T"(z) the local marginal “retention rate”, Q = (q(2)).>o the ambient
vector of all marginal retention rates, and ro = R (0) the transfer given by the government to an
agent earning zero income. We define the “virtual income” to be r (z) = R (2) —zq (z). Equivalently
R(z) = q(z) z+71(2), so that g (z) is the local slope of the budget constraint, and r (z) its intercept.

We use a general behavioral model in a similar spirit to Section 3. The primitives is the income
function 2" (¢, Q, ro, ) , which depends on the local marginal retention rate ¢, the ambient vector of
all marginal retention rates Q, and the virtual income r. In the traditional model without behavioral
biases we have 2" (¢, Q,rg,r) = argmax, u" (qz 4+ r, z), so that 2" does not depend on Q and 7.
With behavioral biases, this is no longer true in general. The income function is associated with the

indirect utility function v™ (¢, Q,r9,7) = u™ (qz + 1, 2) The earnings z (n) of agent n

‘Z:Zn(Q7Q7TO7T) ’
facing retention schedule R (z) is then the solution of the fixed point problem z = 2" (¢ (z), Q,7 (2)).

His consumption is ¢ (n) = R(z (n)) and his utility is v (n) = u™ (¢ (n), z (n)).

Planning problem The objective of the planner is to design the tax schedule T'(z) in order

to maximize the following objective function

/OOOW(v(n))f(n)dnJr)\/ooo(z(n)—c(n))f(n)dn'

Like Saez (2001), we normalize A = 1. We call g(n) = W’ (v (n))v!(q(z(n)),Q,r(z(n))) the
marginal utility of income. This is the analogue of 8" in the Ramsey problem of Section 3, and
we identify agents with their income level z (n) instead of their skill n. Most of the time, we leave
implicit the dependence of n (z) on z to avoid cluttering the notations. We now derive a behavioral

version of the optimal tax formula in Saez (2001).

*0Tf the agent’s pre-tax wage is n, L is his labor supply, and utility is U™ (¢, L), then u” (¢, z) = U (¢, Z). Note
that this assumes that the wage is constant (normalized to one). We discuss the impact of relaxing this assumption

in Sections 7.1.2 and 12.7.
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5.2 Saez Income Tax Formula with Behavioral Agents
5.2.1 [Elasticity Concepts

Recall that the marginal retention rate is ¢ (z) = 1 —7T"(z). Given an income function z (¢, Q, ro, ),

we introduce the following definitions. We define the income elasticity of earnings

=4z (Q7 QJ T07T) .

We also define the uncompensated elasticity of labor (or earnings) supply with respect to the actual

marginal retention rate

w4
C = ;Zq (Q7 Q> To, T) .

Finally, we define the compensated elasticity of labor supply with respect to the actual marginal

retention rate
¢ =g,

We also introduce two other elasticities, which are zero in the traditional model without behav-
ioral biases. We define the compensated elasticity of labor supply at z with respect to the marginal

retention rate ¢ (z*) at a point z* different from z:

q
Céz* = ;ZQZ* (q> Q, o, T) .

We also define the earnings sensitivity to the lump-sum rebate at zero income*!

CTCO = gzro (¢,Q,7o,7) .
We shall call ¢§ , a “behavioral cross-influence” of the marginal tax rate at z* on the decision of
an agent earning z. In the traditional model with no behavioral biases, (5, , = (7 = 0. But this is
no longer true with behavioral agents.*?'*3
All these elasticities a priori depend on the agent earnings z. As mentioned above, we leave this
dependence implicit most of the time.

Just like in the Ramsey model, we define the “misoptimization wedge”

que(c, z) + u, (¢, 2)

b
7(q, Q,r9,7) = .
(0> Q1) U (@, Q10 T) o, Quror) ez tr

“1Formulas would be cleaner without the multiplication by ¢ in those elasticities, but here we follow the public
economics tradition.

42For instance, in the misperception model, in general, the marginal tax rate at z* affects the default tax rate and
therefore the perceived tax rate at earnings z.

43Tn the language of Section 3.1, we use income-compensation based notion of elasticity, S, rather than the
utility—compensation based notion S =
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We also define the renormalized misoptimization wedge

() =g ()" (2).

In the traditional model with no behavioral biases, we have 7° (¢, Q, ro,7) = 7° (2) = 0. But this is
no longer true with behavioral agents.
We have the following behavioral version of Roy’s identity (proven in the online appendix,
Section 13.3): . .
L= TG (36)
As in Section 3, the general model can be particularized to a decision vs. experienced utility

model, or to a misperception model.

Misperception model The agent may misperceive the tax schedule, including her marginal
tax rate. We call 7™ (q, Q, o) () the perceived tax schedule, R®" (z) = z — T*"(q, Q,70) (2) the

perceived retention schedule, and ¢*"(q, Q,10) (2) = %ﬁw

the perceived marginal retention
rate. Faced with this tax schedule, the behavior of the agent can be represented by the following
problem

smax u" (c,z) s.t. c=R(z).
smax o (c,2) (2)

This formulation implies that the agent’s choice (¢, z) satisfies ¢ = R (z) and
" (2) ug (¢, 2) +ul (¢,2) =0,

instead of the traditional condition ¢ (z)u? (¢, z) + u? (¢,z) = 0. This means that the agent cor-
rectly perceives consumption and income (¢, z) but misperceives his marginal retention rate ¢*" (z).
Together with ¢ = R (z), this characterizes the behavior of the agent.*!

Accordingly, we define z" (¢, ¢°,7) to be the solution of ¢*"ul (¢, z) + u” (c,z) = 0 with ¢ =

qz + r.% The income z (n) of agent n is then the solution of the fixed point equation

z2=2"(q(2).¢"(¢, Q,r0) (2) ;7 (2)),

his consumption is ¢ (n) = R(z (n)) and his utility is v (n) = u" (¢ (n), z (n)).
Summing up, in the misperception model, the primitives are a utility function v and a per-
ception function ¢* (¢, Q,79) (z). This yields an income function z (¢, ¢°, ). The general function

< <Q7 Qa To, T) is then z (q (Z,) ) Q7 To, T) =z (q (Z,) 7qs (Q7 Q) TO) (Z,) 7T) for any earnings Z/.

“This is a sparse max problem with a non-linear budget constraint, which generalizes the sparse max with a
linear budget constraint we analyzed in section 2.1. The true constraint is ¢ = R (z), but the perceived constraint is

c=R*>"(q,Q, 1) (2).
451f there are several solutions, we choose the one yield the greatest utility.
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One concrete example of misperception is ¢*"(q, Q, o) = ¢° (¢, Q, o) with

ro+ [y q(2)dZ
2

¢°(q, Q,m0) (2) = mq (2) + (1 = m) [aq” (Q) + (1 — a) I,

ro+ [ q(z))dz .
M’# is the average

where m € [0,1] is the attention to the true tax (hence retention) rate,
retention rate (as in Liebman and Zeckhauser (2004)), and o € [0,1]. The default perceived
retention rate might be a weighted average of marginal rates, e.g. ¢* (Q) = [ ¢ (2)w (z) dz for some
weights w (z2).

