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Abstract
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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
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1 Introduction

How should tax policy respond when prices change? While price variation is pervasive, the optimal tax-
ation literature has largely treated prices as fixed. Indeed, the seminal result of Diamond and Mirrlees
(1971Db) states that optimal tax formulas can be derived as if prices were fixed at their equilibrium level,

1 Yet, empirically price changes are

and leaves implicit the optimal response of taxes to price changes.
ubiquitous — and importantly, 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 Stock-
burger (2021), Jaravel and Lashkari (2023), Jaravel (2024)). 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 (in
response to exogenous shocks) requires characterizing this feedback loop and, in particular, the response
of the supply side of the economy.

To facilitate comparison with the prior literature, 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 dis-
tribution 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.?
Using a comparative static approach, we characterize the first-order responses of taxes to price changes
in terms of observable statistics.

To isolate the role of non-homotheticities, we start by analyzing the case of linear production functions:
prices are fully exogenous and do not respond to shifts in aggregate demand for goods. We identify two key
channels through which prices affect the income tax schedule. We show that the impact of prices on taxes
is governed by the marginal propensity to spend on the products experiencing a price change. To illustrate,
consider an increase in the price of a product for which the marginal propensity to spend decreases with
income, which we refer to as a “necessity product”. First, a price increase on a necessity good raises the
marginal price index of lower-income households relatively more than that of higher-income households,
i.e. lower 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 decreases (Channel #1). Second,

!Standard optimal tax formulas are first-order conditions featuring endogenous variables that depend on prices, such as
the marginal utility of disposable income.
2 Another difficulty in our case is that non-homothetic demand systems do not yield closed form solutions in general.



as the decrease in marginal purchasing power is larger at lower income levels, the price increase generates
a positive income effect,® which is higher as income increases: a dollar transfer disincentivizes labor
supply relatively more at higher income levels, and thus a price increase on a necessity good increases the
efficiency cost of taxation (Channel #2). Since both the cost of taxation and the social value of transfers
to higher-income increases, the marginal tax rates decreases everywhere, and redistribution to the rich
increases.

Perhaps surprisingly, we thus find that, far from compensating price movements, the optimal tax
system amplifies their redistributive effects: an increase in the price of necessity goods induces more
redistribution at the top of the income distribution; the opposite is true when luxuries become more
expensive. These channels do not operate when preferences are homothetic as all agents are equally
impacted by price changes.* While we highlight these channels under linear production functions, they
do not depend on any particular supply-side model.

Next, we consider non-linear production functions: prices become endogenous and also adjust through
general equilibrium effects. With non-linear production functions, the elasticity of prices with respect to
aggregate consumer demand across products becomes pivotal to evaluate the interplay between optimal
taxes and prices. Using a sufficient statistics specification, we capture both the canonical Diamond-
Mirrlees setting — with perfect competition and potentially decreasing returns to scale — and a wide class
of free entry models allowing for increasing returns to scale through firm selection (Melitz (2003)), vari-
able markups (Feenstra and Weinstein (2017)), and innovation (Bustos (2011)). We show theoretically
that, when product prices decrease as their market expands,® the redistributive effects of price changes
and their amplification through taxes are strengthened in general equilibrium. This amplification oc-
curs through both substitution and income effects. For instance, when the relative price of necessities
increases, consumers substitute away from them, which leads to further increases in their relative price
through increasing returns. Moreover, the increase in the relative price of necessities leads to a fall in
the real income of lower-income households, who consume relatively more necessities, implying a further
decline in their relative demand and a further increase in their relative price. These amplification channels
operate in any supply side model with elastic prices, although this effect remains implicit in the standard
Diamond-Mirrlees tax formulas.®

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 re-

3Denoting 7 the income effect on labor supply, we have for an increase in the price of necessity pi, Op, 7 > 0 which decreases
the efficiency cost of taxation.

4In the main text, we consider a benchmark case where there are no income effects on labor supply (at initial prices). In
Online Appendix E, we extend these results to more general labor supply functions. Our results are qualitatively similar in
these more general cases.

SPrior work 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 analyzed 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 (1990a), Aghion and Howitt (1992a), Melitz (2003)).

SWhen prices increase as the market expands (in contrast with our baseline case featuring increasing returns, in line with
empirical evidence), the redistributive effects of prices are muted through general equilibrium effects.



cent 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) data sets, 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).”

Next, 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 quan-
titative 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 charac-
terize 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.

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 in-
crease 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-homotheticities have a
significant quantitative impact on optimal marginal tax rates. To document whether these tax changes
and their induced price effects have meaningful distributional effects, we compute the willingness to pay
of agents for the optimal tax schedule under non-homothetic preferences, relative to the optimal schedule
under homothetic preferences. The equivalent variation is sizable, ranging from about 15% in the bottom
decile of the income distribution to -9% in the top decile.

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. 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 also document the robustness of our

results to alternative parameter values.

Related literature. 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 lit-

erature. First, in prior work the effect of prices on the tax schedule has remained implicit, as standard

"Since 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 Nielsenl@Q 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.



tax formulas depend on endogenous variables that depend on prices, such as the marginal utility of dis-
posable 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 quan-
titatively 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 equi-
librium 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 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 con-
tributes to a growing literature on optimal tax design and endogenous productivity. Recent work high-
lights 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)). In contrast, we study productivity effects that are induced by changes in demand, through re-
turns 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.

8Naito (1999) considers a model with two types of labor inputs (i.e., workers are not fully substitutable in the firm
production functions) and shows that if the two types of labor cannot be taxed at different rates (a deviation from the
Diamond and Mirrlees (1971b) benchmark), then subsidizing the good of the sector that uses relatively more low-type workers
can be optimal, as it increases their wages. While Naito (1999)’s channel requires segmented labor markets and multiple
factors or production but can operate with homothetic utility, our analysis can have a single factor of production (with
differences in efficiency units across agents) and requires non-homothetic utility. In this sense, our analysis is conceptually
distinct from the contribution of Naito (1999).

9These 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. We instead characterize different channels, which 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 endogenous prices, decreasing returns to scale, positive firm profits, and homothetic utility. While
their Appendix A.3 examines the case of non-homothetic preferences, 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. Our analysis thus complements the work of Kushnir and Zubrickas (2020) as 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. We characterize a different channel: our price effects operate through non-homotheticities
and changes in the marginal utility of income at different income levels. As entry is free, firms make no profit on average
in our model. We do not need to keep track of the distribution of profits across households as we assume that households
hold a fully diversified portfolio of firms, with zero profits on average. We can thus cleanly separate our analysis from
complementary prior work focusing on the distribution of firm profits.



Outline. 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 quantitative analysis is carried out in Section 5. Supplemental results and proofs are reported in the

Online Appendix.'?

2 Model

To streamline our analysis, we present in the main text the simplest possible model allowing us to illustrate
the mechanisms described in the introduction.The general model is relegated to Appendix E.

We consider a two-sector economy. Sectors are indexed by k = [, h. There is a mass 1 of households
with different productivity types 6 distributed according to 7(f). To facilitate reading, Online Appendix

Table A1 provides a list of the variables and notation we use.

Households. Households’ preferences over goods ¢, ¢; and hours worked z/6, where z denotes pre-tax

income, are given by:

1 2\ 1+1
u(cy, cp) — l—i—il (5) )
€

with u concave, increasing and C3, and ¢ < 1. Preferences are of the Atkinson-Stiglitz type so that
consumption choices only depend on consumer prices and post tax income z*. This 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 instrument for redistribution, the nonlinear income tax.'!

We denote by V' the indirect utility of the agent, by v the indirect sub-utility out consumption (i.e.,
the maximum of u(c,cp) at fixed post tax income z*), 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 k across

all households is denoted by C}.

Firms. We adopt a supply-side formulation that nests both perfect competition and monopolistic com-
petition with free entry. The competitive case, following the canonical Diamond-Mirrlees framework,
remains central in public finance. In that case, prices are pinned down by technology and demand.
However, incorporating monopolistic competition is crucial for capturing how prices respond to demand
shifts. Empirical evidence (e.g., Costinot et al. (2019), Jaravel (2019), Faber and Fally (2021)) shows that

prices tend to fall as market size grows—a result driven by increased entry and declining markups. Our

10 Appendix A presents the proofs of all theoretical results in the main text; Appendix B describes additional quantitative
results; additional figures and tables are reported in Appendix D; finally, Appendix E presents additional theoretical results.

1With more general preferences, it would be possible to use the consumer prices of certain goods to better discriminate
between different taxpayers (e.g., Saez (2002), Ferey et al. (2023)). 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. Indeed, 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.



framework is meant to accommodate both forces: technological determination of prices and endogenous
markups that respond to demand.!'?

In each sector, good k is produced either competitively or monopolistically using labor as the sole
input. Under these assumptions, we can summarize the production process through a cost function
Xk (Ck, &) (capturing the total labor cost needed to produce Cy units of good k), and a pricing function
pr = ¢ (Ck, &) where £ is a cost shifter. When the good is produced competitively, the pricing function
is simply the marginal cost of production: ¢y (Ck, &) = Oc, xk (Ck,&k). When the good is produced
monopolistically, we further assume that firms can freely enter market &, by paying a fixed labor cost, in
which case total cost is equal to total revenue: i (Ck, &) = Cror (Ck, &k). In Appendix E.1, we provide
microfoundations for this specification of the supply side.

An important statistic for our analysis is the elasticity of the price py to market size, —C}/pr Oc, dr-
In the main text, we impose that this elasticity is constant and equal to « in all sectors. This elasticity
will be crucial: tax changes shift households’ incomes and thus aggregate demand for goods, which affects
prices.

To illustrate our supply side model, we provide some simple parametric microfoundations as examples.
First, consider a competitive case with a representative firm in sector k producing its good at cost
Xk (Ck, &) = ka,i_o‘/(l — ). The pricing function is then ¢, (Cx, &) = &.C) @ and the elasticity of the
price pr to market size is a. In particular, o = 0 corresponds to the standard case where production
functions are linear and prices are exogenous, given by &.

For the monopolistic case, consider the Melitz-Chaney model (Melitz (2003), Chaney (2008)). Pro-
ducers of differentiated varieties of product k can freely enter market & by paying a fixed labor cost & .
Upon entering, they draw their productivity type 7 (i) from a Pareto distribution 1 — Wy () = v 7.
To start production, firms have to pay a second fixed cost, &, ;. The variable labor cost of produc-

ing cy; units of variety i is ¢ ;/v (7). Competitive retailers then aggregate the varieties according to

1
Ci = (fielk c,f;_i"‘di) 7% with 0 < « < 1, where 7}, is the set of producing firms. We then obtain the

price of good k is py = C'k_o‘gok(ﬁk,)l?’ and the elasticity of the price p; to market size is a.

12 A longstanding literature emphasizes that larger markets stimulate entry, which can increase product variety and lower
prices, through both reduced marginal costs and decreased markups. The notion that market size endogenously drives
productivity improvements originates with Linder (1961) and Schmookler (1966), and was subsequently formalized in foun-
dational models by Dixit and Stiglitz (1977), Krugman (1979), Shleifer (1986), Romer (1990a), Aghion and Howitt (1992a),
Acemoglu (2002), and Melitz (2003). Empirically, several studies confirm that both entry and total factor productivity (TFP)
respond to changes in market size. Acemoglu and Linn (2004) show that pharmaceutical innovation and the entry of new
drugs in the U.S. are shaped by market size. Weiss and Boppart (2013), using national accounts data, find that TFP growth
is higher in income-elastic sectors. In Chinese manufacturing, Beerli et al. (2020) estimate that a 1% increase in market
size raises TFP by 0.46%. In the context of local housing markets, Diamond (2016) and Couture et al. (2020) document
that amenities adjust endogenously to shifts in local demand. A smaller but growing literature studies the impact of market
size on prices. Bartelme et al. (2019), exploiting trade shocks, estimate scale elasticities across two-digit U.S. manufacturing
sectors, averaging 0.13 with a range from 0.07 to 0.25. Jaravel (2019), using a shift-share IV design in consumer packaged
goods, finds that a 1% increase in demand reduces prices by 0.42%. Structural estimates suggest that over half of this effect
reflects falling markups rather than declining marginal costs. Similarly, Faber and Fally (2021), using Nielsen scanner data,
estimate a structural model showing that quality production exhibits increasing returns to scale. Together, these findings
underscore the importance of accounting for increasing returns when analyzing optimal taxation, particularly from a long-run
perspective that incorporates entry dynamics. In contrast, benchmark optimal tax models—such as Mirrlees (1971) and Saez

(2001)—typically assume constant returns to scale, which may be more relevant in short-run settings.
1

_1, 1
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Planner’s problem. The social planner has access to a full set of commodity taxes and to a non-
linear income tax and a full tax on profits (in the monopolistic case, profits are 0). As our agents have
Atkinson-Stiglitz preferences, the role of commodity taxation is limited but we include commodity taxes
for completeness.

The planner maximizes the following social welfare function,

/9 G(V(0),0)r(0)do,
0

with G concave and increasing in its first argument. The planner sets consumer prices {qp, ¢} and the
income tax T'(z) subject to three constraints. First, the producer prices py, p; are given by the functions
oK, with pp = ¢k (Ch, &), where Cj denotes the aggregate demand for k. Second, households optimally
choose consumption and labor supply under g, ¢; and T'(z). We denote by f(z) the resulting distribution
of income, with dz/dff(z) = w(#), and by z* disposable income, with z* = z — T'(z). Finally, the
government’s budget constraint is given by >, _, (g —pk)Cr+E-(T'(2))+>_—p; (PkCrk — Xk (Ck &k)) > 0.

With this formulation of the planner problem, we encompass both the standard Diamond-Mirrlees
framework where firms are competitive and profits are fully taxed and the monopolistic case with free

entry where firms earn zero profits on average (xx (Ck, &) = Cror (Ck, Ek))-

Missing Tax. Our benchmark specification does not have, in general, an efficient supply side. Therefore,
the solution of the government problem will be constrained efficient. With more tax instruments, the social
planner could regulate firms and improve the allocation. For example, the planner could directly 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.

Note however that the planner can regulate supply in a revenue neutral fashion: for a given industrial
policy 7 that depends on aggregate quantities, there is a new reduced-form pricing function py, = ¢7.(Cy, &)
which depends on the regulatory regime. The solution of the planner problem characterizes the optimal
choice of consumption and income taxes for a given industrial policy, which may or may not be optimal.'*
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. ( =¢/ (1 — €01y(z)In (vz*)) is the compen-
sated labor supply elasticity and C~ is the compensated labor supply elasticity corrected for non-linearities
in the budget constraint: ¢ = ¢/(1 + 2¢T"/(1 — T")). Similarly, n = (Oin(z)log (v.+) is the income ef-
fect with a linear budget constraint and 7 the corrected income effect.! Regarding spending patterns,

er = qrcx (2", q) denotes the agent’s expenditure on k, si(z*, q) = ex/z*the share of k consumption, 9,«ey

Suppose that under the industrial policy 7 the pricing function is ¢ (C, &), so the cost is C1,é}(Ck, €, ), and the fiscal cost
is Crtf, (Ck, &) for an arbitrary function ¢7. By imposing a sales tax t5(Ck, &) = ¢} (Ck, &) the industrial policy is budget
neutral and the income taxation problem is equivalent with a new pricing function ¢} (Cx, &,) = ¢5(Ck, €,) + tr(Ck, &)

15Tn 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.

163ee for instance Appendix Al of Scheuer and Werning (2016).



the marginal propensity to spend on k, E} and 5 are the aggregate spending and the aggregate spending
share on k, and 0.+ E}, the average marginal propensity to spend on k. Finally, S is the matrix of cross
price derivatives of the aggregate Hicksian demand function, with S;, = E(9,, ¢j + 0.+cjck), S the matrix

of price elasticities Sj = qr/C}Sjk, and 0 = —=Spp, + Sip = =Sy + S the elasticity of substitution.

3 Optimal Taxation: First-Order Approach

In this section, we characterize the optimal commodity and income taxes. While we provide heuristic

derivations in this section, Online Appendix A reports the formal proofs.

Commodity Tax. Consider a small change in the consumer price of k, dqp, compensated with an
income tax change dT'(z) = —cp(z*,q)dgr. As explained in Saez (2002), this compensation keeps the

welfare and labor supply of all agents constant. Therefore, the impact on government revenue is:

dg.Cr  + E(dT'(2)) +j§l(% — ;x5 (Cy,&5))dC; .

Mechanical effect ~ Cost of the compensation

Households’ behavioral response

The increase in g first mechanically raises revenues from the tax on k by dgirC). Households are compen-
sated for the consumer price increase through the income tax, so revenue from the income tax decreases:
E(dT) = —Cpxdqr. The mechanical effect and the cost of the compensation exactly offset each other:
dqCr + E(dT'(2)) = 0. Since dgj is compensated, aggregate consumption reacts through a substitution
effect (dCy/C), = Sk,j (dg;/q;j)) and the impact on government revenue of the households’ change in con-
sumption is >y, ,(¢; —0c; x; (Cj,§;))dC; = 325y (45— 9c; X5 (C5,€5))C;S) k (daw/qx). Given our supply
side specification, we have dc, x; (Cj,§;) = (1 — ty) p; with ¢, = o in the monopolistic case () and ¢, = 0
in the competitive case.!” This change in marginal cost captures the response of the supply side to the
shift in demand, and the adjustment of producer prices. At the optimal consumption prices, revenue

should remain unchanged, so we obtain:

d
> (g — (1= tw)p;) Oij,k% =0.

j=h,l

Since this must hold for both dg; and dgy, we have g, = Bpy at the optimum, with g an arbitrary scaling
constant. Without loss of generality, we choose the scaling so that on average commodity taxes raise no
revenue, which implies that we get ¢, = pi.'® We therefore obtain a version of the standard Atkinson-
Stiglitz result that commodity taxes are not used at the optimum. The derivation also makes clear that

when pricing inefficiencies, ¢y, (Ck, &) — Oc, Xk (Ck, &k), varies across sectors, then commodity tax should

'"In the monopolistic case, we have dc, xx (Ck, &x) = ¢k (Ck, &) + Crc, ok (Cr, &) = (1 — @) pg, in the competitive case,
we have acka (Ck, fk) = f,bk (Ck,fk) = Pk-

18Conceptually, the average commodity tax should be zero. If it was instead positive (or negative), consumer prices would
be on average higher than producer prices, which is an implicit income tax (or an implicit income subsidy). If the revenue
from the tax was positive (or negative), the government would have to rebate the tax revenue optimally (or raise funds
to finance the subsidy). Thus, there would be a non trivial interaction between redistribution and corrective commodity
taxation. Imposing zero revenue from commodity taxes on average cleanly separates the redistributive and corrective motives.



be used to correct relative inefficiencies across sectors (i.e., heterogeneous az’s).' This is not the case in

our benchmark specification where pricing inefficiencies are the same in both sectors.

Income Tax. Next, consider the perturbation of Saez (2001), a small change of marginal tax dr in a
neighborhood dz of z and a change in tax dzdr above. This has four effects: a mechanical change in
revenue, a welfare effect, a fiscal externality due to labor supply responses, and a fiscal externality due to
shifts in aggregate consumption and producer price adjustments.

Mechanical and Welfare Effects. Households above z pay an additional dzd7 in taxes. Their welfare
loss is v,+dzdT, valued G'v,+dzd7 /X by the planner, where X is the Lagrange multiplier on the government

budget constraint. The total effect on social welfare is:
E.~. (1 - G'vz*/)\) dzdr.

Labor Supply Effects. The change in tax rate at z generates a compensated wage effect on labor supply,
while the change in the tax burden above z creates an income effect. The change in government revenue
is:

/

1-1

—f(2) ngZdT —Eus, ( r ) dzdr.

1—1"

Price and Demand Effects. The change in the tax schedule affects households’ disposable income
both mechanically and through labor supply responses. This leads to a change in aggregate demand for
goods, through substitution and income effects, and in producer prices and costs. The total impact on

government revenue, through the receipts of the commodity and profit taxes, is given by:

> (g — 0o, xk (Ch &))dCk = D (pr — (1 = tw) pr) dCy,

k=h,l k=h,l

=t Y prdCy
k=h,(l

= —tu (f(2)2C + Burnz (1 47)) dedr,

In the derivation above, the first line uses dc, Xk (Ck, &) = (1 — tw) prand ¢x = pr. The third line uses
the fact that, from the budget constraint of households, » k=l prdc is equal to the change in disposable
income. To interpret this effect, note that when t,, > 0, prices are above marginal costs and demand for
goods is inefficiently low. An increase in the income tax decreases labor income and further depresses
demand, accentuating the initial inefficiency.

Summing up all of the effects derived above gives the first order conditions for the optimal tax rate.
We denote by g the Pareto weights g = G'v,+/((1 — t,,)A), where the 1 — t,, normalization is such that
E(g) = 1 when there are no income effects. Collecting our earlier result on optimal commodity taxes, we

then obtain our first Proposition:

19We show that commodity taxes are used to correct pricing inefficiencies in the proof of Proposition E1 in Appendix E,
which covers the general case.



Proposition 1. Commodity taxes are not used at the optimum. The optimal non-linear income tax

schedule is characterized by:

T 1—ty, 1 T -
AT {E A ((t“’ - T’) ”> } | .

where t, = « in the monopolistic case and t,, = 0 in the competitive case. With a = 0, we obtain the

standard optimal tax formula in both cases.

