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We characterize theoretically and quantitatively the effects of price changes on optimal tax design in
the presence of non-homothetic preferences. We find that, rather than offsetting price changes, the op-
timal tax system amplifies their redistributive effects. With a quantitative model matching observed non-
homotheticities and the empirical elasticity of prices to market size in the United States, we find that due
to the amplification channel, (i) the optimal tax schedule is more redistributive when accounting for non-
homothetic spending patterns, (ii) observed heterogeneous inflation rates, which are lower for luxuries
relative to necessities in the United States, generate a regressive tax response.
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1 Introduction

How do prices affect the optimal design of taxes? To a large extent, the optimal taxation literature has
ignored the effects of prices on optimal redistribution policies. Indeed, the seminal result of Diamond
and Mirrlees (1971b) states that optimal tax formulas can be derived as if prices were fixed at their
equilibrium level, and leaves implicit the optimal response of taxes to price changes.! Yet, empirically
price changes are ubiquitous, and they tend to correlate with household income. Recent work shows that
heterogeneous inflation rates across products consumed by low- and high-income households played
an important role for purchasing power inequality in the United States (e.g., McGranahan and Paulson
(2005), Kaplan and Schulhofer-Wohl (2017), Jaravel (2019), Argente and Lee (2020), Klick and Stockburger
(n.d.)). Despite the prevalence of price changes, to date we lack the tools to characterize their potential
effects on optimal taxation.

In this paper, we develop a theoretical framework to analyze the effect of prices on optimal tax design,
and we quantitatively estimate their impact. We provide an explicit characterization of the impact of
prices on the marginal social value of transfers, on labor supply, and on labor supply elasticities. Further-
more, we show that when the response of the tax schedule to price changes is non-trivial, a feedback loop
may emerge: taxes shift demand for goods, which can induce a further change in prices through general
equilibrium adjustments (e.g., returns to scale), and a new response of the tax schedule. Equilibrium
prices are still a sufficient statistic in our optimal tax formulas, but finding the new equilibrium prices
requires characterizing this feedback loop and, in particular, the response of the supply side of the
economy.

To facilitate comparison with prior work, we work with a standard, static Mirrlees model: agents have
preferences over multiple consumption goods and leisure, and labor is the only factor of production;
preferences are weakly separable between consumption and labor, as in the Atkinson-Stiglitz benchmark.
This setting allows us to capture non-homothetic spending patterns across the income distribution while
focusing on a single tax instrument for redistribution, the nonlinear income tax.

The main challenge is that the channels through which prices shape redistribution are not explicit,? as
they appear only implicitly in the first-order conditions determining the optimal marginal tax rates. To
overcome this issue and understand the economic forces at play, we use a comparative static approach:
we derive the equations governing the derivatives of the income tax with respect to prices. This approach
allows us to characterize the first-order responses of taxes to price changes in terms of observable
statistics. Thus, it allows us to evaluate how redistribution policies should have responded to recent
heterogeneous inflation trends, and to uncover the mechanisms through which prices operate.

We start by analyzing the "partial equilibrium” effects of prices, omitting the general equilibrium
adjustments that result from shifts in aggregate demand for goods.> We show that the impact of prices
on taxes is governed by the marginal propensity to spend (MPS) on the products experiencing a price
change. Indeed, the MPSs determine the marginal price indices of households, i.e. the prices of the
baskets of goods they would consume with an additional dollar of income.

The marginal propensity to spend is central to understand the impact of price changes on the value of
redistribution and on labor supply. To illustrate, consider an increase in the price of a product for which
the marginal propensity to spend increases with income, which we label a "luxury product”. First, a price

IStandard optimal tax formulas are first-order conditions featuring endogenous variables that depend on prices, such as the
marginal utility of disposable income.

2The added difficulty in our case is that non-homothetic demand systems do not yield closed form solutions in general.

3In the main text, we consider a benchmark case where utility is quasilinear (at initial prices) and the social welfare function
is linear (i.e., the Pareto weights depend on the agents’ productivity but not on their income). In Online appendix A3, we extend
these result to non-linear social welfare functions (which can captures a decreasing social value of income) and more general
labor supply functions. Our results are qualitatively similar in these more general cases.



increase on a luxury good raises the marginal price index of higher-income households relatively more
than that of lower-income households. This means that higher income households can now buy less
with an additional dollar of income. Therefore, the social value of a dollar transfer from higher-income
to lower-income households increases. Second, as the decrease in marginal purchasing power is larger
at higher income levels, the price increase generates a negative income effect, which is larger as income
increases: a dollar transfer disincentivizes labor supply relatively more at higher income levels, and thus
a price increase on a luxury good reduces the efficiency cost of taxation. Since both the cost of taxation
and the social value of transfers to higher-income decreases, the marginal tax rates increase everywhere.
As the new tax system has to be budget neutral, the burden of taxation decreases at the bottom of the
distribution and increases at the top. These channels are at play even when it is feasible to compensate
all agents at no fiscal cost — for example when the price of luxury goods increases while necessity goods
become more affordable so that the average price change is nil. Perhaps surprisingly, we find that, far
from compensating price movements, the optimal tax system amplifies their redistributive effects: an
increase in the price of luxury goods induces more redistribution at the bottom of the income distribution;
the opposite is true when necessities become more expensive. These channels do not operate when
preferences are homothetic as all agents are equally impacted by price changes.*

Our analysis of the partial equilibrium problem thus reveals a meaningful interaction between the
direct effects of prices and taxes, as price changes are not merely compensated for. While these direct
effects operate irrespective of the supply side specification, we show that in general equilibrium, the
elasticity of prices with respect to aggregate consumer demand across products becomes pivotal to
evaluate the interplay between optimal taxes and prices. Empirically, the literature shows that product
markets with larger demand tend to have higher productivity and lower prices due to several channels.
For instance, higher demand increases the incentives to enter a market, to innovate, and to compete,
which leads to lower marginal cost, lower markups, larger product variety, and lower consumer price
indices. These channels have been documented in a recent empirical literature (e.g., Costinot et al. (2019),
Jaravel (2019), Faber and Fally (2021)) as well as in a long-standing theoretical literature (e.g., Romer
(1990), Aghion and Howitt (1992), Melitz (2003)).

To capture the key feature of product markets (the relationship between demand and consumer
prices), we adopt a sufficient statistics approach. We assume that firms make no profit and summarize
the supply side of the economy through a key statistic, the elasticity of prices with respect to a change in
market size. The only restriction imposed by this assumption is that prices are set according aggregate
quantities demanded rather than the exact distribution of consumers in each market. For this restriction
to be met, it is sufficient for the "product” in each market to be a homothetic aggregate of subvarieties
produced competitively or monopolistically. The prices derived in our model can be interpreted as price
indexes for the subvarieties in each market derived from standard aggregator (e.g., CES, Kimball, translog
demand system, etc.). As such, we cover a wide range of standard structural models of the supply side,
including models with firm selection (Melitz (2003)), variable markups (Feenstra and Weinstein (2017)),
and innovation (Bustos (2011)). For completeness, we also consider the standard Diamond-Mirrlees
benchmark where goods are produced competitively and all profits are taxed and rebated to households
in a lump sum fashion.

When product prices decrease as their market expands, we find that the redistributive effects of price

“We also consider the case of a concave social welfare function, which we report in the Online Appendix due to space
constraints. The concavity of social preferences introduces a counterbalancing force: reducing the income of any agents makes
transfer towards them more valuable. The amplification discussed above is therefore muted: when, for example, price changes
favor high-income households, marginal tax rates decrease by less than in the linear case and lower-income households bear a
relatively smaller fraction of the tax burden. However, we find that redistribution towards higher-income households still occurs
at the new optimum and the welfare of households at the bottom of the distribution still declines.
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changes and their amplification through taxes are strengthened in general equilibrium.” We show there
are three channels governing the changes in aggregate demand across products, leading to amplification.
To illustrate, consider an increase in the relative price of luxuries.® First, households reallocate their
spending to other products through standard substitution effects, leading to a fall in demand for luxuries.
Second, a relative increase in the price of luxuries has a negative income effect on higher income house-
holds, as luxuries constitute a larger portion of their consumption basket. Higher income households
have a higher propensity to spend on luxuries, so the aggregate share of luxuries decreases through
income effects. Third, there are several changes in optimal taxes. As explained above, it becomes more
valuable to redistribute to lower income households: tax rates increase along the income distribution.
Income is reallocated to lower income households, which amplifies the decline in the share of luxuries.
The markets for luxuries shrink relative to other markets: the relative price of luxuries increases further
through a supply side response, which generates a larger decline of the share of luxuries and more
redistribution towards lower income households. Therefore, the government amplifies both the inflation
of luxuries prices and their redistributive impact through changes in optimal tax rates.” In addition, by
increasing tax rates, the planner lowers labor supply in the aggregate. As a result, all markets shrink, and
all products become more expensive. As households’” aggregate real income decreases, they shift their
consumption towards necessities, which amplifies the hike in luxuries prices. Thus, optimal tax policy
not only amplifies the redistributive effects of an increase in luxury goods” prices by reallocating income
to poorer households, but also by reducing aggregate income.® These channels operate in any supply side
model with elastic prices, including in the canonical Diamond-Mirrlees setting with non-constant return
to scale production functions (although this effect remains implicit in the standard Diamond-Mirrlees tax
formulas).

Finally, by reallocating consumption to different markets, prices and taxes may affect the average
elasticity of prices to market size in the economy. For example, if more productive markets expand,
then taxation becomes more costly and it is optimal to reduce distortions by lowering marginal tax
rates. The impact of taxes on the average productivity of the economy is of first-order importance in
our benchmark model, while it does not matter in the Diamond-Mirrlees specification. Indeed, as our
model features variable prices and no profits, as a result of free entry, it is generally inefficient, which
leaves a role for corrective taxation. In light of our reduced form specification, the inefficiency is best
interpreted as an aggregate demand externality. Agents do not internalize that consuming more of a
good expands its market, which improves efficiency, e.g. through endogenous innovation or stronger
competition.” The correction can be implemented via commodity taxes and a wage subsidy. Commodity
taxes efficiently allocate consumption to each market: if increasing demand for a product lowers its price
by more than the average market size elasticity, then it is optimal to subsidize this product. The average
demand externality across markets is then corrected by a flat wage subsidy. While the correction is by
itself simple, our comparative statics approach reveals a non-trivial interaction between redistributive
and corrective taxation: the corrective work subsidy is regressive, which tends to increase consumption

5When prices increase as the market expands (in contrast with our baseline case featuring increasing returns), the redistribu-
tive effects of prices are muted through general equilibrium effects.

6By increase in the relative price of luxuries, we mean an increase in the price of luxuries and a decrease in the price of all
other goods, keeping the price of the average consumption basket constant.

"When the relative price of necessities increases, the effects are symmetric: the income tax becomes more regressive and the
share of necessities declines.

8When the price of necessities increases, tax rates decrease. This stimulates labor supply, all products become cheaper and, as
real income increases, consumption is reallocated towards luxuries. This further increases the relative price of necessities, which
benefits higher income households.

9In the Diamond-Mirrlees specification, if an increase in demand reduces prices, it also decreases firms’ profit and house-
holds’ disposable income. The two effects cancel each other and there is no externality.



of luxury products and reduce their prices. When preferences are non-homothetic, these price changes
affect the optimal redistributive tax through the channels previously described. Even when preferences
are homothetic, if the social welfare function is concave, we find that higher-income households will
contribute more to the financing of the subsidy, and that the response of the optimal tax schedule is
non-trivial.

Building on these theoretical insights, in the quantitative section of the paper we evaluate the
optimal response of taxes to the price changes observed in the data in recent years, and we examine
more generally how our benchmark specification — with non homothetic preferences and downward
sloping supply curves — affects optimal redistribution policies. We first implement our comparative static
approach. While it only gives the first order response of taxes to price changes, it has two advantages: we
can directly use recent causal estimates of the elasticity of prices to market size to evaluate supply side
responses to shifts in demand, and we can non parametrically fit non-homothetic spending patterns. By
linking the Consumer Expenditure Survey (CEX) and the Consumer Price Index (CPI) datasets, we obtain
observed price changes and households” spending across 248 product categories for the period 2004 to
2015, covering the entire consumption basket of American households. Empirically, inflation was lower
in product categories with higher income elasticities. We find that, in response, it is optimal to reduce
redistribution and set lower marginal tax rates, with a fall in marginal tax rates of about 8 percentage
points at the bottom of the income distribution (relative to the observed tax schedule).'”

While we treat the price changes observed in the data as exogenous in our first analysis, empirically
prices respond endogenously to shifts in demand, e.g. those stemming from growing income inequality.
We use our comparative statics approach to characterize quantitatively the optimal response of the tax
schedule to exogenous shifts in the income distribution, accounting for the endogenous response of
prices. Using publicly available statistics on the income distribution from the U.S. Census from 2004 to
2015, we find that income was stagnant at the bottom of the distribution, and increased at faster and
faster rates with higher incomes. This spread in the income distribution leads to a more redistributive
tax schedule: marginal tax rates increase in U-shaped fashion to take advantage of the thinning mass
of taxpayers in the middle of the distribution. However, as higher income households become richer,
the markets for luxury goods expand, which lower their equilibrium prices. Due to the large empirical
estimates of price elasticities to market size, this direct effect of income inequality on prices makes the
optimal tax schedule less redistributive, which almost entirely offsets the redistributive response of
optimal taxes to rising inequality. These results show that it is crucial to jointly study shifts in the skill
distribution and their effect on prices to assess the effects of income inequality on optimal tax design.

Finally, we make parametric assumptions on non-homotheticities, using non-homothetic CES (nhCES)
preferences as in Hanoch (1975), Matsuyama (2019), and Comin et al. (2021). We then study the quantita-
tive importance of increasing returns to scale, non-homotheticities and price shocks for optimal tax rates
and welfare across the skill distribution. By introducing parametric assumptions on preferences, these
analyses are complementary with the analysis of first-order approximations, because they characterize
how our new channels affect the optimum when accounting for potential non-linearities. They also allow
us to characterize the quantitative importance of non-homotheticities for the optimal tax schedule.

First, we find that the wage subsidy used to correct for inefficiencies is quantitatively large. With an
average price elasticity of 0.30, consistent with causal estimates, the net of tax wage increases everywhere
by 43%. However, a naive implementation of this work subsidy, without considering the interaction

10Gince empirical studies stress the importance of using granular data to properly measure inflation heterogeneity, we also
estimate the impact of price changes in the subset of goods covered by the Nielsen scanner data. We find that the sensitivity of the
tax rate to change in the prices is larger when we consider granular products rather than goods aggregated at a level comparable
to the CEX. Our baseline results using the CEX-CPI data are therefore likely to underestimate the impact of price changes on
optimal redistribution.



with redistributive motives, would significantly overstate the regressive impact of this corrective tax.
Indeed, with a logarithmic social welfare function, it is optimal for the cost of the work subsidy to be
predominantly paid by high-skill agents, hence marginal tax rates do not fall as much as with the naive
correction: at the optimum marginal tax rates only fall by 4 percentage points at the bottom of the
distribution, while a naive implementation would reduce them by 14 percentage points. This finding
shows that understanding the interaction between corrective and redistributive motives is crucial to the
overall design of tax systems in practice.

Second, relative to the optimal tax schedule with homothetic preferences, we find that non-
homotheticities imply more redistribution. Relative to the optimum under homothetic preferences,
marginal taxes increase over the full range of the income distribution. The increase is more pronounced
at the bottom of the income distribution, with an increase in marginal tax rates of about 6pp for levels
of earned income below $20,000. The increase is about 2pp at an income level of $100,000, and then
gradually decreases, reaching levels close to zero above $300,000. Thus, the simulations show that
non-homoheticities have a significant quantitative impact on optimal marginal tax rates. We show that
this increase in redistribution can be explained by the change in equilibrium prices and in the marginal
utility of redistribution across the skill distribution.!!

Third, using the nhCES parametric framework, we confirm the results obtained with the first-order
approximation about the impact of observed heterogeneous price shocks: it is desirable for the planner to
redistribute more toward high-income households, by reducing marginal tax rates at the bottom of the
income distribution.

In all simulations, a unifying mechanism operates: changes in equilibrium prices and the distribution
of marginal propensities to consume govern the change in the optimal tax schedule. This mechanism
explains both why the optimal tax schedule is more redistributive when we take into account non-
homothetic spending patterns, and why observed inflation heterogeneity benefiting higher income
households generates a regressive response of the optimal tax schedule.

Relative to prior work, the main contribution of this paper is to provide a theoretical and quantitative
characterization of the impact of prices on optimal tax design. We thus relate to several strands of
literature. First, in prior work the effect of prices on the tax schedule has remained implicit, as standard
tax formulas depend on endogenous variables that depend on prices, such as the marginal utility
of disposable income. Several papers have highlighted the implications of specific assumptions on
consumers’ preferences for tax design, including preference heterogeneity (e.g., Saez (2002), Diamond
and Spinnewijn (2011)) and consumers’ myopia (e.g., Allcott et al. (2019)). Instead, we show theoretically
and quantitatively that prices play an important role even in the canonical setting where the utility
function is separable between labor and all commodities, i.e. no indirect taxes need to be used, as in
Atkinson and Stiglitz (1976). We explicitly characterize the impact of prices on the tax schedule, both in
partial equilibrium and general equilibrium, providing decompositions isolating the economic forces at
play. Second, our results contribute to a growing strand of the optimal taxation literature that has isolated
the general equilibrium effects of taxes, focusing on wages (e.g., Rothschild and Scheuer (2013), Sachs et
al. (2020)); we complement these analyses by characterizing the general equilibrium impact on prices in
the presence of non-homotheticities. Third, although imperfect competition is not our focus, our work
relates to a growing literature on optimal taxation in the presence of imperfect competition, in which
endogenous prices or wages play a role for redistribution from firm owners toward workers (e.g., Boar

11 As the relative price of the necessity bundle decreases, it is optimal to redistribute more to those with a higher marginal
propensity to consume on necessities, which induces further tax changes and changes in labor supply, etc. The strength of these
feedback loops depends on the parameters governing increasing returns and social preferences for redistribution, and we find
them to be large in our calibration. We document the robustness of our results to alternative parameter values.
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and Midrigan (2019), Eeckhout et al. (2021), Kushnir and Zubrickas (2020)).!?> Instead, we demonstrate
the importance of non-homotheticities and show that prices play an important role even in the canonical
setting with no profit or full profit taxation, as in Diamond and Mirrlees (1971b). We thus isolate a
novel mechanism, the amplification of redistribution due to the interaction between price changes and
non-homotheticities.

Furthermore, by studying price changes stemming from increasing returns to scale, this paper
contributes to a growing literature on optimal tax design and endogenous productivity. Recent work
highlights the role that taxes may have on entrepreneurial effort (e.g, Jaimovich and Rebelo (2017), Bell
et al. (2018)) and draws implications for optimal taxation of top earners (e.g, Jones (2019), Bell et al.
(2019)).13 In contrast, we study productivity effects that are induced by changes in demand, through
returns to scale, and which inherently interact with the income tax schedule. We find that the impact of
taxes on productivity through demand and returns to scale is quantitatively large, implying substantial
adjustments to the optimal tax schedule.

The remainder of the paper is organized as follows. Section 2 presents the model. Section 3 derives
the optimal income and commodity taxation formula in terms of sufficient statistics. Section 4 uses
the comparative static approach to characterize the sensitivity of optimal tax rates to price shocks, the
elasticity of prices to market size, and shifts in the skill distribution. The quantitative analysis is carried
out in Section 5. Supplemental results and proofs are reported in the Online Appendix.

2 Model

We consider an economy with n sectors, each producing a differentiated good 7 sold at price p;. Labor
is the only factor of production and the wage is normalized to 1. There is a mass 1 of households with
different types 6 distributed according to 77(0). We now describe in the demand and supply sides of the
economy as well as the social planner problem.

Households. We use the standard notation where pre-tax labor income z, rather than hours worked,
enters the utility function. Households have weakly separable preferences in consumption {cj, ..., ¢, } and
labor income z. Their utility is given by:

U(u(cy,..,cn),z,0),

where u is the sub-utility function of consumption. These are the standard Atkinson-Stiglitz preferences
and consumption choices only depend on consumer prices and post tax income z*.

P2These papers highlight the importance of rents that accrue to firm owners, which can be redistributed through taxation of
income, endogenous price changes and commodity taxes. In contrast, our results continue to apply in settings with no rents,
i.e. with full profit taxation or zero profit. In particular, Kushnir and Zubrickas (2020) study optimal taxation with endoge-
nous prices, decreasing returns to scale, positive firm profits, and homothetic utility. Their Appendix A.3 examines the case of
non-homothetic preferences, but the impacts of non-homotheticities and prices remain implicit in their tax formulas through
endogenous variables that depend on prices, such as the marginal utility of disposable income. In contrast, our results do not
depend on the taxation of profits and provide a full characterization of the role of non-homotheticities. The intuition for their
main result is that, when profits are not fully taxed, the social planner uses the price level as an additional redistributing tool:
a decrease in the price level benefits low-productivity agents as they can afford more consumption, but hurts high-productivity
agents through a decrease in firm profits. Instead, our price effects operate through non-homotheticities and changes in the
marginal utility of income at different income levels.

13 A limitation of this approach, from the perspective of optimal income and commodity taxation, is that there may exist
distinct policy tools, such that the R&D tax credits, which may be sufficient to affect inventors’ and entrepreneurs’ incentives
appropriately, effectively leaving the optimal tax problem unchanged. For an analysis of optimal R&D policy in a model with
heterogeneous firms, see Akcigit et al. (2016).



The Atkinson-Stiglitz specification allows us to capture non-homothetic spending patterns across the
income distribution, and thus the unequal effects of price changes, while focusing on a single tax in-
strument for redistribution, the nonlinear income tax. With more general preferences, it would be possi-
ble to use the consumer prices of certain goods to better discriminate between different taxpayers (e.g.,
Saez (2002)). However, we focus on characterizing how unequal price changes for consumption baskets
along the income distribution affect the desirability of redistribution policies. In the interest of providing
a streamlined analysis, it is sufficient to generate heterogeneous baskets of consumption through non-
homothetic Atkinson-Stiglitz preferences rather than idiosyncratic preferences.!*

Finally, we denote by v the indirect utility of the agent and by v,+ the marginal utility of income. v
depends on the agent type 6, on consumer prices and on the tax schedule. Aggregate demand for i across
all households is denoted by C;.

Pricing Function and Profits. The supply side of the economy affects households” welfare through the
price of commodities (and potentially the rebated firms” profit). We use a flexible reduced-form specifica-
tion summarizing prices as a function of aggregate quantities produced {Qs, ..., Q»}. The price p; of the
good produced in sector i is given by p; = ¢;(Q1, ..., Qu). This specification captures a wide range of sup-
ply side models, i.e. production functions and market structures. For example, when the n goods are pro-
duced competitively, the price of i is determined by its marginal cost of production p; = mc;(Q1, ..., Qn)-
Similarly, when Q; is a homothetic aggregate of sub-varieties (e.g. CES, Kimball, translog) produced mo-
nopolistically by firms in sector i, the price of the aggregate will be a function of the vector {Qs, ..., Q, }.
Thus, our specification encompasses a large set of structural models of the supply side, including models
with firm selection (Melitz (2003)), variable markups (Feenstra and Weinstein (2017)), and endogenous
innovation (Bustos (2011))."

An important statistic for our analysis is the elasticity of the price p; to market size. It captures how
the price of i reacts to a change in the demand for j. We denote by A the matrix of market size elasticities,
with A;j = —Q;/pid¢;/dQ;. While there are no a priori sign restrictions on the matrix A, empirical stud-
ies (e.g., Costinot et al. (2019), Jaravel (2019), Faber and Fally (2021)) find that prices decrease in response
to an increase in market size. Thus, A is defined such that Q;/p;dp;/90Q; = —A;;, with A;; positive in our
benchmark spec:ifica’ciom.16 This matrix will be crucial: when the tax rate is modified, it shifts households’
income and thus aggregate demand for the n goods, which affects prices. The matrix A is again a reduced
form object which can be linked to structural parameters of fully specified model. In the competitive case,
A is given by the matrix of gradients of the marginal cost: A;j = —Q;/p; dmc;/9dQ;. With imperfect com-
petition, A captures both the change in marginal cost and the potential change in mark-ups. A will be a
sufficient statistic for the supply side of the economy:!” since we have direct reduced-form estimates of the
market size elasticity of prices,'® we do not need to take a stand on the precise channels (competitiveness,
technological change, etc.) through which demand for goods affects prices. We will sometime assume

4Indeed, the heterogeneous welfare impacts of price changes only depend on the heterogeneity in households’ expenditure
shares, whether they stem from idiosyncratic preferences or households” income levels.

150ur reduced-form specification excludes models where the identity of the consumers of i matters for p;. For example, if a
monopoly produces the n goods, prices may depend on the distribution of consumers across markets rather than on the aggregate
demand for each good (e.g., Weyl and Fabinger (2013)). We also exclude dynamic growth models (e.g. Romer (1990), Aghion
and Howitt (1992)): focusing on static models of innovation, as in Bustos (2011), facilitates the comparison to the workhorse
Mirrlees model of optimal taxation, and the channels we uncover about the interplay between endogenous prices and non-
homotheticities would continue to apply in dynamic models. For an analysis of optimal taxation with homothetic preferences in
a dynamic growth model, see Aghion et al. (2013).

160ur results remain valid with negative Aj;.

17The fact that, conditional on equilibrium prices, the matrix A is a sufficient statistics for the optimal income and commodity
taxes is a result of our analysis.

18We discuss the available estimates in Section 5.1.



that the matrix A is diagonal: prices only respond to demand in their own market. In this case, we denote
the matrix of market size elasticities by A,, with a; = —Q;/p; d¢;/dQ; (and w; is in general non negative).

To complete our description of the supply side, we need to determine how profits are distributed to
households. In our benchmark specification, we assume that firms make no profit and pay a fixed cost,
which is consistent with entry models where entry is free. This assumption is i line with available empir-
ical evidence (e.g., Jaravel (2019)) suggesting that the downward-sloping supply curves observed in the
data is primarily explained by increased competition: as market size increases, more firms enter which
increases competition and drives prices down through lower markups. In that case, the supply side can be
entirely summarized through the functions ¢; and the matrix A. For completeness, we will also consider
the case where profits are non zero but fully taxed by the government.