As in the Ramsey case, it is useful to express behavioral elasticities as a function of an agent
without behavioral biases. Call 2" (¢°, ') = argmax, u (¢°z + 17, z) the earnings of a rational agent
facing marginal tax rate ¢° and extra non-labor income 7’. Then, z(q,¢°,7) = 2" (¢°,7") where r’
solves 7’ + ¢°2" (¢°,1") = r + q2" (¢°,7"). We call S" (¢°,7") = g—;: (¢°,r") — % (¢°,r") 2" (¢°,7") the
rational compensated sensitivity of labor supply (it is just a scalar). We also define (¢ = % as
the compensated elasticity of labor supply of the agent if he were rational.

We define m.. = ¢; (¢, Q, o) () as the attention to the own marginal retention rate and m. .~ =
4.. (q, Q,70) (2) as the marginal impact on the perceived marginal retention rate at z of an increase
in the marginal retention rate at z*. Then, we have the following concrete values for the elasticities

of the general model (the derivation is in Section 13.3 of the appendix):

T—75 T—T7°
¢ = <1 - ) CTm.., (.= (1 - ) ¢ Mz, (37)
b T—7°
= 38
1 _,’77——(]’7— ( )

If the behavioral agent overestimates the tax rate (1 — 7° < 0), the term 7°

is negative. Loosely,
we can think of 7° as indexing an “underperception” of the marginal tax rate. In the traditional

model without behavioral biases, m..- = 1,—.-, 7° = 7 and 7° = 0.

Decision vs. experienced utility model In the decision vs. experienced utility model,
behavior is represented by the maximization of a subjective decision utility u® (¢, z) subject to the
budget constraint ¢ = R (z). We then have ¢5.. = 0, and (¢ and 7 are the elasticities associated
with decision utility u°. The misoptimization wedge is

Loyt —u
A (39)
vy

Other useful concepts and notations We next study the impact of the above changes on

welfare. Following Saez (2001), we call & (z) the density of agents with earnings z at the optimum

and H (z) = [ h (') dz'. We also introduce the virtual density h* (z) = mh (2).
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We define the social marginal utility of income

10 =9+ T2 [P @+ (0 - P 2)

(40)

This definition is the analogue of the corresponding definition (14) in the Ramsey model. It is
motivated by Lemma 13.2 in the online appendix, which shows that, if the government transfers a
lump-sum §K to an agent previously earning z, the objective function of the government increases
by 0L (z) = (v(2) — 1) 0 K. The social marginal utility of income =y (2) reflects a direct effect g (z) of

that transfer to the agent’s welfare, and an indirect effect on labor supply captured—to the leading

order as the agent receives d K, his labor supply changes by (5 K, which impacts tax revenues

1

by < ":(F'f 1" (2) 6K and welfare by ”(Z )Nb (2) 6 K; the terms featurmg h ((Z)) (in practice often close

to 1) capture the fact that the agent s marginal tax rate changes as the agent adjusts his labor

supply, which impacts tax revenues and welfare because misoptimization.

5.2.2 Optimal Income Tax Formula

We next present the optimal income tax formula. The online appendix (section 13.2) presents the

intermediary steps used in the derivation of this formula.

Proposition 5.1 Optimal tazes satisfy the following formulas (for all z*)

() -7"() 1 1-H(z) [~ B h(z) 3
1-T'(z")  C(°(z%) 2h* (") /z (1 7<))—1—H(z*)d (41)

_ /Oo Ch. (2) T (2) =7 (2) zh* (2)
o C(zF) 1-T'(2) z*h*(z%)

dz.

This formula can also be expressed as a modification of the Saez (2001) formula

T' () =7 (2%) © L T ()T (%)
T () +/0 w(z,z)l_—T/(Z)dz (42)

_ 1 1—H(z*)/:oe_fzz*p(s)ds(1_9(2)_n1jb(2) )1 h(z) dz,

¢e(z%) z*h*(z*) J.- T"(z)) 1 - H(z*)
where p(z) = g’c(é))% and

w(z" z2) = ‘.. (?) _ [ e*ff*/p(s)ds G, (2 o zh* (2)
= )_<Cc(z*) /z’z* e )CC( )d 2*h* (2*)

The first term ﬁ% 21 =~(2) 1_}}32()2,*)dz on the right-hand side of the optimal tax

formula (41) is a simple reformulation of Saez’s formula, using the concept of social marginal utility

of income ~y (z) rather than the marginal social welfare weight g (z) The link between the two is
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. . 00 G (B) T(2)—78(2) _ h*(=
in equation (40)). The second term —= [; ?f(z S 1( )T,( g )zh*(

and captures a misoptimization effect together with the term # on the left-hand side.

The intuition is as follows. First, suppose for concreteness that (g , (2 (z) > 0, then increasing the

dz on the right-hand side is new

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 revenues. Ceteris paribus, this
consideration pushes towards a lower tax rate, compared to the Saez optimal tax formula. Second,
suppose for concreteness that 7° (2) < 0, then increasing the marginal tax rate at 2* further reduces
welfare. This, again, pushes towards a lower tax rate.

The modified Saez formula (42) uses the concept of the social marginal welfare weight ¢ (z)
rather than the social marginal utility of income 7 (z). It is easily obtained from formula (41) using
equation (40). When there are no income effects so that n = p (z) = 0, the optimal tax formula (41)
and the modified Saez formula (42) are identical. They coincide with the traditional Saez formula
when there are no behavioral biases so that (5 . (2) = w(z*,2) = 7°(2) = 0. In this case, the
left-hand side of (42) is simply — — T, ( it
T (z*) at z*.

The formula is expressed in terms of endogenous objects or “sufficient statistics”: social mar-

5y 80 that the formula solves for the optimal marginal tax rate

ginal welfare weights ¢ (z), elasticities of substitution (¢ (z), income elasticities 7 (z), and income
distribution h (z) and h* (z). With behavioral agents, there are two differences. First, there are two
additional sufficient statistic, namely the misoptimization wedge 7°(z) and the behavioral cross-
elasticities (5 , (). Second, it is not possible to solve out the optimal marginal tax rate in closed
form. Instead, the modified Saez formula (42) at different values of z* form a system of linear
equations in the optimal marginal tax rates 7" (z) for all z. The formula simplifies greatly in the

case where behavioral biases can be represented by a decision vs. experienced utility model. Indeed,

we then have w (z*,2) = 0 and 7° (2) = g (2 ) , so that there is no linear system of equations

to solve out to recover T" (z).

5.2.3 Marginal Tax Rate for Top Incomes

We start by revisiting the classic result that if the income distribution is bounded at zy,.x, then the
top marginal income tax rate should be zero. In our model, this need not be the case. One simple
way to see that is to consider the case of decision vs. experienced utility. Tax formula (41) then
prescribes T” (2max) = 7 (2max) Which is positive or negative depending on whether top earners over
or under perceive the benefits of work (under or over perceive the costs of work).

We now derive a formula for the marginal rate at very high incomes when the income distribution
is unbounded at the top. It proves convenient to consider a (high) zy above which we consider
that incomes are “top incomes”, and the marginal rate is constant. We consider tax systems
With constant marginal tax rates for z > z;. We assume that g(z) = 7 for z > z;. We call

fzo CQ z)dz, the sensitivity to the asymptotic tax rate. This is the elasticity of earnings

39



of an individual at earnings z < zy to an increase to the top rate, arising perhaps because of
a misperception of the tax environment. Concretely, think of the recent case of France where
increasing the top rate to 75% might have created an adverse general climate with the perception
that even earners the top income would pay higher taxes.