Proof: See Appendixz A.1. Proposition E1 in Appendiz E provides a generalization of this result, with
general household preferences and in a multi-sector economy with heterogeneous returns to scale, with

potential spillovers across sectors.

Proposition 1 first shows that, as in the standard Atkinson-Stiglitz framework, commodity taxes are
not needed. This is not the case when « varies across sectors: commodity taxes then have a corrective
role but are not used for redistribution.

Turning to the optimal income tax schedule, Proposition 1 suggests that when the average market size
elasticity is positive and firms are not competitive (t,, = a > 0), labor supply is subsidized and optimal
tax rates are reduced.? Intuitively, there is an externality from working: more labor supply increases
aggregate income, i.e. market size, and leads to a fall in prices through returns to scale. If the endogenous
quantities (the Pareto weights, the income distribution, and the labor supply elasticities) remain constant
as « varies, then the formula tells us that the tax rate with a > 0 is such that 1 — 7" = (1 — T")q=0/
(I1—«). In that case, the planner implements a uniform wage subsidy 1/(1—«) on top of the standard non
linear tax, and it appears that there is no interaction between the corrective tax (the wage subsidy) and
redistributive motives. This interpretation is however naive, as prices and all endogenous quantities are
likely to vary as « changes: the interaction between corrective tax and redistributive motives is hidden
in the formula.

These observations highlight an important limitation of the standard optimal tax formula, which
leaves the effects of prices completely implicit and therefore provides little insight about how prices affect
optimal redistribution. In the next section, we provide a characterization of the role of prices for optimal

taxes.

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 in the presence of non-homotheticities.

2ONote that this correction could be implemented through consumer prices using uniform commodity taxes, dropping the
requirement that commodity taxes should be budget neutral. Indeed, a homogeneous reduction in prices is equivalent to a
wage subsidy, so the optimal income tax could be given by the formula of Proposition 1 with a = 0 if all consumer prices
were multiplied by 1 — a.
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4.1 Assumptions

To streamline the analysis, we make the following assumptions. First, while sectors h and [ were arbitrary
in the previous section, we now impose that [ is a “necessity” good (therefore h is a “luxury” good) to
highlight the importance of non-homotheticities.?! Second, we make an assumption on the distribution
of skills.

Assumption Al. At initial prices, | is a necessity good: O,e; is decreasing in post-tax income and
0,~FE; < §, where §; and 0,-FE; are the aggregate spending share and average marginal propensity to

spend on [.
Assumption A2. 07(0) =0 and (1+ 67" (0) /7 (0))e/ (1+¢€) <1 forallB.

These assumptions allow us to derive clean theoretical results in the following section but are not
substantive restrictions. They do not affect the tax formulas of Proposition 2: Al is used to sign the tax
response and A2 to characterize the monotonicity of the welfare response. We relax A1 in our quantitative
analysis in Section 5 to use observed spending patterns for all products and the income distribution. The
empirical income distribution in the United States satisfies A2,as discussed in Section 5.

Next we normalize the income effect of labor supply to 0 at initial prices:

Assumption A3. There are no income effects at initial prices, i.e. v, = 1Vz*.

This assumption is common in the optimal taxation literature and provides a useful benchmark to
facilitate comparisons between our results and prior work; it is relaxed Appendix E.?? To clarify its role,
note that household preferences can be written as W (u (¢;, cp))— (1 + € 1) - (z/9)1+571. Here, the function
¥ parametrizes the income effect of labor supply without affecting the household’s consumption demand
functions ¢ (2%, p).?* This normalization simplifies the labor supply side of the model, allowing us to
focus on how non-homotheticities in consumption preferences influence optimal redistribution, compared
to prior work where the benchmark formulas similarly do not feature income effects (e.g., Diamond (1998),
Saez (2001)).24

Finally, we make an assumption on social preferences:

Assumption A4. The social welfare function is linear, i.e. G(v(),0) = Agv(6).

Note that Ay can be used arbitrarily to parametrize the level of redistribution at initial prices. Assump-

tion A.4 is important to obtain closed form solutions to our comparative statics exercise in Proposition 2.

21The 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)).

22While the traditional empirical literature suggests income effects are small (e.g., Imbens et al. (2001), Cesarini et al.
(2017)), more recent evidence is more mixed (Giupponi (2024), Golosov et al. (2024), Vivalt et al. (2024)).

ZDetails on how to choose ¥ are provided in Section 5: see footnote 43.

24In Appendix E, we provide comparative statics formula with non-zero income effects. We also provide in Proposition
E3 a qualitative characterization of the response of redistributive policies to price changes that generalizes the results of
Proposition 3. Finally, we provide closed-form formulas for the top tax rates and show that, for reasonable calibrations,
income effects can exacerbate the regressive impact of the price changes described in this section.
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We provide comparative statics formulas with a general G in the appendix, a qualitative characterization

in Proposition 3, and a quantitative analysis in Section 5.

In the remainder of this section, we mostly analyze how the optimal tax schedule and household wel-
fare respond to changes in the relative price of the necessity good. To isolate redistribution effects from
aggregate efficiency concerns, we consider a compensated price change: the price of the necessity rises
while that of the luxury falls, keeping the average price level constant. Formally, we consider an increase

dlnp;, such that dlnp; = 5,dlnp; and dlnp, = —5;dlnp;.%°

4.2 Response to a Price Change with Linear Production Functions: Channels #1
and #2

To first isolate the role of non-homotheticities, we first focus on the response of the optimal income tax
schedule to a price change when prices are fully exogenous. This is the case when a = 0, which imposes
pr = Ok (&) and xi (Ck, &) = dk (&) Ck with both competitive and monopolistic firms (linear production
functions). We show that the redistributive effects of prices are amplified through the tax system via two
channels: a change in the value of redistribution (Channel #1) and a change in the efficiency cost of
taxation (Channel #2).

Response with a Linear Social Welfare Function

We first consider the case of a linear social function which allows us to derive closed form solutions. Prices
affect both the value and the cost of redistribution around 6 (i.e. around the F'(z()) percentile of the
income distribution). While these effects are only implicit in Proposition 1, we now make them explicit
for a marginal change in the price of good k, pr. Recall that in Proposition 1 the optimal tax rate is

defined implicitly by

T 1 T
1-T'~ 2f(2) Eos.(1—9)—Eus. (1_T,n) : (2)

Welfare effects

Behavioral effects
Under A3, we have 2(f(z) = €/ (¢ + 1) 6x (§), independent from prices and taxes, so we only need to
derive the change in the Welfare and Behavioral Effects terms, the two channels of the adjustment of the
tax system. We now provide heuristic derivations these channels, presenting the proofs in Appendix A.2.
Welfare Effects (Channel #1). Under A3 — A4, the derivative of Pareto weights with respect to prices
pr satisfies pr0p, g = —g0.~ey, with 0,+e;, the marginal propensity to spend on good k. Indeed, at the

25 Any price increase can be viewed as the sum of (i) a uniform price increase and (ii) a change in relative prices. The relative
price effect is central to our analysis while the uniform price change simply scales real wages and has limited interaction
with consumption heterogeneity. One of the main insights of the section is that the planner favors high income households
when the relative price of necessity increases, i.e. the welfare of low income households falls. The advantage of considering
a relative price change is that, as shown in Proposition 3, the planner could, in principle, redistribute resources to keep the
welfare of low-income households unchanged. If we analyzed an uncompensated increase in the price of necessities, the overall
productivity of the economy would decline, reducing the capacity of the planner to redistribute. In that case, a reduction
in the utility of low-income households would be less surprising, as full compensation would not be feasible. We report the
comparative statics for uniform price increases in Appendix A.
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initial prices the social value of a dollar transfer to an agent with income z is given by the Pareto weight
g. With this additional dollar, the agent spends 0.-ej on good k. When the price of k increases, the
purchasing power of the agent is therefore reduced at the margin by 0.ei. Since an agent at z can buy
less with an additional dollar, the value of a dollar transfer is reduced. This channel can be thought of as
a “terms of trade effect for redistribution.”

The change in the optimal income tax for type 6 is determined by the change in individual purchasing
power for type 0 relative to the average change in purchasing power, E (g0,-e). The planner decreases
the tax rate at 6 — to redistribute more to agent with income z(6') > z(0) — if a dollar transfer above
0 buys relatively more welfare than below 6, that is if the (marginal) purchasing power after the price
change decreases relatively less above than below. For the necessity good [, the marginal propensity to
spend decreases with income, so the tax rate is lowered everywhere in response to an increase in pj.

Therefore, the adjustment in tax rates % {1T/T,} through Channel #1, the change in the value of

redistribution at 6, is given by:

bt
2Cf(2(9))

By contrast, when preferences are homothetic, there is no effect on the tax rate since the change in

E.x(0) (9 (0 ex — E(90uer)) )

purchasing power is uniform along the income distribution.

Behavioral Effects (Channel #2). Under A3 — A4, the derivative of the income effect with respect to
consumer prices py, satisfies pi0,, 7 = —zg: ((1 = T")D,+,+€) . Under Al, the marginal propensity to spend
on good [ decreases, 0,+,+e, > 0. An increase in the price of [ causes a fall in the households’ (marginal)
purchasing power, which is smaller at higher income levels. Therefore a dollar transfer to an agent makes
work more valuable — since they now have a higher real wage at the margin — and stimulates labor supply
through an income effect.

Consequently, an increase in the price of the necessity good [ increases the cost of taxation at 6: raising
the tax rate at 6 lowers the income of all agents with #” > 6, and reduces their labor supply. Through
this mechanism, the tax rate should be reduced at 8. More formally, as 0,«¢; is decreasing, an increase in
p; convexifies the indirect utility of consumption and therefore increases the income effect.

As above, what ultimately determines the change in the optimal income tax is the increase in the cost
of taxation at 6 relative to the average change in the cost of taxation across the distribution. Thus, the
adjustment in optimal tax rates due to Channel #2, the change in the cost of redistribution at 6, is given
by:

~éﬂaz>z(
2Cf(2(0))

As the first channel, this channel does not operate when preferences are homothetic, since 9,+,+eg, = 0.
6

0) (T/25az*z*ek —gE <T’z§6z*z*ek)) .

Taking stock. Summing and rearranging the two channels above,?® we obtain a Proposition character-
izing the response of the tax schedule to consumer price changes. This Proposition also shows formally

that the adjustment of the tax system amplifies the redistributive effects of price changes.

26We use the optimality of the schedule — in equation 2— to express the Pareto weight in function of the tax schedule.
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Proposition 2. Under A3 — A4, the response of the optimal tax rate at 6 to an increase in the price of

k when o = 0 1s:

ped [T } 1 T
Pre = E.-. ) (Osre, — 0pe Ey) — ——— (Oovep — O By - 3
dpk{l—T' ZHeey 0 O en m 0B = Ty (Oen = O i) (3)

With homothetic preferences (0,+ep, = sp), we have dp, T = 0. With non-homothetic preferences, under
A1 the response of the optimal tax schedule to changes in the price of the necessity (k = 1) and luzury
(k = h) goods satisfies :

pld T/ phd T/ . pld T/
dpl{l—T’} <0 and o \T—T' [~ g \1-T >0 V6.

Proof: See Appendix A.2.2. Proposition E2 in Appendiz E provides a gemeralization of this result, with

general household preferences and in a multi-sector economy with potential spillovers across sectors.

The advantage of Proposition 2 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 explicitly 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 k decreases (i.e, k is a “necessity” good), the tax rate decreases everywhere in response to
an increase in p. The tax burden decreases at the top of the distribution 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 instead of offsetting them, but
our analysis explains why: when k is a necessity good, the social value of a dollar transfer decreases less
for higher-income than lower-income households (Channel #1), and the income effects increase more at
the top (Channel #2).

It is then simple to characterize the welfare consequences of price changes. By itself, an increase in the
relative price of necessities reduces the utility of households at the bottom of the income distribution, as
necessities are a larger part of their budget. As the planner responds to the price increase by decreasing
tax rates, the transfer to low-income households is reduced, which lowers their utility further. Through
the same channels, high-income households strictly benefit from the price increase and the welfare gains
are increasing in income. Note that it would be feasible to compensate all households?® in a budget neutral

fashion, but this is not optimal because of Channel #1 and #2. These observations are formalized in the

ZT"While social preferences do not appear in our formulas, they still play an implicit role. Note that the derivative of the
tax rate dy, 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. To illustrate, assume that the marginal propensity to spend on k
is constant above an arbitrary p. Denoting g(8) = E(g |60’ > 6) the average Pareto weight for households with ability larger
than 6, we have for 6 > 6:

pd T\ _g0) T .
dpy, {l—T’} ST 11 Ok~ 9B

For a luxury good (k = h), an increase in py reduces the value of a transfer to high income households and tax rates are
set higher at the top of the distribution. However, if g(#) 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 as long as they
do not change the cost of taxation through labor supply. The derivation can be found in Appendix A.2.2 on page A13.

28 By “compensating”, we mean keeping their utility equal to their pre-price change level.
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corollary below.

Corollary 1. For an increase in the relative price of necessities dinp;, with dinp; = spdinp; and dinpy, =
—8§1dInpy;, the compensating scheme dT (z (0)) = — (s; — 5;) 2* (0) dInp; is feasible but only optimal when
preferences are homothetic. With non-homothetic preferences, under Al — A4 we have dV () /dp; < 0O
and dV (9) /dp; > 0 ; dV (0) /dp; is increasing in 6 and E (gdV (0) /dp;) = 0.

Proof: See Appendix A.2.2.

Rawlsian social preferences. The formulas of Proposition 2 can be adapted when social preferences are

Rawlsian. In that case, we have:

d( T T’
kak{l T’} 1T (E (Osvex | 2/ > 2(0)) — Dz-e)

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 increases

the income effect on labor supply (9,7 > 0) and decreases the income tax.

Response with a Non-Linear Social Welfare Function

We now consider the case of a non-linear social welfare function, relaxing assumption A4. While the
concavity of the welfare function does not affect the initial level of redistribution,?” it impacts the redis-
tributive effects of price changes. With a concave social welfare function, an increase in the tax burden
or in prices has a direct “income effect” on Pareto weights: reducing the (real) disposable income of an
agent directly increases the social value of a transfer to this agent. There is therefore an incentive for the
social planner to compensate lower-income households when they face higher prices.

As the analysis with a concave welfare function is complex,?’ we present first a very simple model
to convey the intuition. Consider a finite type version of our model: the poor (p), middle-class (m) and
rich (r) households have types 0 = 6, < 6,, < 6,, so that only the middle income agent faces a positive
marginal tax rate.®! Households have the same preferences as in the continuous type version (satisfying
A1-A3). More specifically, we assume a household of type i has a marginal propensity to spend on the
necessity product, 0,«e; ;, satisfying 0,«e; ), > 0,+€;, = 0.+ > 0.~¢;,. In words, the marginal propensity
to spend on the necessity good is highest for the low-income households, followed by the middle class —
whose propensity to spend on this good is assumed to be equal to the aggregate propensity — and the
rich. As before, with a linear social welfare function (G” (V') = 0), the change in tax rate in response to

an increase in the relative price of necessities dT), /dp; satisfies:

1 i [ 1
L~ (/0 i \ T T,

} = (82*617}1 — az*El) T < 0, (4)

29 As long as G’ (V (#)) o \g,the initial tax rate is the same.

30With a concave social welfare function, the system determining optimal taxes becomes an integro-differential equation
with non-constant coefficients, which does not have a closed form solution.

31The low income agent does not work and there is no distortion at the top. We introduce a three-agent model rather
than a two-agent model to avoid introducing a new version of assumption A2.

15



which is essentially our formula 3evaluated at d,«e; = 0, E;. The change in welfare of household i, dV;/
dpy, satisfies dV,,/dp; = dV,,,/dp; < 0 < dV;./dp;.

With a concave social function G satisfying G” (V) < 0 , we denote the change in welfare of household
i as dV.¥/dp;. The change in welfare of household i satisfies dV.C /dp; = dV;/dp;/ (1 + G) with G > 0.32
The parameter G captures the income effect on Pareto weights: the price change and the tax reform of
equation 4 reduce the welfare of poor and middle income households, which raises their Pareto weights.
As a result, we have dV},/dp; < deG /dp; < 0: a concave social welfare function mutes the incentive to
redistribute to the high income household. However, the planner still does not offset the loss to poorer
households—even though such compensation is implementable — and the price change remains regressive

for any concave G. 33

We now show that this remains true with continuous types. In the appendix, we also provide the compar-
ative statics formulas that we use to quantitatively evaluate the impact of price changes with a concave

welfare function.

Proposition 3. Asssume that —G" (V,0) /G'(V,0) is positive and non increasing (e.g., a CARA or
CRRA function) and that A1 — A3 are satisfied. For an increase in the relative price of necessities, the
compensating scheme dT (z(0)) = — (s; — §) z*dInp; is feasible but only optimal when preferences are
homothetic.

With non-homothetic preferences, the change in welfare of agent 8, AV /dp; (9), satisfies dV/dp; () <
AV /dp (9) < 0, dVY/dp (0) — AV /dp (0) < dV/dpi (0) — dV/dpi (8) and E (gaV¥ (0) /dp) = O,
where dV/dp; (6) is the welfare impact of price change with a linear social welfare function satisfying
A x G'(V (6),96).

If in addition 6 = oo, the distribution of type is bounded by a Pareto distribution, 67'(0)/m(0) < —1—~
for 0 large enough, and G(V,0) is either CARA or CRRA, then we have dVC /dp; (6) « dV/dp, (0) at
infinity.

Proof: See Appendix A.2.2. Proposition E3 in Appendiz E provides a gemeralization of this result, with
general household preferences.

As in Proposition 2, it would be feasible to compensate all households in a budget neutral fashion for
relative price changes but the planner still optimally decreases the welfare of lower income households.
Intuitively, fully compensating agents for a price change leaves their disposable income unchanged. This
neutralizes the “income effect” of prices on social welfare weights, but leaves unchanged the valuation
effects of prices and their effect on labor supply derived in Proposition 2. For an increase in the relative
price of necessities, fully compensating agents cannot be optimal: there is an incentive to redistribute
to higher income through Channel#1 and #2. Note however that the concavity of the welfare function
mutes the impacts of Channel#1 and #2: lower income households lose less than with a linear function
(dV/dp; (8) < dVE/dp; (8) < 0) and utility increases at a lower rate across types (dV /dp; () — dV/
dpy (0) < dV/dp; (6) — dV/dp; (9)).

32The derivations for the simple example can be found in Appendix A.2.2on page A.19.

33The change in tax rate with a concave G, d1’S /dp;, satisfies d1”S, /dp, = (T, /dpi — G (1 —T0) (8.« E1 — 5)) / (1 +G).
The first term is the change in taxes with a linear G while the second is the compensating scheme that would fully offset the
effect of price changes.
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Finally, the last item of Proposition 3 shows that the concavity of the social welfare function does not
matter for the change in welfare of high income households. Intuitively, if the Pareto weights are small at
the top of the income distribution, the planner does not directly value a change in utility of high income
households. The only determinant of taxes are the one described by Channel#1 and #2 and, as a direct

corollary, the income tax rate at the top is left unchanged by the concavity of the welfare function.

4.3 Response to a Price Change with Non-Linear Production Functions

We now turn to the case of non-linear production functions. Non-linearity introduces interaction between
demand and supply. As prices change, so does demand for the two goods, which generates a supply side
response, further changes in demand, and so on. In this section, we investigate this feedback loop. We
show that when « > 0, the response of taxes to an increase in the price of necessity is amplified and leads
to further redistribution towards higher-income households.

To formally define an exogenous price change with a non-linear production function, we normalize the
supply shifter £ such that an increase in & corresponds to an increase in the price of k, pr. We consider a
cost shifter p; = 1/0¢, ¢r,, which implies Op: bk = 1 and Oy xx = (1—a+ tw)_l C.3* As before, we define
an increase in the relative price of the necessity dlnp;, such that dlnp; = 55dInp; and dlnp; = —5;dInp;.

In addition, we introduce 7; which captures the impact of non-homothecities on the sensitivity of

aggregate demand to prices:

1
Tl (Z) = (1 — tw)(l — T/) <~Ez’>z (az*el - 8z*El) + 8z*€l - aZ*El) < 0.
2Cf(z)
To understand the role of 7, consider the impact of an increase in the relative price of [ when o = 0 (no
supply side adjustments). As shown in the previous section, optimal tax rates decrease in response to
the price increase. Furthermore, we show in Lemma A3 of Appendix A.2.3 that the change in relative

demand for necessity satisfies:?

~ ~ z
C—Ch = -0 ——FK <7 (Tl+8z*El_§l)2> .

Substitution

Income

When preferences are homothetic, the income effect is zero and demand for [ decreases only through
a substitution channel. When preferences are nonhomothetic, relative demand for necessities further
decreases through an income effect. 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.?¢ Since tax rates decrease, the income of poorer households is further lowered. Lower
income households have a higher propensity to spend on necessities, so the aggregate share of necessities

decreases through income effects: income is reallocated away from necessities.

34With monopolistic competition (7, = «), this is obvious since xr = Cr¢r so %Xk = (C%. With competitive firms
(tw = 0), we can rewrite the pricing function as ¢x(&k, Ck) = ¢ (§x)Cr © = 00y Xk €k, Ck) 50 Xk (&ky Cr) = ¢k (€k, Cr)Cr/
(1 — ) + x&, where the potential fixed cost xis assumed to be independent from &j.

35In this expression, the change in demand is due to the combination of the change in prices and the change in taxes. With
the change in prices alone, we would have C—Ch=—0— §hC§l (% (Ozxe1 — 51) (11 + 0+ By — §l)) .