To illustrate our reduced form specification, we provide a simple structural example. We give more
examples of such models in Online Appendix A4. In each market i, identical firms produce subvarieties
g at cost x;(q¥). To enter the market, firms pay a fixed labor cost ;. Agents have identical and symmet-
ric translog preferences (with parameter 7;)!? for the different sub-varieties g¥.’ The equilibrium price
charged by firms f; as a function of total physical quantities produced Q; is given by:

pi = <1 + (’yiNi)_l) X (Qi) Pricing Equation
N,
N o (DY (D) s -
(1 + (7iN;) )Xl <Ni> N; Xi (Ni> =¢; Entry Equation

The equilibrium number of firms N; is determined implicitly by the free entry condition, while the op-
timality condition from the firm side determines the price f;. Note that with translog, the mark-up
(7iN;)~! decreases with N;.?! Since consumer preferences exhibit love of variety, the welfare relevant
quantity is Q; = exp(—1/(2:N;))Q;. The variety adjusted consumer price index is similarly p; = exp(1/
(27:N;)) p;.* Therefore, the pricing function ¢;(Q;) is given by:

1

(O = Ni(Q) 1) 1, (emm@ —2i ) ez
pi= (@) = (1+ (@) ) (el ) e

with N(Q;) implicitly given by the entry condition. The supply side is entirely summarized by the set of
functions ¢;(Q;). Finally, denoting p > 0 the curvature of marginal cost, the price elasticity «; is:

o — (7iN)) ™' QidN; n 1 QidN; o <1 142y, QidNi>
T4 (viN) I NidQ; T 27iN; Nid Qi 29;N; N;idQ;

In this case, «; captures the gains from mark-up reduction (the first term), from increased product diversity
(the second) and the loss from decreasing returns (the third term).?®

Government. The social planner has access to a full set of commodity taxes and to a non linear income
tax. Although our agents have Atkinson-Stiglitz preferences, we will show that there is a role for com-

9For each agent 6, spending e;(6) in market i, the homothetic aggregate c;(6) is given by In(c;(0)) = In(e;(8)) — 1/(2yN;) —
1/N; [ In(pi(k))dk — i/ (2N;) [ [ 1n(pi(k))(In(p;i(k')) — In(p;(k)))dkdk’ with p;(k) the price of sub variety k and N; the number
of sub variety.

20Note that preferences for the aggregated products can still be non-homothetic.

Intuitively, with this demand system firms price at a markup over marginal cost; the demand elasticity depends on the
number of varieties in the market: as more varieties enter, consumers perceive varieties as more substitutable, the elasticity of
substitution increases and markups decrease.

22Note that we have 7:Qi = p;Q;

ZDenoting # = (7;N;) ™!, we have QAN/NdQ = (1+1/(29;) +1/(1+ p(1+1/pu))Nexp(—1/(27;N)))~1 > 0.



modity taxation since goods are potentially not priced efficiently.>* As it may be implausible to assume
that the government can tax all goods separately, we will briefly discuss the case where the planner only
has limited commodity taxes in Section 3.2.

The planner’s problem is standard. The planner maximizes the following social welfare function,

[ ce@)mee,
by setting consumer prices {q1,..,4»} and the income tax T(z) subject to three constraints. First, the
producer prices {p1, .., pn} are given by the functions ¢;, with p; = ¢;(Cy, ..., Cy), with C; the aggregate
demand for i.?°. Second, households optimally choose consumption and labor supply under {gi, .., g, }
and T(z). We denote by f(z) the resulting distribution of income (with dz/d6f(z) = m(6)) and by
z* disposable income (with z* = z — T(z)). Finally, the government’s budget constraint is given by
Y-(gi — pi)Ci + E(T) when firms make no profit and by Y 4,C; — x(Cy,..,Cy) + E(T) when profits are
fully taxed, with x the cost of producing demanded quantities {Cj, ..., C, }.

Missing Tax. Our benchmark specification with a potentially downward sloping supply curve and no
profit does not have, in general, an efficient supply side. With more tax instruments, the social planner
could regulate firms and improve the allocation. For example, in an entry model, the planner could di-
rectly choose the number of firms in each market to minimize the total cost of production (which includes
the variable cost of production and the entry cost). The planner can always regulate supply in a revenue
neutral fashion, and for a given industrial policy T that depends on aggregate quantities, there is a new
reduced-form pricing function p; = ¢7(Cy, ..., C,) which depends implicitly on the regulatory regime.?
In that sense, industrial policies and redistribution are separable: for a given regulatory rule of the supply
side, we take the induced pricing function (and the market size elasticity) as given and derive the optimal
redistributive policy.”” Our results will therefore be valid whether or not industrial policies are optimal,
or missing altogether.

Notation. We use standard notation throughout the paper. { is the compensated labor supply elasticity:
when agents face a linear budget constraint - ¢ = (1—-1)z+1,{ = (1 —1)/zdz"/d(1 — 1), with 2"
the Hicksian supply of labor. { is the compensated labor supply elasticity corrected for non-linearities in
the budget constraint: { = ¢/ (1 +z{T"/(1 — T')). Similarly, 5 is the income effect with a linear budget
constraint and 7 the corrected income effect. Regarding spending patterns, ¢; = g;c;(z*,q) denotes the
agent’s expenditure on i, d,-e; the marginal propensity to spend on i, E; is aggregate spending on i and
0+ E; the average marginal propensity to spend on i. Finally, S is the matrix of cross price derivative of the
aggregate hicksian demand function, with S;; = E(d,, c), and S the matrix of price elasticities Sij = q;/

24For example in the case where profit is fully taxed, the price function could differ from the marginal cost of production.
More interestingly, we will show in section 3.1 that commodity taxes are in general needed when firms make no profit.

PThe pricing relationship ¢; depends on aggregate quantities produced Q;, but we use the equilibrium relationship Q; = C;.

26In the simple example with translog preferences, the optimal regulation policy can be achieved with a tax 7. on variable
costs and an entry subsidy 7. set such that the regulatory policy is budget neutral: . x; = 7.¢;. The pricing function becomes p; =
(14 7) (1 + (7:N;) Yt exp(1/(27:N;)), where N; is implicitly given by the new entry condition (14 %) (1 + (7;N;) ~1)x/Q;/
N; — xi = ¢;. The optimal 7. only depends on Q; and minimizes p;. Therefore, with optimal regulation we have a new pricing
function p; = ¢;(Q;, 7(Q;)). In a more complex model with firm selection and spillovers across markets, the optimal policy
depends on the full vector Q = {Qy, ..., Qn} and can be implemented through entry subsidies and variety specific taxes. Given
these instruments 7, the regulation problem is simply to minimize ) p;(Q, T)Q; at fixed Q. The resulting prices again depends
only on aggregate quantities.

27In the quantitative analysis, we use the estimated market size elasticity in the United States between 2004 and 2015, which
depends implicitly on the regulatory regime in that period.



3 Optimal Taxation: First-Order Approach

In this section, we derive first the optimal commodity taxes and then the optimal income tax schedule.?®
As shown in Saez (2002), for a type 6 agent, a change in the consumer price of i, dg; can be compen-
sated with the non linear transfers dT(z,6) = —c;(z,q,0)dq;. This compensation not only keeps the agent
welfare constant, it also leaves labor supply unchanged.”” This compensation is not implementable in
general since consumption depends on the unobserved type of the agent. With our preferences, however,
consumption only depends on consumer prices and on disposable income z* = z — T(z) and the com-
pensation can be implemented through a change in the labor tax dT(z) = —c;(z*, q)dg;. This simple result
will be useful in this section to summarize the effects of consumer price changes by the fiscal cost of the
non-linear compensation.

3.1 Optimal Commodity Tax

We first derive the optimal commodity tax in our benchmark case with no profit. Since consumer price
changes can be compensated with the income tax, the social planner sets the commodity tax to maximize
government revenue, taking into account the cost of compensation. Since the derivation is simple, we go

through it step by step.
Consider a small change in the consumer price of i, dq;. The price change is compensated through
dT(z) = —ci(z*,q)dg;. As explained in the preamble, the compensated price change does not generate a

labor supply response, so the impact on government revenue is:

dg:C;  + Y (g — pi)dC; — Y dpiCi +  E(dT(2))
N~ N——— N—— ~—
mechanical effect  households’ behavioral response  firms’ response ~ cost of the compensation

The increase in g; first mechanically raises revenues from the tax on i by C;dg;. Since dg; is compensated,
aggregate consumption reacts through a substitution effect: AC/C = Sdq/q. The supply side responds
to this shift in demand, and producer prices are adjusted through the matrix of market size elasticities A:
dp/p = —ASdq/q. Households’ responses and the supply side response generates a second change in
the revenue of commodity taxes. Finally, since agent are compensated for the consumer price increase,
revenue from the income tax decreases: [E(dT) = —Cidg;. Therefore, the total effect on government
revenue is given by:

(qC" = pC'(1d — A)) quq.

Since this is true for any consumer price change dg, gC — (Id — A’)pC has to belong to the kernel of &',
which is the vector gC: the optimal commodity tax are determined up to a scaling constant §, (1 — §)gC =
pC — A’pC. Without loss of generality, we choose the scaling so that on average commodity taxes raise no

revenue.30

280nline Appendix A1 reports the proofs for this section.

2 The result is intuitive: this change in the tax schedule compensates the agent for the change in prices given her consumption
basket at her current income level, and it also compensates her for the change in prices that she would face given her optimal
consumption choices at higher or lower income level. Given that her current labor supply was optimal before the price change,
it remains optimal after the price change and the non-linear compensation.

3OWe do so for two reasons. First, by construction, the average commodity tax is zero. If it was instead positive, consumer
prices would be on average higher than producer prices, which is an implicit income tax. Second, if the revenue from the tax was
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Proposition 1. Consider our benchmark economy where there is no profit and the market size elasticity of prices is
A. We define the average market size elasticity o by:

. )y (Pici X Aij) /

Y piCi

which captures the elasticity of the average price ), p;C; with respect to a proportional increase of all market sizes.
The optimal and budget neutral commodity taxes t; (with q; = (1 + t;)p;) are given by:
1

v PG
1—06(1 ZA]lpiCi).

In particular, when A is diagonal, we have 1 +t; = (1 — a;)/(1 — ) and t; = 0 when the w; are equal across
markets.

14+t =

The commodity tax is purely corrective: its role is to make agents internalize the social benefit of
consumption. When demand for i increases, the effect on the price of j is given by A;;. Equation 1 simply
states that if increasing demand for i lowers prices by more than « (the average market size elasticity), i is
subsidized. Conversely, it is taxed if the price reduction is less than the average. This correction is needed
because there is an implicit aggregate demand externality in our model where firms make no profit.

The externality is nil when firms” profit is fully taxed and prices are equal to marginal cost: if an in-
crease in demand reduces prices, it also decreases firms’ profit. Profit is rebated to households, so lower
prices indirectly reduce households” disposable income. The two effects cancel each other and there is
no externality. In our benchmark economy, lower prices only have a positive impact so the externality
does not cancel. Note that the planner does not use commodity taxation to take advantage of the average
price impact, this will be done through the income tax. Commodity taxes are used to internalize differ-
ential price effects across markets: through substitution effects, consumption is reallocated towards more
responsive markets.?!

When profits are fully taxed, prices are simply set to the marginal cost of production. For completeness
we restate this standard result in the following proposition:

Proposition 2. Consider an economy where profits are fully taxed. We denote by x(Q1, ..., Qn) the total cost of
production. At the optimal allocation, consumer prices satisfy: q; = do.x(C1, ..., Cn).

In our benchmark economy with no profit, our optimal commodity tax result can also be expressed in
terms of total cost. Since there is no profit, there is an implicit fixed cost of production. In equilibrium,
firms’ revenue equals their total cost (variable plus fixed). We have that p; = ¢;(Q1,..., Q) and —Q;/
pidq;¢i = Ajj, so the partial derivative of the total cost (which is equal to total revenue p;C; in equilibrium)
with respect to Q; is given by p; —}_ A;;ip;C;/C;. Proposition 1 therefore simply states that consumer prices
should be proportional to "total marginal costs", where the notion of total costs incorporates the utilization
of the fixed factor.*

negative, the government would have to raise funds to finance the subsidy (or rebate the revenue optimally if it was positive)
and there would be a non trivial interaction between redistribution and corrective commodity taxation. Imposing zero revenue
on average cleanly separates the redistributive and corrective motives.

31The entry model in Online Appendix A3 provides a concrete example. In that simple model, when markets are larger,
more firms enter and mark-up decreases. The effect of market size on mark-ups is not reflected in producer prices. Thanks to
commodity taxes, consumer prices capture the marginal effect on mark-ups so consumption is redirected towards markets where
mark-ups are more responsive to aggregate demand.

32For example, in an entry model, the fixed factor would be given by the number of firms times the cost of entry.
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3.2 Optimal Income Tax

We now turn to the optimal income tax. We denote by A the Lagrange multiplier on the government
budget constraint. To characterize the schedule we consider the standard perturbation of Saez (2001):
a small change of marginal tax d7 in a neighborhood dz of z and a change in tax dzdt above. We have
four effects to consider: the mechanical change in revenue, the welfare effect of the tax change, the fiscal
externality of the labor supply responses and the fiscal externality of shifts in aggregate consumption and
producer price adjustments.

Mechanical and Welfare Effects. This effect is standard: every households above z pays an additional dzdt
in taxes. Their welfare loss is v,-dzdT which is valued G'v,-dzd7t /A by the planner. The total effect is:

E.~; (1 —G'vz:/A) dzdt

Labor Supply Effects. This is again standard. The change in tax rate at z generates a compensated wage
effect on labor supply and the change in tax above z creates an income effect. The change in government
revenue is then given by:

T . T'
_f(z)ﬁzgdzdr —E,-, (1—T’ﬁ> dzdt

Price and Demand Effects. The small change in the tax schedule affects households” disposable income both
mechanically and through labor supply responses. This shifts aggregate demand for goods and producer
prices are adjusted. The impact on government revenue, through the receipts of the commodity taxes is
given by:

Y (qi — pi)dCi = ) dp,C;
The price adjustment is dp;/p; = — }_ A;jdC;/C; so we can rewrite the equation as:

piCi
dCi = 14 idCi
biC )) > aq

i 1

Y (%‘ — pi (1 —Y Aji
j

The equality uses our result on the optimal commodity taxes. This can be further simplified: using the

budget constraint of households, we have that }_g;dc; is exactly the change in disposable income. The

impact on government revenue is then given by:
—a (f(2)20 + Eys, (14 7)) dzdt

Since commodity taxes optimally distributes consumption across markets, when they are in place it is as
if there was a unique market where the market size elasticity of price is the average elasticity a.

Summing these four effects gives the first order conditions for the optimal tax rate. We denote by g the
pareto weights ¢ = G'v,+ /((1 — a)A), where the 1 — a normalization is such that E(g) = 1 when there are
no income effects.

Proposition 3. When firm makes no profit in an economy where the average market size elasticity is a, the optimal

12



non linear income schedule is characterized by:

1TT’ = —a+ 21@:(2“) {]Ez/>z (1-g) - %]Ez»z (<“+ 1E/T’> ﬁ)}

When income effects are negligible, the optimal schedule satisfies:

T 1—«a
1-17 — _“+mﬁz’>z(1—g)

When profits are fully taxed, the optimal schedule is:

: TT, = zgfl(z) {IEM (1-g) —Ez>. (i},ﬂ) }

When the average market size elasticity is positive (¢ > 0), labor supply is subsidized and tax rates are
lower.?* Intuitively, lower tax rates incentivize work, so aggregate income is higher and households con-
sume more which reduces prices. Note that if the endogenous quantities (the pareto weights, the income
distribution and the labor supply elasticities) remain constant as a varies, then the formula tells us that the
tax rate ata > Oissuch that1 — T" = (1 — T')4—0/(1 — «). In that case, the planner implements a uniform
wage subsidy 1/(1 — «) on top of the standard non linear tax. There would be no interaction between

the corrective tax (the wage subsidy) and the redistributive motive. In fact, prices and all endogenous
quantities are likely to vary as & changes, which we characterize in the remainder of the paper.>*

These observations highlight an important limitation of the standard optimal tax formula: the effect
of prices is completely implicit, so it provides little insight on how they affect optimal redistribution. In
particular, when profits are fully taxed, the first order conditions are exactly the same whether prices are
fixed or not. In the next section, we provide a thorough characterization of the role of prices using a
comparative static approach addressing these limitations.

Optimal Taxation without Commodity Taxes. Up to now, we have assumed that commodity taxes were
very flexible, such that the government could tax differently every good in the economy. This might be
an implausible assumption. Here, we briefly discuss how the optimal tax rate is modified when this is
not the case. To simplify, we consider the extreme opposite case: the planner cannot set different taxes on
different goods, i.e. there are no commodity taxes. Suppose, for clarity, that there are no income effects
and that the matrix A is diagonal. The optimal tax rate then satisfies:

T’ o 1-& L 1
o = B (0~ D 8 (e e (o))

z j

Reallocation across markets

33Note that this correction could be done through consumer prices using uniform commodity taxes. Indeed, an homogeneous
reduction in prices is equivalent to a wage subsidy, so the optimal income tax could be given by the formula of Proposition 3
with & = 0 if all consumer prices are multiplied by 1 — a.

34Rothschild and Scheuer (2014) and Kushnir and Zubrickas (2020) also considered aggregate externalities from returns to
scale, and showed that it leads to a proportional adjustment to the entire income tax schedule. Relative to these papers, our
contribution is threefold. First, we characterize the role of non-homotheticities and endogenous prices in Section 4. Second, we
are the first to show that the response of the optimal tax schedule is non-trivial if the social welfare function is concave, even
when preferences are homothetic: higher-income households will contribute more to the financing of the subsidy (see Section
4.4 for the theoretical characterization and Section 5.3.1 for the quantification). Third, we quantify the impact on the optimal tax
schedule using a model matching causal estimates of increasing returns to scale (see Section 5).
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The optimal tax is the sum of two terms. The first term is the same as in our analysis with commodity
taxes. It captures the standard redistributive motive and the uniform wage subsidy 1/(1 — &), with & the
average reduction in prices when agents’” income increases.’® Without commodity taxes, however, the
allocation of consumption across markets is inefficient: there is too much consumption of low a; products.
The second term precisely expresses how the planner utilizes the income tax to reallocate consumption
more efficiently.

Let us describe this reallocation term. First, &; is the average response of prices when the market for
i expands, taking into account the equilibrium response of demand.* It takes a simple form when the
elasticity of substitution is constant (denoted here by ¢):

. 5j
i = 1—0’0(1'/ <21—0'1X]')

where s; = p;C;/ ) p;C; is the share of j. Since &; increases with «;, reallocating consumption from low
to high «; markets lowers prices on average and improves efficiency. Second, increasing the tax rate at z
decreases demand for i by d,+¢; +1/z f (z)E,/~,(9.e;). Therefore, the reallocation term lowers the income
tax at z if households above z spend more on high «; goods than the average household. To see this more
clearly, note that we can rewrite the reallocation term as:

~ - 1
;(a] — /x) <az‘€] — BZ*E]' + mEZ/>Z (az*ej — 8Z*E])> .

When preferences are non-homothetic, the planner uses the income tax to address the lack of commodity
taxes. Redistributing income to high «; consumers, indirectly reallocates consumption from low to high «;
markets. With homothetic preferences, by contrast, the reallocation term is nil since redistributing income
no longer affects the relative market sizes.

Finally, note that when the «; are equal to a across markets, we have &; = & = a and we recover the
income tax of Proposition 3. Indeed, commodity taxes are superfluous in this case.

4 Understanding the Impact of Prices and Non-homotheticities

In this section, we use a comparative statics approach to understand the mechanisms through which
optimal tax rates respond to prices, market size effects and shifts in the income distribution in the presence
of non-homotheticities.*” To streamline the analysis, we make several simplifying assumptions. First, we
impose an additively separable utility function, assume that the wage elasticity of labor supply is constant
and that there are no income effects at initial prices. These assumptions are common in the optimal
taxation literature and provide a useful benchmark, but can easily be relaxed.*® Second, we assume that
the matrix of market size elasticity is constant. This is a practical assumption: our goal is to bring the
formula we derive to the data, and existing evidence suggests that a constant elasticity provides a good

BWe have & = [s1 ..54)' (Id + Ay S) "1 [w192+ E1 /81 .. €2+ Ey /54), or in terms of the &; defined below, & = Y &;d,+E;. & plays the
same role here as in our previous analysis, as it quantifies the benefits of increasing agents” income.

36We have &; = [s; .. sj . 8] (Id + AxS)70.. &;/5; .. 0] where sj the share of j. As the market for i expands, the price of i
decreases by a;/s;. As price changes are compensated (with the income tax), this generates shifts in demand for all goods though
substitution effects. Each round, prices adjust by A,S[0 .. ;/s; .. 0] so the equilibrium change in prices is (Id + A, S) 710 .. a;/
Si .. 0]

37Online Appendix A2 reports the proofs for this section.

38In Online Appendix A3, we show that the results of this section hold when the elasticity of labor supply is not constant (see
Proposition A5).
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fit to the data.?® Finally, in the first subsections below we assume that the social welfare function is linear
(i.e., G(v(0)) = Agv(0)); we show how to relax this assumption in Online Appendix A3.%

4.1 Response to a Price Change in Partial Equilibrium

We first focus on the response of the optimal income tax schedule to an exogenous increase in the price of
good i, ;. We consider here the partial equilibrium response: we omit the general equilibrium adjustment
of prices that results from shifts in aggregate demand for goods. This is useful for two reasons. First, it
provides the full response of the tax schedule in the standard case where production functions are linear
(i.,e. A = 0). In this case, price changes are fully exogenous, as producer prices are inelastic to shifts
in demand. Second, it is a stepping stone to characterize the general equilibrium responses, which will
depend on the partial equilibrium response and on the endogenous change in consumer prices due to
the reallocation of demand, which we analyse in Section 4.2. We start by deriving the response of the tax
rate faced by an agent with ability 6, which should be interpreted as the change in tax rate at the F(z(6))
percentile of the income distribution.

Proposition 4. The response of the optimal tax rate at 0 to a marginal increase in the price of good i is given by:

7i9 T o l—a e - |
i {1—T’} " ) L0 (06 — B (320e) )

value of redistribution

+ng(12(9)) E,- () ((11,, - oc) 20(1— T3y pe; — E <<1T:r/ - oc) z{(1— T’)az*z*el))

income effects

1 T T i ,
—1_“ (1—'1—'/—’_0‘)]E <<1_,T,+IX) Zg(l—T)aZ*Z*el') .

value of public funds

With 9,-e; the marginal propensity to spend on good i and IES(X) = E(gX) the average welfare value of a variable
X.

The derivative of the tax rate with respect to consumer prices is the sum of three terms, which corre-
sponds to three channels of the impact of prices on redistribution. First, an increase in prices affects the
value of redistribution. At the initial prices, the social value of a dollar transfer to an agent with income z
is given by the pareto weight ¢(z). With this additional dollar, the agent spends d-¢; on good i. When the
price of i increases, the purchasing power of the agent is therefore reduced at the margin by d,-e;. Since an
agent at z can buy less with a an additional dollar, the value of a dollar transfer is reduced by g9.+¢;, and
taxes are increased.*!

3ISection 5 provides a review of available estimates.

40The comparative statics approach we use in this section allows us to provide an explicit characterization of the impact of
non-homotheticities and market size effects on optimal taxation, in terms of observable statistics. With non-homotheticities,
it is not possible to obtain an explicit solution of the integral equation characterizing the optimal tax schedule in partial or
general equilibrium. First, non homothetic demand systems do not yield closed form expressions for both demand functions
and marginal utility of income — with some exceptions e.g. Stone-Geary preferences, which are too limited to capture the impact
of price changes observed in the data. Second, in general, the Pareto weights will depend on agents” disposable income and thus
on on the income tax T(z). With homothetic utility, quasilinear preferences in consumption, and a linear social welfare function,
a closed form solution can be obtained in some cases (e.g., Eeckhout et al. (2021)).

41 An equivalent way to understand the impact of prices on the value of redistribution is to note that d,-¢; corresponds to the
shift in the marginal price index of the agent. The social value of a dollar transfer to an agent is reduced by the increase in the
price index of the agent since it determines how the agent’s utility increases with this additional dollar.
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The change in a household’s price index is not enough, in isolation, to understand how redistribution
is impacted by prices. What matters is the change in the individual price index relative to the average
change in price indices. Increasing g; reduces the purchasing power of all agents but this reduction is not
necessarily uniform when preferences are non-homothetic. The planner decreases the tax rate at 6 — to re-
distribute more to agent with income z(0") > z(6) — if and only if a dollar transfer above 6 buys relatively
more welfare than below 6, that is if the price index increases relatively less above than below. In terms of
spending patterns, this means that if the marginal propensity to spend on good i increases with income (or
equivalently that spending on good i is convex), then the tax rate will be raised everywhere in response
to an increase in g;. The converse is true when the marginal propensity decreases. When preferences are
homothetic, there is no effect on the tax rate since the change in price index is uniform along the income
distribution.

The second and third channel through which the tax rate is impacted by price changes are tied to la-

bor supply. An increase in the price of good i generates an income effect on labor supply. The change
in income effect is given in our formula by —z{(1 — T')9,++¢;. To understand this term, suppose that the
marginal propensity to spend on good i decreases (so d,+;+¢; < 0). An increase in the price of i implies
that the agents’ price index increases relatively less at higher income. Therefore, after the price change, the
(marginal) purchasing power of the agent increases with income: a dollar transfer to an agent makes work
more valuable — since she now has a higher real wage — and stimulates labor supply through an income
effect. Formally, when d,-¢; decreases (increases), an increase in g; convexifies (concavifies) the indirect
utility of consumption and therefore generates a positive (negative) income effect. When the income effect
is positive, it increases the cost of taxation at 0: raising the tax rate at 8 lowers the income of all agents
with 8’ > 6, and reduces their labor supply. Through this mechanism, the tax rate should be lowered at
6.42 As above, this channel is inoperative when preferences are homothetic, with d,+;¢; = 0.
Since price changes generate income effects, they also impact the value of public fund - the social
value of a lump sum transfer to all taxpayers.*> The price change increases or decreases the marginal
value of public fund depending on whether the income effects are on average positive or negative. When
income effects are positive (that is, when g; increases and the marginal propensity to spend on good i is
decreasing), the value of a lump sum payment increases. Indeed, without income effects, a lump-sum
transfer to all agents costs exactly one dollar of public fund, as it induces no behavioral response. Positive
income effects reduce the cost of a lump sum payment: a higher lump-sum payment increases agents’
disposable income, they work more which generates a positive fiscal externality. So when income effects
increase with the price change, public funds become more valuable. Higher tax rates therefore become
more valuable as they generate more revenue, which is then transferred with a lump sum to all agents.

This first characterization of the effect of prices on the tax rate has the advantage of making explicit
the mechanisms through which prices affect redistribution. The impact of prices on the tax rate can be
decomposed through three channels: the direct effect of prices on the social value of income, their effect
on labor supply, and their effect on the value of public fund. A limitation is that these effects appear
difficult to sign without making assumptions on the monotonicity of d.+-e;. In the following proposition,
we rearrange the formula** and derive unequivocal results on the optimal response of the tax schedule,
requiring only an assumption on the sign (rather than the monotonicity) of d,+,+e;.

#2The response of redistribution depends on whether the income effect induced by the price change is higher above or below
6. The expression given in Proposition 4 makes it difficult to sign the overall effect. We will provide a complete characterization
in Proposition 5. For now, one can note that, as (T’/(1 — T') + a)z{(1 — T’) likely increases (this term represents the per capita
cost of a change in the tax rate proportional to 1 — T” at ), the overall effect will be to lower taxes when g; increases and the
marginal propensity to spend on good i decreases.