We call 7, 7, ZC the asymptotic values for large incomes and 7 the Pareto exponent of the
earnings distribution (when z is large 1—H (z) x 2~ ™). We define the weighted means: E* [¢ (2)] =

J ¢(2)h(2)zdz and E* |:<. } fC"(z %l(z)()h*(z)dz
fz;b(z ZdZ f T/l(z)Tlﬂ('z)(z) h*(Z) . *

Proposition 5.2 (Optimal tax rate for top incomes) The optimal marginal rate T for top incomes
18
S
T =
l-9-

B+ mgr’

B+{T+7 (43)

where

T (2) — 7 (2 E|z

=8 | e 6

This generalizes the Saez (2001) formula which can be recovered in the particular case where
B = 7% = 0. The intuition is as follows—the /3 terms reflects not only the fact that the top marginal
tax rate affects not only top earners, but also the tax perceived by agents at all points of the income
distribution with associated effects on tax revenues. The more increasing the top tax rate lowers
all incomes (the higher (£ (z)), the higher 3, and the lower the top optimal tax rate.

The 7° terms are positive (resp. negative) when top earners overperceive (resp. underperceive)
the marginal benefits of effort or underperceive (resp. overperceive) taxes. These terms lead to
higher (resp. lower) top optimal rates compared to the Saez formula.

Consider the typical Saez Calibration with (“(00) = 0.2, n = 0 and 7 = 2. If the typical

tax is 7" (z) ~ 3 so that B [ ) } ~ =, we take zy to be at the top 1% quantile of the income

=3 1-17(z) | — 27
distribution. Piketty and Saez (2003, updated 2015) report that in the income share of the top 1% is
E[2] _ 1 o] : _ e | T'(2)-7"() E[2] x [rc] —_ 1o 1 p* [+c]
20%, so that Bf1.n] — 02 This implies that 5 = E [ T ] TrE[Zl,ZZZO]E [Cﬁ] = 12:5E [Cq] -

oE™ [ch]- Also, we take top earnings to be well calibrated, i.e. 7° = 0.

The average cross-influence E* [Cg] does not appear to have ever been measured. It is assumed
to be 0 in the traditional model. We propose the following thought experiment to gauge its po-
tential magnitude. Suppose that increasing the top rate by 10% will decrease earnings outside
the top bracket by & = 1%. Then, B* [¢5] = (1-T"(2)) % = (1—31) & = 6.7z, which gives an
interpretable benchmark that we now use.

Take first the case where g = 0 the top optimal tax rate maximizes revenues raised on top
earners. With rational agents (r = 0), the top marginal tax rate is 7 = 71%. If x = 1%, then
7 = 62%, and if v = 2%, then 7 = 45%. If x = —1%, then 7 = 77%.*® When the weight on top

46We thank Thomas Piketty for suggesting to us that if workers are happier, and strike less, because the taxes on
the wealth has high, then = < 0.
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earnings is higher, say g = 0.2, the corresponding numbers for the top rate are: 67%, 53% and 25%,
and 74%. This illustrates the potentially large importance of the behavioral cross-impact of the top
tax rate, a sufficient statistic that is assumed to be zero in traditional analyses.

The misoptimization wedge 7° does not affect the optimal tax rate when § = 0. When g = 0.5,
it increases the optimal top rate from 56% to 67% when the internality goes from no misperception

of taxes by top earners 7° = 0 to underperception of taxes by top earners 7° = 0.5.

5.2.4 Possibility of Negative Marginal Income Tax Rates

In the traditional model with no behavioral biases, negative marginal income tax rates can never
arise at the optimum. With behavioral biases negative marginal income tax rates are possible at the
optimum. To see this, consider for example the decision vs. experienced utility model with decision
utility u® and assume that u® is quasilinear so that there are no income effects u* (¢, z) = ¢ — ¢ (2).
We take experienced utility to be u(c,2) = 6c — ¢ (z). Then the modified Saez formula (42)

becomes () — 7 (2 - L H () ho)
T 1 —H(z*) [~ z
— 1— _n\E
=T (=) ((z) = (=) / =9 Ty
where 7 () = —g (2) ¢/ (2) % by (39). When 6 > 1, we have 7° (z*) < 0, and it is possible for this

formula to yield 7" (2*) < 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 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 behavioral rationale for
the EITC program.’” In parallel and independent work, Gerritsen (2014) and Lockwood (2015)
derive a modified Saez formula in the context of decision vs. experienced utility model. Lockwood
(2015) zooms in on the EITC program and provides an empirical analysis documenting significant
present-bias among EITC recipients and shows that a calibrated version of the model goes a long
way towards rationalizing the negative marginal tax rates associated with the EITC program.
This differs from alternative rationales for negative marginal income tax rates that have been
put forth in the traditional literature. For example, Saez (2002) shows that if the Mirrlees model is
extended to allow for an extensive margin of labor supply, then negative marginal income tax rates
can arise at the optimum. We refer the reader to the online appendix (section 12.6) for a behavioral

treatment of the Saez (2002) extensive margin of labor supply model.

4TThe EITC program itself could be misperceived, see Chetty, Friedman and Saez (2013).
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6 Endogenous Attention and Salience

We now allow for endogenous attention to taxes and analyze its impact on optimal taxes. We also
discuss tax salience as a policy choice in the design of the optimal tax system. We illustrate the

discussion in the context of the general analysis of Section 3.

6.1 Attention and Welfare

Attention as a good To capture attention and its costs, we propose the following reinterpre-
tation of the general framework. We imagine that we have the decomposition ¢ = (C, m), where
C is the vector of traditional goods (champagne, leisure), and m is the vector of attention (e.g. m;
is attention to good 7). We call I€ (respectively I™) the set of indices corresponding to traditional
goods (respectively attention). Then, all the analysis and propositions apply without modification.
We here summarize the essentials, while Section 12.2 in the appendix gives more details.

This flexible modeling strategy allows to capture many potential interesting features of attention.
The framework allows (but does not require) attention to be chosen and to react endogenously to
incentives in a general way (optimally or not). It also allows (but does not require) attention to be
produced, purchased and taxed.

We find it most natural to consider the case where attention is not produced, cannot be pur-
chased, and cannot be taxed. This case can be captured in the model by imposing that (p; = 7, = 0
forie I™).

It is useful to consider two benchmarks. The first benchmark is “optimally allocated attention”,
which we capture as follows: we suppose that there is a primitive choice function C(q, w, m) for tra-
ditional goods that depends on attention m= (my, ..., m4) so that ¢(q, w, m) = (C(q,w, m),m).*
Attention m= m (g, w) is then chosen to maximize u (C (g, w, m), m). This generates a function
c(q,w) = (C(q,w,m(q,w)), m(q,w)). In that benchmark, attention costs are incorporated in
welfare.?® For instance we might consider a separable utility function v (C,m) = U (C) — g (m)
for some cost function g (m). A non-separable u might capture that attention is affected by con-
sumption (e.g., of coffee) and attention affects consumption (by needing aspirin).

The second benchmark is “no attention cost in welfare,” where attention is endogenous (given by
a function m(g,w)) but its cost is assumed not to directly affect welfare so that u (C, m) = U(C).
For instance, as a decision vs. experienced utility generalization of the example of the previous
paragraph, we could have m (g, w) = argmax,, v* (C (g, w, m), m), where u* (C,m) = U (C) —

g (m), but still u(C, m) = U(C). In that view, people use decisions heuristics that can respond

48For instance, in a misperception model, attention operates by changing the perceived price q° (q,w, m) which
in turn changes consumption as C(q,w, m) = C?(q, ¢° (g, w, m) ,w).