36The income effect on consumption due to heterogeneity in spending is captured in the first term in 7;. The second term
captures the change in real wages when the price of [ increases.
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With these definitions, we can now characterize the response of the tax rate to price changes with
non-linear production functions. We first consider the partial equilibrium response, when prices do not
endogenously respond, so that dpy/dp; = Opy/Op;, = 1. We then derive the general equilibrium response,

when prices adjust to their new equilibrium level.

Proposition 4. Under A3 — A4, the partial equilibrium response of the income tax to a change in the

relative price of necessities is:

d T 1—t T
— = — @ E,... Oye; — 0« Bp) — + ity | (Oxe; — Oy E) .
dlny {1 - T’} i) @ O ! (1 T ) (Oeren 4

Under A1, 051" is negative for all .

In general equilibrium, the response of the income tax to a change in the relative price of necessities

18:
a1’ 4 oT
— =(1-a(c+9 -—
= —(-al+) o
GE response PE response
with Q = oo (E ((n +8z*El —8)%) + 2 (Ba(mi 4+ 0 By = 5))°) > 0. When a > 0, 95 <
<O whena<0, (9pl < dm < 0.

Proof: See Appendiz A.2.3. Proposition Ej in Appendiz E.3.2 provides a generalization of this result,
with general household preferences and in a multisector economy with potential spillovers across sectors.

The main insight of Proposition 4 is that the response of the supply side amplifies the response of the
tax rate to supply shifters when a > 0 and mutes it when o < 0. With a > 0, the amplification is driven

by the equilibrium response of the relative price of [, given by:

din (pi/pn) _ 1
dinp, 1-— oo —af)
Amplification Amplification

through subsititution effects through income effects

The increase in the relative price of [ is amplified through income and substitution effects in general
equilibrium. First, as the relative price of [ increases, agents substitute the necessity good for the luxury
good. The market for h expands, so the price of h further decreases when there are returns to scale
(o > 0), which creates more substitution. This is the only channel of amplification when preferences are
homothetic, since the shares of h and [ remain constant as income shifts.

When preferences are nonhomothetic, the share of [ further decreases through income effects. This
amplification is denoted by 2 and operates through two channels, driven respectively by changes in relative
prices and in the average price index.

The first term in Q, E, ((Tl + 0« E) — 51)2), corresponds to the reduction in the share of [ in response
to an increase in the relative price of [. Lower income households are more affected, and, as they consume

more of good [ at the margin, the direct impact of the price increase is to reduce the aggregate expenditure
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share of [. In addition, tax rates decrease everywhere, as it is more valuable to redistribute to higher
income households. This optimal adjustment of the schedule, given by —dp, 7", amplifies the reallocation
of income towards the luxury good. As the aggregate expenditure share of I>7 decreases, the relative price
of [ increases through returns to scale (o > 0), and agents further reallocate their income towards the
necessity bundle.

The second term in €2, #C*a( (E.(1 4+ 0.-E; — §;))%, captures a further reduction in the share of
stemming from an endogenous fall in the average price index. When the relative price of h decreases, it
can be shown that real wages increase on average across agents, hence labor supply increases.*® Higher
labor supply raises nominal incomes and demand for both the necessity and the luxury goods, which
leads to a fall in both prices. Thus, on average households’ real incomes grow and they reallocate their
expenditures towards the luxury good. The relative price of the luxury good therefore decreases through
returns to scale (o > 0) and the planner responds by lowering tax rates. Lower taxes further stimulate
aggregate labor supply and increase real incomes, generating a further fall in the price index, and, as
households become richer on average, more reallocation towards luxuries, inducing a further fall in the
price of the luxury good through returns to scale, and so on.?’

Redistribution towards higher income households is therefore amplified, through general equilibrium
effects, when the relative price of [ increases. The amplification is stronger when the price elasticity « or
the elasticity of substitution o are larger. Moreover, the amplification is stronger when non-homotheticities

are more pronounced, as they accentuate reallocation towards necessities through income effects in .40

5 Quantitative Analysis

In this section, we examine the quantitative importance of our theoretical results about increasing returns,
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 on non-
homotheticities to study the optimal tax schedule and the feedback loops between redistribution and

endogenous prices (Section 5.3).

5.1 Setting

Starting from the general model with multiple goods in Appendix E.1, we consider a standard additively

separable specification (e.g., Saez (2001)):

z

U(z* z,p,0)=v(z",p) — ¢ (5) ,

3"The coefficient 51,5;in the formula captures the decrease in the share of [ relative to h as dsi/s — dsn/5n = d5i1/(5k51).

3¥Keeping taxes fixed, an increase in the relative price of I increases income by (E.(5;) — O.+e;). Indeed, the
change in real wage for household 6 is w; (0) = —0.xe; (0) p; — Ozxen (0) P, = — (02+€1 (0) — 5;) dlogpy, so E (wy (0)) =
— (0:+E; — §;) dlogp; > 0. Thus, the change in real wages is positive under our Assumption A2, 9. E; < 5;. In addition, the
decrease in tax rates further stimulates labor supply. The total gain in aggregate income is given by —CE (0.« E; — § + 7).

39We show in our working paper (Jaravel and Olivi (2024)) that the general equilibrium response can be decomposed into
five channels, which are summarized and discussed in Appendix Figure Al.

40More precisely, comparing two economies A and B where 8.« ejt —8,+eP is increasing and A and B are otherwise identical,
then we have Q* > QF and the amplification through income effects is stronger.
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where (%) = 1+1% (g)1+i 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(#) nonparametrically to match the income

distribution at the observed tax schedule, using data from Hendren (2020).

Returns to scale. As before, returns to scale are governed by the parameter a. 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 . Using a shift-share instrument with NielsenlQ 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
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.*! Given this range of estimates, we set
a = 0.30 in our baseline specification and study sensitivity.*?> For our comparative statics exercise below,
we also analyze the case a = 0 (linear production functions) which is the benchmark of the public finance
literature and allows us to isolate the impact of non-homotheticities in consumption preferences.

For the comparative static analysis in Section 5.1, a 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;i of the good produced in sector ¢ and equilibrium quantities in that sector, setting p; = v;Q; * Vi € Z.
We use the observed equilibrium to calibrate the set of parameters ~;, as discussed in Online Appendix
D.1.2.

Preferences. 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

41Other papers provide empirical evidence for returns to scale in different settings. Acemoglu and Linn (2004) provide
empirical 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 NielsenIQ 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.

42The 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 o varies between 0.23 and 0.458, depending on the set
of controls, and a = 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.

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

5(2*71’) = v_l(U(Z*vp)7pCRS)7

where pcrs are the prices prevailing under constant returns (which are normalized to one in the simulations, without loss of
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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
equilibrium, we only need to know the local marginal propensities to consume across goods for agents
across the income distribution, 0,«e;. We measure marginal propensities to consume non-parametrically
from expenditure shares across 248 product categories. This data set covers the full consumption basket
of American households, linking the CPI price data set to the consumption patterns of the Consumer
Expenditure Survey (CEX) to the Consumer Price Index (CPI), following Jaravel (2019).

As shown in Proposition 4, 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
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
assumptions 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 for-
mulas 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
welfare function, G (U (0, 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 now examine the quantitative 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
data set 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 isolate the role

of non-homotheticities, we first assume linear production functions (o = 0, as in Section 4.2). We then

generality). We have v(z*, pcrs) = 2*,which is identical to the homothetic specification. Online Appendix D.2.2 discusses
the properties of the deflated non-homothetic indirect utility function.
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Figure 1 Optimal Tax Schedule and Observed Price Shocks, Linear Production Functions
A. CEX data B. NielsenlQ scanner data

0.45 T T

= = Initial Tax Rate
10 Product Categories
0.4 - | e 109 Product Categories
m— 994 Product Categories
994 Product Categories+ Changes in Product Variety

Marginal Tax Rate

Marginal Tax Rate

0.1 1

0.05 [ |

I L L I L I I L
0 0.1 0.2 03 04 0.5 0.6 07 0.8 0.9 1
Income Percentile

Notes: both panels of this figure focus on the partial equilibrium response of the optimal tax schedule to price shocks, as in
Proposition 2. The initial tax schedule is taken from Hendren (2020). In Panel A, the CEX-CPI data set is used to compute
inflation rates from 2004 to 2015 across the income distribution. Panel B uses the NielsenlQ scanner data at different levels of
aggregation to measure differences in inflation rates across the income distribution between 2004 and 2015. The adjustment
for product variety uses a CES price index.

explore how general equilibrium effects alter this response under increasing returns to scale (a > 0, as in
Section 4.3).

Main results, linear production functions. Panel A of Figure 1 shows the changes in the optimal
tax schedule in response to observed price shocks from 2004 to 2015, using the full set of 248 product
categories from the CEX. Cumulative inflation during this period ranges from 29.4% of the distribution
at the bottom of the income distribution to 24.5% at the top (Online Appendix Figure A2.A). As in
Proposition 2, we focus on characterizing the response of the optimal tax schedule to changes in relative
prices, keeping the average price level constant: relative prices rise by 3.3% at the bottom of the income
distribution and fall by 1.6% at the top (Online Appendix Figure A2.B).*

44The literature has documented a long-run trend of inflation inequality in the United States, with a rate of divergence
in relative price indices across the income distribution similar to the specific period we study here. While in our data the
annual inflation difference is 37 basis points between the bottom and the top of the income distribution between 2004 and
2015, Jaravel (2024), who use prices indices that follow exactly the same procedure as the official CPI, obtains an annual
inflation gap of 41 basis points between 2002 and 2024. Jaravel and Lashkari (2023) find that, on average over the 1955-2019
period, the annual inflation rate was about 35 basis points lower for the top relative to the bottom of the income distribution.
While the inflation inequality trends are sustained over the long run, the patterns differ in certain periods. Garner et al.
(1996) found there was no meaningful inflation inequality between 1984 and 1994. Jaravel (2024) shows that the patterns
of inflation inequality were also different during the Covid-19 pandemic: between May 2020 and May 2022, the cumulative
inflation rates were inverse U-shaped, increasing from 13% at the bottom of the income distribution to 14.7% for the middle
class, and falling back to 13.5% at the top of the income distribution. While long-term inflation inequality in countries other
than the United States has not been studied systematically, a growing literature studies inflation inequality around the world
in response to exchange rate shocks, which heterogeneous findings depending on the context. Cravino and Levchenko (2017)
find that the 1994 Mexican devaluation fueled inflation inequality: two years after the devaluation, the cost of living for
the bottom income decile rose over 50% more than the cost of living for the top income decile. In contrast, Breinlich et al.
(2022) find no evidence of inflation inequality when studying the depreciation of the pound sterling caused by the Brexit
referendum: the price indices of income groups across the distribution were similarly affected by the shock. Finally, Auer
et al. (2024) find that the 2015 Swiss Franc appreciation disproportionately benefited low-income households, whose price
indices fell relatively more than those of high-income households.
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We compute the tax schedule response using the formula in Proposition 2, which remains valid in an
economy with n sectors, as shown in Appendix A.2.4. Under linear production, the tax response depends
only on marginal propensities to spend and captures Channels #1 and #2 discussed in Section 4.2. This
allows us to isolate the impact of non-homothetic preferences. The response is substantial: marginal
tax rates fall by about 10pp at the bottom of the income distribution; the marginal tax rates gradually
converge back to the observed tax schedule at the top. Indeed, 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.*> This result shows that inflation inequality generates a
sizable regressive response of the tax schedule in partial equilibrium.

To understand the magnitude of the tax response at the bottom, note that for an arbitrary price

change, the formula of Proposition 2 can be re-expressed as:*

dT'(0) = — ﬂT’ (1—-1") (dinp(8) — dinp),

9(8) — 1

Preferences for redistribution

Marginal Price Index

where the marginal price index for household @ is defined as dinp (8) = >_}_, O.-ex (8) dinpy, and the
average marginal price index is dinp = Y}, 0.« Exdinpy.

Using this formula, we can plug in values to understand what drives the sizable tax response at the
bottom of the income distribution. First, we can use observed tax rates to back out preferences for
redistribution. In the data (Hendren (2020)), the pre-shock marginal tax rate range from 27% at the
bottom to 40% at the top. These rates are relatively low compared to the theoretical optimal tax rates
obtained in Saez (2001) using social welfare function with a CRRA coefficient of 1 (ranging from 80% at
the bottom to 60% at the top). The observed tax rates thus imply limited redistribution to low-income
households, and hence a relatively low Pareto weight at the bottom, which we estimate to be g(0) = 1.1.47
This value indicates that the planner values the bottom-income agent only 10% more than the average.
Substituting into the formula, the redistribution term is approximately equal to 2.2.

Second, to gauge the role of non-homothetic preferences, we approximate the change in marginal price
index using the change in relative price index observed in the CEX.*® Given that prices increase by 3.3%
more at the bottom of the income distribution, relative to average, the formula implies a fall of the bottom
tax rate of 7.2 percentage points.?® This sizable response, of the same order of magnitude as the one
reported in Figure 1, is primarily driven by the low social preference for redistribution — i.e., g(f) is close

to one. Increasing g(6) to 1.3 would more than halve the tax rate response to price changes.

45This 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.

465ee Appendix A.2.2 for the derivation.

“THendren (2020) reports that Pareto weights at the bottom of the distribution are between 1.1 and 1.2 depending on the
elasticity €. Note that the Pareto weight can be recovered from the optimal tax formula of Proposition 1, setting o = 0,
LT/ -T) 1) ) = - (1= 9 () £ (2.

48The relative price index is measured in terms of budget shares rather than marginal budget shares. Figure A2.B reports

changes in prices indices across the income distribution, relative to average.

“Plugging into the formula above, the calculation is: d1”(0) = — A 0.27-(1-0.27) - 3.3 = 7.2,
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At the top of the income distribution, the response of the tax rate is given by the same formula at 6:

aT'(§) = — g(‘;i@lf (L—T) (dinp (6) — dinp).

Preferences for redistribution

Marginal Price Index

Here, the tax rate is 7" = 40%, the Pareto weight is lower, with g(6) = 0.65, and relative prices fall by
1.6% (Figure A2.B). As a result, the sensitivity of the tax rate is one order of magnitude lower: the tax
rate decreases by 0.7 percentage points. If g(f) was closer to one (e.g., g(f) = 0.9), the sensitivity would
be similar to that observed at the bottom.

In terms of welfare, we find in Appendix Figure A4 that households at the bottom are more affected
by the response of taxes to price shocks than by the price shocks themselves. Specifically, they would be
willing to sacrifice 35% of their income to avoid the tax change, compared to just 2%°° to avoid the price
change itself. This highlights that the regressive impact of the optimal tax adjustment can be an order

of magnitude larger than the direct effect of inflation inequality.’!

Response to inflation inequality in scanner data. Using NielsenlQ scanner data, panel B of Figure
1 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 NielsenI(QQ Homescan
Consumer Panel data set instead of the CEX-CPI data. The NielsenlQ data set covers only fast-moving
consumer goods (about 15% of total expenditure and 40% of expenditures on goods), but it has the
advantage of being available at a much higher level of granularity than the product categories from the
CEX-CPI linked data set and allows for the measurement of changes in product variety. We use the
NielsenlQ 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.

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 in response to the price
changes observed between 2004 and 2015. With 109 larger product categories, called “product groups”,
the differences in inflation across the income distribution are attenuated: 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

50 As the relative price of necessities fall, we find in our calculation that labor supply increases on average. This implies
that, at the initial tax rates, more revenue is collected by the government and this additional revenue is rebated to households.
As a result the cost of the price change for households at the bottom of the distribution (2%) is lower than the 3.3% observed
in the CEX (Figure A2.B).

1The willingness to pay to avoid the tax reform is large at the bottom of the distribution. The reason is that the intercept
of the tax schedule and therefore the income of households at the bottom of the distribution is small. Thus, a lower average
tax rate leads to a large fall in income for households at the bottom.
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Figure 2 Optimal Tax Schedule and Observed Price Shocks, Nonlinear Production Functions
A.c=06 B.o=2
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Notes: the IRS parameter is set to a = 0.3 and the labor supply elasticity to € = 0.21. The CEX-CPI data set is used in both
panels to measure the price shocks, obtained by computing inflation rates from 2004 to 2015 across the income distribution.
The initial tax schedule is taken from Hendren (2020). The “exogenous price change” results, depicted in red, are obtained
by applying Proposition 2. The “endogenous price change” results, depicted in blue, follow from Proposition 4 and account
for all channels in Figure Al.

in Feenstra (1994) and Broda and Weinstein (2010). In the data, product variety expands faster in
product categories 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.>?

Main results, non-linear production functions. We now turn to the case of non linear production
functions. We set o = 0.30 and consider the monopolistic case. Figure 2 presents the results. We report
the changes in the tax schedule in response to price shocks, depending on the value of o and contrasting
the responses in partial and general equilibrium.

Using the first formula of Proposition 4, we compute the partial equilibrium response. This response
— shown in red and labeled “exogenous price change” in the figure — is independent of o and only captures
Channels #1 and #2. The results are reported in red in the figure, with the label “exogenous price
change”. The pattern of the tax response is qualitatively similar to the case with linear production
(a = 0, shown on Figure 1), but quantitatively muted: marginal tax rates at the bottom fall by around
6pp, compared to 10pp in Figure 1. This muted response arises from the interaction between returns to
scale and the strength of redistribution preferences. Introducing o > 0 implies that stronger redistribution
preferences are required to rationalize the same observed tax schedule. To understand why, we have to
come back to Proposition 1: with o > 0, a wage subsidy is necessary to incentivize labor supply, exploiting
increasing returns to scale to reduce prices. This shifts the effective retention rate to (1 — «)(1 — T7),
which is lower than in the linear case. As a result, even at the same observed tax rate, the planner is
implicitly favoring low-income households more under non-linear production. Empirically, we find that

this stronger redistribution motive is reflected in a higher Pareto weight at the bottom: g(6) = 1.2 > 1.1,

520nline Appendix Figure A3 reports inflation inequality patterns in the NielsenIQ data, with and without changes in
product variety.
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which dampens the impact of price shocks on the optimal tax rate relative to the linear case. Thus,
under increasing returns, inflation inequality still generates regressive tax responses, but their magnitude
is partially offset by a stronger underlying redistributive motive.

Moreover, using the second part of Proposition 4, we find that the response of the tax schedule is
amplified in general equilibrium. The results are reported in blue in the figure, with the label “endogenous
price change”. With ¢ = 0.6 in Panel A, the planner reduces marginal tax rates by an additional two
percentage points at the bottom of the income distribution. With ¢ = 2 in Panel B, the amplification
is much larger and the optimal marginal tax rate is reduced to only 10% at the bottom of the income
distribution. To understand the magnitude of the amplification, recall from Proposition 4 that the general
equilibrium response is the partial equilibrium response scaled by (1 — a (o + Q))_l. In our estimation,
Q is small compared to o, so this scaling term is well approximated by (1 — oza)f1 and is equal to 1.22
with ¢ = 0.6 and 2.5 with ¢ = 2, i.e the amplification ranges from about 20% to 150% depend on
the elasticity of substitution. Intuitively, in general 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 3 quantifies the role of the curvature of
the social welfare function for the response of the tax schedule, illustrating the theoretical insights from
Proposition 3. While Figure 2 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. Specifically, with a linear social welfare function G(V,0) = A(0)V, A() is chosen such
that the observed schedule is optimal. With the empirical social welfare function, G(V,0) = G(V), G is
directly chosen such that the observed schedule is optimal and is not allowed to depend on 6. Figure 3
reports the results with a linear social welfare function (in blue) and the empirical social welfare function
(in red). The degree of optimal redistribution toward the rich is slightly muted with the empirical
social welfare function, because the social value of redistributing income toward high-skill agents falls
endogenously as they get more transfers. With ¢ = 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. With ¢ = 2 in Panel B, optimal marginal tax rates are about
Tpp larger than with linear Pareto weights, but the fall in optimal marginal tax rates induced by price
shocks remains sizable.

To further investigate the role of the curvature of the social welfare function, we specify the social

welfare function as G(V,0) = )\(9)‘;::, with v the CRRA coefficient and setting A(f) such that the

3In the Diamond-Mirrlees case, the partial equilibrium response are the same as in Figure 1. The amplification of the
response through general equilibrium effects is the same as in the monopolistic case presented here: the partial equilibrium
response is scaled by 1.22 with ¢ = 0.6 and 2.5 with ¢ = 2. A limitation of the results with endogenous price changes
presented in Figure 2 is that we use a single elasticity of substitution across all goods. The existing literature offers no widely
accepted estimates of heterogeneous elasticities of substitution across detailed product categories: developing such estimates
would be a fruitful avenue in future work. This limitation does not affect the results we obtain in partial equilibrium or when
production functions are linear.
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Figure 3 The Role of the Curvature of the Social Welfare Function
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Notes: the IRS parameter is set to a = 0.3 and the labor supply elasticity to € = 0.21. The CEX-CPI data set is used in both
panels to measure the price shocks, obtained by computing inflation rates from 2004 to 2015 across the income distribution.
The initial tax schedule is taken from Hendren (2020). Each panel reports the optimal tax schedule under different social
welfare function: the linear social welfare function from Figure 2, the empirical nonlinear social welfare function described
in the main text, and social welfare functions with a coefficient of relative risk aversion (CRRA) of 0.5 or 1. The dark blue
lines in the figure are the same as in Figure 2.

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.