#3Formally, this is defined as the lagrange multiplier on the government budget constraint A.

“For the simplification, we use the optimality of the initial tax schedule, as discussed in the proof in Online Appendix A2.
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Proposition 5. The response of the optimal tax rate at 6 to a marginal increase in the price of good i can be
reexpressed as (recall that 0+E; = IE(0,+¢;)):

oIl . T auE
Bql{l—T’}_ng(z(g)) E:~2(p) (0z€i = 02 E;) — Tt (0z+6; — 0+E;)

When the marginal propensity to spend on i is decreasing (d,+;+e; < 0), we have:

g0 [ T
aqz {1_T/} <0

When the marginal propensity to spend on i is increasing (0,+,-e; > 0), we have:

gio T!
wl Ir)>o w

Moreover, if 9,+z+e; < 0 (9y+5+¢; > 0), then z{q;9,, {T'/ (1 — T')} f is decreasing (increasing) at the bottom of the
distribution and increasing (decreasing) for 6 > 6;, with 0; such that 0,-¢;[0;] = 9,+E;.

The advantage of this new characterization is twofold. First, it allows us to quantify the effect of prices
on the tax rate as a function of observable quantities. For example, we do not need to specify pareto weights
to evaluate the impact of prices. Second, we can unequivocally sign the impact of prices on taxes.

When the marginal propensity to spend on good i decreases (i.e, i is a "necessity” good), the tax rate
decreases everywhere in response to an increase in g;. The tax burden decreases at the top of the distribu-
tion and increases at the bottom: the planner redistributes to higher-income households. This result might
seem surprising, because the optimal tax schedule amplifies the redistributive effects of price changes in-
stead of offsetting them, but Proposition 4 explains why. When i is a necessity good, the social value of
a dollar transfer decreases less for higher-income than lower-income households, and the income effects
increase more at the top.

Note that Proposition 5 defines a partial ordering over consumer goods. If the marginal propensity to
spend on good i increases faster than the marginal propensity to spend on j,** an increase in the price of i
leads to more redistribution than an increase in the price of j: ;9,,T" > q;0,,T'. The last item in Proposi-
tion 5 shows that the change in the value of redistribution is decreasing at the bottom of the distribution
and increasing in the upper half: even if there is a large fall in the marginal tax rate in the middle of the
distribution, the goal is to redistribute income to higher-income households.

While social preferences do not appear in our formulas, they still play a crucial role. Note that the
derivative of the tax rate 9, T’ is of order (1 — T")%. The stronger the preference for redistribution, the
higher the (initial) tax rate, and the lower the sensitivity of the tax rate to changes in prices. This result is
not specific to prices. For any exogenous changes (be it a change in the skill distribution, in the elasticity
of labor supply or in tastes for redistribution), the optimal tax rate will be less sensitive to these changes if
it is initially set at a high level. To illustrate, assume that the marginal propensity to spend on i is constant
above 6. Then an increase in g; does not generate any income effect on labor supply above 6y and only
impacts the tax rate through changes in the value of redistribution. Denoting §(6) = E(g |6 > 0) the
average Pareto weight for households with ability larger than 6, we have:

q;a T _ g(@) T B |
aqz {1 — T/} - _ g—,(e) 1_ T/ + o (82*61 aZ*El)

45That is, 0z<6; — az*e]- is increasing.
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If 9,+e; is larger than average above 6, then an increase in g; reduces the value of a transfer to high income
households and tax rates are set higher at the top of the distribution. Note, however, that if g(6) is small
then the increase in tax rates is small. Intuitively, if the planner does not value the welfare of higher
ability households, price changes have no effects on top tax rates if they do not change the cost of taxation
through labor supply.

The formulas of Proposition 5 can be adapted when social preferences are Rawlsian. In that case, we

have: 3 ! T!
glfl' { 1— T'} B (1_"[/ + “) (E (9-ei |2/ > 2(0)) — 0z¢:)

Even in the extreme case were the social planner only values the welfare of the poorest agent, an increase
in the price of necessities leads to more redistribution towards higher income households. This is entirely
due to the impact of the price change on labor supply. An increase in the price of necessities generates a
positive income effect on labor supply and decreases the income tax. The inverse is true for luxuries.

4.2 Response to a Price Change in General Equilibrium

We now turn to the general equilibrium response, which we characterize in three steps. We first character-
ize how aggregate demand for goods responds to consumer price changes, taking into account the partial
equilibrium response of taxes derived in the previous section. We then derive the response of the optimal
tax schedule. Finally, we provide simple examples illustrating the economic forces at play.

4.2.1 Characterizing the Aggregate Demand Response

We now characterize the response of aggregate demand to a price change, including the partial equilib-
rium response of taxes, and provide a decomposition into income and substitution effects. We show that
the income effect can be further decomposed into an aggregate income channel and a reallocation channel.
These intermediate steps are necessary to understand the general equilibrium response of the tax sched-
ule, since changes in aggregate demand induce further price changes, which themselves induce further
changes in optimal tax rates and more changes in aggregate demand.

Proposition 6. The elasticity Cj; of aggregate demand for good j, C;, to an increase in price q;, accounting for the
(partial equilibrium) response of optimal taxes and keeping all other consumer prices q; fixed, is:

h

— 1 . ~hh . ~1h &ac]

Cii = (1- zx)Ej]E (Zg (aZ*E] AT ) (aZ*El A )) + C; 9q;
Income Effect Substitution Effect

where BC]}.Z/ 9q; = ]E(Bc?’/ 9q;) is the cross-price derivative of Hicksian demand and T/ captures the impact of
non-homothecities on the sensitivity of aggregate demand to prices with:

1
gt =(1-a)(1-T) (~IEZ/>Z (0z+¢; —E (0,+¢;)) + 9.6, — E (az*ei)) .
26f(2)
Under mild technical assumptions, is everywhere positive when i is a luxury good, negative when i is a
necessity and nil when the marginal propensity to spend on i is constant.

46 Tinh

46For example, z(§) = 0and {f (1 + Z?? + sz’> < 1, which is verified in the data with a large margin.
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Proposition 6 decomposes the derivative of aggregate consumption with respect to prices into an in-
come effect and a substitution effect. The substitution effect is standard: it is the aggregation of the in-
dividual substitution effects, given by the price derivatives of Hicksian demand. The income effect term
captures both the direct effect of prices on income and their indirect effect through the income tax adjust-
ments of Proposition 5. It operates through an aggregate income channel (captured by d.+E;) and, when
preferences are non homothetic, through a reallocation channel (captured by T]-”h).

To spell out the economic forces at play and provide a heuristic proof for Proposition 6, consider the
impact of a small increase in the marginal tax rate at 6, d7, on spending on good j, E;:

2

nh
aEy = — (aZ*E]. + 451 ) dt (1)

When preferences are homothetic (Tj”h = 0), an increase in tax rates decreases aggregate demand for good
j by the average marginal propensity to spend j times the reduction in total income.*’” This is the aggre-
gate income channel. When good j is a luxury, the fall in aggregate demand is amplified since the tax
increase redistributes income to poorer households, who have a smaller marginal propensity to spend on
j. This reallocation channel is captured by 7" > 0. Inversely, when i is a necessity, the non homotheticities
dampen the sensitivity of consumption to taxes, with /' < 0.

These aggregate income and reallocation channels also characterize the income effects of prices (and
the induced tax change) on consumption. Indeed, as explained in Section 3, a price change dg; gener-
ates the same income effects as a change in taxes dT(z) = e;(z*,q)dq;/;*® In addition, marginal tax
rates are optimally adjusted by 9, T". Thus, agents’ reaction to the price change is equivalent to their re-
action to a shift in tax rates given by 9.-e; + q;9;,T'/(1 — T'). Direct algebra shows that d,-e; + 4;04,T'/
(1—T') = 0,+E; + q;T"™, so plugging dt = 9.-E; 4 ¢; 7" in equation 1 gives the formula of Proposition 6.

Using Proposition 6, we can assess the sign of the aggregate demand response to various price shocks.
The response of aggregate demand for j to an increase in its own price g; is always negative. Furthermore,
the income effect generated by an increase in the price of a luxury is negative for all luxuries. Indeed,
a price increase for a luxury generates a negative income effect and induces a tax increase, as shown in
Proposition 5. As a result, there is a fall in both richer households” income and aggregate income, which
unambiguously decreases demand for luxury goods: the aggregate income channel and the reallocation
channel both decrease the consumption of luxuries.

Turning to the response of the consumption of necessities, the impact of a luxury price increase is
ambiguous. On the one hand, aggregate real income decreases: as prices and taxes increase, real labor
income decreases and the aggregate income channel lowers the consumption of all goods. On the other
hand, higher tax rates reallocate income to poorer households, which generates a shift of aggregate con-
sumption from luxuries to necessities. The impact on aggregate demand for necessities depends on which
effect — lower aggregate income or reallocation — dominates. Formally, the sign of d.+E; + q]-’f]?”’ — which
governs the sensitivity of aggregate demand to price changes — is ambiguous for necessities.*’

While the aggregate response of consumption to prices can be ambiguous, we find that the response of
aggregate expenditure shares to price changes is unambiguous under mild conditions. Specifically, under
the assumption that d.+E; — s; (with s; the expenditure share of j) is positive for luxuries and negative for
necessities, the aggregate income channel and the reallocation channel work in the same direction for both
the share of luxuries and necessities. Note that this assumption simply states that the aggregate share of

47Which is here given by z{/ (1 — a).
#80r equivalently, an increase in marginal tax rates dT' = (1 — T')d,+¢;dq;/ ;.
49‘Similarly, the impact of an increase in the price of necessities is ambiguous, as it leads to lower tax rates.
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luxuries increases when aggregate income increases.”

Let us first consider the case of homogeneous inflation for all consumer prices: dg;/g; = 1 for all i. In
this case, we have Y 9,,T'dq; = 0. As all households are equally affected by the price change, there is no
need to change the tax schedule. To streamline notations, we denote by E(-) the income weighted mean
of a variable.”" The change in the aggregate share of j, s; = q;C;j/ ¥ ¢;C; is given by:

dS]'_ 4
dg~ 1-a

<BZ*E]' —sj+ E;( qjl']-”h)> .

When preferences are homothetic, ds;/dg = 0: since a homogeneous price shock is equivalent to a wage
reduction, the demand for all goods simply decreases by {/(1 — «) percent, which is the decline in real
income. When preferences are non homothetic, this effect also operates, but as households become poorer,
they reallocate their income away from luxuries and towards necessities: ds;/dq is negative for luxuries,
positive for necessities.”?

Next, we consider an increase in the relative price of i: dq;/q; = 1 —s; and dq;/q; = —s;. This price
change partials out the effect of homogeneous inflation, as the price of the average consumption basket is
kept constant. The change in the aggregate share of j, is given by:

ds; qiach g
] _ ] h h
dg = YCag, 14" (9B s+ ") (9=-Ei = s+ aii™) )
Substitution Effect Income Effect

When preferences are homothetic the income effect is zero and the share of j reacts to prices only through
a substitution channel. With a constant elasticity of substitution ¢, for example, the share of all j # i
increases proportionally to s;c.

When preferences are non homothetic, the income effect is non trivial. If the price of a necessity
increases, the income effect is negative for all necessities and positive for all luxuries.” Indeed, an increase
in the price of necessities relative to luxuries has a negative income effect on lower income households,
as necessities constitute a larger portion of their consumption basket. Lower income households have a
higher propensity to spend on necessities, so the aggregate share of necessities decreases through income
effects. With a constant elasticity of substitution, the share of any luxury good increases proportionally
more than the share of any necessity good in response to an increase in the price of a necessity: income
is reallocated away from necessities. In addition, the change in taxes is 4,05, 7" < 0, which amplifies this
reallocation of income away from necessities. The impact of the tax adjustment on the share of j is given

by:

g h qia%‘T/
e B (- at") T )

which is negative when both i and j are necessities and positive if j is instead a luxury. Intuitively, in
response to an increase in the relative prices of necessities, tax rates decrease as shown in Proposition
5. Since income is redistributed to higher income households, this accentuates the overall reallocation

0That is, when the income of every agent is increased by one dollar.

5More precisely E;(X) = E(zX)/E(z).

2Indeed, T]?m is positive for luxuries, and negative for necessities. Note that instead of making an assumption on the sign of
0,+E j — Sj, we could directly assume that the individual share of a luxury product i, ¢;(z*) /z* increases with z*. To see this, note
that 9+ E; — s; + IE;( qjl'j”h) = E(0z7¢; —¢;/z 44,94, T' /(1 — T")) which is positive for luxuries with increasing individual shares
and negative for necessities with decreasing individual shares.

53The opposite is true if the price of a luxury increases.
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towards luxuries.

To summarize, in this subsection we have found that, for a homogeneous price increase, there is no
tax adjustment and the aggregate share of necessities increases through standard income effects. For
relative price increases, the change in taxes amplifies reallocation towards necessities when the price of
luxuries increases and towards luxuries when the price of necessities increases. Consequently, if price
elasticities with respect to market size are positive, when the inflation rate of necessities is larger the
optimal tax adjustment leads to a larger divergence of the relative prices of necessities, and therefore to
stronger redistribution towards higher income households in general equilibrium (compared with the
partial equilibrium response from section 4.1).

4.2.2 Optimal Tax Response to Exogenous Price Changes in General Equilibrium

Having characterized the effect of prices on the demand side of the economy, both in terms of labor
supply and consumption, we can now derive the general equilibrium response of the optimal income tax
to exogenous producer price changes. For example, these price changes can be interpreted as technology
shocks that shift the cost of production. To simplify the exposition, we consider here the case where
the price of i only depends on the demand for i. Without spillovers, optimal commodity taxes are left
unchanged up to a scaling constant: if g; = (1 — 7)p;, then (1 -7)/(1 - 7)) = (1 —a;)/(1 —«;) atall
prices. The general case with spillovers and varying price elasticities is reported in Online Appendix A2.

Proposition 7. Consider an economy without spillovers (p; = ¢;(C;)). The response of the optimal tax rate to an
exogenous increase in the producer price of i, denoted dp?, is:

T’ 1-wdT Zal’dqf . 1-T da
dp; — 1-adg ~ 0q; dp; (1—a) dp;
SN——— J -

N——
Mechanical Price Effect Endogenous Market Size Effect

S
Endogenous Price Effect

where the consumer price response, 1/q;dq;/dp; is given by:

1d - K G 1—wa;1
i) = U807 R Gee) g + 1]
j i

*

q; dp;

where [-] denotes a vector with entry indexed by j.>* The endogenous price change dq;/dp; is simply defined as
dq/dp; = dqj/dp; —Li—j (1 — a;)/ (1 — ). Finally, the endogenous market size effect, da/dp;, is given by

1 da « 1 dg; a; 1
e -2 (1) (G o)

with s; = q;C;/ Y_q;C; the aggregate share of j.

Proposition 7 shows that the tax response to price changes depends on three channels in general equilib-
rium. First, there is a mechanical price effect. When p; marginally increases, given that the subsidy on i
isl—1 = (1—wa;)/(1— a), the consumer price mechanically increases by 1 — 7;. This mechanical price
effect lowers (increases) tax rates everywhere when i is a necessity (luxury) good.

54For the derivative of the tax rate to be well defined in general equilibrium, we need the eigenvalues of —A,C to be less
than one, which is verified in our quantitative analysis. Note that if that were not the case, the equilibrium would not exist even
without the price shocks. Indeed, in that case, arbitrarily subsidizing the consumer price of a subset of goods would generate a
producer price decrease large enough so that the subsidy would pay for itself and infinite quantities of goods could be produced.
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Second, the tax system responds to endogenous price changes arising from labor supply and aggre-
gate consumption. The endogenous price changes work through two channels. First, since g; is reduced
by (1 — 7;)/q; percent, the response of consumption is given by the cross-price elasticities matrix C. As
explained in Proposition 6, an increase in the relative price of a luxury (necessity) leads to a reallocation
of income towards necessities (luxuries), while homogeneous inflation leads to a reduction in the shares
of luxuries. This response of aggregate consumption generates a further hike in consumer prices given
by A,C, which generates a further reallocation of consumption, and so on. This feedback loop is captured
by the matrix (Id + A,C )L, Second, the increase in the producer price p; induces a mechanical drop in
government revenue proportional to C;.>> The intercept of the tax schedule is increased and consumption
of each good j is reduced by [E(d.+c;) /C; x C; percent. All consumer prices are then adjusted through the
feedback loop.

Finally, optimal taxes respond to an endogenous market size effect. When the market size elasticities
w; differ across markets, a consumer price increase in more elastic markets lowers the aggregate elasticity
a.%® A higher « calls for a higher wage subsidy and leads to a fall in the tax rate.

Simple Examples in a Two-Good Economy. To illustrate the channels in Proposition 7, we discuss some
examples. Consider a two-good economy with a luxury good h and a necessity good I. The elasticity
of substitution between the two goods is . We analyze the case where the price elasticities are constant
across markets (a, = «; = a). As seen in Proposition 1, commodity taxes are optimally set to zero in this
case (9, = pp and q; = p;), we only need to determine the change in the income tax. First note that in a
two-good economy, we have g,9,, T' = —q;9,,T’. Higher luxury prices and lower necessity prices have the
same impact on taxes. The optimal adjustment of tax rates is therefore entirely determined by the relative
price change of the luxury good. For any producer price change dp*, we have:

AT’ g,0T (1 dgp 1 dql>
dp*  9q, \qundp* g dp*

When the relative price of luxuries increases, tax rates rise everywhere along the income distribution. The
larger the increase in relative price, the larger the rise in tax rates.
Let us first consider a shock to the relative producer price of . Formally, dp;/p, = (1 —sy), dp;/

p1 = —s;.”" In equilibrium, the relative consumer price of / is:
Amplification Amplification
through Substitution through Income Effects

—N —

1 d% 1 dq 1 1 1
o PR * = X T al ~
qndp*  qidp 1—ac 1- 0
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with Q= ; E, ((aZ*Eh — s+ C]hT;?h)2> + i]Ez(az*Eh — s+ C]th:lh)z
susi(1 — ao) 12

The increase in the relative price of i is amplified through two channels in general equilibrium. First,
as the relative price of h increases, agents substitute the necessity good for the luxury good. The market
for I expands relatively to h so the relative price of & further increases which creates more substitution.

A simple way to see this is that, at fixed consumer prices, an increase in p; mechanically reduces the proceeds of the
commodity taxes.

%6 Note that an increase in the producer price of i mechanically increases « if &; is larger than average.

57Recall that s;, = ,C;,/ (4,.Cy + 9:C;), and g = p when &, = a;.
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Each round, the relative price of 1 increases by ac and the overall amplification is 1/ (1 — ao). This is the
only channel of amplification when preferences are homothetic, since the shares of  and I remain constant
as income shifts.

When preferences are non homothetic, as discussed in Proposition 6, the share of /1 further decreases
through income effects. This amplification is denoted by () and operates through two channels. The first
term in (), corresponds, as we have seen, to the reduction in the share of / in response to an increase in
the relative price of . Indeed, when the luxury good becomes more expensive, higher income households
are more affected, since /1 represents a larger share of their expenditure: their real income loss is larger. As
they also consume more of the good at the margin, the direct impact of the price increase is to reduce the
share of h. In addition, tax rates increase everywhere, as it is more valuable to redistribute to lower income
households. This optimal adjustment of the schedule®® amplifies the reallocation of income towards the
necessity good. As the relative share of & decreases, the relative price of  increases when «a is positive,
and agents further reallocate their income towards the necessity.

The second term captures the effect of homogeneous inflation on the reduction in the share of /. As the
relative price of & increases, labor supply decreases and aggregate income therefore decreases.”’ As aggre-
gate income falls, the market size for both the necessity and the luxury goods decreases, which increases
their prices. This lowers households’ real income and they therefore reallocate their income towards the
necessity good. As we have seen, the reduction in the share of & when inflation is homogeneous is given
by E.(9.-E, — s, + q47""). Again, the reduction in the share of / in response to homogeneous inflation
increases the relative price of 1 when « is positive. Note that the optimal adjustment in tax rates accentu-
ates both channels. By redistributing income from higher to lower incomes, the planner directly amplifies
reallocation of income towards necessities when the relative price of luxuries increases. By increasing tax
rates, the planner reduces aggregate labor supply which generates more inflation, and, as households be-
come poorer on average, more reallocation towards necessities.

Redistribution towards lower income households is therefore amplified, through general equilibrium
effects, when the relative price of / increases. We have:

T’ 1 qnoT’

dp*  (1—a0)(1—{£0Q) 90

As can be expected, the amplification is stronger when the price elasticity «, the elasticity of substitu-
tion o, and the labor supply elasticity  are larger. Moreover, the amplification is stronger when non-
homothecities are more pronounced, as they accentuate reallocation towards necessities through income
effects in Q2.5

Next, we consider an homogeneous increase in the price of the luxury and necessity: dp; /p, = dp;/
pi. In partial equilibrium, this price change has no effect on tax rates. As explained in Proposition 7,
this price increase reduces government revenue, which induces a second price change a/ (1 — a)9.+E;/s;.

Given by 9, T".

% The coefficient s,s; in the formula captures the decrease in the share of /1 relative to | as ds, /s, — ds;/s; = dsy, / (s,51)-

60Keeping taxes fixed, an increase in the relative price of / reduces income by (E;(d,-¢; —s;,). This is positive if 9,+E;, >
sp. In addition, the increase in tax rates further reduces labor supply. The total reduction in aggregate income is given by
CE,(0,-Ep, — sp, + g T™)

z\Oz+ Ly = Sp ~qpTy, ).

IMore precisely comparing two economies A and B where az*e,’f - Bz*e}f is increasing and A and B are otherwise identical,
then we have Q4 > OF and the amplification through income effects is stronger.
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Ignoring this second change, the increase in the relative price of & would be:

(1—w)( —%Q) 1- £ S

An increase in inflation reduces real income and therefore decreases the share of /. As a result, the relative
price of h increases (through market size effects) and this increase is amplified through the substitution
and income effects described above. Now incorporating the price change resulting from the drop in
government revenue, the total price change is given by:
ag
l dqp, B l dq, 1 % a 0:Ey—sy i (1—a)? [E;(0z+Ep, —sp + thhnh)
* x — g
WA @Ayt (1—ao) (1= £50)  \TTe w1t

The loss in government revenue is paid for through a lump sum tax. As a result, households” income
decreases and consumption shifts towards necessities. The relative price of the luxury good increases,
which corresponds to the first term in the formula above. In addition, since consumption of both good
decreases, inflation is stronger: both prices increases by 1/(1 — «), which explains the second term in the
formula.

Thus, while homogeneous price increases, resulting from a technology shock or an increase in
markups, have no impact on tax rates in partial equilibrium, we find that they lead to more redistribution
in general equilibrium. Households reduce their labor supply and therefore reallocate their income
towards the necessity product, which increases the relative price of the luxury product. It then becomes
optimal to redistribute to lower income households, even though aggregate income decreases overall.

4.3 Price Effects in the Diamond-Mirrlees Model

In this section, we consider the effects of prices on optimal redistribution in a standard model of the
supply side where goods are produced competitively and all profits are taxed, as in Diamond and Mirrlees
(1971b). We find that the mechanisms at play are very similar to those discussed above, which highlights
that the lessons from our analysis are not specific to our benchmark model of the supply side.

Recall that prices are determined by the vector of marginal cost of production mec(Qy, ...Qy), which
potentially depends on the full vector of quantities produced. We denote by A the matrix of marginal costs
elasticity, with A;; = Qjdg,mc;/p;. As before, A summarizes how prices react to changes in aggregate
demand. The function x(Qs, ..., Qu) denotes the total cost of production of {Qj, ..., Q,}. To analyze an
exogenous price change for good i, we consider a technological shock that affects the marginal cost of i
and the average cost . To stay consistent with our previous notations, the derivatives with respect to this
technology shock are denoted by d - /dp;. In particular, the exogenous change in average costis d/dp;.

Corollary 1. In an economy with neo-classical production functions, with a full tax on profit, (1) the partial equi-
librium response of the optimal tax rate to an increase in the price of good i are given by the formulas of Proposition
5 by setting « = 0. (2) The general equilibrium response of the optimal tax rate to an increase in the price of good i
is:

dT’ _ 9T’ - oT' 44
dp;  9q; 5 9q; dp;
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where dT' /dq; is as in Proposition 5 with « = 0, and the prices dq;i/ dp; solve:

1 das 1 149 1
— L= | =(d-A0) T | ==L + 1|,
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and dq] /dp? is the impact of profit redistribution on consumption and prices:

1 dgj
qi dp;}

__ZAZJ % ])dX/sz

The matrix C is defined as in Proposition 6 with a = 0.

The first part of Corollary 1 shows that the partial equilibrium response of the optimal tax rate in a
Diamond-Mirrlees economy is identical to Proposition 5, setting « = 0. This result is important in itself
as it shows that, beyond the specificities of our supply-side specification, the design of the income tax
cannot be thought through without accounting for price effects. Consumer prices affect redistribution
policies even in the standard Diamond-Mirrlees case, through the channels discussed in Proposition 4.
An increase in the price of luxuries leads to more redistribution towards lower income households and
the opposite is true when necessities become more expensive.

The second part shows that, in the Diamond-Mirrlees economy, the optimal response of taxes to prices
works through the same channels as in our benchmark specification in general equilibrium. There are two
differences with Proposition 7. First, there is no change in the "average market size elasiticity” (our «), so
the optimal tax schedule is no longer affected by this channel. Second, profits are taxed and rebated to
households in a lump sum fashion, hence it is necessary to know the change in profit due to the shift in
average cost —dx/dp;.

Let us revisit our two-good example. Consider an increase in the relative price of h. For consistency,
we assume that A = & Id°? and that the price change induces no change in total cost (dx/dp* = 0). We
then have:

1dqh 1dql_ 1 % 1
gndp*  qdpr l1—ac ~ 1—alQ
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The amplification works through the same channels as in the benchmark case. However, the income effect
term depends on a{ rather than a{/1 — a: the amplification through income effects is not as large in the
Diamond-Mirrlees economy when a > 0. Indeed, when demand decreases, prices increase but profits are
also larger. Since profits are rebated to households, this dampens the fall in demand.

IEZ(BZ*Eh — Sy + I]hT;h)2> .

4.4 Implications and Extensions

In this section, we briefly discuss some important implications and extensions of our comparative statics
results. The formal results and a longer discussion can be found in Online Appendix A3, due to space
constraints.