49The first order condition characterizing the optimal allocation of attention can be written as T “Cm, (q,w,m) =0
for all j € {1,...,A}. This condition can be re-expressed more conveniently by introducing the following no-
tation: we call k(i) the index k € I™ corresponding to dimension ¢ € {1,..., A} of attention. We then get
>icre 7P Chm; (g w, m) + T]l;(j) =0 forall j€{1,.., A}

b
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to incentives, but the cost of those decision heuristics is not counted in the utility function. In this
benchmark, we have 7° = 0 for i € I™.

Optimal taxation with endogenous attention The tax formula (17) has a term (7—7"")-
S&h — D kermyre(Th — 70M 8! a sum that includes the “attention” goods k € I™. As attention
is assumed to have zero tax, we have 7, = 0 for k£ € I"™. The term ?,i”h, which accounts for potential
misoptimization in the allocation of attention, requires no special treatment. However, two polar
special cases are worth considering that simplify the calculations.

First, consider the “no attention cost in welfare” case. In this case we saw that ?,g’h = 0 for
k € I'™. Together with 7, = 0 for k € I'"", this implies that (1 —7") - S¢" =3, e (m — 7" S
is the sum restricted to commodities.

Second, consider the “optimally allocated attention” case. Then (see Proposition 12.3 in the

online appendix)

(=7 87" = (S = 7" S (44)

kel
where S zc|:z is a Slutksy matrix holding attention constant, which is in general different from S fh
For tax revenues, the full Slutsky matrix, including changes in attention, matters (the term TkSkCi’h).
However, for welfare, when attention is assumed to be optimally allocated, it is the Slutsky matrix

=bh gC,h

holding attention constant that matters (the term 7, k:'i|m)' This is a version of the envelope

theorem.

Illustration in the basic Ramsey case We illustrate these notions in the basic Ramsey
case of section 2 with just one taxed good (good 1, whose index we drop, and whose pre-tax price
is 1), in the limit of small taxes. We go back to a very elementary presentation, as this provides
a clear intuition for the economic forces at work. Given attention m (7), the perceived tax is
7° (1) = 7m (1), and demand is ¢ (1) = y (1 — ¥»m (7) 7). We assume that attention comes from an

optimal cost-benefit analysis:
1
m (7) = arg max —§¢y72 (1—m)*—g(m)

The first term represents the private costs of misunderstanding taxes, —%wy (1 — 75)2, while the
term —g (m) is the psychic cost of attention, g (m) (see Gabaix (2014)). The planner’s problem is
max, L (1) with

L(7) = —gym? (1) 7* — Ag (m (7)) + Ary

where A = 1 in the “optimally allocated attention” case and A = 0 in the “no attention cost in

welfare” case. In the “fixed attention” case, m (7) is fixed with m’ (7) = 0, and ¢g(m) = 0. The
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optimal tax satisfies
L' (1) = —=vym(t) 7 (m (1) +7m' (7)) — Ag' (m (7)) m/ (1) + Ay = 0.

In the “optimally allocated attention” case, we use the agent’s first order condition ¢’ (m (7)) =
Yy7? (1 —m (7)) and A = 1, and the optimal tax is

R Ay (45)

m (7')2 +7m/ (1)

In the “no attention cost in welfare case,” A = 0, the optimal tax is

7m0 = 5 A (46)
m (7)" +7mm (1) m’ (1)

When attention is fixed, the optimal tax is

m,F A/¢

T m(r)

> (47)

Proposition 6.1 In the interior region where attention has an increasing cost (tm (1) m' (1) > 0),
the optimal tax is lowest when attention is chosen optimally and its cost is taken into account in
welfare; intermediate in the “no attention cost in welfare” case; and largest with fixed attention—

T <m0 kT

When attention’s cost is taken into account, the planner chooses lower taxes 7™* < 7™Y to
minimize both consumption distortions and attention costs. °° Plainly, the tax is higher when

attention is variable than when attention is fixed—this is basically because demand is more elastic
then (—292¢ = —) (m (1) +7m’ (1))).

cor

6.2 Salience as a Policy Choice

Governments have a variety of ways of making a particular tax more or less salient. For example,
Chetty, Kroft and Looney (2009) present 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 un-
reasonable 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.’!

50The example allows to appreciate the Slutsky matrix with or without constant attention. The Slutsky matrix

_ Oc(l47T,m) __ de(l+7,m(7)) _

with constant m has SC, = 5. = —em, while the Slutksy matrix with variable m has SE = -

11|m
—c(m +7m/ (11)). The online appendix (section 12.2.2) provides other illustrations.
*!Note that we are excluding taxes from directly affecting experienced utility: taxes affect utility only through

their impact on the chosen consumption bundle. In the terminology of Bernheim and Rangel (2009), we treat tax
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We investigate this question in the context of two simple examples. We start with the basic
Ramsey model developed in Section 2. Imagine that the government can choose between two tax
systems with different degrees of salience m and m' with m/ > m; for all i. Then it is optimal for the
government to choose the lowest degree of salience. We denote by L (respectively L') the value of the
objective of the government with optimal taxes conditional on salience m (respectively m'). The

1 A2 ) 0

In this basic Ramsey model where taxes are used only to raise tax revenues, less salient taxes are

gain from decreased salience can be written as L— L' = AL with AL = % Yoy # —

preferable. The reason is that less salient taxes are less distortionary.

The result that less salience is desirable is not general. We choose to make this point in the
context of the basic Pigou model developed in Proposition 2.3. We suppose that all agents have
the same utility U" = U and the same associated externality /internality ¢ = £, but that their

. . !
perceptions are different m” + mh.

Now imagine that the government can choose between two
tax systems with different degrees of salience m” and m/" for every agent h. We want to capture
the idea that more salience not only increases average attention for all agents, but also decreases

the heterogeneity in perceptions . We formalize this comparative static with the following two
Var[m”] Var[mh,]

requirements E[m’"] < E[m"] and The gain from the decreased salience is

E[m"?] E[mh'?]
given by L — L' = AL with AL = —{WHE? (‘;}ﬂ;@? — YET;EZ%Z]]) < 0. In this basic Pigou model,

where taxes are used only to correct a homogenous externality /internality, more salient taxes are
preferable. This is because more salient taxes are perceived more homogeneously and can therefore
better correct for the underlying externality /internality.

In general the key observation is that the relevant Slutsky matrix Sf’h that appears in the
optimal tax formula depends on the salience of the tax system. It could also be interesting to allow
the government to combine different tax instruments with the same tax base but different degrees
of salience. Our general model could be extended to allow for this possibility. We would start
with a function ¢ (w, p, 7%, 72, ..., 7%), where 7 are tax vectors with different degrees of salience.

Each tax instrument x corresponds to a Slutsky matrix Si(j”i which depends on the tax instrument

indexed by k. The optimal tax formula can then be written as %LT(:) = 0 where
OL (1) _  ~bhy QCkh
T = D (A=) A -7 S,
é h

with ¥ = Zle 7". The intuition for this formula is that the different tax instruments lead to
different substitution effects captured by different Slutsly matrices Sg’”. Note that the substitution
effect associated with one tax instrument x affects the common tax base of the other tax instruments

K 52

k', which explains why the formula features the total ¥ rather than the individual tax 7.

salience as an anciliary condition.
2 As an extreme example, consider again the basic Ramsey example outlined above, and assume that the two tax
systems with salience m and m’ can be used jointly. Consider the case where there is only one agent and only one
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7 Revisiting Diamond-Mirrlees and Atkinson-Stiglitz

In this section, we revisit two classical public finance results: the Diamond and Mirrlees (1971)
production efficiency result and the associated result that supply elasticities do not enter in optimal

tax formulas, as well as the Atkinson and Stiglitz (1972) uniform commodity taxation result.