Overall, these results show that non-linearities in social preferences for redistribution may play a
significant 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.

5.3 Optimal Tax Schedule

We now analyze 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 D.4 provides a complete discussion of the solution algorithm.

PWith v = 1, we set G(V,0) = \(0)log(V).
5Online Appendix Figure A5 shows that similar results apply with alternative values of the labor supply elasticity.
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Figure 4 Returns to Scale and the Optimal Tax Schedule
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Notes: This figure plots optimal marginal tax rates under constant returns to scale (CRS, o = 0) and increasing returns to
scale (IRS, @ = 0.3). The social welfare function is logarithmic (CRRA=1) and the elasticity of labor supply is ¢ = 0.21.
With increasing returns, the “naive” correction uses the formula 1 — Tharvp(0) = 12 (1 — T4rs(0)). The optimal tax
schedule solves the full optimization problem, accounting for endogenous changes in the value of redistribution across the

income distribution.

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,
Z*
?.
“aggregate” returns to scale. With aggregate returns «, the “naive” interpretation of Proposition 1 is

ie. with v(z*,p) = We consider a setting with a single sector, such that a can be interpreted as
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.

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. This result already conveys that
it is important to take into account returns to scale for optimal tax design: the effect on optimal tax rates
is large.

The solid red line shows the optimal tax schedule under returns to scale with a logarithmic social
welfare function. The fall in marginal tax rates is smaller than with the naive correction. This result
shows that the curvature of the social welfare function plays a quantitatively important role in determining
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 A6, 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,
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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\(f) = (Uopn-m(ﬁ))*g, where Ugpiim (0) is the solution of the
optimal taxation problem with homothetic utility, constant returns to scale (« = 0), and the CRRA

parameter ¢ 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 on non-homothetic preferences. 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:

S (@) Q7 =1

1€l
NhCES preferences have convenient features, in particular % = (g; —¢;) and %}m =
o Vi,j € Z. This tractable specification allows us to separately examine the impact on the tax schedule
of the “utility elasticities” {e};ez, which govern non-homothetic spending patterns, and the elasticity of
substitution o.

For tractability, in our calibration we consider two products, labeled “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 o = 2. We then specify the elasticities {¢}y  to match the dissimilarity
index of consumption shares observed across the income distribution in the Consumer Expenditure Survey
in 2014. We compute the dissimilarity index at the level of the product categories available in the CEX
interview files, called universal classification codes (UCC). We focus on 2014 as the data on the observed
tax schedule from Hendren (2020) is available for that year. We obtain e, = —7 and ey = —1.5, implying

that low-income households have a large marginal propensity to spend on the low-quality goods.

Main results. Figure 5 characterizes the impact of non-homotheticities in our baseline specification
relative to the homothetic case, with o = 0.3 and Pareto weights from the logarithmic social welfare
function. Panels A and B show 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 distribution.
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. Non-homoheticities
thus 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
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Figure 5 The Response of the Optimal Tax Schedule to Non-Homotheticities
(v = 0.3, e, = 0.21, Pareto weights from SWF CRRA=1)
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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. Panel A reports the optimal tax schedule with homothetic and non-homothetic
preferences. Panel B plots the difference between these two tax schedules across the income distribution. Panel C reports the
equilibrium prices in the homothetic and non-homothetic models. Panel D shows the derivative of (deflated) indirect utility,
dv(z*,p)/dz", across the income distribution. Panel E reports this derivative scaled by social preferences for redistribution.
Panel F report the equivalent variation (EV) giving the willingness to pay of agents for the non-homothetic optimal tax
schedule instead of the homothetic optimal tax schedule, expressed as a percentage of their disposable income under the
homothetic optimal tax schedule.
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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-
homothetic preferences, relative to the optimal schedule under homothetic preferences.’® The equivalent
variation is close to 15% in the bottom decile of the income distribution and decreases monotonically
throughout the distribution, turning negative in the seventh 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
redistributing more and the induced price changes in general equilibrium (Proposition 4). As the rela-
tive price of the low-quality product decreases, 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.

%We study the equivalent variation defined by:

v (25(0) + EV(0),pHr) — (ZHQ(Q)) =unu(9),

where H denotes the equilibrium under the optimal tax schedule with homothetic preferences, while N H corresponds to the
equilibrium with non-homothetic preferences.
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Sensitivity to increasing returns. Figure 6 reports the simulation results with larger increasing
returns, setting o = 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 C).
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 (panel F).

Sensitivity to preferences for redistribution. With o = 0.30, Figure 7 investigates the effects of
nonhomotheticities when preferences for redistribution are weaker. The Pareto weights are taken from
the optimal schedule with constant returns 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 C). 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 (panel F).

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.

The impact of exogenous price shocks. Finally, we analyze how price shocks (e.g., from produc-
tivity shocks) affect the optimal tax schedule. We already characterized this response using a first-order
approximation in Section 5.2. In Online Appendix B.1, we present complementary results with no approx-
imation, accounting for feedback loops created by large price changes. We again find 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 endogenous social value of redistribution.

Specifically, we consider an exogenous 5% change in the relative price of the high-quality and low-
quality bundles. We find that this price shock leads to a fall in marginal tax rates of 3.25 percentage
points at the bottom of the income distribution. The equivalent variation, capturing the willingness to
pay of agents for the revised optimal tax schedule, ranges from -6% at the bottom to +9% at the top of
the income distribution. Finally, in equilibrium the relative price of the high-quality bundle falls by 13%,
more than twice the exogenous relative price shock. We thus find that the amplification effects and their

welfare implications are sizable.

5.4 Extension: The Response of the Optimal Tax Schedule to Exogenous Shifts in
the Skill Distribution

The previous section shows that the optimal tax schedule is sensitive to non-homotheticities because
redistribution induces changes in relative prices and hence in the value of further redistribution. We now

present an extension analyzing shifts in the income distribution. Specifically, using the comparative statics
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Figure 6 Higher Returns to Scale Magnify the Impact of Non-Homotheticities
(e =0.4, e, = 0.21, Pareto weights from SWF CRRA=1)
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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. Panel A reports the optimal tax schedule with homothetic and non-homothetic
preferences. Panel B plots the difference between these two tax schedules across the income distribution. Panel C reports the
equilibrium prices in the homothetic and non-homothetic models. Panel D shows the derivative of (deflated) indirect utility,
dv(z*,p)/dz", across the income distribution. Panel E reports this derivative scaled by social preferences for redistribution.
Panel F report the equivalent variation (EV) giving the willingness to pay of agents for the non-homothetic optimal tax
schedule instead of the homothetic optimal tax schedule, expressed as a percentage of their disposable income under the
homothetic optimal tax schedule.
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social welfare function with CRRA=1.

Figure 7 Lower Social Preferences for Redistribution Reduce the Impact of Non-Homotheticities
(a =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
Panel A reports the optimal tax schedule with homothetic and non-homothetic
preferences. Panel B plots the difference between these two tax schedules across the income distribution. Panel C reports the
equilibrium prices in the homothetic and non-homothetic models. Panel D shows the derivative of (deflated) indirect utility,
dv(z*,p)/dz", across the income distribution. Panel E reports this derivative scaled by social preferences for redistribution.
Panel F report the equivalent variation (EV) giving the willingness to pay of agents for the non-homothetic optimal tax
schedule instead of the homothetic optimal tax schedule, expressed as a percentage of their disposable income under the

homothetic optimal tax schedule.
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approach from Section 5.2, in Online Appendix B.2 we characterize quantitatively the optimal response
of the tax schedule to exogenous shifts in the income distribution, accounting for the endogenous response
of prices.

We first consider the direct, partial equilibrium response to the change in the skill distribution, with
fixed prices. In this case, the rise in inequality in the United States in recent years makes it optimal to
increase redistribution. 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.

Furthermore, general equilibrium effects are at play through prices. The direct effects on prices of the
shifts in inequality is amplified through income and substitution 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 higher 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 Proposition 2.

Quantitatively, we find that 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.

6 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 response of the optimal tax schedule to price shocks, in both partial and
general equilibrium. Using simulations based on observed spending patterns and the empirical elasticity
of prices to market size, we found that these channels have a sizable quantitative impact on optimal
marginal tax rates and welfare across the skill distribution.

Our 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.
Another interesting avenue for future work would be to estimate heterogeneity in returns to scale across

sectors, which we have abstracted from in our quantitative analysis, and the consequences for the optimal
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tax schedule.
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A Proofs

In this section, we provide proofs for the theoretical results of Sections 3 and 4. We also derive the
comparative statics formulas that underpin the quantitative results of Section 5.2, with many sectors.
Additional results — including the derivation of optimal tax formulas, comparative statics formulas, and
their qualitative characterization under general household preferences and a general specification of the
supply side — are collected in Appendix E, which also provides micro-foundations for the supply-side

specification.

In our quantitative analysis, we consider an economy with n sectors. Here, we formulate a simple exten-
sion of the model of Section 3, which allows us to generalize the results of Proposition 1, 2 and 4 and

provide the theoretical ground for the quantitative results of Section 5.2.

The economy has n sectors indexed by k. There is a mass 1 of households with different productiv-

ity types € distributed according to 7(0).

Households. Households’ preferences over goods and hours worked z/6 are given by:

1 Z\1+z
u(ery .oy ) — 11 <§> )
€

with u concave, increasing and C3, and ¢ < 1. Given separability of preferences between consumption
and labor, the household problem, under consumer prices q = {q1, ..., ¢, } and the income tax schedule T,

can be written as:

V(6T ) = supo(tq) - — (5)'
,aQ—iflzl*)Uzvq 1+% ) )

such thatz* = 2z — T (2)

U(Z*aq) :SupU(Ch...,CN), Q'C:Z*.
c

The consumption problem on the third line defines an indirect utility of consumption v (2*,q) and a
Marshallian demand function ¢ (2*,q) . Since u is concave and C3, the implicit function theorem directly
shows that v and ¢, are C2. The labor supply function is z (§; T, q) and post tax income is z* (6; T, q) =
z(0;T,q) =T (2(0;T,q)).

Notations. For individual consumption, we denote ey (2*,q) = qxck (2*,q) and si (2%, q) = ex (2*,q) /
z* the expenditure on good k and the budget share of k, respectively. 0,-er (z*,q) is the marginal
propensity to spend on good k.

For aggregate consumption, we denote Cy, = [ ¢ (2* (0;T,q),q) 7 (0) d, Ey = qxCy, and 5, = Ey/
[ 2*(0;T,q) 7 (0) df, aggregate demand for good k, aggregate spending on k, and the aggregate share
of k in total expenditure. 9.«Ey; = [0.-e;(z* (0;T,q),q)n(0)dd is the average marginal propen-

sity to spend on k. Finally, we denote the matrix of compensated cross price elasticities as Sj, =

A2



ak [ (Og.cj (z* (0; T,a) ,q) + Oz+c; (2* (6; T, @), q) ek (2* (0; T, q) ,q)) 7 (0) O/ C;.

For individual labor supply, as in the main text, we define ( = ¢/ (1 — E0y(z)In (vz*)), the compen-
sated labor supply elasticity. 5 is the compensated labor supply elasticity corrected for non-linearities in
the budget constraint: ¢ = ¢/(1+ z¢T" /(1 —1T")). Similarly, n = (On(z)log (v+) is the income effect with

a linear budget constraint and 7 the corrected income effect.

Firms. We adopt the same supply-side specification as in the main text. In each sector, goods are
produced using labor as the sole input. The cost of producing Cj, units of good k is xx (Ck, &) and the
price of k is given by ¢ (Ck, &), where & is an exogenous supply shifter. We consider two cases: in the
competitive case, we have ¢y, (Ck, &) = Oc, xk (Ck,&k); in the monopolistic case, we have xyi (Ck, &) =
Cror (Ck, &). We assume, as in the main text, that the elasticity of price with respect to market size,

a = —Cr0c, ¢k (Ck, &) / ok (Ck, &), is constant, equal across sectors and independent from Cj, and &.

Planning Problem. The government maximizes a social welfare function [ G(V(0),0)n(0)df with G
increasing and concave in V' using a nonlinear income tax T, and commodity taxes, qr — pg, and a profit

tax. The planning problem can be written as:

W = sup / G(V(6),0)r(6)d0
T,q

1 /2141
st V(0) =swpv(z-T(2),q) ~ 11 (5>

z(0) = argmaxv (z — T'(2) ,q) — 1 (Z)Hi

—_
+
A=

Gy = / e (2 (0) = T (=(0)) , q) w(0)do

[ TGO RO+ (@0~ () =

k=1
where the consumption function solves ¢ (z*, q) = argmax u (¢) s.t.q-¢c = z* and v (2%, q) = u (c(z*,q)).
Preferences of the household satisfy the single crossing property: (2/9)6_1 / (00+v (2%, q)) is decreas-

ing in type 6. Therefore, the planning problem can be re-expressed as a direct mechanism where global

incentive compatibility constraints are replaced with a local constraint and a monotonicity condition on

A3



= Sup /G m(0)do
0),2(6).q
1+1
st. V'(0) = % <z(00)> and z(#) is non-decreasing (A1)

with  V(0) = v (2*(0),q) — ! 1<

[ GO == @) 7O+ > @Ok~ x (Cr ) =0

k=1

A.1 Proof of Proposition 1

In this subsection we prove Proposition 1 in an economy with N goods; the two-good economy of the
main text is included as a special case.

Proposition 1. Commodity taxes are not used at the optimum. The optimal non-linear income tax

schedule is characterized by:

T’ 1—-1t,

1 T\
et g et e (et ) 7)Y

where t,, = a in the monopolistic case and t,, = 0 in the competitive case. When a = 0, we obtain the

standard formulas in both cases.

Proof: After integration by parts of the planning problem A1, the corresponding Lagrangian is:

L— /G (0)d0 — /(u'(e)vw)w(e)é (Z(:)>l+i> i

—A (/ (2*(0) — 2(0)) m(8)d6 — > (arCh — X (Clmfk))) 7

k=1

where 1(6) are the multipliers on the incentive constraints and A is the multiplier on the resource con-

straint.

We start with the FOC with respect to consumer prices ¢;. Denote ¢"(v,q) is the Hicksian demand

function at prices ¢ for a given sub-utility v, we have:

dc;j _dej| 80?
dg; v dg; |, Ogi
dz* _odzt|
dgi |,y dail, “
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We therefore have, denoting 8, Cl' = [ 8,,clr(0)do:

qz]

dL
dq =\ (C’ +Z — Jo; X5 ijfa)) a‘ZZCJ C)

which gives for all i:
> (gCj — (1= tw) p;iCy) Sji = 0,
J

with ¢, = 0 in the competitive case (dc;x; (Cj,§;) = pj), and t,, = « in the monopolistic case (
0o, x5 (Cf,&5) = ¢; (Cy,&5) + Ci0c, 05 (C,§5) = (1 —a)p;). Recall that S is the matrix of cross price
elasticities. Given that S is generically of rank N — 1 with left kernel gC', we have:

q XPp,

so choosing p = ¢ is optimal.
Next, we derive the FOC associated with V. V(6) impacts consumption and producer prices through
2*(0) with dz*(0)/dV (0) = 1/v,~. We thus have:

Vy*

0= G (WV(6),0m(0) — 1'®) — 1 -3 (- e, (€1 ) az*ciw)]

i

Uy I —ty Z qi 3z*6i(9)]

L0 = <1 4y - Gl(V(GW)”Z) 7(0).

1= (0~ (1= tw) p) az*ciw)]

Finally, defining i = p v« /A, we have:

i(0) + i 0« MRS 2 (6) = — (1 —ty — W’) (0),

—1¢

€
with MRS = % (@) /v.+ the marginal rate of substitution.

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

and prices, is:
paOgMRS = 7m(0)((1 —ty,)MRS —1).

Since MRS =1—T"(2(f)), and 2(ypM RS = —2'(8)(1 — T"(2(0))), we therefore have, denoting f(z(6)) =
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Finally, using —zC 8,- MRS = 7}, we get:

T 20 o B =(0) Gluye
f(z )zC< —I—tw> +/Z(9) 7l (1 T —|—tw> f(z)dz = /Z(e) <1 —tw — 3 > f(z)dz

Using g = G'v+/((1 — ty)A), we obtain the formula of Proposition 1.0

A.2 Proofs for Section 4: Propositions 2, 3, and 4, and Corollary 1

In this section, we provide proofs for our comparative statics results of Section 4. In the last subsection,

we provide the comparative statics formulas underpinning the results of Section 5.2.

A.2.1 Intermediary Lemma

To streamline the presentation of the proofs, we first present an intermediary lemma valid in an n—sector
economy. For an exogenous supply shock &, we derive the change in welfare for agent 6, dV (6)/
déyexpressed in terms of the resulting equilibrium price changes, dp;/d¢,. Much of the algebra required
for Propositions 1, 2 and 3, as well as Corollary 1 is the same. The purpose of the lemma is to consolidate

these repetitive derivations into a unified result.

As in the main text, we assume that there are no income effects of labor supply at initial prices (as-
sumption A3). At initial prices p = {p1,...,pn}, we have 0,«v (z*,p) = 1,Vz*. Recall that the utility
of the agent can be rewritten U(cy,...,cn,2,0) = ¥ (u(cy,...,cn)) — (1 —|—671)71 (2/0)1“71, where the
function ¥ can be used to calibrate the income effect of labor supply at initial prices: here we choose
U (v (2*,p)) = O (2%, p)_l. The comparative statics formulas for a general ¥ are relegated to Appendix
E.

Lemma A1l. Under assumption A3, the change in welfare for agent 6, dV (@) /d&k, in response to
an exogenous supply shift dy, conditional on the change of prices dp;/d¢, is given by:

e 0r(0) 6 d (dV g S dV J NdV , " 1 dp;
T2 (LT =0) o {dsk}-i-( )/(99(7(9)61&—/997(9)(1&7@9)7@9—1+€1_ Z (0) + 8.+ E}) — T

o av
(1 _tw)/9 gEﬂ-dO = _akak (gkack)z
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where 7 (0), 7; (0) are given by:

_ G"(V(9),9)
v(0) = “TW0).0)

0
26 = (1—ta) (1 T) (” ) (az*el—3z*El)7Td9/+(3z*€l—8z*Ez)>-

Proof: Recall from the proof of Proposition 1 that p; = ¢;. In addition, the optimal tax system is

determined by the following envelope conditions and first order condition:

dﬂ(m:< 1ty G’(V(Q),G))W(g)

do (z*(0),p) A
1
w0 ()" |
0 (1 + 1) 9&2 (Zf)) () (1 (1 tu) (z*l(e) - % (z(:))e> | (A3)

with () = p(0)/X and fi(0) = (f) = 0. Finally, the budget constraint needs to be satisfied:
[ GO == @)r @@+ 06 - @) =0
=1
We first start by differentiating the marginal value of income v~ (2* (0), p):

d * = Vyrpx (2F % niv*z* dpl
e 0 (0B = (7 0),9) G 4 3 (0 0.

dz* <~ 0 d
= v (27 (0).0) G+ 3 5 e (27 (0),0)} g
=1

. dz* 0 . dp
= v (21 (0),0) - = D5 v (2 (0) )}
=1

. . dp . ZN dp,
A (Z ( ( § ldfk) — Vg (Z (0) 7p) l 0.+ déy
=1

dPl
= Uz 7p Za *Cl

where the second line uses Schwarz’s identity, the third Roy’s identity, and the fifth uses v« (z* () ,p) =
0. Using the fact that ¢,, is constant (equal to « in the monopolistic case, equal to 0 in the competitive

case), differentiating the first equation of system A3, we obtain:

)= (wrmm stk R (0 ) o
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with v (0) = —G"(V(0),0)/G'(V(6),0). Using the fact that dg, () = de, i() = 0, we have in addition:
1 dX 1 —ty, - dp,  G'(V(6),6) dv (6)
Ldx _ - BT P ) 0 0)do
N déx / (Uz* (== (0) )Z:a Cldfk + \ v (0) déx 7(0)

=—(1- tw)/ (Z az*cldp]lC + g7 (0) dg(]f) m(0)do,

=1

where the second line uses v« (2* (0),p) = 1 and G'(V(0),0)//X = (1 —ty) g (by definition of g). We
therefore have:

%{dgg(f)} =-(1-tw) (l 1 ( 2 = /3 cam(f d9) Py (9)( () dg;f) —/gv @) d‘;éf/)ﬂ(ﬂ')de’)> ().

Differentiating the second equation of system A3, we obtain:
4 fAVOY (1)1 (=0 He 1 dz(6)
Differentiating the last equation of system A3, we obtain:
1
di(0) € dpl 1 0 \< 1 dz(0)
=— Om (1 —ty) Yy Oy
dé, 1+e Z “ae, T \Z0y) 2@ de

(
—1; (6) ((1—tw);3z*0132+ 16 2<z<6;>1 {d&f)})'

Putting everything together, we obtain:

L d 0\ d [ av(o)
= amwr {0 Eed m» )

=1

+
0 n
:—(l—tw)/e (Z(@Z*el—g( ) 0.+ Ep) 1l ;lgl +9(0) < / dﬁk 9)d€)> w(0)do.