Market Size Effects and Redistribution In Proposition Al, we reexamine the impact of market size ef-
fects on optimal tax policies. As prices become more sensitive to market size (e.g., « increases), the planner

62For example, x(Qp, Q1) = x1Q} ™ + x1Q} ™.
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implements a larger wage subsidy. As explained in Proposition 3, the subsidy incentivizes labor supply,
aggregate income increases, and all prices decrease. A naive interpretation of Proposition 3 suggests that
this corrective wage subsidy can be implemented independently from redistributive policies: since the
wage subsidy is 1/(1 — «), the derivative of the tax rate with respect to « would then simply be given by
dT'/de = —(1 —T')/(1 — a). Our comparative statics results unveil a subtler interaction. A higher wage
subsidy is equivalent to a homogeneous reduction in prices. As seen in section 4.2, this implies that the
share of luxuries increases while the share of necessities decreases. The relative price of luxuries there-
fore decreases. This triggers a readjustment of optimal redistribution policies, with more redistribution
toward higher income households. To see this explicitly, consider the two-good example of section 4.2,
with &, = a; = a (with & the luxury, I the necessity). We find that commodity taxes are optimally set to
zero and that the response of the income tax to an increase in « is:

Wage Subsidy  Redistribution Induced by Price Changes
! _ !
T 1-T 3,0T (1 dg, 1 dql>
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Thus, when prices become more elastic to demand, the tax schedule becomes more regressive not only
because of the corrective wage subsidy but also because of the change in redistribution policies it induces.
When 9,-E;, —s;, > 0,% the wage subsidy reduces the relative price of the luxury good. Note that this
reduction is exactly the same as the one generated by an exogenous decrease in all producer prices of
1/(1 — w) percent (which corresponds to the increase in the wage subsidy). The price decrease is then
amplified by general equilibrium effects®* and further decreases tax rates according to 9, T’, as it becomes
more valuable to redistribute towards higher income households. The interaction between corrective and
redistributive taxation is therefore non trivial and works through prices. When prices instead become
less sensitive to demand, the wage subsidy is lowered, the relative price of the necessity good decreases,
which makes redistribution towards lower income households socially more valuable. A general lesson
is that corrective and redistributive taxation cannot be conducted independently when prices are elastic.

Inequality and Prices. Up to now, we have considered exogenous producer price changes (e.g., stem-
ming from technological shocks affecting the marginal cost of production). Empirically, however, growing
income inequality is a significant source of endogenous price dispersion, through the demand shifts it gen-
erates. In Proposition A2, we analyse how income inequality impacts redistribution policies, both directly
and indirectly through prices. At fixed prices, an increase in income inequality, modelled as an exogenous
shift in the distribution of abilities 6, usually leads to a more redistributive tax schedule. For example, the
top tax rate increases as the upper tail of the income distribution becomes fatter. If we instead observe
a polarization of the income distribution, with relatively fewer middle-income households, marginal tax
rates increase in U-shaped fashion to take advantage of the thinning mass of taxpayers in the middle of
the distribution. These policies, however, do not fully redistribute income: the average income at the top
still increases, so the markets for luxury goods expand, which lowers their equilibrium prices. As the
price of luxuries decreases, it becomes optimal to redistribute towards higher income households. Thus,
we find that higher income inequality leads to less redistributive policies with endogenous prices.

3Qr, alternatively, when the share of luxuries ej,(z*) /z* increases along the income distribution.
64 Ag before, this amplification is larger when the elasticity of substitution ¢, the initial price elasticity « and non-homothecities
are stronger.
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To see this explicitly, consider our two-good example. Assume that the income distribution is Pareto
above 0*, with a shape parameter 1/3,% that the marginal propensity to spend on the luxury / is constant
above 6%, equal to 0,+¢;, and that the planner does not values the welfare of top income households. We
denote by T the top tax rate and consider an increase in 2.°° The change in top tax rate at fixed prices is
givenby /(1 — 7)0T/dd = (a + (1 —a)T). As is well known, top tax rates increase when the upper tail
is fatter. Tax rates are left unchanged below 6*. With endogenous prices, we find that the change in tax
rates becomes:

a dr’ _ 1 qhaT/ a dqh a d&]l
qn da qi da

To the extent that the price of the luxury good decreases, tax rates will be everywhere lower than with
fixed prices. Indeed, the price of the luxury good decreases through two channels. First, the additional
income of households above 8* is not fully redistributed: as these households spend more on the luxury
good, the market for /1 expands and its price decreases. Second, as aggregate income increases, aggregate
consumption shifts towards the luxury good. We have already discussed the second effect so we focus
here on the first, which is quantitatively more relevant.®” Denoting 3, the income share of top households,
we have:

Price change induced by high-income households

adg, adg i 9t a5 1= 9,8, — 9.+ E),

qn da qi da 1—Toa 1—a 1— g“SlSh(l—lXU') (1_%0)

Alarger a directly increases top households’ income by /(1 — @) percent. Despite the higher top tax rate,
the income of top households increases.®® The formula shows that the decrease in the relative price of h
will be larger when top households consumes more of /1 at the margin than the average household (when
0,+8, — d,+Ej, is large), and that the decrease in the price of & can be large compared to the increase in top
tax rate, for example when 7 is close to one (the increase in top income can be order of magnitude larger
than the increase in top tax rate) or when ac is close to one (the amplification through general equilibrium
effects is large). Therefore, the policy response to income inequality cannot a priori neglect price effects.*’

Analysis with a Non-Linear Social Welfare Function. In Proposition A3 and A4, we allow the social
welfare function to be non-linear. This implies that the value of a dollar transfer now depends on agents’
disposable income and not solely on their type (this captures, in particular, a decreasing marginal social
value of disposable income). With a concave social welfare function, an increase in tax burden or in prices

65Thatis, 1 — F(z) = C*z 1 forz > z(6*).

66With an adjustment of the scale parameter C* such that the mass remains the same above 6*.

57The change in prices given by change in aggregate income and inflation is similar to the one analysed in section 4.2 and is
negative. It is given by:

(& 4 2L ) (az*Eh =S+ Ag It E, (0 Ep — sp + th”h))

d
1—-toal-a s,sh(l—aa)<1— gQ)

8Proportionally to {a/ (1 — T)dz/da a/(1 — a).

®This is especially true since we find that the sensitivity of the income tax to a change in the distribution of ability and
to prices can be of similar magnitude. For example, in the Rawlsian case, if the distribution of income is Pareto with shape
parameter 1/a, we have a/(1 — T') 9T'/da = (a+ (1 —a)T’), while the response of the tax rate to an increase in gy, is q;,/
(1-T) 0T /oq, = (a+ (1 —a)T") (E(3yey |z >2z)—0zep).
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has a direct "income effect” on Pareto weights, in addition to the valuation effects derived in Proposition
4: increasing the tax burden of an agent directly increases the social value of a transfer to this agent.
This means in particular that when the relative price of a necessity increases, it is no longer optimal to
implement the tax change of Proposition 7. Indeed, decreasing tax rates everywhere increases the tax
burden of lower income households. There is therefore an incentive for the social planner to compensate
lower-income households for their higher burden, and the regressivity of the tax change of Proposition 7
is muted.

However, we find that households are never fully compensated for price changes at the optimum, even
with a concave social welfare function. Intuitively, fully compensating agents for a price change leaves
their disposable income unchanged. This neutralizes the "income effect” of prices on Pareto weights, but
leaves unchanged the valuation effects of prices and their effect on labor supply, derived in Proposition 4.
Consider for example an increase in the relative price of necessities. Fully compensating agents cannot be
optimal, as there is an incentive to redistribute to higher income households (as income effects on labor
supply increase and the value of a social transfer to higher income households increases). A concave social
welfare function therefore mutes the regressivity of the income tax schedule of Proposition 7, but does not
overturn it.

Finally, we also find that, with a non-linear social welfare function, a non trivial interaction between
corrective and redistributive taxation arises even when preferences are homothetic. Indeed, when markets
become more sensitive to price changes, implementing the wage subsidy of Proposition Al increases the
tax burden of lower income households, which has to be partially compensated through redistributive
policies.

5 Quantitative Analysis

In this section, we examine the quantitative importance of our theoretical results about increasing re-
turns, non-homotheticities and price shocks for the optimal tax schedule. We first present the setting and
main specifications (Section 5.1). We then implement our comparative static approach, studying a general
first-order approximation (Section 5.2). Finally, we make additional parametric assumptions to study the
optimal tax schedule and the feedback loops between redistribution and endogenous prices (Section 5.3).

5.1 Setting

Starting from the model from Section 2, we consider a standard additively separable specification (e.g.,
Saez (2001)):

U(z*,z,p,0)=v(z*p)— ¢ (g) ,

where ¢ (5) = 1+1 T ( §)1+§ is the isoelastic utility cost of earning z given ability 6, and v (z*, p) is the
indirect utility function given prices and disposable income. Following the nonparametric evidence of
Kleven and Schultz (2014), we set ¢, = 0.214; for robustness, we consider ¢, = 0.33 as in the meta-
analysis of Chetty (2012). We calibrate the skill distribution f(6) nonparametrically to match the income
distribution at the observed tax schedule, using data from Hendren (2020).

Returns to scale. As in Section 2, returns to scale are governed by the parameter «. There is an emerging
empirical consensus that increasing demand leads to higher productivity and lower prices (in the long
run), and recent papers provide causal estimates for a. Using a shift-share instrument with Nielsen data
in the U.S., Jaravel (2019) finds that when demand increases by one percent, consumer prices for continued
products fall by 0.42 percent. When accounting for changes in product variety, the consumer price index

28



falls by 0.62 percentage points. Leveraging data on durable good industries in the Chinese manufacturing
sector and an IV design based on potential market size, Beerli et al. (2020) estimate that increasing market
size by one percent leads to a TFP increase of 0.46 percent. Using trade shocks as instruments, Bartelme et
al. (2019) estimate sector-level economies of scale and find statistically significant scale elasticities in every
2-digit manufacturing sector, with an average of 0.13.7 Given this range of estimates, we set = 0.30 in
our baseline specification and study sensitivity.”!

For the comparative static analysis in Section 5.1, & can be viewed as the “local” returns to scale. When
studying the optimal tax schedule in Section 5.3, we specify the global relationship between the price p;
of the good produced in sector i and equilibrium quantities in that sector, setting p; = 1,Q;* Vi€ Z.”

Nonhomotheticities. We set the indirect utility function v (z*,p) to be either homothetic or non-
homothetic in the analysis below to isolate the quantitative impact of non-homotheticities on the optimal
schedule.

A non-homothetic utility function introduces curvature in the agent’s indirect utility from consump-
tion, which affects the social marginal utility of disposable income. Therefore, we normalize the curvature
of utility at fixed prices, so that we mechanically reach the same optimum with homothetic and non-
homothetic utility under constant returns to scale.”? This approach ensures that the comparison between
the homothetic and non-homothetic specifications captures the channel of interest, namely differences
stemming from endogenous prices and their impact on the marginal utility of disposable income across
the skill distribution, rather than assumptions about curvature per se. Our results are thus comparable to
the benchmark models of Mirrlees (1971) and Saez (2001), with no additional curvature and no additional
income effects absent returns to scale, despite the introduction of non-homothetic utility.

For the comparative static analysis, we directly use the formulas derived in Section 4. In partial equi-
libirum, we only need to know the local marginal propensities to consume across goods for agents across
the income distribution, d,+¢;. We measure marginal propensities to consume non-parametrically from ex-
penditure shares across 248 product categories. This dataset covers the full consumption basket of Amer-
ican households, linking the CPI price dataset to the consumption patterns of the Consumer Expenditure
Survey (CEX) to the Consumer Price Index (CPI), following Jaravel (2019).

As shown in Proposition 7, the demand elasticity of substitution ¢ between products plays an impor-
tant role for the feedback loops in general equilibrium. We take estimates from the literature as bounds
for the elasticity of substitution between our product categories. Based on estimates of the elasticity of
substitution between goods and services, two broad categories of consumption which are likely to be
less substitutable than our 248 categories, we set ¢ = 0.6 as a lower bound (see Comin et al. (2021) and

700ther papers provide empirical evidence for returns to scale in different settings. Acemoglu and Linn (2004) provide em-
pirical evidence that market size influences entry of new drugs and U.S. pharmaceutical innovation. Weiss and Boppart (2013)
show that TFP growth is higher in more income-elastic sectors, using national accounts data covering the entire U.S. economy.
Analyzing Nielsen scanner data across local markets, Handbury (2019) finds that the products and prices offered in markets are
correlated with local income-specific tastes. Focusing on housing and local amenities, Diamond (2016) and Couture et al. (2020)
find that amenities adjust endogenously to an increase in local demand and lower the price index.

"IThe closest empirical evidence to discipline our model is provided by Jaravel (2019), who looks directly at consumer prices
rather than TFP. For continued products, the estimate for « varies between 0.23 and 0.458, depending on the set of controls, and
« = 0.30 cannot be rejected in any of the specifications. The estimates are larger when product entry is accounted for, hovering
between 0.38 and 0.67 depending on the specification.

72We use the observed equilibrium to calibrate the set of parameters 7;, as discussed in Online Appendix B.1.2.

73We work with a “deflated indirect utility function” (z*, p), defined such that

3(z%, p) = v '(v(z*, p), Pcrs),

where pcrg are the prices prevailing under constant returns (which are normalized to one in the simulations, without loss of
generality). We have 9(z*, pcrs) = z*,which is identical to the homothetic specification. Online Appendix B.2.2 discusses the
properties of the deflated non-homothetic indirect utility function.
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Cravino and Sotelo (2019)). Given estimates on the substitutability between products within the same
detailed product category, we take o = 2 as our upper bound (e.g., Broda and Weinstein (2006), Broda
and Weinstein (2010), DellaVigna and Gentzkow (2019), and Handbury (2019) ).

To study the optimal tax schedule beyond the comparative static approach, we need parametric as-
sumptions on the utility function. As further described in Subsection 5.3.2 , we use non-homothetic CES
preferences as in Hanoch (1975), Matsuyama (2019), and Comin et al. (2021).

Social preferences for redistribution. For the comparative static approach in Section 5.2, the formulas
derived in Section 4 show that social preferences for redistribution can be recovered from the initial tax
schedule. Taking the observed tax schedule as optimal obviates the need for specifying the social welfare
function explicitly. For the analysis of the optimal tax schedule in Section 5.3, the planner’s social wel-
fare function, G (U(6, p)), is assumed to be CRRA, with a relative risk aversion coefficient of one in our
baseline specification and 0.5 for sensitivity.

5.2 Comparative Statics

Using the comparative static approach introduced in Section 4, we first examine the quantitative response
of the tax schedule to exogenous price shocks, and then turn to its response to exogenous shifts in the skill
distribution.

5.2.1 The Response of the Tax Schedule to Exogenous Price Shocks

Starting from the observed tax schedule, we implement the formulas from Section 4 characterizing the
response to a price change. We obtain observed price shocks for the period 2004 to 2015 over 248 product
categories covering the full consumption basket of American households, linking the CPI price dataset
to the consumption patterns of the CEX. Empirically, inflation is lower in product categories with higher
income elasticities: how large is the impact on the optimal tax schedule? To characterize the response of
the tax schedule to these price changes, we first proceed in partial equilibrium (as in Section 4.1) and then
in general equilibrium (as in Section 4.2).

Partial and general equilibrium results. Figure 1 presents the results. We report the changes in the tax
schedule in response to price shocks, depending on the value of ¢ and contrasting the responses in partial
and general equilibrium.

Using Proposition 5, we obtain the partial equilibrium response, which does not depend on ¢. This
response is large, with a fall in marginal tax rates of about 6pp at the bottom of the income distribution;
the marginal tax rates gradually converge back to the observed tax schedule at the top. Because inflation
is lower in the product categories for which higher-skill agents have a higher marginal propensity to
consume, it is optimal for the planner to redistribute toward them, which can be done most efficiently by
reducing marginal tax rates at the bottom of the income distribution.”* Because the fall in the empirical
price index increases with income, it is optimal for redistribution to be increasing in agents’ skills. This
result shows that inflation inequality generates a sizable regressive response of the tax schedule in partial
equilibrium.

Moreover, using Proposition 7, we find that the response of the tax schedule is amplified in general
equilibrium. With ¢ = 0.6, the planner reduces marginal tax rates by an additional two percentage points
at the bottom of the income distribution. With ¢ = 2, the amplification is much larger and the optimal
marginal tax rate is reduced to only 10% at the bottom of the income distribution. Indeed, in general

74This mechanism is standard: high marginal tax rates at the bottom are paid by all agents earning higher levels of income,
without distorting their marginal incentives to work, and all revenue is rebated to the lower-income households through the
intercept of the tax schedule.
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equilibrium consumers reallocate their expenditures toward the goods that become relatively cheaper,
which amplifies the price changes through increasing returns and further reduces the relative price of
products with a high income elasticity. These endogenous price changes create an additional motive for
the social planner to redistribute toward higher-skill agents, which leads to further price changes, and so
on. These results show that the general equilibrium response of prices plays a quantitatively important
role for optimal tax policy.

The role of non-linear social preferences. Next, Figure 2 quantifies the role of the curvature of the social
welfare function for the response of the tax schedule, illustrating the theoretical insights from Section 4.4.
While Figure 1 gives the results with linear social welfare weights, we now introduce curvature by taking
the inverse optimum weights at the observed tax schedule as our empirical social welfare function. In
that case, the degree of optimal redistribution toward the rich is slightly muted, because the social value
of redistributing income toward high-skill agents falls endogenously as they get more transfers. With
o = 0.6, marginal tax rates increase by about 2.5pp at the bottom of the income distribution with the
empirical nonlinear social welfare function, compared with the baseline case with linear Pareto weights.

To further investigate the role of the curvature of the social welfare function, we specify the social wel-
fare function as G(u,0) = A(6) %, with 7 the CRRA coefficient and setting A () such that the observed
tax schedule is optimal. With stronger curvature, e.g. a social welfare function with a CRRA coefficient of
0.5 or 1, redistribution toward the rich falls further. The result that marginal tax rates fall in response to the
price shocks is attenuated but not overturned: the marginal tax rates remain about one to five percentage
points below the observed tax schedule in the first six deciles, and gradually converge to the observed
schedule at higher percentiles.

Likewise, with o = 2 Figure A1 shows that redistribution toward the rich is reduced the more curved
the social welfare function is. With the empirical social welfare function, the fall in marginal tax rates
remains large, over 10 percentage points at the bottom of the income distribution.

Overall, these results show that non-linearities in social preferences for redistribution may play an
important role for the optimal response of the tax schedule. With the empirical non-linear social welfare
function, the fall in taxes remains substantial for both values of ¢.”> In unreported analyses, we find that
the planner continues to increase (rather than decrease) marginal tax rates in response to lower inflation
for high-income households even when the curvature of the social welfare function is much higher, e.g.
with a CRRA coefficient of 10.

The response of the tax schedule to inflation inequality from scanner data. In the Online Appendix, Figure
A2 shows that it is important to measure changes in prices at a detailed level to draw the implications
of price changes for the optimal tax schedule. We repeat the previous exercise using the Nielsen Home-
scan Consumer Panel dataset instead of the CEX-CPI data. The Nielsen dataset covers only fast-moving
consumer goods,76 but it has the advantage of being available at a much higher level of granularity than
the product categories from the CEX-CPI linked dataset and allows for the measurement of changes in
product variety. We use the Nielsen data to illustrate the role of aggregation bias and product variety for
the optimal tax policy response to inflation inequality. Price changes and changes in product variety are
measured from 2004 to 2015 at different levels of aggregation.

Figure A2 shows the implied change in the tax schedule in partial equilibrium, depending on the level
of aggregation used to measure the heterogeneity in consumption baskets, and thus in the inflation rates,
across the income distribution. Because differences in inflation rates across the income distribution arise
primarily within detailed product categories, rather than across, it is important to use granular data to
avoid aggregation bias.

75Online Appendix Figure A1 shows that similar results apply with alternative values for the labor supply elasticity.
76Data coverage in Nielsen represents about 15% of total expenditure and 40% of expenditures on goods.
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To illustrate the magnitude of this effect, we first focus on price indices computed at different levels
of aggregation, using products available across consecutive years, and that do not account for changes
in product variety. With the 994 most detailed product categories, called “product modules”, we find
that it is optimal for marginal tax rates to fall by about 12 percentage points at the bottom of the income
distribution. With 109 larger product categories, called “product groups”, the differences in inflation
across the income distribution are attenuated and, accordingly, the fall in the tax schedule is only about 7.5
percentage points at the bottom of the distribution. With the ten broad “departments”, measured inflation
inequality is much smaller and the fall in tax rates is under 2 percentage points. These differences would
be amplified further in general equilibrium, accounting for endogenous price changes and changes in
demand.

Furthermore, we introduce a correction for changes in product variety, using a CES price index as in
Feenstra (1994) and Broda and Weinstein (2010). In the data, product variety expands faster in product cat-
egories purchased by high-income households, which further reduces the price index faced by high-skill
agents. Consequently, the fall in optimal marginal tax rates is amplified. At the bottom of the distribution,
marginal tax rates fall by an additional 2.5 percentage points.

In sum, the results from Figure A2 highlight that, to be able to adjust the tax schedule optimally, it is
important to measure inflation and spending patterns across the income distribution using granular data.

The response of the tax schedule to inflation inequality in the Diamond-Mirrlees model. Finally, we apply the
comparative static approach formula to the Diamond Mirrlees model, where goods are produced com-
petitively and all profits are taxed, as in Section 4.3. Appendix Figure A3 reports the partial-equilibrium
response of the tax schedule to price changes measured in the CEX-CPI linked dataset. The response is
similar to our benchmark model but is magnified, with a fall in marginal tax rates of 10pp percentage
points at the bottom of the distribution (instead of 6pp in Figure 1, where the work subsidy reduces the
sensitivity of taxes to the price shock). This result shows that some of the lessons from the quantitative
analysis are not specific to our benchmark model of the supply side.

5.2.2 The Response of the Tax Schedule to Exogenous Shifts in the Skill Distribution

In this section, we characterize quantitatively the optimal response of the tax schedule to exogenous shifts
in the income distribution, accounting for the endogenous response of prices. Using the publicly available
statistics on the income distribution from the U.S. Census, we recover the shifts in the skill distribution
from the observed shifts in the income distribution from 2004 to 2015.” Empirically, income is stagnant
at the bottom of the distribution, and increases at faster and faster rates with higher incomes.

Partial and general equilibrium results. Using Proposition A2, Figure 3 reports the optimal response of
marginal tax rates. We first consider the direct, partial equilibrium response to the change in the skill dis-
tribution, with fixed prices. As characterized by Proposition A2, as the income distribution becomes more
spread out, the value of redistribution at higher incomes falls, which pushes for a more redistributive tax
schedule, with higher marginal tax rates. Because of the shifts in the skill distribution, there is relatively
more mass at the top and bottom of the skill distribution, hence the distortionary cost of taxation is higher
in this range, while it is reduced in the middle of the distribution. To increase redistribution efficiently, it
is therefore optimal to raise marginal tax rates especially in the middle of the income distribution. Thus,
Figure 3 shows that optimal marginal tax rates increase by about 2.5pp at the bottom of the distribution,
by about 5pp in the middle, and by 1pp at the very top.

Furthermore, general equilibrium effects are at play through prices, as characterized in Proposition
7. The direct effects on prices of the shifts in inequality is amplified through income and substitution

77We use the historical series available at https:/ /www.census.gov/data/tables/time-series /demo/income-
poverty/historical-income-households.html (Table H-2).
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effects, as well as changes in optimal tax rates. These effects tend to reduce optimal tax rates, because
the observed shift in the income distribution lowers the price of products with a high income elasticity.
Because higher-income agents have a higher marginal propensity to spend on these goods, it is optimal to
redistribute more toward them by lowering marginal tax rates, through the same channels as in Section
4.1. Quantitatively, with ¢ = 0.6 optimal tax rates are reduced by a few percentage points, relative to the
optimum in partial equilibrium, throughout the distribution. The fall in marginal tax rates is larger with
o = 2, reaching about -4pp at the bottom of the distribution. In this case, marginal tax rates fall below the
observed tax schedule at the bottom of the income distribution.

Finally, Figure 3 also shows the combined impact of the shift in the skill distribution and exogenous
changes in prices. Price changes are measured from 2004 to 2015 as in Section 5.2.1, except that the es-
timation accounts at the same time for the shift in the skill distribution and the induced price changes,
i.e. we estimate the “residual” price shocks to match observed price changes. Taking into account these
residual price shocks leads to a substantial reduction in optimal tax rates at the bottom of the distribution.
Indeed, as in Section 5.2.1, price shocks increase the value of redistribution at the top. Quantitatively,
the direct price effects, which imply more redistribution toward higher-skill agents, more than offset the
motive for increased redistribution toward low-skill agents from the shift in the skill distribution. Taking
into account all effects, the optimal tax schedule becomes less redistributive. These results show that it is
important to jointly study shifts in the skill distribution and price shocks.

The role of non-linear social preferences. Appendix Figure A4 shows the role of the curvature of the social
welfare function. Both with exogenous prices (as in panel (i)) and endogenous prices (as in panels (ii)
and (iii)), the response of the tax schedule is muted by additional curvature. Indeed, curvature tends to
mute the motives for redistribution created either directly by the shift in the skill distribution or by the
endogenous price response. We find that the changes in the optimal tax schedule remain substantial even
with non-linear social welfare functions.

5.3 Optimal Tax Schedule

In this subsection, we show the quantitative importance of increasing returns to scale and non-
homotheticities for optimal tax rates and welfare across the skill distribution. We first document the
impact of increasing returns to scale in a homothetic model, then isolate the impact of non-homotheticities.
Finally, we study the response of the tax schedule to exogenous price shocks. By introducing parametric
assumptions on preferences, these analyses are complementary with the first-order approximations of
Section 5.2, because they characterize how our new channels affect the optimum when accounting for
potential non-linearities. Online Appendix B.4 provides a complete discussion of the solution algorithm.

5.3.1 The Interaction between Returns to Scale and Redistributive Motives

We first investigate the impact of returns to scale on the optimal tax schedule under homothetic utility, i.e.
with v (z%,p) = %. We find that the interaction between the corrective tax and redistributive motives is
quantitatively large.

We consider a setting with a single sector, such that & can be interpreted as “aggregate” returns to scale.
In a multi-sector setting where increases in productivity in one sector occur at the expense of productivity
in another sector, the rows of matrix A;; sum up to zero and &« = 0; in such a setting, with homothetic
utility the sectoral returns to scale leave the tax schedule unaffected, as shown in Proposition 3. With
aggregate returns «, the “naive” interpretation of Proposition 3 is that, relative to the CRS tax schedule,
the planner should uniformly subsidize nominal wages 1 — T’ at a constant rate 1/ (1 — «) throughout the
distribution.
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The solid blue line in Figure 4 shows the baseline optimal tax schedule under CRS and a logarithmic
social welfare function. The optimal marginal tax rates start around 68% at the bottom of the income
distribution, fall gradually to 58% at the 80th percentile, and then increase toward 68% at the top. The
dashed blue line depicts the tax schedule with the naive correction for increasing returns to scale, with
a = 0.30, whereby the net-of-tax wage is increased by 43% everywhere.”®

The solid red line shows the optimal tax schedule under returns to scale with a logarithmic social wel-
fare function. The fall in marginal tax rates is much smaller than with the naive correction. This result
shows that the curvature of the social welfare function plays a quantitatively important role in determin-
ing the correction for increasing returns to scale, i.e. there is an important interaction with redistributive
motives. It is optimal for the cost of the work subsidy to be predominantly paid by high-skill agents,
hence marginal tax rates do not fall as much as with the naive correction. In Appendix Figure A5, we
show that the interaction remains quantitatively large with other parameter values for the labor supply
elasticity and the CRRA coefficient of the social welfare function.