7.1 Diamond-Mirrlees (1971)

7.1.1 Supply Elasticities: Optimal taxes with Efficient Production

So far, we have assumed a perfectly elastic production function (constant production prices p). In
traditional, non-behavioral models, this is without loss of generality. Indeed, with a complete set
of commodity taxes, optimal tax formulas depend only on production prices but not on production
elasticities 7. In behavioral models, this result must be qualified. This section therefore generalizes
the model to imperfectly elastic production function (non-constant prices p).

In behavioral models, prices p and taxes T might affect behavior differently. We introduce a
distinction between taxes 7P, that affect behavior like prices, and taxes, 7¢ that affect behavior
different from prices. For example, 7P could represent taxes that included in listed prices p + 7P
(either because they are levied on producers or because they are levied on consumers but the listed
prices are inclusive of the tax) and taxes 7¢ that are not included in listed prices. An agent’s demand
function can then be written as ¢* (p + 7P, 7¢, w). This distinction will prove to be important for
the generalization of our results to imperfectly elastic production functions.

We denote the associated indirect utility function by v" (p + 7P, 7¢, w) and the Slutsky matrices
corresponding to 77 (or p) and 7¢by S/P" and §7°" respectively. We allow for the possibility
(but we do not impose it) that these Slutsky matrices do not coincide.

We assume that government must finance a vector of government consumption g and that profits
are fully taxed—we allow for decreasing returns to scale and nonzero profits. The production set is
expressed as {y s.t. F'(y) < 0}. Perfect competition imposes that F' (y) = 0 and p= F’ (y), where
y is the equilibrium production. Market clearing requires that g+, c" (p+ 77, 7¢,w) = y. We

denote by T = 7¢ + 7P the sum of the tax vectors.

(taxed) good. With m’ > m, we get
0=A\—7)c+ [A\T+~(7°—7)mS", 0=A—7)c+ [M+~(F —7)|m'S",

where 7° is the total perceived tax arising from the joint perception of the two tax instruments. This requires A =
and with 7° = 0. In other words, the solution is the first best. This is because a planner can replicate a lump sum
tax by combining a tax 7 with low salience m and a tax —7 % with high salience m’ > m, generating tax revenues
T”L;ﬂi—,m per unit of consumption of the taxed good with no associated distortion. This is an extreme result, already
derived by Goldin (2012). In general, with more than one agent and heterogeneities in the mispereceptions of the

two taxes, the first best might not be achievable.
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We can write the planning problem as

max W ((Uh (p+ 77, 7% w))

porpoTe h:l..‘H)

subject to the resource constraint
F (g—l— Z d'(p+ 77,7 w)) =0,
h
and the competitive pricing condition
p=F (g—l— Z " (p+ 'rp,Tc,w)> .
h

The competitive pricing equation is a fixed point in p. We denote the solution by p (77, 7¢, w).

The derivatives of this function p encapsulate the incidence of taxes depending on the demand

and supply elasticities. We define the price derivative matrix by ef; = gf;', the derivative of the
J

prices p; of commodity ¢ with respect to the tax 77 with x € {p,c}. We also define the supply

elasticity matrix es by 55 = 2 (F”~'),; and the demand elasticities e, by €}, ;; = — - 32, p; CZT;.

Finally we define the matrix diag (p) as the diagonal matrix with i-th element given by p;. Then, by

applying the implicit function theorem to the competitive pricing condition, we obtain after some

manipulations that the matrix of price derivatives €* is given by

" = —diag(p) (es + £) " ehdiag (p) (48)

so that the " reflects both demand and supply elasticities. This formula is the behavioral extension
of the standard incidence calculations determining how the burden of taxes is shared between
consumers and producers. Compared with the traditional model without behavioral biases, the
difference is that ¢, depends on the salience of the tax instrument ~. Incidence " therefore depends
on salience (and more generally on how taxes are perceived). This conceptual point already appears
in Chetty, Looney and Kroft (2009). Our incidence formula only generalizes it to many goods and
arbitrary preferences.

We replace p in the objective function and the resources constraint, and we put a multiplier A

on the resource constraint. We form the Lagrangian
L(m?, %) =W ((vh (p (TP, 7 w) + 1P, 7°, w))hzlmH)—)\F <g-|— Z " (p (P, 7% w) + 77, 1°, w)> )
h

The optimal tax formulas can be written as L.« = 0 for x € {p, c} if tax 77 is available.

Proposition 7.1 With an imperfectly elastic production function, the following results hold. First,
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if there is a full set of commodity taxes TP, then the optimal tax formulas can be written as

0=> [(A="") e + AF = 7"") - 8"
h

and are independent of production elasticities and coincide with those of Section 3 if taxes are
restricted to be of the TP type or with those of Section 6.2 if taxes can be both of the TP type and the
7¢ type. Second, when there is a restricted set of commodity taxes TP, then the optimal tax formulas

can be written as

0= Y [A=")+AF—=7"") - ST L3N (A= 9") &+ MF =777 - S,
h h

which depend on production elasticities and do not coincide with those of Sections 3 or 6.2.

With a full set of commodity taxes 7P, we can rewrite the objective function and the resource
constraint in the planning problem as a function of ¢ = p + 7. We can then relax the planning
problem by dropping the competitive pricing equation, which is slack—this equation can then
simply be used to find 7P given the desired value of q. As a result, only the first derivatives of
the production function p = F’ enter the optimal tax formulas and not the second derivatives F”
(and hence do not depend on supply elasticities). With a restricted set of commodity taxes 7P,
this relaxation of the planning problem fails, the competitive pricing equation cannot be dropped,
and the optimal tax formulas depend on the second derivatives F” (and hence depend on supply
elasticities).

Therefore, with behavioral agents, the principle from traditional models that supply elasticities
do not enter in optimal tax formulas as long as there is a full set of commodity taxes extends if taxes
are understood to be of the 7P form. The difference is that even with a full set of commodity taxes
of the 7¢ type (which would be enough to guarantee that optimal tax formulas do not depend on
supply elasticities in the traditional model), optimal tax formulas do depend on supply elasticities
if there is only a restricted set of commodity taxes of the 77 form.

A similar result holds in the Mirrlees case. Hence, in the traditional analysis, the supply elasticity
doesn’t appear in the optimal tax formula. This is not true any more with a behavioral model,
which is developed in Proposition 12.14 of the online appendix.

To illustrate Proposition 7.1, consider the separable case u (¢) = ¢o+u (¢;) in the misperception
case with 77 = 77 + my7{, 0 < m; < 1 and 7 is exogenous (perhaps set to 0).