Using the optimality of the initial schedule, we have:

e 1o/ 60 \'2% d fav(o)\ . g av (o) N AVO) o
retomo 08 (S ) e =m0t [ 9@ (10 S = [ o) TP w0 ) w0y

n 0
-ty </9 (D1 — g (6) 0z ) m(0)d0 + -

6 ’
~a=t) a0 (0 52 = [ 0) T w0100 ) wi0)00

n g
- (1= tw)zz:; </90 ((Bzxer — O Ey)) m(6)d + -

€ 1d
Bom(00)Dsney | — 2L
+e p1 d€

€ 1 dp;
0o (0g) (O,+e; — O+ E, —_—
. (60) (021 — O l)>Pzd§k

€ 1 n
- B (6 9.+ E
e O T oy 2% P e

The last line uses the fact that the initial schedule is optimal, so that:

0 0 €
(1- tw)/ g (0)7(0)d0 = (1 — tw)/ 7 (0)d0 — 0o (0o) (1_7,1(2(90)) —a- tw)> .

90 90
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Using the definition of 7;, we therefore have

¢ for(6o) o \ d [dV(00)\ _ . o av(e) N V) o)
TP OT ) (2(90))(19{ - }_ 1 tw)/BOQ(O)(W(G) D o) S (e)de) (6)do
1 dp

ZZ 71 (60) + 02+ El)*@

_ € 0071'90
1+el—-T"(z

which proves the first formula of the Lemma.

Next, we differentiate the budget constraint:

?(d:(0) dz*(9)> dCl dpy
/e < & dgy ; o= dcxa (&, C)) 2} L — Oe, Xk (&, Ci)

Recall that we have C; = [ ¢; ( ),p) ™ (0) df and that ¢ (v, p) is the Hicksian demand function. Using

the standard Slutsky decomposmon7 we have:
dC; / 20§ dpm / dpm
0z = cm (0 6) df + Dp,, do——.
& H < e Sk Z OO e,
Using p; — 0c,x1 (61, C1) = twpr, Sopvy 218, cf (0) = 0 and Y1, pd.+c; (6) = 1, we obtain:

o (dz(0) N ip) )
/9 (d&g — (1=t ( & =2 a®) d§k>>ﬂ(9)d9—akak(£k,ck)_0.

=1

Using Roy’s identity and the envelope condition, we have

e (dz*(e) _z":C ©P () dz(9)> |

dey, & dé, d&
d (dV(0) 1) 1 , dz(0)

SO we can re-express the government budget constraint in terms of household’s welfare:

/90 <<1—1T' —{- tw)) 1—€F69;0 {dzz/g(f)} — (1= tw) Ui* dz;f)> 7 (0) df — Og, Xk (§k, Ck) = 0.

Finally, using the optimality of the initial schedule we have

(e 0-00) e {42} 000 50 o [

which implies

0
(1=ta) [ 90 %0 x 0)a8 = ~00 i (6.0,

which proves the lemma.[]
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A.2.2 Proofs for Section 4.2

Here, we provide a proof of our results when the production function is linear. In that case, prices are fully
exogenous pi = ¢k (§k) and xx = ¢k (&) Cx. Re-normalizing the shock (& = ¢ (§k)), we can directly
re-write the system of Lemma A1l as:

€ 07r(9) 6 d av 0 ’ dv d / av / r_ € 97(9)
(1+e)?(1—1)%20) do {dlnpk } +/0 g (7 (¢) dinpr /ﬁ g7 (") dinpr mdf | mdt = =3 o (7 () + 0= i),
0
o ~ dlnpy

As in the main text, we define an increase in the relative price of the necessity, keeping the average price
level constant, as dlnp;, such that dlnp; = s;dlnp; and dlnp;, = —§;dlnp;. We also define a homogeneous
increase in price dlnp, such that dlnp; = dlnp;, = dlnp. In a two-good economy, a relative increase in the

price of necessity and an homogeneous increase in price summarizes all the price changes.

Linear Social Welfare Function (Proposition 2 and Corollary 1) We first provide the proof of

Proposition 2:

Proposition 2.

Under A3 — A4, the response of the optimal tax rate at # to an increase in the price of k¥ when o = 0 is:

ped (T } 1 T’
e = —= Ez P 62*6 — 8Z*E e — 8z*e — 82*E .
e BT R e T

With homothetic preferences (9,+ep, = sp), we have d,,, 7" = 0. With non-homothetic preferences, under
A1 the change in tax schedule in response to change in the price of the necessity (k = [) and luxury
(k = h) good satisfies :

pd [T prd [T\ pd | T
an {1—T’}<0 and o \T—T' [~ g \1-T >0 V.

Proof: Under Assumption A.4, we have v (0) = 0V (since G” (V,0) = 0 when G (V,0) = N\gV). We

therefore have, using Lemma Al:

1 +€)2 (1 _T/)2 2(0)do \ dinpy | Cldel—T

In addition, we have from the envelope condition:

je{dV(G)}: <1+1>;(1_T,) dz(0)

dinpy, € dinpy.”

—1
From the optimality of labor supply (% (@)E Jv (2% (0),p) =1 —T"), we have:

1dz(0) e AT’

=— — edy~ep.
z dinpy, 1 —T" dinpy, €Oz Ck
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Plugging these expressions in our formula, we obtain:

e On(0) 1 dT’ e 0m(0)
- — Oy* = — 7 Z*E
14+e(1-T) ( 1 — T dinpy, o e’f) — (1 (0) + 02+ Ey,)

prd T 1
dek { 1- T’} T1_o7 (7k (0) — (Ozxer, — O ) -

Finally, using the definition of 75 (f), we have:

pd [ T\ _(l+e 1 / A
dpk{l—T’}_< e 0n(0) Jo (01 — Oz Ey) TdO T (Oyxe; — 0.+ E)

= m /2(9) (Ozrer, — 0 Ey) f(2)dz — 1_71 (Ozrer, — 02 Ey)

which proves our formula. Since z{f(2(6)) > 0, the expression has the same sign as F (z(#)), defined
below:

z(0) - /
(Ozver, — 0+ Ey) f(2)dz — ZCf(Z(G))% (Ozrer, — O Ey) =

2(0) 2(0)
/ (Ozcer — 0.+ Ey) f(2)dz — (Oz+e, — 0, E};) / (1—g9) f(z)d=.
2 2(0)
Inspecting the expression in the second line, we have F (z (8)) = F (2 (f)) = 0. Assume now that 9.-ey
is decreasing (k is a necessity good) and define 6* such that 0,-e (2* (6*),p) = 0.+ E) (note that since
z (0)is increasing due to the single crossing property and dV/df > 0 from the envelope condition, z* (6)is

increasing in #). We have:

F(2(0)) = = (Dorex — 0 i) f (2) = (1= T') e ecy, / 5 (1m0 TE

For 6 > 0% we have O,~e < 0,«Fj and since O,-,~ep < 0, we have F'(2(6)) > 0 for 6 > 6*

(f;((f)) (1—g) f(2)dz > 0, as g is non increasing. Since F (2 (f)) = 0, this implies F (2 ()) < 0 for

0> 0"

Note in addition that we can rewrite F (z(0)) as:

z(0)
F(z(0) = — / (ore — Oue By) F(2)d2 + (De s — Oor ) / (1— g) f(2)dz.
z(0) z(0)

For 6 < 6%, we have J,+e, — 0.« . > 0 and decreasing in 6, so that:

2(6) z(0)
F0) <~ @urer=00) [ S+ (0rren =00 ) / L, (o s
z7(9) B

= — (Ozrep — 3z*Ek;)/ gf(2)dz < 0.
z(9)

Thus, F (2 (0)) < 0 for § < 6*, which implies %poll {ITT,} < 0. By direct inspection, since 9,+e; — 0« Ej =

All



— (0en — 0.+ Bp), we have Bt { T d — —pd [T 5 0. O

We now turn to our welfare analysis and provide a proof of Corollary 1. We also show that welfare
decreases after an homogeneous price increase and that the decrease in welfare does not depend on
consumption patterns. In particular the welfare decrease is the same when household have homothetic
or non-homothetic preferences. The result is intuitive: an homogeneous price increase is equivalent to
an homogeneous reduction in households’ real wage independently from their consumption preferences.
Households reduce their labor supply and, from Proposition 2, tax rates are left unchanged: the real

income of all households falls.

Corollary 1. For an increase in the relative price of necessities dlnp;, with dlnp; = §pdlnp; and
dlnp, = —5;dlnp;, the compensating scheme dT (z (0)) = — (s; — §;) 2" (0) dinp; is feasible but only opti-
mal when preferences are homothetic. With non-homothetic preferences, under A1 — A4 we have dV (6) /
dp; < 0 and dV (0) /dp; > 0 ; dV () /dp; is increasing in 6 and E (gdV (8) /dp;) = 0.

For an homogeneous increase in price, dlnp, such that dlnp; = dlnp, = dlnp, we have dV () /dp is negative,
decreasing, and independent from consumption preferences.

Proof: Using the formula of lemma A1, we have that for an increase in the relative price of necessities,

the change in welfare satisfies:

€ 971'(0) 0 d dV B € 9,”(0) i
(1+€)(1—17)%2(0 )d{dlnﬁl} T 1ld4el-T (11 (0) + 0. Eyp — 1),
o v
dlnplﬂ-de 0

where we used v = 0 and dV (0) /dp; = 5,dV (0) /dp;+ 5dV (6) /dpp. The second equation directly shows
that E (gdV (0) /dp;) = 0. Since 0,«E; < §;, to show that dV () /dp; is increasing it is enough to show
that 7 (6) is negative. We will then have dy {dV () /dp;} > 0, which implies, given E (¢gdV (0) /dp;) = 0,
that dV (6) /dp; < 0 and dV (6) /dp, > 0.

Recall that we have:

1+ 1 [ )
71(9):(1—T) . 97r(9)/9 (8Z*el—8z*El)7rd0 +(8z*€l—8z*El) .

Since (1 —7") > 0 and 67 (0) > 0, 7; (A) has the same sign as 7 () = ff (0=xe1 — 0o Ey) mdf' + 7507 (0) (02- €1 — 0+ ).
As in the proof of Proposition 2, define 6* such that 0,-¢; (2* (6*) ,p) = 0.+ E;. For 8 > 0%, we have 0,-¢; <
0., which implies 7 (8) < 0. In addition, we have 7 (6) = — (1 S ";Eg)) 7(0) (Dyee; — D ) +
(1=T")2"(0) Operre; < 0 for O < 6*under A4. Indeed, d.xe; — D« Eyp > 0, Oy pvep < 0 (and 2’ (0) > 0 for

the tax schedule to be incentive compatible). Since 7;(0) = 0 is decreasing on (6, 6*) and negative for

6 > 0, we have 7; (0) negative everywhere, which implies dg {dV (0) /dp;} > 0.
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For an homogeneous price increase and simplifying the formulas from Lemma Al, we have:
d [ dV 2(0)
—e—r=—(1 1-T") ==
de{dzma} I+ (1-T)=

0 dV 0
/ g—fﬂd@ = —plCl —phCh = —/ z (9) wdb.
0 dlnp /]

This implies that dV (0) /dp is decreasing and independent from consumption preferences. Next, we have:

d (d 20
Cw{cu;;}:—(ue)(l—T)(e)

=—(1-T+eT") 2 (0)
N dv(0) dV (0)

dnp dln]g —(2(0) = (1+e)T(2(0)) + ez (0) T (2(9))) .

Finally, recall from the proof of Lemma Al that we have:

o av 1 e d [dv()  dV(6)
/egddlnpmw__/g <1—T’1+60d9{ déy }_ s >”(0)d9

dv (9)
dinp

0
:/0 (e (1= T") 2(6) + = (8)) 7 (8) dO +

s

0
N d;n(g) _ _/9 ¢ (1—1T") =(0) (6) d6 < 0,

The second line uses feéT (2(0)) mdf = 0. We therefore have dV (6) /dp < 0 and dV (6) /dpdecreasing,
which implies that dV (0) /dp is everywhere negative.(]

Top and bottom tax rates. To conclude this section, we provide formulas for the top and bot-
tom tax rates that we use in our discussion of the quantitative results of Section 5.2. We assume that
the Pareto weights g are decreasing and denote g (f) > 1 > g (5) their limit at the bottom and top of
the distribution. Similarly, d,«e; (0) > 0,«E; > O.+¢; (9) are the marginal propensity to spend on the
necessity good at the bottom and top of the distribution. For an increase in the price of the necessity

good, our tax formula is:

pld T’ 1+e 1 /9 T
dor = z* - z*E - . _ Z*E ,
dpy {1 - T’} e 0m(0) Jy (01 = O+ E) w(0)dO — = (01 — O:+ 1)

T ( 12 (061 — 0, Ey) w(0)dB
=T\ Y (= g)m(0)do

— (Dever — OZ*El)) .
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Using ’'Hopital’s rule, we have:

pd [ T _ g9 T

leﬂf{l T/T’} O)==3 —g zé) 1 T/T’ (0:+Ey = 021 (6))

Q
—_— —
)

which gives the formulas for the top and bottom tax rates.

Non-Linear Social Welfare Function (Proposition 3) Before proving Proposition 3, let us briefly
discuss the tax formula when the social welfare function is non-linear. From Lemma A1, we have:

€ orn(6) 6 d ( dV /é N dV /9 N dV , , )
@ 0 - 0 do’ | wdo' = — 0) + 0+ Ex) ,
1+e 1-T1T) =z npg 0 npg 0 npkﬂ- T 1+el-T T
2( 2 OdG{dl }+ 9 (7@) g 79”*()6” ; (71 () + k)
g
/ g v wdf = —ppCy,.
o = dinpyg

This formula implicitly determines the optimal tax rate. To see this more precisely, recall that we have:

d [ dv 2 1 dr
— e (14 (1T 4+ 0.
d@{dlnpk} (1+a5( )(I—T’dlnpk+8 €k>

av < dTr >
= — U, +er |-

dlnpy

We can therefore rewrite the formula as:

z z(0)) — = Uyt +er | — Ve | —— + € dz | fdz
¢ (= (0) dpy, {1—T’ o) O\ gy o 1 \dinp T )]

y d( T
0t (o0 220 Tl

lin

U

ﬁ (az*Gk — 8Z*Ek:) .

N T! }
zCf (2(0)) Zl]]i {1_1?,} =E.o.(p) (0zrerx — 0:-Ey) — 2Cf (2(0))

lin

The tax formula is the sum of two terms. The second one is the change in tax rate when the social welfare

function is linear, % {IZZ’} } As before, through this term and Channel #1 and #2, an increase in
lin

the price of necessities induces more redistribution towards the rich. The first term captures an income

effect of redistribution on Pareto weights. If the planner implements the tax reform arising with a linear
social welfare function, the tax burden increases for low income households, which decreases their utility
and raises their Pareto weight. If the Pareto weights of lower income households increases more than
average, then the first term is positive, which counteracts the impact of Channel #1 and #2 and pushes
for more redistribution towards low-income households. We show however in Proposition 3 that this
counterbalancing effect does not fully offset the impact of Channel #1 and #2, even when it is feasible

to compensate all households.
We now turn to the proof of Proposition 3. As in the linear case, we also show that the welfare change

after an homogeneous price increase does not depend on consumption patterns. The argument is the

same as in the linear case.
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Proposition 3. Assume that —G” (V,60) /G'(V,0) is positive and non increasing (e.g., a CARA or
CRRA function) and that Al — A3 are satisfied. For an increase in the relative price of necessi-
ties, the compensating scheme dT (z(0)) = — (s; — §;) z*dlnp; is feasible but only optimal when pref-
erences are homothetic. With non-homothetic preferences, the change in welfare of agent 8, dV'< /dp; (9),
satisfies dV/dp; (0) < dVC/dp (0) < 0, dV¥/dp, (0) — dVE/dp, (8) < dV/dp, (0) — dV/dp; (0), and
E (gdV% (0) /dp;) = 0, where dV/dp; (6) is the welfare impact of price change with a linear social welfare
function satisfying \g o< G'(V (0) , 6).

If in addition, § = oo, the distribution of types is bounded by a Pareto distribution, 07'(6)/7(0) <
—1 — w for @ large enough, and G(V, ) is either CARA or CRRA with a relative risk aversion coefficient
strictly higher than 0, then we have dV'¢/dp; (8) «~ dV/dp; (f) at infinity.

For an homogeneous increase in price, dlng, such that dlnp; = dlnp, = dlnp, we have that dV'¢ (0) /dp
is independent from consumption preferences.

Proof: Using the formula of lemma A1, we have for an increase in the relative price of the necessity good:

697T(9)0ddv_é A L /
1t (1-_T) =0 )d{dlnpl} __/9 g <7 ) G /9 97 (%) dlnplW(w) 0
e or(f) 6 d {dvlm}

(1+€)? (1 =172 2(0) do | dinp

0
/ dv mdf =0,
]

6 dlnpl
€ 071'(0) 0 d dvlln € 071_(9) )
= — *E -
(1+6)2(1_T’) ( ) {dlnpl} 1+el1-—-T <Tl(0)+8z l Sl>,

where fli‘l/”_n is the welfare change with a linear social welfare function described in Corollary 1.
dlnp = 0 implies —dT (z (0)) — (s; — §;) z*dlnp; = 0. With this tax change,
we have dz (0) = —2C (dT" (2 (8)) / (1 = T") 4 (d.-¢; — 5)) = 0 and the total cost of the reform is:

First, note that implementing -2

— / (Sl — 51) Z*dlnpymdf = 0,

so compensating all households is feasible (as it is budget neutral). Such compensation is however not

optimal as it does not solve the first equation of the system. From the proof of Corollary 1, we know that
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dvlin

> 0 for all 8. We consider the auxiliary system:

dinp,
€ Om (60 0 d [ dVp } /9 ~ dV , € or(0) 6 d {dvlm}
=-— 0 do’ + — ,
(1+€)® (1 —1")*2(0)do {dlnpl 0 91(0) dinp, " (1+€)> (1 =172 2(0) d6 | dinp
0
dVp
0 wdf =0,
\ 97 ( )dlnpl

€ or(0) 60 d [ dV; /9 A% /9 N dV4 ,
el =_ 0 — 0 do' | =do
(1+e)? (1 —17)%=2(0)do {dlnﬁl} 0 7 7 )dlnﬁl 0 2 )dlnpzw e

0 0
/gdvl_wdé):—/ G- Mo g,
A A

o ~dinp dinpy
. AV _ avi dv;
We then have: dnpr = dln%l + dln;zlil'
We first consider the term dcllV%l. Since 4 dlnp > 0, we necessarily have that dV/dp; is strictly negative at 6.

If not, — f: gv (¢ d‘%)) 7df’ is non decreasing and therefore non negative at §. Therefore, -% { Vg } 0) >

df | dinp;
d% {Z‘lﬁ;} (0) > 0, so dVp/dinp; is positive in a neighborhood around 6.

We show that this leads to a contradiction. Define 6y the first 6 such that dVj /dinp; is 0. 6y must

exist since fe g7 (0) d”llxg mdf = 0, so there exists dVp/dinp; < 0. Then, since fe gv (0" d‘%’) wdd = 0,
d dVp

f90 gv (0 d(%; mdf’ < 0. Since in addition d% {Ccll‘l/Tﬁl} is positive at 6y, we have 75 { g, } strictly positive
at 0. Since dVy/dinp; (6p) = 0, by definition, this implies dVy/dinp; (0) < 0 in (6y — €,6p), which
contradicts the fact that dVy/dinp; (0) > 0 on (6,0y). Therefore, we have dV/djp; is strictly negative at 6.

Using the same logic, dVp /dinp; cannot be negative around 6.

dlnp

such that f(fo g7 (6") d‘llxg wdf = 0. dVy/dinp; cannot be negative at 6y since then fg) g7 (8") d‘f;/; wdf’ would

In addition, fee gv (0" aVo_rd0' > 0 on (8,0). Indeed, suppose not and denote again 6y the smallest g

be increasing at 6y, contradicting the fact that it is positive for § < 6y. Therefore, dVp/dinp; (f) is non
negative at lp — however, using the same reasoning as before, this would imply dVy/dinp, (6) > 0 for 6 > 6.

As before, suppose not and consider ; such that dVp/dinp; (61) = 0. We have f;; gv (0) d(fxg 7df" = 0 and

06:)1 gy (0") d‘llxg 7df > 0, so f(fl gv (¢ d‘llxg md#' < 0. This implies & { Vg } (01) > 0 so dVp/dinp; (01) is

dinp,
negative below 1, which contradicts that 6; exists.

Therefore, dVy/dinp; (#) > 0 for § > 6y, so that f;; gy (0") dcfxg 7wdf’ > 0, which contradicts that

fpexists.

Next, we show that f(f g7 (8") d(?:t/gz wdf’ > 0, for all #, implies f(fg d‘% wdf > 0. Since dVy/dinp;
dVh

is positive 6, we have fe 9iimp 7Td9, > 0 for 6 high enough. Suppose that there exists €y such that
f;:) g dlr‘{g, mdf’ = 0 and consider the highest #psuch that it is the case. We therefore have fo g leO wdf’ >0
for 6 > 6y and:

0 0 0 0
dVp / , / dVp , / dVp
0 —7df = 0 —7rdf'df + v (6 —7df
| @) it = [+ ®) ,9dznpl V) [ o

= wdf'dh <0,
/90 // gdlnpl

where the second line uses the fact that 7/ () < 0 and fe g leO 7wdf’ > 0 for § > 6y. This contradicts the
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fact that fee; g7 (9) dcllr‘:%l wdf > 0, so feégdcll;/%l wdf’ > 0 for all 6.