By contrast, with linear Pareto welfare weights, set to match welfare weights at the CRS optimum, the
“naive” correction is correct. To isolate the role of non-homotheticities independently of the curvature
of the social welfare function, we take the specification with Pareto weights as our baseline in the next
subsections. The Pareto weights are set as A(0) = (Uyprim (0)) ~7, where Uoptim () is the solution of the op-
timal taxation problem with homothetic utility, constant returns to scale (x = 0), and the CRRA parameter
o for the social welfare function.

5.3.2 The Role of Non-Homotheticities

We now turn to a specification with non-homothetic utility, using non-homothetic CES (nhCES) prefer-
ences as in Hanoch (1975), Matsuyama (2019), and Comin et al. (2021).

Parametric Assumptions. The indirect utility function v (z*, p) is given by v = v (z*, p) = F(Q), where
Q is the consumption vector of the agent over the set of products i € Z. Indirect utility v is implicitly
defined by:

-1

1
Y ()7 Q7 =1,
icl
olog(Qi/Q) _ (. . dlog(Qi/Q;)  _
dlog(v) (ei —¢j) and alog(pj/pi)
o Vi,j € Z. This tractable specification allows us to separately examine the impact on the tax sched-
ule of the “utility elasticities” {e};c7, which govern non-homothetic spending patterns, and the elasticity

NhCES preferences have convenient features, in particular

of substitution ¢.

For tractability, in our calibration we consider two products, labelled “high quality” and “low quality”
products. In line with evidence on the substitutability between products within the same detailed product
category (Broda and Weinstein (2006), Broda and Weinstein (2010), DellaVigna and Gentzkow (2019), and
Handbury (2019)), we set 0 = 2. We then specify the elasticities {e}y 1 to match the dissimilarity index
of consumption shares observed across the income distribution in the Consumer Expenditure Survey in
2014;” we obtain ¢, = —7 and ey = —1.5, implying that low-income households have a large marginal
propensity to spend on the low-quality goods.

Baseline simulation. Figure 5 characterizes the impact of non-homotheticities in our baseline specifica-

78These results show that it is important to take into account returns to scale for optimal tax design: the effect on optimal tax
rates is large. In practice, the adjustment could be made through the tax schedule or through other tax instruments, for example
VAT.

7We compute the dissimilarity index at the level of the product categories available in the CEX interview files, called UCCs.
We focus on 2014 as the data on the observed tax schedule from Hendren (2020) is available for that year.
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tion relative to the homothetic case, with & = 0.3 and Pareto weights from the logarithmic social welfare
function. Panels (a) and (b) shows the effect of introducing non-homotheticities on optimal marginal tax
rates. Due to non-homotheticities, marginal tax rates increase over the full range of the income distri-
bution. The increase is larger at the bottom of the income distribution, with an increase in marginal tax
rates of about 6pp for levels of earned income below $20,000. The increase is about 2pp at an income
level of $100,000, and then gradually decreases, reaching levels close to zero above $300,000. Thus, the
simulations show that non-homoheticities have a significant quantitative impact on optimal marginal tax
rates.

Panels (c) through (e) of Figure 5 investigate the mechanism explaining the change in marginal tax
rates, which operates through the change in equilibrium prices and in the marginal utility of redistribution
across the skill distribution. Panel (c) reports the equilibrium prices, normalized to one at the observed tax
schedule. In the homothetic specification with increasing returns, the price index increases by about 3.6%
at the optimal tax schedule, because preferences for redistribution induce higher taxes than at the observed
schedule, which reduces labor supply and market size and thus drives an increase in the price. With
non-homotheticities, prices of the high-quality and low-quality products diverge: the price of the high-
quality good increases by 14%, while the low-quality product becomes 10% cheaper. Indeed, additional
redistribution (relative to the observed schedule) leads to an increase in the relative market size of the
product which has a higher marginal propensity to consume from low-income households, i.e. the low-
quality product in our specification. This result shows that the response of the optimal tax schedule to
non-homotheticities lead to large endogenous price changes in equilibrium.

Panel (d) shows that the induced change in the marginal utility of disposable income across agents
is substantial. While under homothetic utility the marginal utility is about 0.965 (= 1/p) throughout
the distribution, with non-homotheticities the marginal utility is 0.99 at the bottom, falls gradually to
0.85 around $150,000, and then increases slightly. The fall in marginal utility is largest for the agents
with the highest marginal propensity to consume on the high-quality good, which in equilibrium occurs
for earned income levels around $150,000 in our simulation. Panel (e) combines each agent’s marginal
utility of disposable income with Pareto weights and shows a steeper decline in welfare weights across
the distribution with the non-homothetic specification, because of the price effects.

Finally, panel (f) summarizes the willingness to pay of agents for the optimal tax schedule under non-
homotheticitic preferences, relative to the optimal schedule under homothetic preferences.®’ The equiva-
lent variation is close to 15% in the bottom decile of the income distribution and decreases monotonically
throughout the distribution, turning negative in the 7th income decile. In the top decile, the welfare loss
from the new schedule, and its induced price effects, is about 9%. These estimates show that adjusting the
tax schedule for non-homotheticities generates substantial distributional effects, with large welfare gains
at the bottom of the distribution. Although panels (a) and (b) depicted an increase in marginal tax rates
at the bottom of the distribution, overall the change in the tax schedule benefits low-income households
more. Indeed, setting higher marginal tax rates at the bottom of the income distribution raises the overall
amount of redistribution in a more efficient way than increasing marginal tax rates at the top, and the
induced price effects benefit agents with a high average spending share on the low-quality product.

Thus, the baseline simulation shows that non-homotheticities can have meaningful quantitative im-
plications for optimal taxation. The results account for all feedback loops between the desirability of

80We study the equivalent variation defined by:

523 0) + V) pw) — v (242 ) i),

where H denotes the equilibrium each under the optimal tax schedule with homothetic preferences, while NH corresponds to
the equilibrium with non-homothetic preferences.
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redistributing more and the induced price changes. As the relative price of the low-quality product de-
creases, it is optimal to redistribute more to those with a higher marginal propensity to consume, which
induces further tax changes and changes in labor supply, etc. The strength of these feedback loops depend
on the parameters governing increasing returns and social preferences for redistribution, which we turn
to next.

Sensitivity to increasing returns. Figure 6 reports the simulation results with larger increasing returns,
setting & = 0.4, close to the baseline estimate of 0.42 in Jaravel (2019). The results and channels described
for the baseline specification are all amplified by the larger increasing returns. Optimal marginal tax rates
increase by 11.5 percentage points at the bottom of the income distribution (panel (b)). The price of the
high quality good increases by 22%, while the price of the low-quality good falls by 18% (panel (d)).
The new tax schedule and the induced price effects create welfare gains of 35% at the bottom of the skill
distribution, and welfare losses of 16% at the top.

Sensitivity to preferences for redistribution. With & = 0.30, Figure 7 investigates the effects with weaker
preferences for redistribution. The Pareto weights are taken from the optimal schedule with constant re-
turns to scale and a social welfare function with a CRRA coefficient of 0.5, rather than 1 as previously. With
this specification, the impact of non-homotheticities on the optimal tax schedule is muted. The marginal
tax rate increases by 3.75pp at the bottom of the distribution (panel (b)), the price of the high quality
product increases by about 3.75%, while the price of the low-quality product falls by about 3.5% (panel
(d)). The willingness to pay for the tax schedule accounting for non-homotheticities remains meaningful,
especially at the bottom of the income distribution, with a welfare gain of 12% in the bottom decile and a
welfare loss of about 3% in the top decile.

These results illustrate the interplay between social preferences for redistribution and endogenous
prices. A weaker taste for redistribution endogenously leads to smaller changes in market size, hence
smaller price changes in equilibrium and a smaller adjustment to optimal marginal tax rates.

In sum, the optimal tax schedule is sensitive to non-homotheticities because redistribution induces
changes in relative prices and hence in the value of further redistribution. Another mechanism whereby
price effects can arise is exogenous productivity shocks; this channel also has implications for the optimal
tax schedule, which we document next.

5.3.3 The Impact of Exogenous Price Shocks

We now characterize the response of the optimal tax schedule to exogenous price shocks. As in Section 5.2,
this analysis is motivated by the observed heterogeneous price changes across product categories in the
United States, with lower inflation in product categories purchased by high-income households.?! The
simulations account for feedback loops created by large price changes, and thus complement the first-
order approximations in Section 5.2. To assess the quantitative relevance for the optimal schedule, we
consider an exogenous productivity shock (to parameters 7;), whose direct partial equilibrium effect is
to reduce the price of the high-quality good by 2.5% and to increase the price of the low-quality good by
2.5%.5

Baseline simulation. Figure 8 reports the results under the baseline parametrization. The exogenous
price shock leads to lower taxes: marginal tax rates fall by about 3.25pp at the bottom of the income
distribution, and gradually converge back to the reference tax schedule under homothetic utility, with a

81For example, Jaravel (2019) documents that, for consumer packaged goods in the United States, annual inflation is about
2.5pp lower in the top price decile (a proxy for quality), compared with the bottom price decile.

82Given our calibration for non-homotheticities, the induced change in the price index is 3.1 pp higher in the bottom decile
of the income distribution, compared with the top decile. This corresponds to the level of inflation inequality reached over 8.5
years in U.S. data (Jaravel (2019)).
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fall in marginal tax rates under 0.10pp for levels of income above $300,000 (panels (a) and (b)).

To understand the mechanism, it is instructive to examine how the exogenous shocks affect equilib-
rium prices. Without shocks, prices are identical to the baseline non-homothetic specification studied in
Figure 5 (panel (c)). In partial equilibrium, the shocks would reduce the price of the high-quality good
from 1.14 to 1.11 and would increase the price of the low-quality good from 0.9 to 0.92. Panel (c) of Figure
8 shows the amplification of the price shocks through consumer demand, additional redistribution and
returns to scale: the equilibrium prices are 1.055 for the high-quality good and 0.96 for the low-quality
goods. In general equilibrium, the convergence of relative prices is much larger than the partial equilib-
rium shocks. Consequently, there is a substantial increase in the value of transferring an additional dollar
to high-income households, who have a higher marginal propensity to consume on the high-quality good
(panels (d) and (e)).

Thus, it is desirable for the planner to redistribute toward high-income households, which can be done
efficiently by reducing marginal tax rates at the bottom of the income distribution. The welfare effects are
substantial, with an equivalent variation of -6% in the bottom decile and +8.5% in the top decile.

Sensitivity to increasing returns. Figure 9 shows the results with higher returns to scale (x = 0.4), which
magnifies the impact of the exogenous productivity change. The fall in marginal tax rates at the bottom
of the income distribution is about 12pp (panel (b)). The GE amplification of price changes is much larger
and flips the relative price of the high- and low-quality bundles (panel (c)). The distributional effects are
large, with an equivalent variation ranging from -26% at the bottom to +24% at the top.®

Sensitivity to preferences for redistribution. Figure 10 documents the role of social preferences for redis-
tribution, setting the Pareto weights to match the optimal schedule with constant returns to scale and a
social welfare function with a CRRA coefficient of 0.5. The impact of exogenous price shocks is much
larger than in the baseline specification, with a fall in marginal tax rates of 13pp at the bottom of the
income distribution (panel (b)).

To understand the mechanism, panel (c) reports equilibrium prices. Before the exogenous shock, equi-
librium prices are 0.965 for the low-quality product and 1.0375 for the high-quality product (identical to
Figure 7). After the shock, the price of the low-quality product increases substantially, reaching 1.07, while
the price of the high-quality good falls to 0.955 only. The amplification of price effects is sufficiently large
to flip the relative price of the high- and low-quality bundles.

When social preferences for redistribution are low, the planner puts larger weight on the change in
utility out of disposable income for high-skill agents. Therefore, the planner is more responsive to the
initial fall in the relative price of the high-quality good and redistributes more toward the rich, which
induces a feedback loop of changes in labor supply, spending, and prices, leading to further changes in
redistribution, etc. Quantitatively, this mechanism is strong enough to flip equilibrium relative prices and
increase high-skill agents” utility out of disposable income above 1 (panel (d)). As depicted on panel (f),
the shock results in a large welfare loss at the bottom of the income distribution (-32%) and substantial
welfare gains at the top (+10%).

The comparison of these results with those from Figure 7 are instructive to understand the mechanism
driving the interplay between endogenous prices, increasing returns, and social preferences for redistri-
bution. In Figure 7, weaker social preferences induced an optimal tax schedule with less redistribution
toward the poor, implying smaller changes in relative market size, and hence smaller endogenous price
changes. In that setting, absent exogenous shocks, weaker social preferences for redistribution reduce the
importance of non-homotheticities for the optimal tax schedule, because prices change less. Introducing

83Conversely, Appendix Figure A6 shows the results with lower returns to scale (¢ = 0.2), which reduce the impact of the
exogenous productivity change. The fall in marginal tax rates at the bottom of the income distribution is about 1.70pp, the GE
amplification of price changes is smaller, and the distributional effects are more modest, with an equivalent variation ranging
from -2.4% at the bottom to +5% at the top.
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exogenous price shocks, Figure 10 shows that the response to price shocks is magnified with weaker so-
cial preferences, which induce more redistribution toward those with high MPCs on the cheaper products,
which amplifies the exogenous shocks and lead to larger changes in equilibrium prices.

Overall, the results show that exogenous price shocks can have a large impact on the optimal tax
schedule, and that there are important amplification effects through increasing returns and the endoge-
nous social value of redistribution. In all simulations, a unifying mechanism operates: changes in equi-
librium prices and the distribution of marginal propensities to consume govern the change in the optimal
tax schedule.

Conclusion

In this paper, we have shown that optimal commodity and income taxation is sensitive to exogenous price
shocks, the elasticity of prices to market size, and non-homothetic preferences. We provided an explicit
analytical characterization of the channels whereby prices and non-homotheticities affect optimal taxa-
tion in general equilibrium. Using simulations based on observed spending patterns and the empirical
elasticity of prices to market size, we found that these novel channels have a sizable quantitative impact
on optimal marginal tax rates and welfare across the skill distribution.

This analysis was motivated by the fact that observed price changes are heterogeneous across product
categories and across the income distribution, and that empirically prices are endogenous to market size.
Going forward, our framework could be used to study the response of optimal taxation to a variety of
supply shocks that could affect prices, for example due to changes in technology, trade, immigration, or
market concentration. Although we considered a closed economy, we conjecture that the mechanisms we
highlighted might become even richer in a model with trade. Changes in domestic demand can be even
more important in an open economy than in a closed economy (Matsuyama (2019)) because they have
an impact on the equilibrium patterns of specialization, which in turn have an impact on the direction of
productivity growth through market size effects. Analyzing optimal taxation in an open economy model
with non-homothetic preferences and endogenous prices is thus a promising direction for future research.

References

Acemoglu, Daron and Joshua Linn, “Market Size in Innovation: Theory and Evidence from the Pharma-
ceutical Industry*,” The Quarterly Journal of Economics, 08 2004, 119 (3), 1049-1090.

Aghion, Philippe and Peter Howitt, “A Model of Growth through Creative Destruction,” Econometrica,
1992, 60 (2), 323-51.

— , Antonin Bergeaud, Timo Boppart, Peter J Klenow, and Huiyu Li, “A theory of falling growth and
rising rents,” National Bureau of Economic Research Working Paper, 2019.

_ , Nick Bloom, Richard Blundell, Rachel Griffith, and Peter Howitt, “Competition and innovation: An
inverted-U relationship,” The quarterly journal of economics, 2005, 120 (2), 701-728.

—, Ufuk Akcigit, and Jests Fernandez-Villaverde, “Optimal capital versus labor taxation with
innovation-led growth,” Working Paper, 2013.

Akcigit, Ufuk, Douglas Hanley, and Stefanie Stantcheva, “Optimal Taxation and R&D Policies,” NBER
Working Papers 22908, National Bureau of Economic Research, Inc 2016.

38



Allcott, Hunt, Benjamin B Lockwood, and Dmitry Taubinsky, “Regressive Sin Taxes, with an Applica-
tion to the Optimal Soda Tax,” The Quarterly Journal of Economics, 2019, 134 (3), 1557-1626.

Argente, David and Munseob Lee, “Cost of Living Inequality During the Great Recession,” Journal of the
European Economic Association, 2020, 19 (2), 913-952.

Atkinson, Anthony and Joseph Stiglitz, “The design of tax structure: Direct versus indirect taxation,”
Journal of Public Economics, 1976, 6 (1-2), 55-75.

Bartelme, Dominick G, Arnaud Costinot, Dave Donaldson, and Andres Rodriguez-Clare, “The Text-
book Case for Industrial Policy: Theory Meets Data,” Working Paper 26193, National Bureau of Eco-
nomic Research August 2019.

Beerli, Andreas, Franziska J. Weiss, Fabrizio Zilibotti, and Josef Zweimuller, “Demand forces of techni-
cal change evidence from the Chinese manufacturing industry,” China Economic Review, 2020, 60, 101157.

Bell, Alex, Raj Chetty, Xavier Jaravel, Neviana Petkova, and John Van Reenen, “Who Becomes an In-
ventor in America? The Importance of Exposure to Innovation®,” The Quarterly Journal of Economics, 11
2018, 134 (2), 647-713.

—y—,—,—,and _, “Joseph Schumpeter Lecture, EEA Annual Congress 2017: Do Tax Cuts Produce
more Finsteins? The Impacts of Financial Incentives VerSus Exposure to Innovation on the Supply of
Inventors,” Journal of the European Economic Association, 04 2019, 17 (3), 651-677.

Boar, Corina and Virgiliu Midrigan, “Markups and Inequality,” Working Paper 25952, National Bureau
of Economic Research June 2019.

Broda, Christian and David E. Weinstein, “Globalization and the Gains From Variety*,” The Quarterly
Journal of Economics, 05 2006, 121 (2), 541-585.

— and _, “Product Creation and Destruction: Evidence and Price Implications,” American Economic Re-
view, June 2010, 100 (3), 691-723.

Bustos, Paula, “Trade Liberalization, Exports, and Technology Upgrading: Evidence on the Impact of
MERCOSUR on Argentinian Firms,” American Economic Review, 2011, 101 (1), 304—40.

Chetty, Raj, “Bounds on Elasticities With Optimization Frictions: A Synthesis of Micro and Macro Evi-
dence on Labor Supply,” Econometrica, 2012, 80 (3), 969-1018.

Comin, Diego, Danial Lashkari, and Marti Mestieri, “Structural Change With Long-Run Income and
Price Effects,” Econometrica, 2021, 89 (1), 311-374.

Costinot, Arnaud, Dave Donaldson, Margaret Kyle, and Heidi Williams, “The More We Die, The More
We Sell? A Simple Test of the Home-Market Effect,” The Quarterly Journal of Economics, 2019, 134 (2),
843-894.

Couture, Victor, Cecile Gaubert, Jessie Handbury, and Erik Hurst, “Income growth and the distribu-
tional effects of urban spatial sorting,” National Bureau of Economic Research Working paper 26142, 2020.

Cravino, Javier and Sebastian Sotelo, “Trade-Induced Structural Change and the Skill Premium,” Amer-
ican Economic Journal: Macroeconomics, July 2019, 11 (3), 289-326.

39



DellaVigna, Stefano and Matthew Gentzkow, “Uniform Pricing in U.S. Retail Chains*,” The Quarterly
Journal of Economics, 06 2019, 134 (4), 2011-2084.

Diamond, Peter and James Mirrlees, “Optimal Taxation and Public Production: I-Production Efficiency,”
American Economic Review, 1971, 61 (1), 8-27.

— and _ , “Optimal Taxation and Public Production II: Tax Rules,” American Economic Review, 1971, 61 (3),
261-78.

_ and Johannes Spinnewijn, “Capital Income Taxes with Heterogeneous Discount Rates,” American Eco-
nomic Journal: Economic Policy, 2011, 3 (4), 52-76.

Diamond, Rebecca, “The Determinants and Welfare Implications of US Workers” Diverging Location
Choices by Skill: 1980-2000,” American Economic Review, March 2016, 106 (3), 479-524.

Eeckhout, Jan, Chunyang Fu, Wenjian Li, and Xi Weng, “Optimal Taxation and Market Power,” Technical
Report, UPF mimeo 2021.

Faber, Benjamin and Thibault Fally, “Firm Heterogeneity in Consumption Baskets: Evidence from Home
and Store Scanner Data,” The Review of Economic Studies, 09 2021.

Feenstra, Robert, “New Product Varieties and the Measurement of International Prices,” American Eco-
nomic Review, 1994, 84 (1), 157-77.

— and David Weinstein, “Globalization, Markups, and US Welfare,” Journal of Political Economy, 2017,
125 (4), 1040 — 1074.

Grigsby, John, Erik Hurst, and Ahu Yildirmaz, “Aggregate Nominal Wage Adjustments: New Evidence
from Administrative Payroll Data,” American Economic Review, February 2021, 111 (2), 428-71.

Handbury, Jessie, “Are Poor Cities Cheap for Everyone? Non-Homotheticity and the Cost of Living
Across U.S. Cities,” Working Paper 26574, National Bureau of Economic Research December 2019.

Hanoch, Giora, “Production and Demand Models with Direct or Indirect Implicit Additivity,” Economet-
rica, 1975, 43 (3), 395-419.

Hendren, Nathaniel, “Measuring economic efficiency using inverse-optimum weights,” Journal of Public
Economics, 2020, 187 (C), S0047272720300621.

Jaimovich, Nir and Sergio Rebelo, “Nonlinear effects of taxation on growth,” Journal of Political Economy,
2017, 125 (1), 265-291.

Jaravel, Xavier, “The Unequal Gains from Product Innovations: Evidence from the U.S. Retail Sector,” The
Quarterly Journal of Economics, 2019, 134 (2), 715-783.

Jones, Charles I, “Taxing Top Incomes in a World of Ideas,” Working Paper 25725, National Bureau of
Economic Research 2019.

Kaplan, Greg and Sam Schulhofer-Wohl, “Inflation at the household level,” Journal of Monetary Eco-
nomics, 2017, 91 (C), 19-38.

Kleven, Henrik Jacobsen and Esben Anton Schultz, “Estimating Taxable Income Responses Using Dan-
ish Tax Reforms,” American Economic Journal: Economic Policy, November 2014, 6 (4), 271-301.

40



Klick, Josh and Anya Stockburger, “Experimental CPI for lower and higher income households,” Work-
ing Paper.

Kushnir, Alexey and Robertas Zubrickas, “Optimal Income Taxation with Endogenous Prices,” Working
Paper 2020.

Lashkari, Danial, Arthur Bauer, and Jocelyn Boussard, “Information technology and returns to scale,”
Working Paper, 2018.

Matsuyama, Kiminori, “Engel’s Law in the Global Economy: Demand-Induced Patterns of Structural
Change, Innovation, and Trade,” Econometrica, 2019, 87 (2), 497-528.

McGranahan, Leslie and Anna Paulson, “The incidence of inflation: inflation experiences by demo-
graphic group: 1981-2004,” Working Paper Series, Federal Reserve Bank of Chicago 2005.

Melitz, Marc, “The Impact of Trade on Intra-Industry Reallocations and Aggregate Industry Productiv-
ity,” Econometrica, 2003, 71 (6), 1695-1725.

Melitz, Marc ] and Stephen ] Redding, “Trade and Innovation,” National Bureau of Economic Research
Working Paper, 2021.

Mirrlees, James, “An Exploration in the Theory of Optimum Income Taxation,” Review of Economic Studies,
1971, 38 (2), 175-208.

Ridder, Maarten De, “Market power and innovation in the intangible economy,” Working Paper, 2019.
Romer, Paul, “Endogenous Technological Change,” Journal of Political Economy, 1990, 98 (5), S71-102.

Rothschild, Casey and Florian Scheuer, “Redistributive taxation in the roy model,” The Quarterly Journal
of Economics, 2013, 128 (2), 623-668.

_ and _, “A theory of income taxation under multidimensional skill heterogeneity,” Working Paper, 2014.

Sachs, Dominik, Aleh Tsyvinski, and Nicolas Werquin, “Nonlinear Tax Incidence and Optimal Taxation
in General Equilibrium,” Econometrica, 2020, 88 (2), 469-493.

Saez, Emmanuel, “Using Elasticities to Derive Optimal Income Tax Rates,” Review of Economic Studies,
2001, 68 (1), 205-229.

— , “The desirability of commodity taxation under non-linear income taxation and heterogeneous tastes,”
Journal of Public Economics, 2002, 83 (2), 217-230.

Weiss, Franziska and Timo Boppart, “Non-homothetic preferences and industry directed technical
change,” 2013 Meeting Papers 916, Society for Economic Dynamics 2013.

Weyl, E. Glen and Michal Fabinger, “Pass-Through as an Economic Tool: Principles of Incidence under
Imperfect Competition,” Journal of Political Economy, 2013, 121 (3), 528-583.

41



0.4

Marginal Tax Rate

0.15

0.1

0.05

Figure 1: The Response of the Optimal Tax Schedule to Observed Price Shocks (2004-2015), CEX-CPI data
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Figure 3: The Response of the Optimal Tax Schedule to Observed Shifts in the Skill Distribution (2004-2015)
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Figure 4: Returns to Scale and the Optimal Tax Schedule
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Figure 5: The Response of the Optimal Tax Schedule to Non-Homotheticities
(a=10.3, e; = 0.21, Pareto weights from SWF CRRA=1)
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Figure 6: Higher Returns to Scale Magnify the Impact of Non-Homotheticities
(e =04, e, = 0.21, Pareto weights from SWF CRRA=1)
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Figure 7: Lower Social Preferences for Redistribution Reduce the Impact of Non-Homotheticities
(¢ =0.3, e, = 0.21, Pareto weights from SWF CRRA=0.5)
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Notes: The quantitative model uses Pareto weights computed at the optimal homothetic tax schedule obtained under a social welfare function
with CRRA=0.5, as described in Section 5.3.2.



Figure 8: The Response of the Optimal Tax Schedule to Productivity Shocks
(¢ =0.3, g, = 0.21, Pareto from SWF CRRA=1, PE price low-quality +2.5%, PE price high-quality -2.5%)
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the partial equilibrium price of the high-quality bundle decreases by 2.5%, as described in Section 5.3.3.



Figure 9: Higher Returns to Scale Magnify the Impact of Productivity Shocks
(e = 0.4, e, = 0.21, Pareto weights from SWF CRRA=1, PE price low-quality +2.5%, PE price high-quality -2.5%)
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Figure 10: Lower Social Preferences for Redistribution Magnify the Impact of Productivity Shocks
(¢ =0.3, e, = 0.21, Pareto weights from SFW CRRA=0.5, PE price low-quality +2.5%, PE price high-quality -2.5%)
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A Proofs

A.1 Proofs of Section 3

In this section we derive the optimal tax rates in our benchmark specification, and, for completeness, in the

Diamoond-Mirrlees case. This will prove the results of Section 3.