We represent the production function as follows—it takes C'(y;) units of good 0 to produce i,
units of good 1. We define supply and demand to be S (p;) = C"~! (py) and D (p; + 71 + my7{) =
W (p1 + 77 + my7f) . We denote the corresponding supply and demand elasticities (corresponding

to a fully perceived change in p;) by e > 0 and ep > 0 . Differentiating the equilibrium condition

48



S (p1) = D(p1 + 77 + my7{) yields
€D

€l = —mml.
Compared to the traditional incidence analysis, because consumers are not fully attentive to the
tax on good 1 (my < 1), the burden of the tax is shifted to the consumer. This echoes a result in
Chetty, Looney and Kroft (2009).
We now turn to optimal taxes. We work in the limit of small taxes when A = XA — 1 is close to

0 as in Section 2. Then, the optimal tax 7{ satisfies

0= <Acl — Tfﬂcmu) + (Aq — Tfﬁcl) €11
D1 P1

A ™+ mitimy +ef
(G D1 L+ef
As long as my < 1, the higher is the supply elasticity g, the more the burden of the tax is shifted

which we can rewrite as

to the consumer, the higher is €, < 0, and the lower is the optimal tax.>?

7.1.2 Productive Inefficiency at the Optimum

A canonical result in public finance (Diamond and Mirrlees 1971) shows that there is production
efficiency at the optimum if there is a complete set of commodity taxes and either constant returns
or fully taxed profits. We show that this result can fail even when the planner has a full set of
commodity taxes of the 7¢ type (which would be enough to guaranty production efficiency in the
traditional model), as long as there is not a full set of commodity taxes of the 77 type.

We start by considering the case where there is a full set of commodity taxes of the 77 type and
show that production efficiency holds under some extra conditions. We denote by ¢ = p+7F. We fol-
low Diamond and Mirrlees (1971) and establish that production efficiency holds by assuming that the
planner can control production, showing that the planner chooses an optimum on the frontier of the
production possibility set. The corresponding planning problem is maxg . W ((Uh (q, 7€, w)) — H)

subject to the resource constraint F (g+ Y, ¢" (g, 7%, w)) < 0.

Proposition 7.2 With a full set of commodity taxes TP, production efficiency holds if either: (i)
there are lump sum taxes and for all q, ¢ and w, v" (g, 7¢,w) > 0 for all h with a strict inequality
for some h ; or (ii) for all q, T¢and w, there exists a good i with Ugi (g, 7¢,w) <0 for all h with a

strict inequality for some h.

%3 Another way to see this is as follows. Consider the optimal tax with infinitely elastic supply s = co (a constant

price p1). It satisfies (Acl — Tf%cmn) = 0. Now imagine that g < oco. Then at this tax (Acl — Tf%61> <0

so that (Acl — sz—llcl) €y > 0 and by implication (A01 — Tf%clml) + (Aq — Tf%01> €§y > 0 This implies that

increasing the tax improves welfare.
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The proof is almost identical to the original proof of Diamond and Mirrlees (1971). Note however
that the conditions v, (¢, 7¢,w) > 0 or v} (g, 7¢,w) < 0 can more easily be violated than in the
traditional model without behavioral biases. Indeed, when agents misoptimize, it is entirely possible
that the marginal utility of income be negative v" (g, 7¢,w) < 0. Loosely speaking, this happens if
mistakes get worse as income increases. Similalry, it is entirely possible that vf;i (g, 7% w) > 0 for
all 7, since Roy’s identity does not hold (Z—: # —¢;). Failures of production efficiency could then
arise even with a full set of commodity taxes 7P. In the interest of space, we do not explore these
conditions any further.

We now show that production efficiency can fail with a restricted set of commodity taxes 77,
even if there is a full set of commodity taxes 7¢. Consider the following example. There are two
consumption goods, 0 and 1, two types of labor, a and b, a representative agent with decision utility
u® (o, €1, lay lp) = co+U? (¢1) — o — Iy, and experienced utility u® (co, ¢1, la, lp) = u (co, €1, la, lp) —Exc,
where &, > 0 indicates an internality. For instance, c¢; could be cigarette consumption. Hence, the

government would like to discourage consumption of good 1.
a; 1—ay
The production function for good 7 is y; = <l1—“> (l#) , with a; € (0,1). As before, 0 is

ai T—a;
the untaxed good, 7y = 0. The government can set taxes 71, 7, and 7, on good 1, labor of type
a and labor of type b, and tax the employment of type a labor in sector 1. We assume that the
consumer perfectly perceives taxes 7,, 7, and prices po, p1, P, Po (the latter being the price of labor
of type a,b). In addition, the government can set a tax 7y, for the use of input a in the production

of good 1. Note that production efficiency is equivalent to 7, = 0.

Proposition 7.3 If the consumer is fully inattentive to the tax T, then the optimal tax system
features production inefficiency: 11, > 0. If the consumer is fully attentive to the tax 1, then the

optimal tax system features production efficiency: 1, = 0.

The essence is the following—the government would like to lower consumption of good 1, which
has a negative internality. However, agents do not pay attention to the tax 7 on good 1, therefore
a tax on good 1 will not be effective. We assume that the government cannot use producer taxes.
Hence, the government uses a tax 7y, > 0 on the input use in the production of good 1 (lowering
production efficiency) to discourage the production of good 1, increase its price and discourage its

consumption.

7.2 Atkinson-Stiglitz (1972)

Atkinson and Stiglitz (1972) show uniform commodity taxation is optimal if preferences have the
form u” (¢, ¢ (C)), with C = (cy, ..., ¢,), ¢ homogeneous of degree 1, and ¢y (the untaxed good)

might be leisure. We now investigate how to generalize this result with behavioral agents.

Proposition 7.4 Consider the decision vs. experienced utility model. Assume that decision utility
is of the form u®" (cy, ¢* (C)) and that experienced utility is of the form u® (co, ¢ (C)) with ¢* and
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¢ homogeneous of degree 1. Then, if ¢* = ¢, then uniform ad valorem commodity tazes are optimal
(even though decision and experienced utility represent different preference orderings), but, if ¢° # ¢,

then uniform ad valorem commodity taxes are not optimal in general.

The bottom line is that with behavioral biases, it is no longer sufficient to establish empirically
that expenditure elasticities for (cy, ..., ¢,) are unitary.

Another relevant consideration has to do with time horizons. Consider a tax reform and as-
sume away any link between periods for simplicity (say because agents do not have access to asset
markets). Imagine a situation where, in the long-run, choices can be represented by a decision
utility u®" (co, ¢* (C)) , and welfare can be evaluated with an experienced utility u” (co, ¢ (C)) with
¢ = ¢°. But, in the short-run as the tax code changes, agents misperceive taxes and, hence, make
different choices. Then optimal time-varying taxes might be uniform in the long run but not in
the short run. Likewise, if agents pay differential attention to taxes (at least in the short run), the
Atkinson-Stiglitz (1972) neutrality result will fail.

8 Discussion

8.1 Novel Sufficient Statistics

Operationalizing our optimal tax formulas (17) and (42) requires taking a stand on the relevant
sufficient statistics: social marginal value of public funds, social marginal utilities of income, elas-
ticities, internalities, and externalities. For example, in the general Ramsey model, the optimal
tax formula features the social marginal value of public funds A, the social marginal utilities of
income ", consumption vectors ¢, Slutsky matrices S©", and misoptimization wedges 7>". All
these sufficient statistics are present in the optimal tax formula of the traditional model with no
behavioral biases, with the exception of misoptimization wedges 7>". They are routinely measured
by empiricists. They can be estimated with rich enough data on observed choices. The fact that
agents are behavioral influences their value but does not change the way they should be estimated,
but does require additional care. Indeed, with behavioral biases, these sufficient statistics might be
highly context dependent, taking different values depending on factors that would be irrelevant in
the traditional model, such as: the salience of taxes; the way taxes are collected; the complexity of
the tax system; information about the tax system; the amount of time the tax system has been in
place (allowing agents to become familiar with it); the presence of nudges, etc.