Next, we analyze dVi/dinp;. First, if f:gdcfxgl wdf’ = 0, then feégd‘%%l wdf" = 0 and dV;/dinp; = 0

solves the system’s equations. Therefore dV/dinp; = dVy/dinp;. Suppose f90 g-2% 740" > 0, which im-

1 | dinp,
plies f: g dcl%lsl mdf < 0. Suppose further f: gy dcl%gl mdf < 0. Then we necessarily have that ~ d(?;%l <

f: gy d(?::;l?l 7df’ in a neighborhood of §. Indeed, using the same reasoning as above, if v-2L (§) >

N dinp;
f; g d‘liX%l 7df', then we have fyd”llTV%l > f; gy dcll:%l wdf’ for all #, which would be a contradiction. We

can use the same reasoning as before, if not there is a smallest 6y such that ~y dcllx%l (60) = f; gy dcllx%l wdb’;

but at fy we necessarily have - { dcllr‘%l } (o) > 0. Indeed, since = d(%lﬁz 0) > ng gy d‘fx%l 7df in (0,61), we

0 0
dvi dvi
o’ —/ 4 7df | mdd' < 0,
/909<7( Vame = Sy ) G, )
so i { it } (60) > 0.

Since «y is positive decreasing and dcllle;l (60) <0, d% {;;TV%Z} (0p) > 0 at zp, this means that ~ dﬂllx%l

have

is increasing at 6y, which is a contradicts the fact that ~ dcllx%l > fea gy dc%l;l wdf’ below 6. Finally, if

'chllleal (0) = f; g»ydcllxl, wdf’ , at § we would have that d%{ dV) } =0 and Y < 0. Since v is positive

Dl dinp; dinp;

decreasing, vy d(%%l > f: gy d”ll:gl 7wdf’ in a neighborhood of § and we can use the same reasoning to get
0 d(%l'?z > f; gy dcfx%l wdf’ for all 6, which is a contradiction.

Therefore, we have ~ d‘ﬁ% < f; gy dCllX;lal mdf’ in a neighborhood of 6.

Next, we have that D(0) = f;g (7 (0" dcl%i, — fg g7 (8 d(%lsl 7Td(9/) 7df' is positive on the interval

(,0). Consider the smallest fp such that it is 0 at 6y and negative in a neighborhood above. First,

note we cannot have ~y dcl%gl < f; gy (0") d(ﬁ%z mdf" at Oy or in a neighborhood above, since D(6y) would

be locally increasing. This means that ~ d(l%lsl > f; g7 (60" dcl%gl wdf’ in the neighborhood above 6y, which

implies by the same reasoning as at 6 that dcll:%l > f: gv (0 dcll%l mdf’ for all # > z and implies (since
A% i

Ydmp, cannot be constant) that D(0) is positive everywhere above 6y, a contradiction.

Therefore, when f; gy dcll:%l wdf’ < 0, we have that d(%lsl is non positive and decreasing. Since the
\%

equation determining dcllnl_ is linear, when fe g7 7d0" > 0, -1 would be non negative and increasing.

B Di dinp, > dinp
Thus, to have fea g d(?lesl wdf < 0, we need dcllr‘%l non positive and decreasing and
0 0
dVi n a1 /
g o _/g 0 —ndf’ | 7df" > 0.
/9 (7( ) dinp; 0 ’y( ) dinp;
Since dlli’r‘l//};l = d‘fg%l + dcf%l and d%%z 0) <0, d(?x%z () < 0 then #Vﬁz (#) < 0. Furthermore, since
6 0 6 0
Jo g (’y (0" dtns; — Jg 97 (9) d%lﬂdef) xdd' > 0, [ g rds > 0 and [) g% xdf' = 0, we have
0 av g av d _dv d dvin g % av
Jo g (’y 0 ding — fQ g (0) ding: ﬂd@’) wdfd’ > 0, so 90 ding; < 40 dinpy - Since 0 = fg 9 ding, wdf = 9 ding, 0)+
0d dv_ (0 av'in 0 d davtin 0 av av'tin " .
Jo dading Jo 9740 = 95 (0) + fy &5 Gnpr Jo 970, we have % (0) > s (0). In addition since
d d d d lin d d d lin d lin .
@W‘;z < dy;”bﬁl we have dl;;l (0)— dl?;;l 0) < d‘l;zm (0) — d‘l/nﬁl (8), which proves the first set of result of

Proposition 3.
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Next, since 0’()/m(0) < —1 — w, we have for any 6 > 6y, fplarge enough, 7(0) < m(6o) (6/60) .
This implies, since g is strictly decreasing when G(V) is either CARA or CRRA, that g < § < 1 for 0
large enough. Therefore, 0 < 13—%, < ﬁ (1-90) %, which implies that there is some 1 — 7" > 0 such
that 1 — T’ > 1 — T for all 6.

Note that we have:

A 2(0 B
= —(1+6) (1_T)T(Tl(0)+8z*El_Sl)
—— (140 (1=T)"0(7(0) + 0.- B, — 5).

do

d [dvin
dinp;

Using again the fact that 7(6) < 7(6g) (6/60) 77, it is direct to show that 0 < m < 7; (0)+9,- Ej—5 < M,
so we have, since 1 > 1—-7" > 1-T"> 0,0 < (1 +¢) mb* < % {%} < (1 + €) M6°. This result implies

that for any 6 > 6, fplarge enough, mél+e < fljvlm (0) A (Bo) < ]\7./91+6,d% {dvlm} and 9 (0) grows

Inp; - dinp; dinp; dinp;
at the same rate as ¢ and 0'7¢ respectively.
1+e)? (1-1")% 2(0) (0 0
We now show that F(0) = ! :) (97r(9)) %ﬂ Jo g (7 0 dcll%l — Jo 97 (0) dcl%l;l 7Td(9/> ndf’ grows at a

€ oh impli d _dv. d_dvtin iA% dv'lin
smaller rate than 6, which implies that 7 77=(0) ~ & s and g5,=(0) ~ G

for 6 large enough.

Indeed, we have:
d [ dv (1+e21—=T1)220) [° N dV o v . d (dVin
= —_— 0 - 0) " ndo | 7o + -
dﬁ{dlnpl} e on(0) 0 /99 7 ( )dlnpl /997( )dzn@” Tt G0 \ding, |
d [avtn
:—F _— _—
(0)+d6’{dlnpl}’

so if F'(f) grows at a lower rate than 4 {dvlm} (e.g. grows at rate (n(f)), then d%ﬁ‘;l(e) ~ d%%. This

dl'l’Lﬁl
implies also that tax rate are the same for high income households. Denote X = — | 69 gv (0" dcll:;lsl wdf >0
, we know from the previous result that d% d;‘%l < d%ccll‘lﬁg o) d‘%%l 9) < d(%lal (60) + M (0'F — 057¢). We
now consider #; such that d‘ﬁ% (6o) + M (9%Jr€ — 95“) > 0 for 8 > 61: we have
(1462 (1=T) 2(0) /" A% /" v\
F9) = _
) e or@) o J,7\7 @) G , (0) Gy ™0 | 0
(1462 (1—T")*" 6 /9 o dV ,
= —_— X
¢ o7(0) L\ O) g X ) mdd
(1+0)? av;

<

(1—T")* g1 /: 0 /0)"' (G”(V 6) ( (60) + M (0"1F¢ — 93“)) +G'(V (0’))X) de’,

€ dinp;

where we used again the fact that 7 (6') < 7(6) (¢//6) ™.

141
Now, we have V' (0) = § (Z(;)> C=(1- T’)1+6 6¢, which implies 0 < my < V (0) /6'T¢ < My, for
6 large enough V (6) grows at rate '7¢. Now, if G is CARA with coefficient 3, we have:

1+e)? 0 e e dv; _
rio < R [ (5 (G e 07 ) ) x)ar

< 001+266—6m‘/91+6
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. 1426 —Bmyolte _ ¢ d _av ~ d_dylin
Since 0 e = 0(6°), we have d0 dinp, (0) df dinp, *

Next, if G is CRRA with coefficient 3, we have:

é ’ €
F(G) < (1 + 6) 7€) ge 1/ (9//9)7170.; e~ Pmve 1+ <5 (mvel) —(1+8)(1+e€) (d‘ll:;]l) (90) +M (9/1+€ _ oé+e)> + (mvﬁ/) —,(3(1+€)X> a6’
0 1

< 096—5(1+€) )

Since <= P1+€) = 5 (#°), we have d%%(@) ~ d%%. In both cases this directly implies d;%?z (0) ~ (fl‘l/;zl;?

For an homogeneous price change, we have:

¢ on(0) 6 d [ av \ _ [° dV oAV )
(1+e?(1-T)%2 ()d{dlnpz}__/(ag<7(9)dlnpz_/e97(0)6” mw)mle

e on(6) 0 d {dV“"}

(1+e)* (1—17)* =(6) df

0 0
dv
0=— 0
/ dln l7rd /0 zmdf,

e on0) 0 d{dvlin}:_ e 0r(0)

dinp;

(14 €)% (1 —17)22(0)do | dinp l+el—T
Note that Ccll‘l/ — is now 1ndependent from consumption preferences, so d;W, is independent from consump-

V_rdf < 0. O

tion preferences and fe g dlnp

Non-Linear Social Welfare Function in a Simple Example Finally we provide the derivations in

our simple three-agent example. We have 0 = 0,, < 0,,, < 0, and agent preferences are given by

1
1 2\
Vi=wu(c,cn) — 141 <91> :
3

Given the single crossing property, the IC constraint are local and downward binding and are:

V.V & 1 Zm 4z 1 Zm It
T 1+ O 1+21 16, ’

The planner’s problem is to solve:

su G (V;,0;)m;
200

tog

st.Vy, =V,

1 . 1+1 1 . 141
V=V + —
) ()

Z (27 —2zi) mi + Z (PrCr — Xk (€k, Cr)) =0
k

%
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We obtain that the tax rate is 0 at the top (no distortion at the top), 0 at the bottom (since 6, = 0),
while the tax rate for 6,,satisfies:

T 1

_1 1 )
m = D+ (G = Dy = Ty gy o]

We assume that at initial price 0.«e;;, > 0.+€1m = 0.+ E; > 0.+¢;, and 0,+E; < 5;. As before, we assume
v,+ = 1 for all three agents and we consider an increase in the relative price of the necessity good, dp;.
We first show that we can express all the welfare changes, dV;/dp;, in terms of the labor supply change
of the middle income households, dz,,/dp;.

Differentiating the IC constraints and the budget constraint, we obtain:

% AV,
dp;  dp
av,  av 0, \ "2 d=
T:m+1—ﬂ11—(m> -
dp;  dp ( ) ( 0y dpy
dV dV, dV, dz
0= 7m7rm Jﬂr Télﬂ—m =
P dp dpy dpy

Solving for these equations, we obtain:
1
dv, dVm ) <0m> I+e dzm,
St (1T [1- L
dpi  dpi ( ) ( O I i

dW—U—T)1—<%yﬂ (1= g m
dpy " 0, gritr dpy

Note that de and d(};m have the opposite signs to ij‘;m, while dv’" has the same sign.
leferentlatlng the tax formula, we obtain, defining v; = —% > 0:
1 1 1 dinzm B _ B 1 1
U= T = (0,0/0,) % € dinpr ~ ((& R e S T )

- (A =mrgr) 'Y?"LVT- —\ "9V 55— vy + Tmgm¥Ym 77— AV grTr
dinp; dinp; dinp;

1 1 dlnzm
o ((&*ez,r OB e (O B = S o — (O /0r )1+> =Y dinp,

1+1
with G = z,, (1 =1T},) (1 - (%—’:) ) ((1 — gr1)* Y + gomry (TpgpYp + ngm’ym)) grmr > 0. When v; =
0 (G is linear), G = 0, When 7; > 0 (G is concave), G > 0. Note in addition that, since [ is a

necessity, (9., — 0.« ) mp 4 (0 E — 51) T 1 1T, - /16 T < 0. Therefore, we have
dV, AV, dV,
L =" <0< ‘f )
dpi  dp dp

dv; 1 dvilin dlnzm

and denotlng v dp, - 14G dp, Using (1 — T’r/n) dinp, —

d’
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—€ (dzgfn +(1=1T;,) (0B — §l)>, it is direct to show:

ar;,, 1 <dT/§;’{L
dp  1+G \ dp

CG(1-T,) (0. F so)

1—(0,/60 )1"‘l o dinp; { 1— T/lm} = (Orepp, — O+ Ey) mp, < 0.
— (0,,/0,)\ T

This proves our formulas for the three-agent example.

A.2.3 Proofs for Section 4.3

Non-Linear Production Function (Proposition 4) We now prove Proposition 4, our main result
with non-linear production functions. Recall that we consider a cost shifter, p; = 1/0¢, ¢y, which implies
Opr g = 1 and Opr xi = (1—a+ tw)f1 Ci.' As before, we define an increase int the relative price of the
necessity dlnp;, such that dlnp] = 8xdlnp; and dlnp; = —5,dlnp;. We will also provide formulas for an
homogeneous price change dlnp, such that dlnp;] = dlnp; = dlnp.

We first prove the following Lemma, which characterizes the response of the tax rate to an increase
in the price of k in partial equilibrium. Much of the derivation is similar to the derivation of Proposition
2.

Lemma A2. Under A3 — A4, the partial equilibrium response of the income tax to a change in the

relative price of necessities is:

0 T 1—1t, T’
g 27§ = gy o0 0= 0080 = (o b ) @k =08,

Under Al, 8lnp;T’ = —Onp; T " is negative for all #. The response to an increase in the relative price of
necessities d5,17" = OprT is also negative.

Proof: Using the formulas of Lemma A1, we have for an arbitrary shifter &:

€ on(0) 6 d {dV}_ e 6rn(0) Z( 0) + 0. y) - L dpm

A+ Q=T =0)d0 \dg ]~ T+el-T' =, o i
0 qv
(1- tw)/ @de —0¢, Xk (k> C) -

Since we consider the partial equilibrium response where the shifter is p; and price do not endogenously

respond, we have ‘;’g’“ =1, ‘fme = 0 for m # k. Using as before:

d [0V (9) 1\ 1 1 or
— = — 1+=)=2(1=17 Oy
de{alnp;} 62( +e>«9( )(1—T/aznp O
'With monopolistic competition (7., = «), this is obvious since xr = Ckdr so %Xk = (k. With competitive firms

(Tw = 0), we can rewrite the pricing function as ¢r (&, Cx) = <;~Sk(§k)Ck_a = 9c;, Xk (&, Ck) 50 xx(&k, Ck) = ¢r(&k, Cr)Cr/
(1 — @) + x&, where the potential fixed cost xis assumed to be independent from &j.
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we obtain after the same algebra as in Proposition 2:

0 T 1—t T
= — @ E,s. Oyvep, — Oy« Br) — +tw | (Oycep — 0 EL) .
8lnp;;{1—T’} 1) >2(0) (Ozey %) (1—T’ >( k %)

We now want to show that F (2 (0)) = (1 — ) E.s.(g) (9arex, — 0ar Ex)—2C £(2(0)) (% + tw) (Daver, — 0o Ey)
is everywhere negative for a necessity good. Since it has the opposite sign for a luxury, it will show that

it is everywhere positive for a luxury. Assume that 0,«ey is decreasing (k is a necessity good) and define

0* such that 0,-ex (2* (0*),p) = 0.~ Fx. As before, we have:

z(0)
F (2 0) = = (1~ ) (Oueei ~ 0B 9f (2) = (1= ) (1= ) 0o [ ) (=9 e

For 6 > 6%, we have O,~e, < 0,+E} and since O,«,+e < 0, we have F'(z(0)) > 0 for § > 6*. Since

F (2 () =0, this implies F (z (6)) < 0 for § > 6*.

Note in addition that we can rewrite F (z()) as:

2(0) z(0)
F((0) = — (1—tw) /(6) (Ouee — Do ) F(2)dz + (1 — ) (Dores — Dor i) /(9) (1—g) f(2)dz
For 6 < 6*, we have J,«ep, — 0.« Ej, > 0 and decreasing in 6 so:
2(6) z(0)
.7:(2 (9)) <- (1 - tw) (0z*ek - 82*Ek:) /(6) f(z)dz + (1 - tw) (az*ek - az*Ek) /(0) (1 - g) f(Z)dZ

z(0)
=—(1—ty) (O:rex — 3z*Ek)/ gf(z)dz < 0.
2(0)

So F (2 (8)) < 0 for O < 6*, which implies 22 { r } < 0. By direct inspection, since 0,«e; — 0.« E; =

dp; | 1-T"
— (Buvep, — 0 Ep), we have brd £ T L — _pd f T L g
z*Ch z*h ) dp, | 1-T" dp; | 1-T7 :

We now turn to the proof of Proposition 4. We will consider both a change in the relative price of
necessity and a homogeneous price increase, which together span the entire space of price changes.
Proposition 4. Under A3 — A4, the partial equilibrium response of the income tax to an increase in the

price of k is:

0 T 11—ty T’
= = E z* — 0 E) — | —— +tw z* — O Ey).
alnp’,;{l—T’} X1 0)) 2>2(0) (Ozrer, — O E) (1—T’+ >(a ex, — 0.+ Ey)
Under AL, 05 T" = 9,;T" is negative for all 0, Jjpp: T" = —Opnp: T" is positive for all 6 and for an homoge-
neous price change 951" = 0.

In general equilibrium, response of the income tax to an increase in the relative price of necessities is:

ar’ T
S —(l-alc+Q :
i ( (0 +9Q)) o
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with Q = = sthl (E ((n+ 0B —5)%) + ﬁ (Ez(ri+ 0By — 51))2> > 0. When a > 0, fg; <

<0, Whena<0 L <dl <.

8pz 7
The response of the income tax to an homogenous increase in prices :
T’ 1 1« ¢ oT’
— =(1- Q — 0.+E; — 5 —F 0.+ E; —
dﬁ ( @ (U * )> spS1l—a <( = Sl) + 1—t, — CMC (Tl + ! Sl)) 8])1

With 4L > 0 if a >0, 45 <0 if a <0.

Before proving Proposition 4, let us briefly discuss the change in tax rate for a homogeneous increase
in prices y: dinp; = dinpj = dinp. In partial equilibrium, this price change has no effect on tax rates.
Indeed, per Lemma A2, we have 8lnp;T "+ 8lnpz~T’ = 0. In general equilibrium, as the price increase is
homogeneous, there are no direct substitution effects. With homothetic preferences, there is no change in
relative prices and relative quantities. With non-homothetic preference, a homogeneous increase in prices
endogenously increases the relative price of luxuries. In the proof of Proposition 4, we show that, when

a > 0, the increase in the relative price of h is given by:

W C —a(e+Q)" 3,11311 - ((az*E, _E)+ 1—tw<—a§EZ(Tl OB — gl)> > 0.
An increase in inflation reduces real income and therefore decreases the share of h. As a result, the
relative price of h increases through market size effects (o > 0), and this increase is amplified through
the substitution and income effects described in the main text.

Thus, while homogeneous exogenous price increases 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.

Proof: We have already proved the first part of Proposition 4 in Lemma A.2. We now derive formulas

for the general equilibrium response. For an arbitrary cost shifter &, we have:

€ Or(0) 6 d {dV}:_ e Or(0) Z (7 (0) + Ds ) —— 1 dpm.