A.1.1 Benchmark Model

We consider here the general planning problem.

sup G(V(0))m(0)do
V(6),2(6) .4

st V'(8) = Uy(v(6),2(6),0) and/z*(e) —2(0)7(6)d6 — (g —p)-C <0
with V(0) = U(v(6),z(0),0), v(0) =u(c1(q,2"(0)),....cn(q,2"(0))), and z*(0) = q - c(q,2"(9))
Ci = /ci(q,z*(Q))n(G)dG and  p; = ¢;(Cq,...,Cp)

Where v is the indirect sub-utility for consumption c; denotes demand for 7 and z* post-tax income.

After integration by parts, the corresponding lagrangian is:

£= [G(vE)m(©)d0— [(©)V(0) + (o) Us(0(0),2(0), 0))do
A (/z*(Q) —2(0)7(6)d6 — (g — p) -c)



where 11(0) are the multipliers on the incentive constraints and A is the multiplier on the resource constraint.

First Order Conditions. We start with the FOC with respect to consumer prices ¢;. Denoting ¢/ (g,v) the
hicksian demand function at prices g for a given sub-utility v, we have:

dej| e _ o
dgil,y  dqil, 0
dz* _odzt | .
dq; z,V a dq; v -

We therefore have, denoting 9y, C;? = aqic;?rf(G)dG:

ac

da A (Ci +) (qj P ZBQ/(Pka) aQiC]h - Ci)
1 ] k

Which gives for all i:

Z (WCJ‘ - (chj - ;Ak,jpkck>> S;i=0

]

Where A and S are defined in the main text. We therefore have:

(1—pB)qC = (1d — A")pC

Where  is a scaling constant. Denoting « the scaling such that g- C — p - C = 0 gives:

g:C—p-C= 7 (ﬁZPzC LpiCi Z/%)
(X Ai)piC
Li piCi
With this scaling, the ad valorem commodity taxes are:

1-Y,AipiCi/ piCi

1+t = 1—a

Next, we derive the FOC associated with V. V(6) impacts consumption and producer prices through



z* () with dz*(0) /dV (8) = (Uyv,+) . We thus have:

0= G(V(e)a(e) ~(6) e - AT 1y (qi —pi- chag,.@) az*ciw)]
v oYz L l ]
= G/(V(Q))T[(Q) — HI(G) —u l’l{?,v _ )1\171'?59*) 1— Z (q: — pi <1 — Z Z]g] A]J)) aZ*Ci(Q)‘|
v oYz L l ] 1~1

= GWEAE) —# O -z - T 1 —aya, az*cl-w)]

Uy« Up vz G'(V(0))Uyv,-
R (106/\7[(9)

=u'(6)

Finally, defining fi = pu U,v,+ /A, we have:

7(0) + f1 9. MRS 2/ (6) = — (1 - W) 2(6)

With MRS = —U,/Uy,v,+ the marginal rate of substitution.

Finally, the FOC associated to z, using the same steps as above to derive the response of consumption and

prices, are:

0= ]/l(—UQ,Z — UG,Z*MRS) — Amt(6) (MRS —1—aMRS)
=  719gMRS = 7(0)((1 — a)MRS — 1)

Since MRS = 1 — T(2(8)), and zZdgMRS = —z'(8)(1 — T'(z(8))) where  is defined in the main text we
therefore have, denoting f(z(6)) = 7t(0)/z'(6)

Finally, using —z( 9, MRS = ij we get:
(T 26 T z(6) G'Uyv,-
f(z)zC <1—T’ +oc> —|—/Z(9) i <1—T’ +oc> f(z)dz = /2(9) <1 —a— )f(z)dz

Using ¢ = G'Uyv,+/((1 — a)A) we obtain the formula of Proposition 2.




Optimal Taxation without Commodity Taxes The planner’s problem is now:

sup [ G(V(6))7(6)do
V(6),z(0)

st V'(8) = Uy(v(6),2(6),0) und/ 7(6)d6 < 0
with V(0) = U(0(0),2(0),0), 0(6) = ey (p,z*(6)), - cu(p, 2" (6))), andz*(6) = p- c(g,2"(6))
C = /ci(p,z*(G))n(G)dG and  p; = ¢;(Cq,...,Cp)

After integration by parts, the corresponding lagrangian is:
L= /G 6)do — /(y 0)V(0) + u(0)Uy(v(0),2(0),0))do

—A (/ 2(60) — z(e)n(e)de)

where () are the multipliers on the incentive constraints and A is the multiplier on the resource constraint.

First Order Conditions. We derive the FOC associated with V. Increasing the welfare of § agents will
endogenously move prices which requires compensating all other agents We thus have: dz*(0')/dV(0) =

119:9’ (UUUZ*)_l + ZC{(P,Z*( )dV(G)

ach dp; . ()
Z ap] dV +az*C1(PrZ (6))11002*

With aClt/ dp; = E(9y jch (p,z*(0)) the average price derivative of Hicksian demand. We therefore have:

1 dp 1 dp, dz+cx(p,z"(0))m(0) 1
pavie) LAy e LA Ck Upoz:
Which gives:
1 dpj _1, [9zeci(p, 2" (0))7(0) 1
il = (Id+ AS
pjdv(6) ( ) Ck Uy

We define the market elasticity &; as:

& = [s1..54](Id + AS) 1 A[0..1/5,..0]'



And & = ) &;E(d,¢;). The first order conditions are therefore

0= G(VEN () —(6) — p - 37 [1 T az*exp,z*(e))]

Defining ji = yu U,v;+/A, we have:

i'(0) + fi 9, MRS 2 (0) = — (1 - M S az*ei(P,Z*(G))> 7(6)

The FOC associated to z, following the same steps givse:

i dgMRS = 71(0)((MRS — 1 — MRS Zaci 0z.¢;(p,z*(9)))

Putting everything together, we therefore have:

z(0) G'Uyvy+
f(z) T’ —i—/ f(z)dz = /2(9) (1 - )f(z)dz
- Z“l’ (ZCf z)0z«e; +Ey,((1— ﬁ)az*ei))

Finally, noting that }_&d,«e; = & and using ¢ = G'U,v,+/((1 — &)A) (Note that without income effects we
have A = E(G'Uyvz+)/ (1 — &)). We have:

f(z)zl (£IT, —i—&) + /f(?) i ( EIT, —I—Ec) f(z)dz=(1—a) /ZZ? (1 - G’Lﬁ,vz*> f(z)dz
2 (& — &) (20f (2)9zei + B (1 — 77)9z4e7) )

With 77 = 0 we obtain the formulas in the main text. With a constant elasticity of substitution and a diagonal

A we obtain the formula of the main text for &; with a simple application of the Sherman-Morrison formula.

A.1.2 Diamond-Mirrlees Specification

We consider the specification described in the main text: the cost of producing Qy, ..., Qy is given by x and
all profits are taxed.



sup /G(V(e))n(e)de
v(6).2(6)4;

st V'(0) = Uy(v(6),2(6),0) and X(Cl,...,Cn)—/z(G)n(G)dG <0
with V(0) = U(v(0),z(0),0), v(0) = u(c1(q,2°(0)),....cn(q,2"(0))), and z*(0) = q - c(q,z*(0))
Ci= [ cila.z (0)(@)s

The lagrangian is:

L= [G(v@)r(e)do— [ (' (©)V(6) +n(6)Us(0(0),(0),6))do

A (X(cl, ) Ca) — /z(G)n(@)dG)

First Order Conditions. We start with the FOC with respect to consumer prices g;. With the same notation
as above, we have:

300;x94,C} =0
]

Therefore, we have g; = dg,.

Next, the first order condition for V are:

UQ,-U AT[(@) )
U, T U ;aQiX 9z+ci(6)

Uy v+ Up vz G'(V(0))Uyv,-
T T = 7(0) <1 3

0=G'(V(0))m(0) — ' (6) —

= u'(6)

= j#'(0)+0,MRSZ(9) = — <1 — G/(V(g)z)u”vz*> ()

Finally, the FOC for z
fidgMRS = 7(6)()_0q;x 0-+c;MRS — 1)
j

=  [10gMRS = 7(60)(MRS — 1)

So we have g; = dg,x and:

. T z2(0) T/ e G’ Uyv,+
fR g + [, i = [ (1= S5 ) fos



A.2 Proofs of Section 4

We prove here the comparative statics formulas in the case where U(v(q,2z%),z,0) = v(q,z*) — x(z/ 6)1+% /
(1+1)and v(q°z*) = z* atinitial consumer prices 4°.

Proof of Proposition 4. Under the assumption of proposition 4, we have G(V(0)) = A(0)V(0), we
consider here the derivative of the tax rate T'(z(6)) with respect to g; keeping « (and the prices p) fixed at

their initial values.

We have:

fi(0)9gln(MRS) = 7(6)(1 —a — MRS™1)

dji(0) _, . ddgln(MRS) dMRS™1
= dgln(MRS) + ji(0) ———2 = —1(0) ———
dg; 0 (MRS) + fi(6) a0 (0) i

Since dpln(MRS) = 9p{—(1+ 1)in(0)} = —(1+ 1)1, we have 43gnMRS) _ () ywhich gives:

dg;
dfi(0) _ 7 ¢,y AMRS™
do S T
. d T'(z(9))
=2z( f(z) dg;1—T'(z(0)) 6

We now turn to the FOC associated to V. Note that since v(4%,z*) = z*, we have MRS,+ = 0 therefore:

ii'(0) + fid,» MRS Z' (0) = — <1 —a— A(G}ivz*> 7(0)
ddi _,  do.MRS A0) do: A(0)v. dA
T dgdg MF ©) dgi ) ( A dg; Az dg

We first need to compute the derivatives of v,+ and v,+ ,+. We have, using v,+,+ = 0:

dv;+ (z(0) — T(z(6),9)
dq;

d aT 0Uz+ OV
1 1

dq; ~ dg;
Next using Roy’s Identity for the sub-problem of choosing consumption conditional on z*, we have d;,v =

—0y%Cj, SO:

o 9 o
dq;  9z* 9q;

= —UyiprCj — Vs 0740 = —Uys054C;

Similarly, we have:

dvz*z* avz*z*
= — = —Z)Z*az*z*cl'

dq; aq;




Using these we have:

dMRS,  d [ U\ [ vze\\ _ 4 |
=i (o) (5 =0T

Plugging these in the FOC for V and integrating gives:

_/>29 @ (az*cl— ij;)f(z)dz

* / 2>2(6 25 ( > (1= T")9zzc; f(2)dz

Finally, using [ 1 —a —A(0)/Af(z)dz =0or (1 —a)A =E(A(8)) and:

0:/)\5\9)<az*ci_1d)\> dz+/zg( )(1— ")0zzeci f(2)dz

}1\3;‘1 /IE E)clf()dz+11 /zC( T/T, >(1— )0zzec; f(2)dz

o d T(EO)
@ G T,

Finally, using — fz>z(9 0)/Af(z)dz = zlf(z)(T'/(1 = T') + &) — fz>z(9) 1 — a f(z)dz, and denoting
g(8) = A(0)/E(A(P)), we have:

L) ooy = 0~ ¥ (0::c)

B <zg<1T'T, )(1— ——c ( ) 1= T)owa) )

Z
AR T) (< (1_T, ¥) (1= T

Multiplying by g; gives the formula of proposition 4.

Proof of Proposition 5. To derive the formula of proposition 5, we need to rewrite the second and third
line of proposition 4 using the the FOC characterizing the optimal tax schedule. For any deviation dT(z) of
the tax schedule for z > z(0), we have:

/

/m(e) z{ (11, + a) dT'(2) f (2)dz + 2{ f (z) (1;,, + a) dT(z(6))

=(-a) [ (- dTE)f ()i



In particular, for dT(z) = 9,+¢; since dT'(z) = (1 — T")9d,+,+¢;, we have:

~ T’
(1-a) ]E§>Z( )(az*ci) =(1- D‘)]Ez>z(9) (0z7ci) — 20 f(2) <1—T’ + ‘X> 0z+¢;

T/
Z>Z (Zg (1_,1_,/ + 0() (1 — T’)BZ*Z*CI')

Similarly, since fi(0) = 0, we have:

!/
]Eg(az*cl-) = ]E(E)Z*cl-) — 1 E <Zg (]ET’ + OC) (1 — T,)aZ*Z*Ci>

1—«a

Therefore:

1 5 T/
_(1 - DC)IE§>Z(9> (Eg(az*cl)) - _(1 - ‘X)]EZ>Z(9) ]E(az*cl) - 1 — D(]E (Zg <1_,11/ + Dé> (l - T/)az*z*cl')>

(
+2{f(2) ( T’T, +1x> (E(az*ci) —7 i I (zé <1TT, +rx> (1- T’ﬁz*z*%‘))

Putting everything together, we get:

; d _T'(2(6))
O -Tee)l,

~t6) (127

= (1—a)E,. () (9z+c; — E(02+¢i))

/

T
T +“) (0z+¢; —E(9z:¢;))

Next we determine the sign of d,, T'. First note that its sign is the same as z{f(z)d,,(T'/ (1 — T') which

can be rewritten:

(1 —a) E.o () (0zrci — E(9z¢i)) — (1 — ) E.~ () (1 — g) (9z2¢; — E(9z+ci))

First note that the first term is negative (positive) when 03 c; decreases (increases) with z(6) (its derivative is
f(z)(E(9z+¢c;) — (0z+c;) so it is U-shaped in the first case and inverse U-shaped in the second and its value
is 0 at § and 6). When 9-¢; is decreasing, the second term is negative for z < z" where z" is such that
0,+ci(z2" — T(2™),q) = E(9:+¢;) and positive for z > z™. Therefore d,;, T' is negative for z < z” when 9,+¢; is
decreasing. Similarly d,, T’ is positive for z < z" when 9d,«c; is increasing. To determine the sign for z > z",

we simply examine the derivative of the full expression which is:

(1~ ) (—F(2(6))3(2(6))(2:6i ~ E@2:)) ~ Eozio)(1— 8)(1 — T)erzncy)

The derivative is positive (negative) for z > z™ when d,+c; is decreasing (increasing). Since the expression

converges to 0 at z(f) (possibly infinite), this proves the claim.

Finally if fg(z(f)) > O inspecting the derivative directly shows that it is negative (positive) at the
bottom of the distribution when 0,+c; is decreasing (increasing).



Proofs of Section 4.2 To derive the response of consumption to achange in prices — including the response
of tax rates in partial equilibrium - it is easier to consider the change in taxes at fixed z rather than a fixed 6.
Propositions 6 characterizes explicitly how the tax rate responds to a change in prices, at a given percentile
of the income distribution. This characterization is not equivalent to the change in the tax schedule across

the income distribution, since it omits the labor supply response of agents.

Lemma 1. The change in tax rate at income z in response to an increase in the consumer price of good i is given by:

) / Zal
qi oT — ZéiTaz*gi +

577 qi aT’
{1-Toq|, 1-T

1— T 9q; |,

Where 6 is such that z(0) = z before the price change.

The tax schedule is altered so that agents face exactly the tax rates derived in Proposition 6. Let us ignore
for a moment the effect of prices. When the tax rate at z is increased by dT’, the agent decreases her labor
supply by z{dT’ /(1 — T') and is therefore subject to a new tax rate dT'(1 — {T" /(1 — T')) = {/{dT’. The
coefficient £/ in the corollary therefore simply accounts for the change in labor supply, and the wedge on
agents’ incomes remains the same as in Proposition 5. In addition, when the price of i changes, the real
wage of the agent decreases and the agent works less. The impact of a price change on labor supply is given
by —z{(1 — T")d,+e;. The term z{T" /(1 — T")d,+e; in the corollary corrects for the change in tax rate induced
by the effect of prices on labor supply. Note that when the tax rate is initially constant, we then have:

o
aq;

_or
9q;

z 0
i.e. the correction of the tax schedule simply account for the interaction between labor supply and the non-
linearity of the tax rate.

Finally, note that, in the homothetic case, even if the tax rate is unchanged at a given percentile of the

income distribution, the tax schedule is modified. Indeed, we then have:

oT’
—| =T"z00,c;.
aqi z

This is a wave equation, meaning that the tax rate at g} > g; is such that T'(z)[q}] = T'(a(q},4:)z)[qi], where
a(q.,q;) is a constant independent of z. Even with homothetic utility, the tax schedule is altered to correct

for changes in labor supply.

Proof of Lemma 1. The proof is direct using the result of Saez (2002). A marginal change in the price g; is

equivalent to a change in tax dT(z) = —c;dg; for both welfare and labor supply. Therefore we have:
dz(0)  _» 1 4T
dg; o (1 ~T' dg; |, B

10



Which gives:

dT’ dT’ . s 1 4T
dqie—dqi;Tzé(l—T/dqi;a”l)
Zdr ar’ .

2| = | +2T"0.

Codqgil, dgilg CT7 0

To streamline notations, it is useful to introduce the notion of "change in real wedge" to summarize both
effects and derive the response of aggregate consumption and labor supply to price changes. Conceptually,
the change in real wedge captures the change in the marginal return to labor supply after a price change,
accounting for both the price change itself and the induced tax response.

Definition A.1. The change in real wedge T’ at z in response to an increase in the price of i is defined as:

g oT'| _ . g oT
= Tag |, %t T-T ag |,
The change in real wedge can be expressed as:
¢ 4 oT’ / ( 1 )
= —| =1-a)1—-T) | =—=Ey~, (9:2¢; — E (0+¢; 0ye; — E (dz+¢; E (95+¢;
71-T aq; |, (1 —a)( ) 2Zf(2) 2>z (076 (0z+€i)) + 0z+¢; (0z+€;) | +E (9z€;)
Finally, note that we have:
¢ _ai o) 5 4 T
¢ 1-T 9g; z_az*eﬂL 1—=T"9q; |y

Proof of Proposition 6. The joint effect of the tax and price change on individual consumption (noting that
dzcjdz = (1 — T")9,+cjdz since preferences are weakly separable) is given by:

de; . T’ ar\ o
a5 e o AL L ary %
da; 02+ C; (zg{(l T")0+c; + o, Z}+Cl+d111>+aﬂli

Where the last term corresponds to the standard price derivative of Hicksian demand. The aggregate re-

sponse is then given by:

!

a1’ }+C.+ﬂ>)+%§1
z l d‘]i a%‘

dc; -
—J—-_E (aZ*Cj (Zg {(1 — T/)aZ*Cl' + Z :
i

dq;

11



We have:
o) (- e ) o )

dq
=E(<az*cj—m<afcj>> L (<1—T’ ) ) <+;qu)
)) dz

aTr’ dT
= 1—T'8*ci+— *C ( +)
f(a-owa 4 ) i

Next to express the second term in the equation above in terms of dT’ we use the government’s budget

> Ez>. (8 “Cj z*C

zZ

constraint:

aT
O—E(wa>

. T dT
—E (Z —_— ((1 — T,)az*cl' + W

S i )>+Z‘<q’ p’<lzpkk k’))lﬁ;
z ] 1

Where we used the the fact that the elasticity of p, with respect to C; is — Ay ;. Using the definition of optimal

commodity taxes, this gives:

B dT T , aT’ dc;
O—E@w)‘E(ZQ—W e )
5 daT’
=E E é ( T/ BZ*CZ-+ —_ )>
(o ) ~® (T (0-Toee+ |
_tx]E< { C; dr’ }_|_C._|_dT>
=Gt T’ dg; |, ' dg

Where the second line simply uses g - 0;»c = 1and g - quch = 0. Therefore, we have:

1 dT’

) dl o 1 4 / Tl . -
F <C1+ dqz’) R (Zg(T +e{1-T)) (aZ*ClJF 1T dg;

J)

Putting everything together, we can rewrite dC;/dq; using the definition of oT’/og;:

dc; oCl .1 9T 1
] — ! = — -7 *C; — *C; —_— ! *C; — xCj
T E ( 51 v (1-T) (E)Z ¢j —E(d¢;) + 27 E, . (0::¢cj — E(0; g))))

—IE( z*C]) (Z§ L E;Z; (1 — T/+ r +10C(_10? Tl)))

. 1 T , 1
=-E (Zng/aql (1 -T ) (aZ*C]' — E(aZ*C]> + mﬂaz/>z (aZ*C]' — IE(aZ*C]))>>

1 . 1 oT

12



Finally, using the definition of 8,,], T’ we have:

s o = h
a6 1 ]E<C 9T 9T ~>+ac].

dg; - 1-a \¢1-T1-T" g

Using the definition of the real wedge 1 %—Z" = 06 + T %—5_/ and of T we obtain the formula
tlz tlz

of proposition 6.

Proof of Proposition 7 and Lemma 2. To distinguish endogenous and exogenous changes in prices, we
denote dp; the exogenous change in p;. Since we have already determined the impact of consumer prices
on taxation, we first need to determine the effect of the endogenous change in a. Going back to the FOC

associated with V we have:

f@ra (T + S = [ (1-a-agios {1 }) s

_ A(6)
T Jose (1 N E(M@)) @)

Where the second line directly use the definition of A to derive 1/Ad,A = 1/(1 — &). So we directly have:

We therefore have (where all derivatives are taken at fixed 0):
AT\ _yd [T Vg df T
dp; \1-T'[ — Zdg; \1-T' [ dp; ~ da \1-T' dp;

To conclude we need dg;/dp; and da/dpj.

First, we derive the response of aggregate consumption to a change in & holding all consumer prices
fixed. We have:

L
, 1-T oa

1
1-T o«

_¢ 1 or
, (1-T oua

0

As before, the response of consumption can be expressed in terms of dT:

aC; _aT aT
E — —IE (az*clzgaa> - ]E (az*cla“>

-0T oT’ oT
=—-E (az*c,- Zgazx) — / (alX]EZ/>Z(aZ*Ci — ]E(az*ci)) dz — IE(aZ*CZ')]E (aa>
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Using again the government budget constraint gives:
oT . T oT oT' oT
E (a“) —-E (zgl_T/aa> —aE (z§a + 80() 0
oT 1 T’ oT’
(o) = ram (2 () &)

So the response of aggregate consumption is given by:

ac 1 {1 T 1 AT
E)a_l—ocIE(ZgCI—T’aqil—T’aa

_ 1 g z{ oT
C (1-wa)2 \1-T 9g;

Finally, the exogenous change in p;, keeping a and the consumer prices fixed only has an effect on con-

sumption through the change in the intercept of the tax schedule (keeping government budget constant). It
is simply given by dTy = 1/(1 — a)C;dp} so we have:
aC] 1

Now we determine the changes in & and q. We use the specification of the proposition, with a constant
and diagonal matrix A,. We start with consumer prices, the equilibrium definition of g; and the supply side
relationship between p; and C; give:

1dq; 1 dpj 1 da 1 dpj 1dC

Sl AR a7 QR NVt RS P
qidp;  pjdp;  1—adp; p;j dp; ]C dp}

1

To determine prices, we use these 2 relationship and our expression for the response of aggregate de-
mand to gq;, p; and a:

1d’1j__,< G dCi 1 dge  19C da 1 cl->+ 1 da 1—w 1

= ——E(dz:ci) = +
q; dp} — Cidqeqredp; ' Cj owdp; 1—ua (9 ])Cj T—adpr  F1-ag

This expression can be simplified and made independent of da, indeed, we have:
dC —] q ka T
Z Tk Zé i 2 ¢q ‘7k
C qu 1- —-T
_ 1 - 9T\ aC;
_1—041E<Z§1—T’>_ =)
Therefore, defining 1/q;dj;/dp} = 1/q;dq;/dp} — (1 — )~ 'da/dp}, we have:

agi dC; —
1 ag; = —a; (ZQk Tdg 1 ]E(aZ*C])C>+]1 1-a1

q; dp; Cjda qidp;  1—w Cj 1wy
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So we have (abusing notations):

1 dq]' B 9 & C; 1-— 0(11
l%‘dp?] = (i A0) mm(az*cf)c PTG

. .\ a0 [ 1\ _ 49 f T\ 149 _ T\ 149
Since in addition Y 3, {ﬁ} = 0, we have Y3 g \T-T [ 7@ Z] e q] = T/ 4 T Redefining the

endogenous change in consumer prices , 1/ qjdq]? /dpr = 1/q;dq;/dp; — 1;= ]11 i q gives the set of prices

defined in Proposition 7.

To conclude, we derive the response of « in terms of dq]e- /dp?.

¥. By definition we have:

_ LaipiGi
rpiGi

Therefore:

1 dp 1 4G
de L —a)piC (mp’ +c )
dp; ¥ piC

Using the definition of dq;? /dp}, we have:

149, 1 dp; 1 1.dC;
= i=j T T~

gidp; — pidp; 7 pi Cj dvl

Therefore:

1 1 995
de L= = )piCig g Cia —a)

— = +
dp; L piCi L piCi
N
1 da %9iCi(5 _1>q] B ai—a G
1—« dpl’f Zj qjC] 1—« Z]» qjCj

This proves the first part of Proposition 7. To express the response of the tax rate at z, we simply use

Lemma 1:

4
¢

gi 9T'| _ =T” 1-— dq; 1 da g oT'
T o |, 1-T \ %91 +Za Cidpr T1adp ) TT-T og ),

The proof of Lemma 2 follows exactly the same steps.