The misoptimization wedges #>", which summarize the effects of behavioral biases at the margin
are arguably harder to measure. This poses a problem similar to the more traditional problem of
estimating marginal externalities 75" to calibrate corrective Pigouvian taxes in the traditional
model with no behavioral biases. The common challenge is that these statistics are not easily
recoverable from observations of private choices. 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.
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Indeed, 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".°4>® Differences in choices in environments where behavioral biases are
ug
o

biases arise from the misperception of taxes so that 7" =7 — 75" then perceived taxes 75" could

present would then allow to measure the marginal internalities 7" =q—%. For example, if the
be estimated by comparing the environment under consideration to an environment where taxes are
very salient or more generally where the environment is clearly understood by agents. If the biases
arise because of temptation, then standard choices would reveal decision utility v*". To the extent
that agents are sophisticated and understand that they are subject to these biases, experienced
utility «” could be recovered by confronting agents with the possibility of restricting their later
choice sets. In the terminology of Bernheim and Rangel (2009), this strategy uses refinements to
uncover true preferences.

Another strategy (see e.g. Chetty, Kroft and Looney (2009) and Allcott, Mullainathan and
Taubinsky (2012)) is to establish and isolate behavioral biases to find violations of the conditions
imposed by rational choice (for example, showing that a demand elasticity depends on the salience
of the tax). Yet another strategy, if behavioral biases arise from misperceptions, is to use surveys to
directly elicit perceived taxes 75" (see e.g. Liebman and Zeckhauser (2004) and Slemrod (2006)).

Similarly, in the Mirrlees model, our optimal tax formula (42) features the distribution of income
h(z) and h* (z), the social marginal utilities of income v (2), the elasticities (¢ (2), and (5 , (2) as
well as 7° (z*). All these sufficient statistics are present in the optimal tax formula of the traditional
model with no behavioral biases, with the exception of (5, , (2) and 7 (z). Even though measuring
the behavioral cross-influence () , (2) (which measures how changing the marginal tax rate at z*
impacts the labor supply at z) is typically neglected (because (5 , (2) = 0 in the traditional model
with no behavioral biases), measuring the elasticity 6. (z) poses no conceptual difficulty as it can
be recovered from observation of private choices but of course measuring it constitutes an interesting
empirical challenge.’® As for 7°(2), the same strategies that were discussed for 7%" in the context
of the Ramsey model above can be employed in this Mirrlees context as well.

In the misperception model, another, complementary approach is possible by using surveys (see

e.g. De Bartolome 1995, Liebman and Zeckhauser 2004 and the references therein) to directly
9q; (q,w)
0q; )
Finally, we have argued that the conditions (on the richness of the set of tax instruments) for

measure perceptions (in our model, this is the matrix M;; =

%4 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.
5 Our theory is invariant to the different cardinalizations of true preferences, as long as welfare weights are properly

h
renormalized. For example, 70" =g— ¢ is independent of the choice of cardinalization.

°6That might help bridge the gap between micro and macro elasticities, as people are both influenced by their
“local-micro” tax (1 — ¢ (z)) and the “ambient” tax rates (1 — ¢¢, perhaps the average tax rate).
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the supply elasticities not to enter direction in the optimal tax formulas are more stringent when
agents are behavioral than in the traditional model. In some sense, supply elasticities and their
empirical measurement are therefore more central to the behavioral approach than to the traditional

approach.

8.2 Discussion of our Approach and Directions for Future Work

We now discuss a few limitations and potential extensions of our approach, some of which we plan
to investigate in future work.

In our model, agents make mistakes, which the government may be able identify.”” This ap-
proach, which is common but not uncontroversial, departs from the revealed preferences welfare
paradigm and has elements of paternalism: the government tries to respect the agents’ “true” pref-
erences but recognizes that agents sometimes do not act in their own best interest (see Bernheim
and Rangel 2009 for an in-depth discussion of this approach).

In addition, in our model, governments are benevolent and seek to rectify agents’ mistakes
through taxes and nudges. This normative benchmark leaves aside potentially important positive
considerations. In practice governments also make mistakes, face various forms of political economy
and institutional constraints, and may not be benevolent.

Moreover, despite our model’s generality, there are categories of behavioral biases that it does not
accommodate. First, our model only allows for intrapersonal but not for interpersonal behavioral
deviations from the traditional model. For example, it leaves aside issues of fairness, relative
comparisons, social norms, and social learning. Second, 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 2006 and references

therein).

9 Conclusion

We have generalized the main results of the traditional theory of optimal taxation to allow for large
class of behavioral biases. Natural extensions would be to consider behavioral biases that cannot
be captured by our model, such as interpersonal behavioral biases, or to move away from optimal

taxation by analyzing optimal contracts. We plan to develop these issues in future work.

°T Arguably, agents’ mistakes can be persistent. For example, Slemrod (2006) argues that Americans overestimate
on average the odds their inheritance will be taxed. Similarly, people seem to perceive average for marginal tax rates
(Liebman and Zeckhauser 2004), and to overestimate the odds they’ll move to a higher tax bracket (Benabou and
Ok 2001). Second, our framework applies to situations where consumers do not maximize experienced utility. There,
learning may be quite slow. For instance, people may persistently smoke too much, perhaps because of hyperbolic
discounting (Laibson 1997).
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10 Appendix: Notations

Vectors and matrices are represented by bold symbols (e.g. c¢).
General notations
¢ :consumption vector
h :index for household type h
L :government’s objective function.
m, M :attention vector, matrix

p: pre-tax price

p®: subjectively perceived price
q =p+T: after-tax price
q°: subjectively after-tax perceived price

S, Sjc, S f] :Column of the Slutsky matrix when price j changes.
u(e) : true utility

u® (¢): subjectively perceived utility

v (p,w) : true indirect utility

w :personal income

W :social utility

A, A = X\ — 1 :weight on revenue raised in planner’s objective

;. demand elasticity for good i

T: tax

7% subjectively perceived tax

o7



&: externality

Many-person Ramsey

7 tax schedule (e.g. T = {T,79}, where r¢ is a lump-sum transfer).

Q: number of quantiles agents pay attention to

A" (resp. v*"): marginal social utility of income (resp. adjusted for externalities)
f :parametrization of perception functions

7°: misoptimization wedge

X : nudge parameter

Nonlinear income taz

g (2) :social welfare weight

h(z) (resp. h* (z)): density (resp. virtual density) of earnings z
H (z): cumulative distribution function of earnings

n :agent’s wage, also the index of his type

q(z) = R’ (2): marginal retention rate, locally perceived

Q = (q(2)),5o: vector of marginal retention rates

ro: tax rebat_e at 0 income

r (2) :virtual income

R (z) = z — T (2): retained earnings

T (z): tax given earnings z

z: pre-tax earnings

v (2): marginal social utility of income

n: income elasticity of earnings

7 :Pareto exponent of the earnings distribution

(“: compensated elasticity of earnings

.. (z): compensated elasticity of earnings when the tax rate at z* changes.