(1+e)? (1 =172 2(0)do | dé L+el-T & Pm dE},
0

dVv
(1 —ty) @de = —0¢, Xk (&, Ck) -

Using the same algebra as in Lemma A.2, we obtain:

déy 1—T/ 8lnpk =T p, dés

0 T 1 —t T
= — 2 E,.s., Oyxep, — O ) — +tw | (Osxep, — O EL) .
St {1 — T’} Zree) 0) (O=-ex, k) ( — > (O2+ex k)
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Using the fact, from Lemma A.2 that Oy T "= —Onpy T' ' = —0Omp,T", we have

df T\ 0 [T \(ldn_1ldwm
dgp, \1=T"J  Opy \1—=T"J \prdéx  pn d& )’

so the general equilibrium response of the tax rate only depends on the endogenous increase of the relative

price of necessities. Next, we have using our pricing function:

mdé  pndéx  pO&k pn O Cydé,  C déy,
1dpl+§ 1dph 18pl+_ 18ph a(EldCl—f—§1dCh>
pide o de,  Cpiog, " M pn 08 ‘orde, MOy dgy )

Ldp 1dp, 10p 1 0p, N ( 1 dC; 1 dC’h>

To complete the proof of Proposition 4, we therefore need to determine the response of aggregate demand

to price shifter £,. We record the derivation in the following Lemma:

Lemma A3. The response of aggregate consumption to an arbitrary cost shift £;is given by:

1dC, 1 dc, ¢ 1 /9 9 2(0) (1 dp, 1 dph>
Z o S S [ (4 (0B -3 RO e L
Crd&,  Cp d&y 1 —ty 515 (n+( L= ) prd€e  pr dé

Z
¢ 1 /5 _ . 2(0) ( ldp | _ 1 dph>

— — T+ (0+E; — §)) ——~mdf | 5,— + 5,
Tt s Jy O B S S S dgy

1d 1d 1 1
Y (pl _ ph) — (0E; — 5) Eﬁgka (k. Ck)

prdr  pn dég 1 —ty 5,5
_1dC, | _ 1dC), ¢ 0 2(0) (1 dp; 1 dph>
5= 43 0) + 0,-E — 5 ndo [ —SLL = CPh
Crdg, T g T 1t )y L P
S <S 1 dp, + 5 1 dph)
1—t, \ " prdég Ph Ay
1
a— Zagka (ks Cr)
ac, 8C, - 1 8C aC, ac, Ch - 1 90, | - aC,
and we have C%@ln]%l - C%Lalnp?, 51 cl*l oing T+ Shcih oty = 0, C%Tn% - C%W{%v SlC%(‘)ln}%l + Shcih g = 0-
Proof: We have, using Slutsky’s formula:
1 dC,, 1 dem
L e P
Cr déx ~ Cnm / ey
dp 1 dpp, / h dpl / oh dpp
OyxCm, —cp——— | wdO + Oy, C 15) wdf
/ ¢ (d&c Vg, "pn dfk) 8 Chn Pm e ™ C Plm e ™
1 dV dz 1 dpl 1 dph
— Oyl | —— + (1 =T >7Td9—|—5m + Sin
/ <vz* ag 1) g, "prdgy T py
0 0
0,+Chy, 1 dV
Oy, — 05+ Cy) TdO
= Cm /d&{d{k}/( ¢ R AR
dz 1 dp 1 dpp
— Oyecm (1 =T —Wdﬁ + S + Spmn
/9 =T % "prde, ™" py dey,”
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where the last line is the third line integrated by part.
Next, using from the proof of Lemma Al:

(R REY R Y ST

= astk (gkack)7

we obtain:
o 1/ /é(f)c D+ Cpp) wd0' df
C. = 2%Cm — Oz Uy ) T
! dz L dp, 1 dp,
—~ *Cm T/ 77Td0 —+ Sm + S
e / ) ag "prdee " pr de,
1 0, C 1 . 1 a.C,
- (1= w 0 _ 7 '
de{dfk} <1_T/ ( t )> 1+697T(9)d9 1—t, C. 8§k><k(§k Ck)
Then, using 73, (0) = —7; (0), 0.+ E; — 5, = — (0.« E}, — 53,) we can rewrite the formula of Lemma A1 as:

d (dV ~ 2(0) ( _ (1 dp; 1 dph> _ldp  _ 1 dph>
— 1+¢)(1-T") —= 0)+ 0.« E; — — = — |+ 55—+
dag {dfk } —(+9( ) (. 6) L= &) prdék  pn déx o p1 dx h pr dEx

0
dz _ ¢ 6 _d {dv(e)}:fezw) ((Tl(e)mz*EﬁgZ) (l@fidﬂ)rllﬁm 1dph)

@ = 1+el—-T" @ d&x pr dég P dék pr déx pr déx
so we have:
o Lrel ’ / 1 1 €
! dpl Ldpn 1 0.-Em
+Sml ldé. +Smh,ph dé.k 17tw E agka (fk;ck)

1 1 d [dV ~ 1 ¢
_mﬁfg d@{ }{m (0= B = $m)} 37 7 0 (0) O

5 1 o d (av 1 €
Sm P s e OY
+E l—tw/g {dgk}1—T'1+e”()

1 dp ldpn 1 0O.Enm
+ Smi— 1 dx +Smhph T " O Xtk (€ks Cli) -
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We therefore obtain, using 7; + ﬁ (0+E) — §) = —1, — ﬁ (0.« Ep — 5p):

1 €
P —— 0
1-T'1+¢

5 _
1 dC; 1dCh_ 1 E+ h/ d{dV 71‘(9)(19
0

Cidé ~ Cpdéy 1—t, LBy d@f}{”“a B =5}

1 dp Ldpy 1 (02E 0.,
+ (S S — 0 C
+ (Su — Shl)pl 7 + (Sih — Shn) — TR p— ( E, B, ) aXn (&ks Ck)
11 f 2 2(0) <1 dp, 1 dph)
= — T+ (0+E; —5))) e—~mdf | ——— — ———
Lty s Jo (n+(0:- By = 51))° Z prd&e  ph dE
1 1 f? . (9) ( Ldp 1 dph)
[ (4 (0.-F 3 ndd (55— L 4 5, — DPh
1 — tw SRS 0 ( ! ( : l)) Dl dfk Ph d&k

1 dp; 1 dpp 1 1
_ B —
7 <pl dSk pn dfk) 1 —tw 315 A aﬁka (8, G

_1.dc _ldCh 11 /‘9d av) 1 e 11
Sl SN2 g 0)dh— —— 29 C
odg Then e 21—ty J, T G e T, 706Xk (& Ci)

1 g ., 2(0) <1 dp 1 dph>
=— T1(0)+0+E —8)e—-mdf | ——— — ———
1—%/“” sy pidé  ph déy

€ g 1 dpl 1 dph 1
- a o
L=ty ( pl &y, R Ph d§k> 1—t VA Ex Xk (ks C) 5

with Z = B+ B, = f(fz(ﬁ)wde. This proves the formulas of the Lemma using € = ¢. The sign of the

response is a direct consequence of Corollary 1 which shows 7 + (0.« E; — 5;) < 0. O
Coming back to the proof of Proposition 4 and using the formulas of Lemma A3, we have:

1 dpl 1 dph —1 (1 apl 1 8ph 1 )
S D (1 (0 +Q —op_ Oy 0.- B — a ,C
pudée  pn déy (1-alo+) P0Gk pn 06 1 —ty sna A v =81 79k (6, )
al 0
_ S _Th L _s) 20 o o 1 Opn 1 1
+tl-al@+a)™ — R ] (71 + (0 By — 1)) wde( e T e T AT 700k (6 Ch) )
5 2
1 2 2(0 0 _ 0

with @ = 5L (f (11 + (0 By — 5))” 2P mdd + =25 (alftw Sy (7 + (00 By _sl»@mw) ) >
0, with strict inequality if preferences are non-homothetic.
For an increase in the relative price of necessities, we have ggzg = 5, %lﬁg? = —§ gézg = 5, and

8lnf)le = (1 —a+ tw)_l §hEl, 8ln;l_izXh = (1 —a+ tw)_l .§1Eh, so we have:

1 dp 1 dpp
pudinp;  pp dinp,

d (T L9 (T o (T ,
dlnﬁl{l—T’}_(l_a(g+Q)) 6lnﬁl{1—T’}<81npl{1—T'}<0 if a>0,

which shows the first formula of Proposition 4 and that partial equilibrium effects are amplified in general

=(l-a(e+9)"

equilibrium.

. . . ol ol -1
Finally for a homogenous price increase 8;;%’ = BZLV% =1, Ompxi = (I1—a+tw)  Ep, Ompxn =
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(1 —a+ty) ' Ep, so we have:

@ o ?
iﬂ,iﬂ:(lfa(ngQ)) ! ((B Elfsl)Jr# 17 /0 (Tl+(az*ElSl))(;)7rd9>

py dinp  pp dlnp 1—asys 1—tw —af 5,5 Jg

dinp |1-T" 1—asps; 11—ty —a 3,5 Jg Olnp; |1 -1

Since [ is a necessity, we have (0« FE; — 5;) + ltqfi—chshsl fa T+ (0E — 5)) 5 20 rdo < 0, g, T’ < 0 so0

d

b {1 T,} has the same sign as a.

A.2.4 Formulas for Section 5.2

In this section, we provide the formulas that underpin the quantitative results of Section 5.2. The formulas
allow us to compute the change in taxes in response to an arbitrary cost shock & in an n-sector economy.

While the formulas are expressed in terms of & dg , they allow us to recover tax rates using:
n

d (dV , 1 dT’ 1 dpp,
At (1+6)9(1_T)<1—T'd5k 2 O d@)

and we can rewrite the formula of Proposition Al below as:

. d T\ O d 1 dpm, =(9) ar & 1 dpm,
zgf(z(ﬁ))@ {IT’} —/2(9) g (’sz* <d§ + Z: mo d§k> _/2(9) gV (dEk-FmZ_le &y )fd ) fdz

1

~ d T/
+2LF (2(0)) g { T }

N d T/ N ~ T/ 1 d m
20F (2(0)) e {11;1} => (]Ez>z(e) (Ozrem — 0z Bin) = 20 (2(0)) 7= (Oz-em — az*Em>) o dzk

m=1

The main advantage of the result below is that it provides a simple procedure to compute the change
in the tax schedule in response to supply curve shifters. As a first step, we can compute N + 1 “partial

dp ™ Once they are

equilibrium” responses which do not depend on the endogenous adjustment of prices
computed, the general equilibrium response of prices and the full response of the tax schedule is simply
computed by linear algebra.

Proposition Al. Under assumption A3, the change in welfare for agent 8, dV () /d& in response to an

exogenous supply shift d&; is given by:

dv ov 1 dp, oV
i Y —— — 559 (&, Ck)

oV oV
where Wand 3B solve:
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€ or(@) 6 d [0V g OV g oV /
(1+e)2(1—T’)2ME{%}+(1_’5”)/9 9<’Y(9)apm— 99’7(9)%7rd9>7rd9

0
__ (T (0) + 0ox Bn) , (1 — tw)/ g%’wde -0

€ or(6) 6 d {av} /§ )% /g NV , /9 1%
— +(1—tw 0 - 0') ——7db | 7do’ =0, (1 — to, 2 mdf = 1.
(1+e)21—1)%2(0)do | Opm ( ) o J 7 ( )apm y 97 ( )apmfr Q ( ) Iop ™

To express the equilibrium change in prices, define the vector CBand the matrix C with elements:

B_1az*E,1/9 11 d oV e
cpf = T | O+ 0B e G | T ()0

1—-t, E T'1 —ty df 1+4+¢€
1 1 d oV €
— « B O (0)db.
Cim = Sim + /{Tl )+ 0. z} T/l—twdﬁ{ﬁpm}l-i-e 7 (0)
Then the equilibrium change in prices ngf = {p%%, ) iNdeN} solves:
dinp 1 B
dfk = (Id + OéC) (5k8€kln¢k (fk, Ck) + aC 8£ka (é’k, Ck)) s

where d is the column vector with 1 on its k¥ row and 0 otherwise.

Proof: Recall from Lemma Al that £ 5 solves equation:

c , 0n0) 0 4V}, O P A A4 i ; ) Ldn,

=1

/ @Wde— —0O¢, Xk (§k5 Ck) -

Slnce the equation is linear in f’ it is direct thatZz- dV = Zg 1 gp‘; p}n 632’: — g—ga&m (&g, Ck) with %,

deﬁned in the Proposition. Next, we have, using the pricing equation:

dinpy,  O0lnéy, 1 dCy,

dép, Ok, Cpm d&i

with aglim = 0 if m # k. Using the same steps in Lemma A3, we have:

1 dC,, 11 f° 1 d (dV) e
N g T 17 1 T m B}t S T
Crn 8y 1—thm/9{T o }1—T'd9{d§k}1+69”(9)d9

1 dp; 1 0.FE,
+Zszflf - ?maﬁka (&k> Cr) -

ZN OV 1 dpm _ 78&)% (&k, Ck), we obtain:

: av. __
USlng f m=1 Opm pm d&

n

1 dc,, Ldp
L . _ By ).
Con .~ 20y g, ~ O (6:C)
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So we have:
dlnp

dék

which proves the result. [

= (Id + OzC)_l (5k8§klnq§k (fk, Ck) + aCBagka (fk, Ck)) s
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B Additional Quantitative Results

B.1 The Impacts 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.
For 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.

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 ;), 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%. Given 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)).

Baseline simulation. Figure A7 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
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 equilibrium
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 A7 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 with the partial equilibrium
shocks alone. 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,

reported in Panel F.

Sensitivity to increasing returns. Figure A8 shows the results with higher returns to scale (o = 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
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are large, with an equivalent variation ranging from -26% at the bottom to +24% at the top, shown in
Panel F.

Conversely, Figure shows the results with lower returns to scale (aw = 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.

Sensitivity to preferences for redistribution. Figure A10 documents the role of social preferences
for redistribution, 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), rather than about 3pp.

To understand the mechanism, Panel C reports equilibrium prices. Before the exogenous shock,
equilibrium 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
exogenous price shocks, Figure A10 shows that the response to price shocks is magnified with weaker
social preferences, which induce more redistribution toward those with a higher propensity to spend on
the cheaper products, which amplifies the exogenous shocks and leads 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 endogenous
social value of redistribution. 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.
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B.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 the theoretical results in Appendix C.2 of our
working paper (Jaravel and Olivi, 2024), Figure A1l reports the optimal response of marginal tax rates.
We first consider the direct, partial equilibrium response to the change in the skill distribution, with
fixed prices. As characterized in our working paper, 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 A1l 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
4. The direct effects on prices of the shifts in inequality is amplified through income and substitution
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
4.2. 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 ¢ = 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 A11 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, except that the
estimation 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, 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.

2We wuse 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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The role of non-linear social preferences. Figure A12 shows the role of the curvature of the social
welfare function. Both with exogenous prices (panel A) and endogenous prices (panels B and C), 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.

A33



C Additional Figures and Tables

Figure A1 The Response of the Optimal Tax Schedule to a Change in the Price of Luxuries relative to
Necessities, Key Channels

Optimal to.mcrease redistribution Channel #5
from rich to poor: taxes T With more redistribution,
demand from the poor
Channel #6 increases

With higher taxes, aggregate

labor supply and income fall

Social value of redistribution Efficiency cost of Fall in aggregate demand for
from rich to the poor T taxing the rich | luxuries relative to necessities
Dy,
l
/p,
Channel #1 Channel #2 Channel #7

The rich can buy A dollar transfer Prices adjust through
less with one disincentivizes labor increasing returns to scale
more dollar supply for the rich

Gt Meame Eiies Channel #3 Channel #4

. . i The rich reduce their
Relative price change: CGopstimersisubstitlite 4
P, away from luxuries consumption by more
h T because of income effects
Py

Supply Shock

Notes: This table summarizes the key theoretical channels in our model whereby price shocks affect optimal taxation.
We consider an increase in the price of luxuries, denoted h, relative to necessities, denoted n. The figure reports
the two partial equilibrium channels characterized in the main test (Channels #1 and #2). It also reports five
channels that operate in general equilibrium. First, households reallocate their spending to other products through
standard substitution effects, leading to a fall in demand for luxuries (Channel #3). Second, a relative increase
in the price of luxuries has a negative income effect on higher income households, 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 (Channel #4). Moreover, there are several changes
in optimal taxes. Through the partial equilibrium channels #1 and #2, 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 (Channel #5). In addition, by increasing tax rates,
the planner lowers labor supply in the aggregate. As households’ aggregate real income decreases, they shift their
consumption towards necessities, which further amplifies the fall in the share of luxuries (Channel #6). Therefore,
in general equilibrium the markets for luxuries shrink relative to other markets, and the relative price of luxuries
increases further through a supply side response (Channel #7). These endogenous price changes induce further
rounds of changes in optimal taxes, labor supply and relative prices, as illustrated graphically with the feedback
loop in the figure. The government thus amplifies both the inflation of luxuries prices and their redistributive
impact through changes in optimal tax rates.
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Figure A2 Inflation Inequality in the United States, 2004-2015, CEX-CPI Data
A. Raw Price Changes B. Relative Price Changes
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Notes: Panel A of this figure reports Laspeyres inflation rates across the income distribution between 2004 and
2015, considering 248 product categories observed in CEX-CPI data. Panel B reports the same patterns after
demeaning price changes. We use the changes in relative prices reported in Panel B for the quantitative analysis
in Section 5.2, since the relative price effect is central to our analysis while the uniform price change simply scales
real wages and has limited interaction with consumption heterogeneity.

Figure A3 Inflation Inequality in the United States, 2004-2015, Nielsen Data
A. Raw Price Changes B. Relative Price Changes
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Notes: Panel A of this figure reports Laspeyres inflation rates across the income distribution between 2004 and
2015, using the Nielsen data. We use the 994 most detailed product categories, called “product modules” and
report inflation rates with and without the correction for changes in product variety. Through consumers’ love-of-
variety, average inflation is significantly lower when allowing for changes in product variety. Panel B reports the
same patterns after demeaning price changes. We use the changes in relative prices reported in Panel B for the
quantitative analysis in Section 5.2, since the relative price effect is central to our analysis while the uniform price
change simply scales real wages and has limited interaction with consumption heterogeneity.
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Figure A4 Willingness to Pay for Price Change vs. Optimal Tax Response
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Notes: In this figure, the willingness to pay for the reform for a household with post tax income z* is defined as WT'P (2*) =
— > 15k (2")Pr —dT (2) /2". Pr denotes the exogenous price change, while dT" (z) is the change in tax. Since a change
in prices affects labor supply and therefore how much revenue is collected from the income tax, we decompose dT (z) =
dT, (z) + dT; (z). The planner rebates to the households the change in revenue arising from the change in prices, d7p, in a
lump sum fashion, and implements the optimal tax change dT (z). We decompose the willingness to pay into WTP, (z*) =
— > p_1 8k (2") P — dT}p (2) /2", the welfare impact of the reform due to prices only, and WTP, (2*) = —dT. (z) /2", the
welfare impact of the change in taxes.

Figure A5 Sensitivity Analysis for the Response to Observed Price Shocks (2004-2015), CEX-CPI data
Results with Labor Supply Elasticity ¢ = 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-CPT dataset is used in both panels and the initial tax schedule is taken from Hendren (2020).
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Figure A6 Returns to Scale and the Optimal Tax Schedule,
Sensitivity to Parameter Values
A. a=0.3,e=0.21, CRRA=0.5
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Notes: This figure plots optimal marginal tax rates under constant returns to scale (CRS, o = 0) and increasing returns to
scale (IRS, o = 0.3). With increasing returns, the “naive” correction uses the formula 1 — Ty arv 5 (0) = 2= (1 — Tors(6))-
The optimal tax schedule solves the full optimization problem, accounting for endogenous changes in the value of redistribution
across the income distribution. The three panels consider different values for the labor supply elasticity and social preferences
for redistribution.
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Figure A7 The Response of the Optimal Tax Schedule to Productivity Shocks
(e =0.3, e, = 0.21, Pareto 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
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

under a social welfare function with CRRA=1.

bundle decreases by 2.5%.
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Figure A8 Higher Returns to Scale Magnify the Impact of Productivity Shocks
(o = 0.4, e, = 0.21, Pareto weights from SWF CRRA=1, PE price low-quality +2.5%, PE price high-quality

-2.5%)
A. Optimal MTRs Before vs. After Price Shocks
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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%.
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Figure A9 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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Figure A10 Lower Social Preferences for Redistribution Magnify the Impact of Productivity Shocks
(e =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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Figure A1l The Response of the Optimal Tax Schedule to Observed Shifts in the Skill Distribution
(2004-2015)
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Notes: the IRS parameter is set to a = 0.3 and the labor supply elasticity to ¢ = 0.21; the U.S. Census and
CEX-CPI data sets are used in both panels and the initial tax schedule is taken from Hendren (2020).
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Figure A12 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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used in both panels and the initial tax schedule is taken from Hendren (2020).
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Table A1 Notation for Model

Indices 0 Agent productivity
k Sectoral index

Prices, Quantities, Pk Producer price index in sector k

Expenditures & Cost shifter for producer price index in sector k,
gk Consumer price index in sector k

Ch Aggregate demand for sector k
Cp, Household demand for sector k
E Aggregate spending
E; Aggregate spending on sector k
0,«E),  Average marginal propensity to spend on k
€L Household spending on sector k
Sk Aggregate spending share on k

Elasticities (a2 Elasticity of price pxr to market size C
o Elasticity of substitution between sectors
S Matrix of price elasticities
¢ Compensated labor supply elasticity
~ Compensated labor supply elasticity corrected
¢ for non-linearities in the tax schedule
n Income effect with a linear budget constraint
7 Income effect corrected for nonlinearities in the tax schedule
Incomes 4 Pre-tax income
z* Post-tax income
Social preferences g Pareto weight

Notes: This table lists the notation used for our model. The elasticity of substitution o is relevant only for the two-sector
model in the main text.
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D Quantitative Model and Solution Algorithm

This section describes our quantitative model and solution algorithm. 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.
D.1 Setting

D.1.1 Indirect Utility Function

The quantitative model uses a standard additively separable specification:

U, 2p.0) =0 (=p) ~ ¥ (5) (A4)
o)t () ws

where 1) (g) is the cost of earning z given ability 6, and v (2*,p) is the indirect utility function given

prices and disposable income.

D.1.2 Pricing Function

Denoting aggregate consumption by Cj;, the quantitative model is based on an isoelastic pricing function:
pi =7C; " Viel (A6)

We calibrate ~; to fit prices at the observed schedule, which are normalized to one without loss of generality,

using the relationship:
Yi = po,iC&i (AT)

where Cp ; is aggregate quantity consumed in sector ¢ at initial prices. To obtain observed consumption,
we compute disposable income at the observed schedule as defined in D.1.3, and then compute sectoral

consumption given the expenditure shares described in D.2.1 and D.2.2.

D.1.3 Skill Distribution

The skill distribution f(6) 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 D.1.1, which
depends on the functional form of v (2*, p). We use two alternative forms of this indirect utility function

- homothetic as described in D.2.1 and non-homothetic as described in D.2.2.

A45



At the observed schedule in the homothetic case, we fit the skill distribution after setting: pops =
po = 1. When computing income at the observed schedule in case of non-homothetic preferences, we use
the “deflator” as defined in Definition 1 below. 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 py = 1. This approach

allows us to use the same skill distribution in the homothetic and in non-homothetic cases.