Finally, we consider the general case where p; = ¢;(Cy,...,Cy). Denoting the exogenous change in

15



pi, dp;, we have:

dp; o 1 dCy
=1(i=7j)— E Aj———

and the change in aggregate demand for goods is given as before by:

1dG - qedG 1 dge | 9 da 1 Ci

C; o 7]E a *Ci ) —
C] dp;k T C] qu Gk dp;k ow dpl* 1—a (Z ])C]

with dC;/dqy and dC;/dua defined as before. The equilibrium consumer prices are determined by:

e pn 1o
j

¢ piGi

Qz ‘P] i

Since only depends on Cy, ..., C;;, we have:

dq; 1 da 1 dp;
d i = 1—ad *q]+ d iq]
p; aap; p;jap;

Pj Pkck 1 dpy 1 de 1 dp; 1 dC; Pka 1 dC
B A D = * + = * + Ak *
1-a <; "piCi <Pk dp;  Cidp; pjdp;  Cjdp; ; Tp Z e, dp;

with 115(]. = Qjdq, Axj/ Ay, is the elasticity of the price elasticity of product k with respect to market size j. As
before, defining 1/g;dq;/dp; = 1/q;dq;/dp; — (1 — ) lda/dp;, we have:

1 de _ qk dC 1 qu 1 Ci

Cidp; 4G qu g dp; 1 —a]E(aZ*Cj)Ej

1dg;  1dp; _ pi/y Y Ay PCr idpk 1dC  1dpj 1dG
q;dp;  pjdp; 1—a \ T 7 piC \pedp;  Cedp;  pjdp;  Cjdp}

PiCrv g 1 dCz)
Xk: ]PJC]'X;: 1C dp;

Therefore, denoting A® and A! the matrix with entry AO = ((1—a)(1+4)) (A Z/C 1(i =j) Yy Axi ’;’;8‘ )
and A} = ((1—a)(1+ )" Ty Au Bt k1> we have:

1dp} .. 1 [1 dq} 1 [ C}
| =1i=j)1+t)=—-AC | === | + A |E(0z:c) =
k] == —ac L+ oA B0
And the consumer price changes are given by:
g | e a0 (20 [ g oA -0 )
- = (ld+ AC Id+A") |1 1(i=7)(1+¢t)—| + A |E(9y:c) =
| = a4 A0 (104 2 |16 = b + A B g
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With A = A+ A%(Id — A) + AL. The change in tax is given by:

AT\ d [T\ T de
dpr \1-T _].dq]- 1-T f dp;  da \1-T [ dp;

with

da (X Aje — )piCildn(pj) /dp; + din((Cj)/dp}) N ¥ (Xk A T (aly)dIn((Cr) /dp} ) piC;
dp; Y piC LpiC

Proof of Corollary 1. The proof of (1) in Corollary 1 follows exactly the Proof of Proposition 4 and 5. To
derive aggregate consumption, we follow Proposition 6, we have:

}+C.+ﬂ))+acf
z : d% aqz

E (az*c] ( + Z;)) =E ((az*cj —E(d2:¢))) (ci + Z;:)) + E(0z¢;)E (ci + Z;:)

dr’ dT
-/ ( (1= Thowei+ 3 )Em (3¢, — E(@z-c})) dz + E(3::¢;)E (H)
1

da;
Next to express the second term in the equation above in terms of dT’ we use the feasibility constraint:

dc; ar’
e A ; — TN +
i = (e ({0 - e+ O

and

z

1 dT’
]
O_ZaQ] +1E(§<1_T,dq + 9+ c,))
. aT’ daT - 1 dT’
—_— 7/ *C: —_ . PR *C,
B (2 (0=t i) var ) vE (4 (2 voe)

T\ ., (1 dT
= E (Cl+tih7i> =—-E (ZCT ( 7 dq —I—BZ*q))

Therefore as before, we have:

N}

dC 9, T 9T aC]’?
- 2 2
dq,‘ gllelfT/ aql

The response of aggregate consumption to a change in total cost is defined by the change in the tax
schedule intercept:

d}( dT() -
aC; d

] X

L = _E(9c))

X @ ])dPZ‘
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To determine equilibrium prices, we then simply use:

dg; dg;
1 qi = AC 1 qi —A
q; dp; qj dp;

Which gives the prices in the main text.

IE(aZ*Cj) dx

A.3 Extensions

As a preliminary, we introduce a tool that we use extensively in this section: the tax rate derivative with
respect to exogenous consumer price changes. Exogenous consumer price changes are abstract objects that
can be interpreted as decisions, from the social planner, to arbitrarily increase or decrease the tax on good i
while keeping all other commodity taxes fixed.

Lemma 2. Consider an economy without spillovers (p; = ¢;(C;)). The response of the optimal tax rate to an exoge-
nous increase in the consumer price of i, that we denote dgq; is:

G U A G S R/ (R S W S/ S S
dgr \1-T' [, 99; \1-T"J, =09; \1-T'[4q;dq;  (1—a)(1-T')dg;

i

Where the endogenous price response 1/ q]-dqje. /dgq; solves:

1.4dq; 1 1 {1]
i~ = (1d+ 07 | =
lqi dgr ]‘11'] ( S

and the endogenous response to the average market size effect da /dq; is given by:

1 49
1 da 249G~ Doay

1—a dql* Z q]C]
The tax response at z, is given by:

g qi dT/
(1T dg;

2T dg;\ | g dT’
— Duves Do
-1 < zei ) zequ;)+ 1-T dq;

z 0
The tax rate responses to consumer price changes are essentially the same as the response to producer
price changes. The main difference is that they do not generate amplification through their impact on gov-

ernment revenue.

Market Size Effects and Redistribution With the theoretical tools developed in section 4, we can now
reexamine the impact of of market size effects on the tax schedule. To streamline exposition, we consider an

economy where the price elasticity with respect to market size is constant across sectors (; = a).!

For example, changes in the price elasticity with respect to market size could stem from technology shocks (e.g. with the rise of IT
and intangible capital, as in ?, ?, and ?), from competition policy (e.g., ?), or from trade policy (e.g., ?).

18



Proposition A.1. Consider an economy with constant «; across markets. The tax rate response to an increase in the
average market size elasticity « is:
ar’
da

1T dT’

dq}
0 1—a dqy

ada

)

where dT'/dq? is defined in Lemma 2 and the initial price reactions dq’ /da are given by:

dq? _ zx§ 1 nh

As discussed in section 3, a naive interpretation of the optimal tax formula of Proposition 3 is that the
correction is simply a wage subsidy applied to the optimal tax rate at fixed prices. If this were the case, the
tax rate at« > Owouldbe 1 —T" = (1 — Tj’fp)/(l — &), where T}p is the tax rate at fixed prices (x = 0),
i.e. the social planner uniformly subsidize nominal net-of-tax wages 1 — T’ by 1/(1 — «). The derivative
of the of the tax rate at 6 with respect to « would then be given by dT’/da = —(1 —T')/(1 — a), which is
exactly the first term in equation 1. Keeping endogenous variables fixed (in particular the pareto weights
), the mechanical effect of an in increase in « is to increase the wage subsidy 1/(1 — «). However, this
interpretation is incomplete: implementing the subsidy shifts consumption and leads to price changes in
general equilibrium. The advantage of our comparative statics approach is to make these effects explicit.

The non-trivial interaction between the corrective tax —(1 — T') /(1 — a) and redistributive operates
through prices. First, implementing the corrective tax modifies agents’ disposable income, shifts consump-
tion and, through market size effects, has a direct impact on prices, given by dq?/da in Proposition A.1.
Second, this direct price effect leads to a new tax change, which further shifts consumption through income
and substitution effects, creating new price changes, and so on. This indirect effect is summarized by the
derivative of the tax rate with respect to consumer prices, which we derived in Lemma 2. Since we already
know how the optimal tax rate responds to changes in consumer prices, we only need to determine the
direct effect of & on prices to obtain the full response of the tax rate to a change in the market size elasticity
of prices.

Since we have discussed the indirect effect in detail in subsection 4.2, we focus here on the direct effect
of a on prices. Decreasing the tax rate at z by (1 — T") /(1 — «) mechanically increases post-tax income at
z' > zby (z/ —z) x (1-T')/(1 — &) and, through labor supply, increases income at z by z{(1 — T") /(1 — «).
The lower taxes reduces government revenue: the intercept of the tax schedule is higher and the post-tax
income of households below z is lower. Thus, aggregate income rises and the impact of the corrective tax is
regressive: it increases disposable income at the top of the distribution and makes households at the bottom
poorer. The initial price change dq° captures both effects. As aggregate income increases the price of all
goods decreases by —a{ /(1 — «)2. However, as households earns more and that the tax rates becomes more
regressive, income increases more at the top than at the bottom of the distribution: the share of luxuries
increases in the economy (I, (az* E;—s;+ qirl-”h) > 0 for luxuries, assuming 9+ E; > s; — which is the case
when the aggregate share of luxuries does not decrease with aggregate income) while the share of necessi-
ties declines. Through this reallocation of income from luxuries to necessities, the relative price of luxuries
decreases.

When producer prices become more sensitive to demand, the tax schedule therefore becomes more re-
gressive. First, a higher « calls for a larger wage subsidy, second this larger wage subsidy induces a shift of
demand away from necessities and towards luxuries through income effects. As a result the relative price
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of luxuries decreases and it becomes more valuable to redistribute income to higher ability households.
Through the general equilibrium effects discussed in section 4.2, the increase in the relative price of luxuries
is then amplified which leads to more redistribution towards higher income households. The corrective tax
therefore directly affects the value of redistribution in a non trivial way through prices: the tax schedule
becomes more progressive when prices are less sensitive to demand and more regressive when they are
more sensitive.

The lessons for optimal tax design are more general. Corrective policies are often considered indepen-
dently from redistributive ones, as they can be compensated for. In partial equilibrium, a tax on sin goods
or polluting goods can be compensated for (when preferences are separable between consumption and la-
bor) and therefore do not affect redistribution. We show that this is no longer true if prices endogenously
respond to corrective policies: as prices directly impact the value of redistribution, even when the direct
impact of corrective policies is compensated for, they would alter optimal redistributive policies through
their effect on prices.

In the homothetic case, the price effects are nil. Indeed, as discussed in the previous section, we have
ar’/ dg;j = 0: there is no interaction between the corrective tax and redistribution. While this is true when
considering the tax rate at a given percentile of the income distribution, we find that the tax schedule as a

function of income responds in a non-trivial way to the change in the average market size elasticity a:

ar’ _ Ty (az*c--d‘h 1 ) 1-T
- 1

do

de 1—-a) 1—ua

4

In this wave equation, the tax rate at a is such that 1 — T}(z) = (1 — T}p(a(uc)z))/(l —a), where a(x) is a

constant independent of z, and T} is the tax rate at fixed prices (« = 0). Thus, the tax schedule is adjusted

p
to correct for changes in labor supply.

Proof of Proposition A1. We denote by da* the exogenous change in elasticity across markets. Since the
change in elasticity is common and that we initially have a; = « for all i, then the total change in elasticity
is da = da*. Then using the derivation of Proposition 7, we have:

ar’
do*

o
0 jaqj

dq]' 1-T

da* 11—«
0

Next we have:

Ldg; _ _“( 9 4G 1 day +1acj>

qjduc* 7 Ejdiqkqikda* Cj oa

Therefore, we have:

dg; dq?
L8 (atacyt | 150
q; do* q; do*

With deq?/da* = —a/(1 - a)’E(2{q;9,,T'/1 — T'). Using the definition of Corollary 3 then gives the
expression of the main text.
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Inequality and Prices We examine how exogenous shifts in the distribution of income alter the design of
optimal taxes. This allows us to evaluate the direct impact of income inequality on redistribution policies
and its indirect impact, through prices. We continue to assume a linear social welfare function.?

For a given distribution of income f, we consider a small deviation f + e¢f. We denote the Gateaux
derivative of a function F of f in the direction f as dF[f, f].

Proposition A.2. Consider an economy with constant w; across markets. The partial equilibrium response of the tax
rate at 0 to a change f in the income distribution is:

e i et 1)) R i I

Change In the Value of Redistribution Change in the Efficiency Cost of Taxation

The general equilibrium response is given by:

Tl = aThelf S+ X

i

fﬁ%ﬂ (3)

where dqP[f, f] is the direct effect of f and dT}[f, f] on prices and is given by:

Cidq?[fff] = (1 i ) <]E (Zia_%;j/ Zéd];llji[j;/f]> — E(d2+¢)E <f((1 —a)T+ “Z))> —aE (fei)

f f

Proposition A.2 shows that a change in the distribution of income has two effects on the tax rate in partial
equilibrium. First, it affects the value of redistribution. For example, the value of redistribution increases
everywhere in response to a spread of the income distribution that keeps the cost of public fund constant
(E&(f/f) = 0), where the bottom and the top are thicker while the middle of the distribution is thinner.
When income at the bottom of the distribution is stagnant and increases at an increasing rate with higher
income, the value of redistribution will increase at the bottom and at the top. Indeed, the marginal cost of
public funds decreases (E€(f/f) < 0), so it is more valuable to tax at the bottom, and a larger tax rate near
the top collects more income to redistribute to lower income households. Second, distributional changes
affects the cost of taxation. When f is positive, the mass at z(0) increases and a larger tax rate creates a
larger reduction in labor supply.

Although the two effects can work in opposite direction, so that the impact of a change in the income
distribution may be ambiguous, we derive a simpler formula for the top and bottom tax rate when f/f is
bounded:

T ~ ~ g T
= [ES _°
{Tm ) EA=EGHTE (2 +o)
The tax response at the top and bottom only depends on the cost of public funds ES(f/ f). If the cost does
not change, the tax rate remains the same at the tails. For a spread in the income distribution (with E8(f/
f) = 0), the tax rate increases in the middle of the distribution (since the value of redistribution increases
and the cost decreases). Indeed, as the cost of taxation decreases in the middle of the distribution and in-

2The tax rate can be corrected exactly as in the previous subsection when social preferences are non linear.
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creases at the top, it becomes more efficient to increase the tax rate in the middle to redistribute to poorer
households.

As in Proposition A.1, the general equilibrium effects of the change in distribution works through prices.
A shift in income inequality has a direct effect on prices summarized by dq°[f, f], which will then be ampli-
fied through income and substitution effects and further changes in taxes. The direct effect, dq°[f, f] is the
sum of three terms. The first term captures the change in income due to the partial equilibrium adjustment
in taxes dThz[f, f]. As discussed in Proposition A.1, since dTpr[f, f] is positive, the share of luxury goods
decrease relatively more than the share of necessity goods. This first effect is less important quantitatively
than the second and especially the third term of d¢°[f, f]. The second term captures the increase in tax rev-
enue (as there are more higher income households, tax receipts are larger) and its effect on consumption. The
additional revenue is distributed lump sum and all prices decrease proportionally to the aggregate marginal
propensity to spend across goods. The last and most important term is the direct effect of the spread in the
income distribution on aggregate demand for goods. A spread in the income distribution increases the mass
of households at the tails. This mechanically affects aggregate demand for goods and, since households at
the top hold a larger share of aggregate income, demand for luxury goods increases relatively more.

Therefore, the price of luxury goods decreases relatively more and the overall price effect mutes the
incentive to redistribute to lower-income households. The magnitude of the price effect depends on the
degree of heterogeneity in consumption and, implicitly, on preferences for redistribution: the order of mag-
nitude of the price derivative of the tax rate is (1 — T’)2.3 This is also the order of magnitude of the tax rate
derivative with respect to the distribution. Thus, the direct impact of inequality on redistributive policies
and its indirect impact through prices are of the same order, and it is not meaningful to consider one without
the other.*.

Proof of Proposition A2. First note that for a given tax schedule, we have that for any distribution of ability
71(0) the associated distribution of income is given by f(z(0)) = 7(6)/z'(6) where z’(0) is independent of

7(0) and we have drt[f, f](8) = 2/ (0) f(z(6)). Given that dgln(MRS) is independent of the tax system in the
additively separable/isoelastic case, we then have at constant g;:

/

2@ { 12 | U160 + dutn(MRS)an(F,£)0) (1 + o)

(=) [ anlf f16) ~ g (drlf,11) - [ sinlf,fl(0)ae ) do

Plugging drt[f, f](6) = 2z/(8)f(z()) and changing variable in the integral then gives the formula of the

change in tax rate in partial equilibrium.

The change in aggregate consumption is given by:

4Gilf, f] = qu]d%ff] E (3:-¢; (£4T'[f, £1(2) + dTIf, f1(2))) + [ cifidz

$Moreover the direct change in consumption generates a price change dgq; = —a[E (f/ fe;), which is of the same order as the change
in distribution.
“We illustrate this point quantitatively in subsection 5.2.
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where the last term is the mechanical change in C; due to the shift in f and dTp¢ [f, f](z) = {/{dTpg(f, f1(6).
The impact, at fixed consumer prices, of the shift in distribution on government budget constraint is given

by:
/(1—uc)T+txzfdz—|—(1—oc)lE(dT[f,f](z)) (zg< r +¢x)dT’[ff]()) 0

Using the same steps as in proposition 7 then gives the formula of the main text.

Comparative Statics with a Non-Linear Social Welfare Function Next, we allow the social welfare func-
tion to be non-linear. We continue to assume that agents’ utility is separable in consumption and labor, that
there is no income effect on labor supply at initial prices, and that the market size elasticities are constant
and equal to « across markets. As before, ¢ are the pareto weights (i.e.,, g = G'(v)vz+ /A with v the indirect
utility of the agent and A the social cost of public funds), and g’ denote their derivatives with respect to
disposable income. We denote by dT'/dp; = dT'/dp}|. + c - dq/dp; the response to price changes of the
real wedge with a non-linear social welfare function; it is distinct from the linear case, which we denote by
dT)/dp;.

Proposition A.3. Consider an economy with constant «; across markets. The response of the real wedge at z to an
exogenous increase in the producer price of i is given by:

Non Linear Correction

20y 7/ ! 7! 40
at'| _ 4T aty y dT;| 44;
* * * * *

ap; |, dpy |, dpy |, da; | dpi/
Price Effect Change in Pareto Weights Price Correction

Linear Pareto Weights

where dT,/dp} is defined in Proposition 7 and dTé,/ dp; captures the change in the tax rate induced by change in the
non linear pareto weights:

{ zlf(z) dTg
(-T2 dp;

—(1-a )E§>Z(§ ;pT —ES (gg ;;)) @

> )
z
Finally, dT /dp} (zin) is determined by the budget constraint:

dT (T at’
-0 () =0 (s (1T +4) )

1 1

z

dT’ /dp} induces a direct change in prices d§° /dp; given by:

idqgi _ quiaqiTg g/ dTé
dp;  1-w 1-T'1-T dp;]

Similarly, the tax rate derivative with respect to the market size elasticity a is:

dq?

dt’ d T’

o,

du
z

dTé

L7
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where dTé/dzx and dﬁ?/dtx are defined as in equations 4, 5.

In Proposition A.3, the response of optimal tax rates to prices and market size elasticity is given implicitly
as the solution to an integro-differential equation, which can be solved efficiently by iterations. The iterative
procedure conveys the intuition for the non-linear tax correction. For example, consider an increase in the
price of necessity goods. As seen in Proposition 7, with linear pareto weights, the tax schedule becomes
more regressive: the tax burden increases at the bottom of the distribution, and decreases at the top. When
the social welfare function is concave, this means that the value of a dollar transfer increases at the bottom
and decreases at the top: there is an incentive for the social planner to partially compensate lower-income
households for their higher burden.

In general, if the change in tax and price burden dT/dp; is decreasing and if the coefficient of inequality
aversion g’/ g is increasing, then d’IA"é’,/ dpj is positive: the planner levies funds to reduce the income loss at
the bottom of the distribution. This change in taxes leads to an increase in the consumption of necessity
goods, which lowers their prices. This direct effect on prices is captured by d4°/dp;. As in Lemma 2, the
change in prices generates a further change in tax rates and prices through income and substitution effects.

Overall, the non-linearities dampen both the regressive change in the tax schedule and the price increases
for necessities induced by general equilibrium effects. These channels may be difficult to see directly in
Proposition A.3, since both prices and taxes are a fixed point of the equation. However, when the derivatives
of the pareto weights are small, the term d Té /dp7 is well approximated by:

{ 2f(z) dTy g (g’ dT, (g' dﬂ))
2 I 8 —(1—a)ES,_ (oL B8 (L
C(—T1)2dp; ( JEz- g dp; g dp;

QU

In words, the planner corrects for the increase in tax burden due to the regressive tax change (and price
changes) of Proposition 7: the next round change in tax burden induced by the correction is of second
order. This formula is useful to characterize the first-order impact of the tax correction. If the tax schedule
of Proposition 7 is regressive (progressive), the correction makes it more (less) progressive provided that
¢’/ g is increasing.

When the derivatives of the pareto weights are larger, then the changes in tax burden induced by
the correction become first order and more iteration are needed. However, regardless of the number of
iterations, the correction will generally not overturn the regressivity (or progressivity) of the tax response
derived in Proposition ??. If the price changes impose a larger burden at the bottom of the distribution with
a linear social welfare function, the non-linear correction will merely dampen this increase. We formalize

these statements in the following corollary, making additional assumptions to obtain unequivocal results:

Proposition A.4. Suppose that « = 0, that the exogenous price changes dp* are such that C - dp* = 0 (average
inflation is zero) and that {/{ z{ f ((z) /(1 — T')*dT,/dp* is negative and inverse U-shaped (implying that the price
changes benefit higher-income households®). Then:

e If¢'(2)/g(z) is constant and negative, there exists an income level zy such that dT/dp* > 0if z < zy and
dT/dp* <0ifz > zg

AV L oy, o nh « ) . . . . . . .
1
SIndeed we have 1/(1 — T')dT,/dp* = ¥;(3.+E; — s; + Ez(p; /™) )dp; / pi which is negative if the price of luxuries decreases while
the price of necessities decreases
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e If¢'(z)/g(2) is increasing and negative, there exists an income level zq such that dT /dp* > 0if z < zg and
ES.. (dT/dp*) <o0.

In both cases we have AT’ /dp* > dT}/dp*. The opposite is true when { /T z(f((z)/ (1 — T')>dT,/dp} is positive
and U-shaped.

Let us briefly discuss the assumptions of the corollary. First, imposing « = 0 allows us to ignore the en-
dogenous response of prices, which depends on substitution patterns across products.® Second, to capture
a price change that benefits higher-income households, we assume that {/{ z{f((z)/(1 — T')? dT,/dp} is
negative, imposing in addition that it is inverse U-shaped is mild technical assumption.” Finally, assuming
that average inflation is zero allows us to focus on price dispersion rather than changes in aggregate real
income.®

Although it is feasible to fully compensate agents for the price changes when average inflation is zero
(as shown by Equation 6, with dT/dp* = 0), Proposition A.4 states that it is not optimal to do so. When
the price change benefits higher-income households, we have dT/dp* > 0 at lower income levels, so the
welfare of lower-income households decreases at the optimum. This is true even if welfare losses at the
bottom of the distribution are socially more costly, which is the case when g’/ g increases, which covers, in
particular, CRRA social welfare functions. In the next subsection, we discuss how these results extend to
non-isoelastic disutilities of labor supply.

When preferences for consumption are homothetic and the social welfare function is linear, we have
seen that the impact of prices and the market size elaticity & on taxes rate is rather limited. This is not the
case when the social welfare function is non linear. Indeed, we have shown that when markets become
more elastic, the planner imposes a corrective tax and the tax rate at a given percentile of the distribution
decreases by —(1 — T")/(1 — «): there is no interaction between the corrective tax and the redistribution
motive. But imposing the corrective tax reduces government revenue and increases the tax burden at the
bottom of the distribution. With non linear social preferences, this increases the value of a dollar transfer
at the bottom. The tax rate is adjusted accordingly and decreases by less than —(1 — T") /(1 — «). There
is therefore a non trivial interaction between corrective and redistributive taxation. Similarly, even if price
changes do not affect directly the tax rate in the homothetic case, they indirectly have an impact through the
non-linear correction.

In some simple cases, for example when there only a luxury good and a necessity good that are substitutes, the result can be
generalized with « # 0. In general, as long as the total price change — incorporating endogenous responses — benefits higher income
households, the result remains true.

7Indeed, when the prices of luxury goods decrease, the real wedge decreases with a linear social welfare function. Assuming that
£/720f((z)/(1 —T")2dT,/dp; is inverse U-shaped is not very restrictive because (i) the term {/Z /(1 — T') dT}/dp;} is decreasing at
the bottom of the distribution, and increasing a higher income levels; (ii) empirically, we observe that zf(z){/(1 — T') is U-shaped.
Finally, the fact that {/{ z{f((z) /(1 — T')? dT,/dp} is inverse U-shaped is verified in our empirical analysis.

8When average inflation is instead positive, the planner would need to levy more funds and the tax burden would increase even
more at the bottom of the distribution. When g’/ is constant, we can in addition show that when inflation is not zero, the additional
fund is simply levied via a lump sum tax.
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Proof of Proposition A3. With a non-linear social welfare function, we have that the derivative of the

pareto weights g is given by:
dg d { G'(V)v,- } ( ,<dT dq) ( ,(dT dq )))
p—y —_— = — . — IE C .
dpr — dpr \E(G'(V)v.r) S \apr " apr) TS\ \apr T dpr
dq dq
~s (e g B (e 1))

Where the first line simply uses Roy’s identity and ¢’ = G”(V)/E(G'(V)) (recall that v,+ is a constant at
initial prices. Denoting with the subscript ¢ the tax derivative with respect to price in the linear case -

defined in Proposition 5 and 7, we have:

doj (=T g <g ( dq) (g ( dq)))
22— (1—a)E e +c- ES [ & +c- -

dp} C zéf(Z)( JEzr>: g \dp} dp; g \dp} dp;

Defining dT’/dp; = dT'/dp} + 0,+c - dq/dp; the change in real wedge, we have:

AT’
dp;

aT,
“L oy

4
z q]

dt’ oTy| dg; g (1-17) g ( dT (g dT >>
: 1—a)ES —E8
dp; |, Z 94; dPl C zlf(2) -2 #>z ¢ \dp} g dp;
Z aT[ dg; dTé
aq] dpz dp;’k z

Where the second line defines T /dp; as a function of dT'/dp}

Next, the response of consumption to the joint change in price and taxes is:

dCjdg, 1 ATy dT,
dPl Z qu dpr 11— 2 B0z e)Ci — (az*cjzgdrﬁ‘ -F (az*ciﬂil'ﬁ‘)

Using the same steps as in proposition 7 we can rewrite this:

L

dCjdg, 1 AT 1 dTg)

1
dpl qu dp} 1—1x]E(aZ*Cj)Ci_ 1—« <Z€8qi§1—T’ dp}

Given that 1/q;dq;/dp; = —al/C;dC;/dp; + 1;=;1/p;, we have:

1dgi | _ 1Y G, 1-w1 1 dq;

1 49 #q;9T ¢ s
With Cjj. 7+ = 15 E <zg e dp;f).
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Therefore, the tax schedule is determined by the 4 following equations:

at'|  dTy|  dTy iy aTy| da
dpil, dpj|,  dpy| S dgj|_dp]
fm) %) ps & (dT RS (g dT))
¢(A=T)2 dp; | 772 g \dp} g dp}
0 ~) o~
Cldi _* qufaT'Q 1 dTé
Tgidp; — 1—a dq; {1—T dp}
dT (T dT’
z bz

Proof of Proposition A4. In all the proof, we assume that the marginal tax rates are well defined every-
where. As shown in Proposition 9, the change in government budget in response to a change of prices [dp*]

is given by:

(1-)E <;’ ) (zg( IT/—i—oc)Zd dpz>+lZCidP?

When average inflation is 0 (C - dp* = 0) then the change in taxes is budget neutral at initial prices. Given
that the initial schedule is optimal, this means that IE(gdT /dp* - dp*) = 0 (otherwise there would be a

budget neutral deviation, at initial prices, improving welfare).