(" : uncompensated elasticity of earnings

11 Appendix: Behavioral Consumer Price Theory

Here we develop behavioral consumer price theory with nonlinear budget. This nonlinear budget is
useful both for conceptual clarity, and for the study of Mirrleesian nonlinear taxation. The agent

faces a problem: max.u (¢) s.t. B (¢, p) < w. When the budget constraint is linear, B (¢, p) =p- ¢,

so that B, = c;, B, = p;.

The agent, whose utility is u (¢), may not completely maximize. Instead, his policy is described

by ¢ (p,w), which exhausts his budget B (¢(p,w),p) = w. Though this puts very little structure

on the problem, some basic relations can be derived, as follows.
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11.1 Abstract general framework

The indirect utility is defined as v (p,w) = u (¢ (p,w)) and the expenditure function as e (p,u) =
min,. B (¢, p) s.t. u (¢, p) > u. Thisimpliesv (p, e (p,u)) = u (with u a real number). Differentiating
with respect to p;, this implies
Up; (p,w)
v (P, w)

We define the compensated-demand based Slutsky matrix as:

= —ep,. (49)

The Hicksian demand is: h (p,u) =¢(p, e (p, 1)), and the Hicksian-demand based Slutsky matrix
is defined as: SJH (p,u) = hy, (p,u).
The Slutsky matrices represent how the demand changes when prices change by a small amount,
and the budget is compensated to make the previous basket available, or to make the previous utility
available: 8¢ (p,w) = dyc(p + =, B (c(p,w),p + T)) 50 and SH (p,w) =0c(p+z,e(p+z,v(p, W))) =0
i.e., using (49),
Up, (p,w)

v (P, W) oy

Sf](p,w) = cpj (p,'LU>— Cw(p,w)

In the traditional model, S = S¥ but we shall see that this won’t be the case in general. °8

We have the following elementary facts (with ¢(p, w),v (p,w) unless otherwise noted).
B. ¢, =1, B.- ¢, = —B,,, UeCyp = Uy (52)

The first two come from differentiating B (¢ (p, w) , p) = w. The third one comes from differentiating

v (p,w) = u(c(p,w)) with respect to w.

Proposition 11.1 (Behavioral Roy’s identity) We have

Upj (pa ’U)) _ |
v (p) —  Pr(e(Pw),p) + Dj(p,w) (53)

where
D; (P,w):—q-b(p,w).cpj (p’w):_Tb'SfZ—Tb-SJC 5

and the misoptimization wedge is defined to be

uc (c(p,w))

vy (P, W) (55)

7’ (p7 w) = B. (c(p,w) ?p) -

When the agent is the traditional rational agent, T = 0. In general, T° - ¢, (p,w) = 0.

*8Gee Aguiar and Serrano (2015) for a recent study of Slutsky matrices with behavioral models.
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Uc

Proof: Relations (52) imply: 7, - ¢, = ( . — —) ¢, = 1—1 = 0. Next, we differentiate

Vw

v (p,w) =u(c(p,w))

Up;  Uelp; (uc — Uy Be + Uch) Cp,

Vw Vy Vw
c wBC i
VU

Next,

— _ b, _ _ b H Upj(paw)
Dj=-1"¢, =—7 <Sj+cw(p,w)—vw(p’w)> by (51)

:—Tb-SjHaS’Tb'Cw:O

Likewise, (50) gives, using again 7°- ¢,, = 0

D; = —Tb-cpj = —7b. (SJC — ¢, B

bj

):—Tb-SC

J

O

Proposition 11.2 (Slutksy relation modified) With ¢(p,w) we have

Cp, (p,w) = —cyBy, + Sf + cuDj = —cuwBy, — ¢y (Tb . Sf) + Sf
= —c, By, —I—S]-C

and

S{ - 8] = cuD; = —c, (7" 8])

Proof.

Vw (P, w)
= Cy (—Bpj + Dj) + Sf by Proposition 11.1

Cp, = +S¥ by (51)

Also, (50) gives: ¢,, = —c,B,, + 8.0

Lemma 11.1 We have

(56)

(59)

Proof Relations (52) imply B, - S§ = Bc- (¢, + cuBy,) = —B,, + By, = 0. Also, B.- S} =

B.- (8§ —e,D;) =-D;. O
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11.2 Application in Specific Behavioral Models
11.2.1 Decision-utility model

In the decision-utility model there is an experience utility function « (¢), and a perceived utility
function u® (¢). Demand is ¢(p,w) = arg max.u® (p, ¢) s.t. B(p,¢c) <w

Consider another agent who is rational with utility v®*. We call v* (p,w) = v* (¢(p,w)) his
utility. For that other, rational agent, call S*" (p,w) = ¢, (p,w) + ¢, (p, w) ¢ his Slutsky matrix.
Given the previous results, the following Propsition is immediate.

Proposition 11.3 In the decision-utility model, S; ¢ = Ss " is the Slutsky matriz of a rational agent

with utility u® (¢). The misoptimization wedge is:

by Up(e(pw)  ue(e(pw))
vs, (p, w) vy (p,w)

11.2.2 Misperception model

To illustrate this framework, we take the misperception model (i.e., the sparse max agent). It
comprises a perception function p® (p,w) (which itself can be endogenized, something we consider

later). The demand satisfies:

c(p,w) = h" (p* (p,w),v(p,w))
where h" (p®, u) is the Hicksian demand of a rational agent with perceived prices p* (p, w).

Proposition 11.4 Take the misperception model. Then, with 8" (p,w) = hy. (p°* (p,w),v (p,w))

the Slutsky matrixz of the underlying rational agent, we have:

i.e. SZH > e Sk Opi( IZ_’ where % is the matrix of perception impacts. Also
B (¢, p?
= B(e.p) — el P) (61)

Given B, (p®, ¢) -8 =0, we have:

D; = (Bc(p,c) = Be(p*,¢)) - S’ = Be(p, ¢) - S (62)

so that
_D] = Fb . SJI—I wlth Fb = Bc (p; C) - BC (ps7 C) (63)
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This implies that in welfare formulas we can take T° = B, (p, ¢) — B, (p®, ¢) rather than the

B S
more cumbersome 7° = B, (¢, p) — %.
c\C, Cw

Proof Given ¢(p,w) =h" (p* (p,w),v(p,w)), we have ¢, = hv,. Then,

Up, (p,w) U,
B R pS , hv. — “Pj
Vw (p> w) P pp] (p w) * u'ps Cw Vw

T oS r r Upj r
(%

w

Si' = ¢, (p,w) — ey (p,w)

= S"p;, (p,w)

Next, observe that the demand satisfies u. (p, w) = AB. (p®, ¢) for some Lagrange multiplier
A, and that B.(p®, ¢)-S™ = 0 for a rational agent (see equation (59) applied to that agent). So,
B.(p*,¢c)-SH =0.

U’C TS
D (pw) =" 81 = (Bc——) 575, (pyw) = (Bc—

w

AB. (p°, c)
Vo (P, W)
= B.-S'p, (p,w) = (Be — Be (P, ¢)) - S"p), (p, w)

) 83, (p,w)

Finally, we have f= = AB.(c,p°) for some scalar A > 0. Given (52) uZEuC((f ’5))) = e
% (indeed, both are equal to _*e—).
O

We note that u.-S* = 0 in the (static) misperception model (this is because u, = AB, (¢, p*) for
some scalar A, and B, (¢, p*) -S¥ = 0 from Proposition 11.3). This is not true in the decision-utility

model.
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