First consider the case where g¢’/¢ negative and constant. Since E(gdT/dp* - dp*) = 0, we have
E(g'dT/dp* - dp*) = 0. and we have:

2>z o g dp* : dp*

Since by assumption, the second term on the right hand side is negative (except at z(8) and z(é) where it
is potentially 0), we necessarily have that dT/dp* - dp* is strictly positive at z(6). if not, ]E‘g - ( ° -dp* )
is non increasing at z(6). Since the second term is decreasing at z(0), this means that there is a small open
interval (z(8),z*) such that dT/dp* - dp* is negative. But this implies that dT/dp* - dp* is negative on
(z(8),z(0)). Indeed, by contradiction call zy the first z such that dT/dp* - dp* is 0. Then, since E(g’dT/

dp* - dp*) = 0, ES, g <dp

) < 0, since in addition 9T'/9q - dp* is negative at zp, we have dT’/

z! >z0 §
dp* - dp* strictly negative at zg. Therefore we cannot have dT/dp* - dp* negative on (z(8),z), which is a

contradiction. Therefore, dT/dp* - dp* is negative on (z(8),z(#)) which contradicts E(¢’dT/dp* - dp*) =
and dT/dp* - dp* is strictly positive at z(0). Using the same logic, dT/dp* - dp* cannot be positive in a

neighborhood of z(0). In addition, ]E§ g g/ ( iy ) > 0on (z(0),z(0)). Indeed suppose not and denote

Vs2'g (dp ) = 0. dT/dp* - dp* cannot be positive at zq since then

) would be increasing at zg (contradicting the fact that it is positive for z < zp). therefore

again z( the smallest zy such that ES,
8

]Ez’ >z g (dp

dT/dp* -dp*isnon negative at zp, but using the same reasoning as before this would imply dT/dp* - dp* < 0

§ g (a4t
for z > z¢ so that [E, . (dp* *) >0
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Since dT'/dp* - dp* is strictly positive at z(6) is strictly positive and since we have E?, >z § ( ap - dp” )
0 for all z, there exists zg such that dT/dp* - dp* is 0. We now show that when the second term on the RHS

is inverse U-shaped, dT/dp* - dp* < 0 for z > zo Suppose not, and call z; the smallest z > zy such that
) geq0, there exists a smallest z; > z; such that

2/>z0 ¢ (dp
dT/dp* - dp* is 0 at z, . Therefore we have:

dT/dp* - dp* is positive above z;. Since [E?,

A-1)2 9, " " a-172 |,

+§Zo€f(20) dT/
g (1 - T/)Z dp* 20

~ aT/ § 5 5 aT/ . ! dT %
gZOCf(ZO) gyt _ e asf(z) dpt = —(1 —a)]E§1>Z,>ZOg§ (d ;dp )

p
* gzlgf(zl) dT/
W oTe ap,

<0

*

The first term on the RHS is negative since dT/dp* - dp* is negative on (z),21), the second is also negative

since dT/dp* - dp* is non-increasing at zy and non-decreasing at z;. In the same way, we have

210f(z1) oT' -d . C2lf(z) oT
-1) 3, P " Ca-1) o,
{z10f(z1) dT’

+7 *
g (1 T/) dp Zq

g g (4T . .
g : dp (1 - a)]E§2>Z '>zq g ' dp

p*
dp* — g Zng(ZZ) dt’
g (1 - T/)z dp* )

>0

*

Which contradicts the fact that the linear term is inverse U shaped.

Next we consider the case where ¢’/¢ is negative and increasing. We can decompose the solution of
our equation as dT/dp* - dp* = dTy/dp* - dp* + d Ty /dp* - dp* where the components solve respectively:

g Z~f(Z) dT(/) * 8 g (dTO * g ng(z) aT’ *
¢-T) dp|, >z ¢ \dp G(l—T’)2 oq |

{ 20f(z) dTy| Come (84T 8 o
C(A=T) dp*| W= g ape dp o

3; dTO *\
and]Egg( dp)—O]Eg(dp dp)-O )
We first analyze dTy/dp* - dp*. Using the same step as in the previous case, we necessarily have d T/
dp* - dp* positive at z(9), and there exists zg such that dTy/dp* - dp* is positive for z < zy and non-positive

for z > zg. In addition, we have:
/ 3 /
g & (dTo . g g (dlo
lE‘Z’>Z§ (dp* dp ) < g(ZO)]Ez’>Z (dp* ’ dp
= 0< —E}

dty
z/>z (dp* dp)

This means that dTy/dp* - dp* generates a deficit (otherwise it would improve welfare at initial
(dTl dp) < 0. Next, we analyze

prices since it increases welfare) and that necessarily, E§,>Z
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dTy/dp* - dp*. First suppose ]EZ Is2'g (Zzl dp* ) < 0. Then we necessarily have that g’/gdT;/

dp* - dp* < IEZ,>Z 5 (Z;l -dp* ) in a neighborhood of z(f). Indeed, using the same reasoning as

above, if ¢’ /¢dTy /dp* - dp* > ]EZ,>Zg <221 'dp*) then we have ¢'/gdTy/dp* - dp* > ]EZ,>Z (%ZZ} 'dp*)

for all z which would be a COl’ltI'aCthlOl’l (we can use the same reasoning as before, if not there is a smallest

zo such that ¢’/ ¢d Ty /dp* - dp* = Z - (% 221 . dp*), but at zg we necessarily have % < 0 at zg and since

¢'/g is negative increasing and dTy /dp* - dp* > 0 at zq this means that ¢’ /¢gdT, /dp* - dp* is increasing at zg

C . .. g dT
which is a contradiction). If ¢’/ ng1 /dp* - dp* > ]EZ,>Z (§ dp}‘
8 (&’ dty
zZ/>z \ g dp*
have that dTy /dp* - dp* = 0 in the same neighborhood. Since, ¢’ /g is increasing, this is a contradiction.

Next we have that D(z) = ES,__ (%231 dp* — ]Eg% (dTl dp* )) is positive on the interval (z(8),z(9)).

Again consider the smallest zy such that it is 0 at zg and negative in a neighborhood above. First we cannot
have g'/gdT, /dp* - dp* < ES,__ (% 251 . dp*) at zg or in a neighborhood above since D(z) would be locally
increasing. This means that ¢/ /gd T, /dp* - dp* > ]EZ/>Z (é g}fl

implies by the same reasoning as at z(0) that g'/gd T /dp* - dp* > ]Ef Iz (% ZZL

implies (since ¢’ /gd T, /dp* p -dp* cannot be constant) that D(z) is positive everywhere above z.

: dp*) in a neighborhood of z(8), the same

reasoning applies. Finally, if ¢’ /gdT;/dp* - dp* = E?, : dp*) in a neighborhood of z(8) we would

-d p*) in the neighborhood above zy which

~dp*) for all z > zp and

Therefore, when IEf Is2'g (dTl dp* ) < 0, we have that dT} /dp* - dp* is non negative and increasing.

Since the equation determining dT; /dp* - dp* is linear, when it is positive instead, dT} /dp* - dp* would be
)

non positive an decreasing. So to have —]E§,>z (

-dp* ) < 0 we need dT;/dp* - dp* to be non negative

and increasing which implies there exists a smallest zg such that that dT/dp* - dp* is positive below z and
8 ar
]Ez/ >20 (dp

*) > 0, meaning that households with income larger than zy gain on average.

Non Constant Elasticity. Our comparative statics equation can easily be extended to the general quasilin-
ear case with U(c,z/0) = u(cy,..,cn) — P(z/60) and v(q1, .., gn, z*) linear at initial prices. The only difference
is that now ¢ depends on z.

Coming back to the proof of Proposition 4, we now have:

dyln(MRS) = — (1 + W)

=5 (")

Therefore, denoting ¢; the curvature of { (e; = (z/6){'/{) we have, defining as before dT/dp; = dT/
dpils +dzec - dg/dpy:

1 ¢ 1 4T

dp*

Note that €; can be measured in this case either by examining how the elasticity { responds to wage changes
or how the elasticity varies across the income distribution. Using this it is then immediate to rederive the
results of Section 3. For simplicity, we keep the assumption that the «; are constant across markets.
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Proposition A.5. Consider a linear social welfare function. The change in real wedge in partial equilibrium is given
by:
oT, oT]

(1=x(2)) == 30 aéjo

Where 0T!, /0q; is the real wedge change in the isooelastic case defined in Definition 1 of the main text, and
K(z) = ¢/ (1+0)er(T'(1 - a) +a)).

The response of aggregate consumption is given by:

L _ B G 9ty %aily
i i—ar (<1 oo

Finally, the response of the real wedge to a price change is given by:

oq; dpZ

Z

and the set of consumer prices is given by:

1 dg; L[ «a cC 1
— = (Id+aC E(dp+c) =+ —
[%‘dﬁ} ( VTR

When the social welfare function is non linear, the response to price change of the real wedge is given by:

af _ dT, d:rg

Pt Z

Ty d4)

dp; aq; dp;
with:
Coonwg #Hfe) ATy e g (dT (g T
(1 K(Z))g(l—T’) dpz*z_(l zx)lEZ,>Zg ap? E ¢ ap
14dg) 4 gaTI ¢ 1 dT!
e [C 1) il
q; dp; 1—w dq; ¢1-T dp;

Therefore, with non isoelastic preferences the results are the same as in the elastic case with a scaling
given by 1 — «(z). This means in particular that the qualitative properties (in particular the ones of Proposi-

tion A.4) of the response of the marginal tax rate to prices are similar when x(z) < 1.

A4 Examples of Supply Side Specifications

We first describe an abstract entry model a la Melitz (2003) with general homothetic preferences across

subvarieties satisfying our specification of the pricing function. We then provide more concrete examples.
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In each sector k, a large mass M of potential entrants which can produce subvarieties of the of the
aggregate product k. Entry is done in two steps. First firms pay a fixed labor cost Y. Upon paying the
investment cost, they learn their productivity type i (ex-ante uniformly distributed) and decide to pay
a second fixed labor investment c:]’f to produce. The subvariety ck(i) is then produced according to the
variable cost function x (i) (c), with x(7) non decreasing.

On the demand side, we assume first that preferences are separable between the sub-varieties
produced across markets, second that preferences for the sub-varieties in market k are defined by an
homothetic aggregator Cy({ck(i) };, My).” Since preferences for subvarieties are homothetic, prices will only
depend on aggregate spending in market k, Ej rather than the distribution of individual spending {e; () }4.
In addition the agent’s problem defines an ideal price index P, with P,Cy = Ej and a demand function for
subvarieties i ¢ (i) = di(p(i), Py, 6({p(i) }i, Mk ), My )Eg, with 6 an aggregate demand shifter.

Then it is direct to see that P, is only a function of Ej, and therefore of C; which is consistent with

our pricing function. Indeed, the firm first order condition

di((p(i), Pe, 6, My) + p(i)0pdi((p(i), Pr, 6, M) = x (i) 9" (d((p(i), Pr, 8, Mi) Ex)dp dic(p (i), Pi, 6, M),

determines the prices of producing firms p(i) and di((p(i),d, Py, M) as functions of Ey,P, My and J. Since
d is itself a function of p(i) and My, it is implicitly a function of Ey, P, and My and so are the prices p(i) and
di (i), which can be written d;(Ey, P, My) and p;(Ey, P, My).

Next, the entry condition determines the set 7 of producing firms through:
i € T pi(Eg, P, Mi)d;(Ex, P, M) E — (i) x (d; (Ex, Pe, M) Ex) > &
so Z only depend on Ej, Py and M. Finally the free entry condition:
/]l(i € I)(pidiE — (i) (d;Ex) — &p)gdi = GoMy
determines implicitly Mj, as a function of E and Py. Since we have P,Cy = Ej and Cj is only a function of Ej
and Py, C, = C({d;(Ex, Pr, Mi(Ex, Pt))Ex, My (Ey, Py)), Py itself is only a function of E; or equivalently of Cy
when a solution exists and is unique (some additional assumptions would be needed to ensure it is the case).
With Kimball preferences, for example, we have:
[ Yieiy/codi=1
The first order conditions of the agent’s problem give:
i) = Eey1 (3 [ By (D) )

9The dependency of the aggregator on M can capture for example love for variety

31



We can then define § = A [ ¢(j)/CY’ (ck(j)/Cx) we have that § only depends on the set of prices {p(i)};
since the function is homothetic so ¢k (j)/Cy and A only depend on prices and not on Ej.

Second, with a continuous version of the homothetic translog, we have, denoting Uj the sub-utility
of consumption of market k subvarieties:

My — My 4 N
In(Ex) = In(U — —1 ))di+ —— —1 did
n(EQ) = () + o+ 5ot [ i+ [ [ (i) in(p()) - in(pti)) id

So we directly have:
piei) = B (g —vn(p) - [ 50 )

the demand function takes the form above with §({p(7) };, My) = f] crIn(p(j))/ Midj

B Quantitative Analysis of the Optimal Tax Schedule

This section describes the quantitative model. We first describe the economic environment. We then describe
consumer preferences, contrasting the homothetic specification with non-homothetic preferences. Third,
we describe the social planner’s problem and the ordinary differential equations (ODEs) characterizing the
solution. Finally, we present the solution algorithm for the ODEs.

B.1 Setting
B.1.1 Indirect Utility Function

The quantitative model uses a standard additively separable specification:
* _ * o E
U=z p,0) =00~ (5) @)
z 1 z\ 142
¢<9)_1+é (3) ®)

where 1 (%) is the cost of earning z given ability 6, and v (z*, p) is the indirect utility function given prices

and disposable income.

B.1.2 Pricing Function

Denoting aggregate consumption by C;, the quantitative model is based on an isoelastic pricing function:

pi = ’)’Z‘Ci_a Viel )
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We calibrate 7; to fit prices at the observed schedule, which are normalized to one without loss of generality,
using the relationship:

Yi = po,iCo, (10)

where Cy; is aggregate quantity consumed in sector i at initial prices. To obtain observed consumption,
we compute disposable income at the observed schedule as defined in appendix B.1.3, and then compute
sectoral consumption given the expenditure shares described in appendix B.2.1 and appendix B.2.2.

B.1.3 Skill Distribution

The skill distribution f(#) plays a key role in the shape of the optimal tax schedule. We use data from
Hendren (2020) on the observed tax schedule to calibrate the skill distribution. As the data is only available
for each percentile of the observed income distribution, we interpolate for marginal tax rates at income

levels within the observed bounds using p-chip interpolation.

We then create a mapping from earned income at the observed tax schedule to skill type 6. Following
Saez (2001), we obtain this mapping using the individual’s utility function described in appendix B.1.1,
which depends on the functional form of v (z*,p). We use two altenative forms of this indirect utility
function - homothetic as described in appendix B.2.1 and non-homothetic as described in appendix B.2.2.

At the observed schedule in the homothetic case, we fit the skill distribution after setting: p,,s = po =
1. When computing income at the observed schedule in case of non-homothetic preferences, we use the
“deflator” as defined in definition B.1. When we apply the deflator at any initial prices pg the indirect
utility of the agent will always be the same as in the homothetic case with pg = 1. This approach allows us
to use the same skill distribution in the homothetic and in non-homothetic cases.

B.2 Consumer Preferences

This section describes the indirect utility function v (z*, p) from appendix B.1.1.

B.2.1 Homothetic Preferences

With homothetic preferences, the indirect utility function v (z*, p) described in appendix B.1.1 is given by:

Z*
v(zp) = — (11)
p
where p is the price in the economy. The individual’s utility function, per equation (7), is:
z* b4 z* 1 z\1te
u(z* O)=——-¢(=)]=———% (= : 12
@ap) =" —v(G) =" 1+812(9) (12)
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Plugging in the definition of disposable income, the optimal z(6) satisfies the FOC:

dU(O) _1-T'E0) (20\1_,
z(0) p 0 0
We can thus express income or skill parameters as functions of observables:
_ Tl €z
z(0) = gltez <1Tp(z(6))) (13)

_ p ] Tie:
0= [Z(l—mz)) } (19

With 6 = 0, we apply the limiting case described in appendix B.3.2.

B.2.2 Non-Homothetic CES Preferences

Definitions and Properties We use the General Non-Homothetic CES Preferences as defined in Appendix
A.1 of Comin, Lashkari and Mestieri revision 3 (2019). The indirect utility function v (z*, p) described in
appendix B.1.1is given by v = v (z*, p) = F(C), where C is the consumption vector of the agent.

Indirect utility v is implicitly defined by:
o1

2®<%>g=zmw>

ieZ vl-c i€l

Q=

o—1
C7 =1, (15)

where parameters ¢; denote the utility elasticities of each good, the elasticity of substitution between sectors
is denoted ¢, and taste parameters are denoted ();, for an arbitrary set of sectors i € Z. For the quantitative
analysis, we consider two sectors, labelled “high quality” (H) and “low quality” (L).

Under this specification, Marshallian Demand (spending shares) and the price index are:

wilz) =0 (B) (i)ei(w) (16)
%7
P(p,z") = [ZI (pl=)" (w (z*)l”)”“'] 1 7)
IS
where x; = ! ;U

Using this specification, we obtain quantity consumed as:

Ci(z") = ——= (18)

Definition of Deflated Non-Homothetic Indirect Utility Function In the social planner’s problem in ap-
pendix B.3.1 we use a deflated indirect utility function.
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Definition B.1 (Deflated Indirect Utility Function). Deflated indirect utility function 9(z*, p) is the inverse of
the indirect utility function at initial prices, under constant returns to scale. It can be thought of as the level of “virtual
disposable income” Z* that satisfies v(Z*, pg) = v(z*, p). Formally,

o(z*, p) = v ' (v(z", p), Po) (19)

Properties of the deflated indirect utility function are listed below. At py, the non-homothetic indirect

utility is equivalent to the homothetic case from appendix B.2.1.

do(z*,p)  dv(z",p) (dv(z*,po)\ " :
= — e 5 where: (20)
7 =ov Y (v(z*,p), ), Po)
(=, po) = =° e
do(z*,po)
— = 1 (22)

B.3 ODEs from Social Planner’s Problem

B.3.1 Social Planner’s Problem

The social planner chooses the optimal tax schedule to maximize total utility over the distribution of types
6, subject to budget constraint, agents” FOC and market clearing, according to an arbitrary social welfare
function G (U(6, p)):

g

max, g, /(9 G(U(6,p)) F(6)d6 s.t: 23)

G ue,p) =6 (7 @) v (%)) @
G (u,p) = o0 5)
R> [ " (2(0) = (0)) f(0)d0 (26)

pi =7 (C) “, Vi 27)

where:

i. = f: Ci(8)dF(0) denotes aggregate consumption in sector i
ii. R denotes the government surplus (government revenue requirement)

iii. The state variable is G(U(8, p)) and the control variable is z(0)
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Using the envelope theorem and our functional form for U, we can write:

(o) = (g)1+é (28)

Call y(0) the costate variable for the evolution of G(-). The equation for y is

. A
p(6) = ((1 —a) 5 — G (U(9))> £(9), (29)
dz*
where
. ;ZZZ is the derivative of deflated indirect utility v with respect to disposable income, evaluated at the

level of disposable income z* (which we express below as a function of 6, U and y)

¢ ) is the multiplier on the government’s budget constraint

The first-order condition for z gives:

1 1 ). (2)E
k(o) (12 (Z)”) =) (1 OGW) £) (30)

(31)

The boundary conditions are:

The government resource constraint in equation (26) results from the fact that government revenue is
distributed among the agents in the economy through a lump sum transfer such that an amount R is not

redistributed. With R denoting government surplus, we have

c= /C(e) dF(6) = /C(z*(e)) dF(0) = / z*;e)) dE(6) = /Z(‘”p_R dF(0) (32)
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B.3.2 Limiting Case

We need to address the case when 6 = 0 since several equations from appendix B.3.1 become indeterminate.
We have

ce) = % 9) ¢ (33)
= = (60" (34)

These two functions are bounded functions of 6 near 0. Using equation (30) and the definitions above we

can express:

-1

_f1-a o)1+
€<9)_ [ ;Z-Z - 0 /\f(9) (35)
u(e) = ¢(0)¢(e) (36)

We still need to address the fact that @ is undefined for 8 = 0. Given our specification we know that:

f(0) >0
1(0) <0
]1(9)<0 0 — 04

Therefore we can use:

tim A0 _ 0) = ((1—a>35—c'<u<9>>> 1) 37)

0—0 0O £

Using these relationships we can express several of our key variables for § = 0:

uo)=o0 (38)
z(0) =0 (39)
¥(g) =0 (40)
1 1+2177"
—a 1
g(O) - [ ;ZYZ - ]’1(0) )\f(O) (41)

B.3.3 System of ODEs

The solution to the general case allowing for non-homotheticities in agents” utility function and an arbitrary
social welfare function G(U(6, p)) is given by the following system of ODEs and boundary conditions:
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62 \6
i(6) = ((1 —0) G (5 w)) £(6)
dz*
A ((1 o)) —1) £(6)
u(o) = 6
(1+2) ()"
with the boundary conditions:
u@) =0
u(6) =0

Furthermore, we can express incomes as a function of other variables:

g (1me e 12N
=0\ & Al e

dz*

cert ()= (w e ()

This is a system of non-linear equations we can solve for to obtain z and z* given 6, U(0), u(6), A
the limit case as per appendix B.3.2.

Homothetic Case With homothetic indirect utility, the system of ODEs can be expressed as:

—Af(6) ) ;
u(o) (1+ L) —0r(1—a)f(0)p

o Lo (3)™)
&z

N

Il

(e}
e S
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(43)

(44)

(45)

(46)

. We apply



with boundary conditions:

B.3.4 Social Welfare Function

To study the role of non-linearities in the social welfare function, we consider a specification with constant
relative risk aversion, where the CRRA risk parameter is denoted ¢. The functional form is:

¢ (U(e,p) = 52 = Wo,p) 7, 70 )

log (U(8, if o =1
& (U6 p) = og ( (Pﬁp)) ifo (48)
Wep)'™” ifo>0A0#1

1-c0
B.3.5 Pareto Analysis

We also perform analysis using Pareto weights, denoted A(#) and set to match the results obtained with the
CRRA social welfare function G(-), with the CRRA risk parameter o. The Pareto weight are given by:

)\(9) = (uoptim(9)> Ur (49)

where uopﬁm(e) is the solution of the optimal taxation problem with homothetic indirect utility function,
a = 0, and the CRRA parameter 0.

With Pareto weights, the social welfare function and its derivative become:

G (0) = A(O)U(8, p), (50)
G (0) = Z—g = A(0). (1)

B.3.6 Defining the Equivalent Variation

The equivalent variation (EV) is defined by:

ref (0
77(Z;Fef(g) + EV(G)/pref) - 1/’ (z J;( )) = uoptim(e)r

where “ref” denotes the reference point and “optim” the new equilibrium. In our main specifications, the ref-
erence point is the outcome at the optimal tax schedule with homothetic preferences, to which we compare

the outcome with non-homothetic preferences.
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B.4 Solution Algorithm

This section describes the algorithm to solve the problem described in appendix B.3.1, using nested bisection
in Matlab.

B.4.1 Convergence to Optimal Schedule

The algorithm relies on three nested loops. Each loop ensures that we satisfy one of the conditions in the
social planner’s problem (see appendix B.3.1); we guess the value of one parameter in each loop, and then

solve for all inner loops.

The loops are structured as follows, from the outer loop to the inner loop:

i. Price loop - ensures prices in the economy converge such that equation (27) is satisfied by guessing p.

The convergence condition is base on the price change.

ii. Surplus loop - ensures government surplus equation (26) converges by guessing a value of A. The

convergence condition is the distance from the revenue requirement.

iii. Utility or u loop - ensures that the boundary condition y(0) = 0 is satisfied by guessing value of U(0).
The convergence condition is the distance between 1 (6) and the coundary condition of 0.

We set a convergence condition (tolerance) for each loop, which determines whether the variable of interest

has converged. In what follows, €p, €,, €, denote tolerance for price, surplus and utility loops, respectively.

In the description of the algorithm below, for any variable the indexes represent the iteration of price,
surplus and utility loop, respectively. The optimal schedule is defined by poptin, Aoptim and Uoptim (0), de-
noting the values under which the variable determining convergence of each loop converged.

For illustration, assume the values of counters at convergence were 3 for price, 7 for surplus and 10 for
utility. Then, the optimal value of utility is denoted Uz 719(€), which is the value used to solve the ODE in
the 10th utility loop, within the 7th surplus loop, within the 3rd price loop.

Thus, the optimal schedule can be defined as:

Poptim = P10 = p  such that (52)

€p > % (7 /: C (27(6; 2, Aoptim, Uoptim (8))) dF(6) —P> where (53)
Aoptim = Az7 = A such that (54)

€r > /992(9;1), A, Uoptim (8)) — 2 (6;, A, Upprina (0)) f(0)d6 — R|  where (55)

Uoptim (0) = Uz 710(8) = U(0) such that (56)
e > |n(0;p,A,U(9))] (57)
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B.4.2 Adjustment of Bounds

In the bisection algorithm, we update the bounds at the end of each iteration of loop based on the value of
the variable of interest. In the case of the utility or y loop, we change bounds on U(f) according to the rule:

Uyg(8) = Ucurrent (8) if 1(8) < 0 or the solver failed
2]

ULB (Q) = ucurrent(Q) if ‘u( ) 2 0

In the case of the surplus loop, we change bounds on A according to the rule:

A = Acurrent if /9 " (2(0) — 2*(6)) f(0)d6 > R

0
ALB = Acurrent if /;) (2(9) —z" (9))f(9)d9 <R
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Figure A1l: Sensitivity Analysis for the Response to Observed Price Shocks (2004-2015), CEX-CPI data:

Results with Labor Supply Elasticity e = 0.33
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Notes: in all specifications, the IRS parameter is set to a = 0.3 and the labor supply elasticity to € = 0.33. The CEX-CPI dataset is used in both
panels and the initial tax schedule is taken from Hendren (2020). See Section 5.2.1 for a description of the quantitative model and counterfactuals.

Figure A2: The Response of the Optimal Tax Schedule to Observed Price Shocks (2004-2015), Nielsen data
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Notes: in this panel, we only consider the exogenous shock to prices, without taking into account the endogenous response of prices. The Nielsen
data is used to measure price changes, and the initial tax schedule is taken from Hendren (2020). Section 5.2.2 describes the quantitative model
and counterfactuals.



Figure A3: The Response of the Optimal Tax Schedule to Observed Price Shocks (2004-2015)
in the Diamond-Mirrlees Supply-Side Model
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Notes: in this panel, we only consider the exogenous shock to prices, without taking into account the endogenous response of prices. The
CEX-CPI linked dataset is used to measure price changes, and the initial tax schedule is taken from Hendren (2020). Section 5.2.2 describes the
Diamond-Mirrlees model of the supply side, where goods are produced competitively and all profits are taxed.



Figure A4: The Response of the Optimal Tax Schedule to Observed Shifts in the Skill Distribution (2004-2015):
The Role of the Curvature of the Social Welfare Function
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Figure A5: Returns to Scale and the Optimal Tax Schedule:
Sensitivity to Parameter Values
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See Section 5.3.1 for a description of the quantitative model and counterfactuals.



Figure A6: Lower Returns to Scale Reduce the Impact of Productivity Shocks
(e =0.2, e, = 0.21, Pareto weights from SWF CRRA=1, PE price low-quality +2.5%, PE price high-quality -2.5%)
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Notes: The quantitative model uses Pareto weights computed at the optimal homothetic tax schedule obtained under a social welfare function
with CRRA=1. The exogenous productivity changes are such that the partial equilibrium price of the low-quality bundle increases by 2.5% while
the partial equilibrium price of the high-quality bundle decreases by 2.5%, as described in Section 5.3.3.
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