D.2 Consumer Preferences

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

D.2.1 Homothetic Preferences

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

*

v(z",p) = — A8
(2", p) ) (A8)
where p is the price in the economy. The individual’s utility function, per equation A4, is:
z* z z* 1 2\ 1+
U Z*7Z,p,6 = - (7> - - (7) = A9

Plugging in the definition of disposable income, the optimal z(6) satisfies the FOC:

0

dU(6) 1-T'(=(0) <z(9)>é 1

(
2(0) D 0 0

We can thus express income or skill parameters as functions of observables:

2(0) = g re= (W)az (A10)

=) |

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

D.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 D.1.1 is given by v = v (z*,p) = F(C), where C is the consumption vector of the agent.
Indirect utility v is implicitly defined by:

o—1
led

S0t (5) T - ewie - (12

i€l vi-e i€l

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

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

NG %\ €i—(1—0o)
wil2") = (%) (;) (A13)
1
. g 1—=x; 1o
Pp.2) = |3 (@t ) (wi () ) ] (A14)
€T
where y; = 1 ;U

Using this specification, we obtain quantity consumed as:
Ci(z*) = 22222 (A15)

Definition of Deflated Non-Homothetic Indirect Utility Function In the social planner’s prob-
lem in D.3.1, we use a deflated indirect utility function.

Definition 1 (Deflated Indirect Utility Function) Deflated indirect utility function v(z*,p) is the
inwverse 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*, ), Po) (A16)

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

utility is equivalent to the homothetic case from D.2.1:

dﬂﬁ(;’;: p) _ d”(;; p) (dv(j;po))_l where: (A17)
2 = v (v(z",p), ), Po)

5= po) = 2 i

du(2", po) -1 (A19)

dz*

D.3 ODEs from Social Planner’s Problem

D.3.1 Social Planner’s Problem

The social planner chooses the optimal tax schedule to maximize total utility over the distribution of

types 60, subject to budget constraint, agents’ FOC and market clearing, according to an arbitrary social
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welfare function G (U (6, p)):

maz /9 L CWO.p) fO)0 st (A20)
6we.p) =6 (7601 - v (7)) (A2)
G'(U(0,p)) = % (A22)
r> | " (0)— =) s0)a0 (A23)
pi=7(Ci) Vi (A24)

where:

1. C; = f; C;(0)dF () denotes aggregate consumption in sector 4
2. R denotes the government surplus (government revenue requirement)

3. The state variable is G(U (6, p)) and the control variable is z(6)
Using the envelope theorem and our functional form for U, we can write:

() = = (Z)H;Z (A25)

Call p(6) the co-state variable for the evolution of G(+). The equation for yu is

. A
[1(0) = ((1 —a)= -G (U(9))> f(0), (A26)
dz*
where
° j; 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 pu)
e )\ is the multiplier on the government’s budget constraint

The first-order condition for z gives:

1(6) - (1;& <Z>> — 1_(1_0‘.);%(5)% f(6) (A27)

(A28)
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The boundary conditions are:

The government resource constraint in equation (A23) 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@dﬂ@:/ﬂf@ﬂﬂ@:/iﬁdﬂm:/dinMW) (A29)

D.3.2 Limiting Case

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

have
d@z% ﬁ?)” (A30)
00) = 29 — (oc(0)) (A31)

These two functions are bounded functions of # near 0. Using equation (A27) and the definitions above

We can express:

l—a p0)l+7
((6) = [ = s (A32)
0(0) = C(0)¢(0) (A33)

We still need to address the fact that @ is undefined for 6 = 0. Given our specification we know that:

f(0) >0
(0) <0
p@) <0 60— 04

Therefore we can use:

tim 10 i) = ((1 Ca) - <U<9>>) 1(0) (A34)
dz*
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Using these relationships we can express several of our key variables for § = 0:

U0)=0
2(0)=0
W) =0
l—« . 1+ alz -
¢(0) = [ P 1(0) MF(0)

D.3.3 System of ODEs

(A35)
(A36)

(A37)

(A38)

The solution to the general case allowing for non-homotheticities in agents’ utility function and an arbi-

trary social welfare function G(U (6, p)) is given by the following system of ODEs and boundary conditions:

with the boundary conditions:

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

_ l—a u0) 1+2)

IS

*

I
<
L
/~/
-
—~
s
~—
_l’_
<
/~
oY RN
N—
N—

I

71 (U(a) + jl (2)“1)

(A39)

(A40)

(A41)

(A42)

(A43)

This is a system of non-linear equations we can solve for to obtain z and z* given 6, U(#), u(0), A\. We

apply the limit case as per D.3.2.

Homothetic Case With homothetic indirect utility, the system of ODEs can be expressed as:
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2 (6) )
z2=40-
(u(9) (1+2)-ona- a)f(@)p)

R (U(g) I 1+11 ' (2)1+1>
Ez

with boundary conditions:

D.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:

¢ WU.p) = = WOP) 7, 520 (A1)
lo ifo =
G(U®,p)) = (Ug(a(p>§ P - >; s (A45)

D.3.5 Pareto Analysis

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

AO) = (Uoptim ()~ (A46)

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

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

G (0) = \O)U(0, p), (A47)
& (0) = Z(G] D). (A48)

Ab51



D.3.6 Defining the Equivalent Variation

The equivalent variation (EV) is defined by:

v (Z:ef(e) + EV(Q)’pref) - @b (Zreg(0)> = uoptim(e)’

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

compare the outcome with non-homothetic preferences.

D.4 Solution Algorithm

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

D.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 D.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:

1. Price loop - ensures prices in the economy converge such that equation (A24) is satisfied by guessing

p. The convergence condition is base on the price change.

2. Surplus loop - ensures government surplus equation (A23) converges by guessing a value of A\. The

convergence condition is the distance from the revenue requirement.

3. Utility or p loop - ensures that the boundary condition p(6) = 0 is satisfied by guessing value of

U(@). The convergence condition is the distance between p(f) and the boundary 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, €y, €, 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 poptim, Aoptim and Ugprim (),
denoting 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 Us710(@), which is the value used to solve the
ODE in the 10th utility loop, within the 7th surplus loop, within the 3rd price loop.
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Thus, the optimal schedule can be defined as:

Poptim = P10 = P such that (A49)
€p > 11) <'y /;C (25 (0; p, Moptim, Uoptim (8))) dF(0) — p) where (A50)

Aoptim = A3,7 = A such that (A51)

€)\ > /002(9;p, X, Uoptim (8)) — 25 (0; 0, X, Uoptim (0)) f(0)d§ — R|  where (A52)

Uoptim (0) = U;;MO(Q) =U(0) such that (A53)
e > |u(B;p, 2, U(9))] (A54)

D.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 p loop, we change bounds on U () according to

the rule:

Uyg(0) = Ucyrrent (8) if 1(0) < 0 or the solver failed
ULB (Q) = Ucur?"ent (Q) if M(@) > 0

In the case of the surplus loop, we change bounds on A according to the rule:
7
AUB = Acurrent if / (z(0) — z*(0)) f(0)do > R
0

7
ALB = Acurrent if A (2(0) - Z*(G)) f(9)d9 <R
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E Extensions

In this section, we present extensions of our theoretical results under general household preferences and

supply side specification. We first present the general model, then the extensions of Proposition 1-4.

E.1 Model

We consider a n-sector economy, sectors are indexed by k. There is a mass 1 of households with different

productivity types 6 distributed according to 7 ().

Households. Preferences are weakly separable between goods and leisure. Given consumer prices

{Qk}lﬁ k<n and the income tax schedule T, a household of type 6 solves:

V(@)= sup Ulu(cry..ycn),z,0), (A55)

{c1,sCnyz}

N
s.t. quck =z—-T(2).
k=1

Where the functions U and u are increasing, strictly concave and three times continuously differentiable.
We assume that all functions are C? to ensure that consumption functions are twice continuously differ-
entiable in prices and post-tax income. Indeed, we first have, by concavity of the utility functions, that
the optimal consumption choice at a given z and @ is unique and characterized by the problem first order
conditions. A direct application of the implicit function theorem then directly shows that the consump-

tion functions ¢, are C? functions of prices and post tax income.

We define the sub-utility of consumption v (g, z*) as the solution of:

N
v(g,z*)= sup u(cy,...,cn) st quck:z*.
k=1

{c1yesen}

The unique optimal choice of consumption allocation across sector ¢ (g, z*) is independent of type con-

ditional on {q, z*}.

To discipline how preferences depend on type, we make the standard assumption that preferences satisfy

the single crossing property.

Assumption. Single Crossing Property. For any z*, z and q, the marginal rates of substitutions

-U,(v(q,z*),2,0)/ (U, (v(q,z*),2,0) v+ (q,z%)) are decreasing in type.
It is well known in the mechanism design literature that the assumption allows us to simplify the set

of incentive compatibility constraints in the direct allocation of z (0), z* (0) ( U (v (q,z* (0)),z(0),0) >

U(v(g,z*(¢')),z(¢),0)) into a local constraint and monotonicity condition on z (6).
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We finally provide definitions for standard demand functions and labor supply elasticities.

Definition E.1. The expenditure function of the sub-utility problem is defined as

e(g,v) ZQka st u(er,..,cp) > 0.

{Cla 7Cn}

The corresponding Hicksian demand function is defined as cZ (q,v) = Oq.e(q,v), the aggregate substi-
tution matriz is defined as Sp; = qi [ Ogc} (q,v(q,2(0) — T (2(0)))) 7 (0) d0/Cy. The marginal rate of
substitution is given by MRS(z*,2,0,q) = —U, (v(q,2*),2,0) / (Uy (v(q,z*),2,0)v.~ (q,2")). We define
the linear compensated wage elasticity as { = MRS/ (20, MRS + zM RS0, MRS), and the elasticity ad-
justed for non linearity in the tax schedule as ¢ = ¢/(1+2T")(1—=T")). The linear income effect is
defined as n = —zC 0.« MRS and the adjusted income effect as 7j = —zC d,» MRS.

Firms. As in the main text, we summarize the supply side of the economy through a cost function
and a pricing function. The cost function in sector k is xx (Ch, ..., Cy, &), while the pricing function is
pr = ¢k (C1, ..., Cp, &k). The main difference with our specification in the main text is that we now allow
for spillovers across sectors (an increase in demand for good [ affects the price of good k). As before, we
will consider two cases. In the competitive case, ¢y (C1, ..., Cn, &) = Y11 Ocxi (Ch, ..., Cn, &k); in the
monopolistic case, xx (C1,...,Cn, &) = Crdi (C1, ..., Cp\y &)

With these more general pricing functions, we need to define the elasticities of price with respect to

any increase in aggregate demand. We do so in the definition below:

Definition E.2. The price elasticity of pr with respect to market size Cy is defined as

Apg = —Ci0c, 91 (C1, ..., CN, €) /[ Pi-

Planning Problem. The government maximizes a social welfare function [ G(V(9),0)n(0)df with G
increasing and concave in V' using a nonlinear income tax T, taxes on consumption prices ¢ and a full

profit tax, subject to the firm and household problem defined above.

Sup / GV m(0)do

T,qk

st. V(0)=supU(v(g,z—T(2)),z20) and/T (2(0)) ™(0)do + quCk —xk (C1,...,Cp, &) >0
* k=1

with v(0),2(0),0), v(0)=u(ci(q,z"(0)),...,cn(q,2*(0))), and z*(0) = z — T (2)

C; = / (q,2%(0))7(0)df,

where the consumption function solves ¢ (q, z*) = argmax,.u (¢) s.t. q - ¢ = z*. Given our single crossing

condition, the planner’s problem can be re-expressed as a direct mechanism, with the additional condition
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that z(6) is non decreasing in types:

Sup / GV m(0)do

2(0),9:

st V'(0) = Uy(v(9),2(0),0) and/z*(e) — 2(0)m(0)df — Z%Ck — Xk (C1, .., Cn, &) <0
k=1

with v(0),2(0),0), v(0)=u(ci(q,2"(0)),...,cn(q,2°(0))), and z*(0) = q - c(q, z*(0))
C; = /cl q,z m(0)do,

where v is the indirect sub-utility for consumption ¢; denotes demand for ¢ and z* post-tax income.

E.1.1 Micro-foundations of the Supply Side

While our specification of the supply side of the economy through a cost and pricing function is fully
general in the competitive case, it might not be obvious which monopolistic frameworks it encompasses.
In this subsection, we give micro-foundations for our reduced-form specification and argue that it covers
a large class of models of free entry with monopolistic competition.

In each sector k, monopolistic producers can freely enter and produce differentiated varieties yi (7) of
product k. These firms are indexed by ¢ € Zj, and firm ¢ sells its variety at price py (7) . These varieties are
then aggregated by competitive retailers. Competitive retailers bundle the varieties with a constant return
to scale production function Fy, which is increasing, concave, homogeneous of degree land symmetric in

its arguments. The retailer’s problem is given by:

7
sup  prYs —/ pre (1) ye (1) di st Fy <{y-ky()} ) =1.
Yo} e, i€t e e,

Given that Fj, is homogenous and that retailers are competitive, we have py = [, ez, Pk (9) yx (7) /Yydi,

and demand for variety ¢ is given by y (i) = di (pk (), {pr (4)} > Yj.. On the production side, firms

JELK
can freely enter all markets. Upon entering, firm 4 pays a fixed labor cost & ; and draws its productivity
type 7 (i) from a distribution ¥j. To start production, firms have to pay a second fixed cost, &, ;. Firms
use both labor ¢ and other sectors output g; to produce (through Input-Output linkages). The variable

cost of producing yj, (7) units of variety ¢ in market k, x is defined by the following problem:

Xk (i) = inf Zpkyk +¢

{yl N 7yn7

StFk (?]17 "-7gn7€7fy (7’) >§C,k) = Yk (/L) .

We assume that F}, is increasing in ¢, ..., §n, £ and . The cost function can be rewritten as:

Xk (Ps Yk (4) 5 Ec) = Zplympyk() v (@) €e) + bk (Pyk (3) .7 (9) s k) s

=1

where £ and ), are demand for labor and product I. Xx (p,yx (i) ,7 (i), €.1) is increasing in p and yy, (4),
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and decreasing in . Total demand for good k is given by:

Yk = Ck + Z .)N)k,l (pa Ui (Z) Y (l) 7£c,l) di.

=1 1€Z;

Conditional on producing, the firm’s (variable) profit maximization problem is:

. (v (7)) = Su(p) Pr (3) yr (Px (7)) — X (P, vk (P& (4)) , 7 (4) , Ecke) 5

e (e (0)) = dic (P () APr ()} ez, ) Vi

The price of variety i only depends on vy (i): pg (¢) = pg (v (4)). Given that xx (P, vir (Pik),7 (1), k)
is decreasing in «y, ITj, (v (7)) is non-decreasing in . Denote ~; the minimum level at which firms choose to
produce, that is v/ = inf, IIj (v) s.t. I (7) > &y k- Any firm in sector k with v > v} produces. Denoting
M, the mass of firms producing in k, and using the fact that the aggregator Fy is symmetrical, the supply

side is summarized by the following equations:

. (v (i) = Sll(p) Pr (1) yr (Pr (1) — Xo (s Y& (Pr (4)) 57 (1) 5 Eee)

Yik (Pik) = dk (pk (4) , {pw (j)}jezk> Yy

Yk = Ck: + ZMZ/ :jjk,l (pa y’y,l>’77€c,l) \Ill (7) d’}/

=1 Y=V*1

g () = &pk

/ (I (7) — &) Wi () dy = o
Y>v*E

The firm’s problem defines in each sector three equilibrium objects, My}, and {p, 1} , which only

P
depend on {C1, ..., Cy, }, the entry costs, and the exogenous cost shifters. Therefore, the eri_ge I:)f the retailer
is itself only a function of {C1, ..., Cy}, the entry costs, and the exogenous cost shifters. In addition, since
entry is free, producing firms make no profit on average, so total cost is equal to total revenue, piYy.
Total labor cost is equal to revenue minus intermediary good cost, ppCr, which micro-founds our cost

function.

Examples of Pricing Function

As our micro-foundations are abstract, we now give some concrete examples of pricing functions in seminal
entry models.

Melitz-Chaney. There are no input-output linkages, so Yy = C%. Retailers have CES preferences

€p—1 ep—1

over varieties in sector k, C = fieIk c, & di ; the producers’ productivity distribution is Pareto:

1 — Wy (y) = v 7; and the variable production cost is xx (Yk,i, 7 (4),&ck) = Ecklri/7 (i). We assume

149 > e > 1and ltz%lq“ge—z > 1. Taking first order conditions, we obtain that unit demand for variety
D,
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is given by:
—er
Dr,i
d (pi,kv {Pjvk}jeIJ B (p/:>

_1
1— . l1—ep
br = (/ pk’iekdl>
1€y,

The producer’s problem then directly gives that variety prices and firm profit (without fixed cost) are

B (pk,i>_€k ( ek )
Pk, = argmax  Cy Phi — — =~
Pk v (i)

given by:

e Sek
e P — 2
P e =1y ()
Hk; o Ck <1 €k €c,k >_€k 1 gcyk
" D€k — 17 (4) er — 1y (i)

Note that profit are increasing in (i), so all firm with v (i) > 4* produce, where ~v* is the cost solv-

ing C, (i S gc’k)iek L Sk — ¢ Using this, we can rewrite II; = & (v(i))ewl%( (i) > ~*)
g Lk Pk €r—1 v* ee—1 7 D,k -+ g ) ki .k 7 Y =7 )

Because of free entry, firms must make zero profit ex ante so the entry condition therefore becomes:

v €p—1
/ Spk ((*) - 1) WYY = e
>y v
1

O T+ —ener\ ™
7 e — 1 gp,k

Next, denoting the mass of firm entering the market by Mj, the price index py is given by

1
— €k _ _ I—eg
=My e ( Y ey dev)
y=>v*
1
1
—n Sk Yk r—ye—1 )
= Ml k *\€k—Vk
k € —1£c’k(1—|—’yk—€k )
1
1+, —€g 1—e
= €k Vi L+ye —enber | *
=M €k
k ek—lc’ 14+ vk — e € — 1 fp’k ’
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where the last line uses our solution for v*. Finally, using the our first definition of v*, we have:

1 ek 1 &
Ch < €k €,k> ek _ -

prex— 1 * e — 1 9*
. 1y, —€k 7ﬁ 1 1 1 1
o e () ) T ety ey
k 149, —ex € — 1 fp7k € — 1 §p7k € — 1 §p,k k

€p—1
€k

1 1
= T+ — € e "k 1 &en
— :Cek P e s
Ph= " €k§p7k( e — 1 §p,k> <6k—1§p,k>

-1 11 €p—1

The pricing function is therefore given by ¢p(Ck, &) = k?’cekfp,k (m&J)_Ei ( L 56”“) ko

ek—1 &pk ek—1 &k
while the negative of the elasticity with respect to market size is o, = 1/¢,

HARA aggregator. To showcase how demand can directly impact producers’ markups, we consider

a case with non-CES preferences. Retailers preferences for varieties are given by a HARA aggregator
€ —1

=1 ep—1 -1
without love for variety: Fj <{Ckai/ck}i€l'k) = M,;’“_l <fi€Ik (ckifck +b) <k di> * , with b > 0. In
addition, assume that Wy, is a mass point at v = 1, that &, = 0 and that x (Yk,i, 7 (), €ck) = EckVh,i-

From the retailer first order condition, we obtain:

—1 —€L
Ch.i AN ki ( Chi <
ki +h= (1%,1) / ki < ki +b) k di '
Ck, Pk i€, Ck Ck

‘k
ep—1

=1 ep—1 P
Using M,;’"l (fielk (ck,ifcr +b) < di) S 1, we obtain:

_ %k

. 1 —€k _1 . 1—ep ep—1
< / i (i) +b) dz'> — M / <7”“> di
ieZ, Ck i€, \ Dk

So we have:

1 N\ 1—ek 1—¢p N\ —€k
i = | MgE / (pm) di (pk’z) —b | e,
i€, \ Pk Pk
1 D I—eg T—¢p pei) "
d; (P‘k {pjr}; ) = | M / <l> di < ’Z) —b
BN A k ieT, \ Pk Dk

Multiplying the last expression by py;/pr and integrating we obtain:

€ 1—1 1—¢€ . 1_1€k .
Pk = Mkk </ Dy ; kdl) - b/ pk’idl.
i€y 1€y,
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Next, the producer’s FOC, conditional on producing, gives:

1 1 €L
1 N\ l—eg T—ep \ —€k 1 N\ l—e€p T—ep N\ —€k
r— Pk, . Pk, h— Pk, . Pk,
M / ( l) i ( Z) —b | pri—e MF / ( z) d ( l) (s = Le) =0
i€Ly Pk Pk 1€Ly Pk Pk

Denoting p; the common price chosen by firms, we have p, = (1 — bM},) p; so we can rewrite the last

€k

expression as:

(1 —bMy,) p, — ek (P — &ck) = 0,
* €k

=pf = —"
Py € — 1+ kagc’k

ex (1 — bMy,)

Spp = ——————=
Pk e — 1+ kagc,k

Finally using the free entry condition, we obtain:
1 — bMy)? 1
O UM Lok (g

e — (L—bMy) bl
Solving the quadratic equation in 1 — bMj, yields:

1 gc,k _
L Lt \/1 +al (bckéeyk 1)

-1 2

1—bMj, =
bC

‘ﬁc,k
ge,k
Plugging this expression in pg, we obtain:

ek <\/1 +4L (boypiet 1) - 1)
gc,k _ _ l gc,k _ _
= 1) <\/1 +4d (bCk el 1) 1>
and direct algebra shows that the negative of elasticity of price with respect to demand is:

Erb E
ap = k/(ek—1+2 kb),
ge,k ge,k

Dk = e ks

2 (bC’k

with Ep = prCk. As demand increases, more firms enter; with HARA preferences, demand for varieties

becomes more price elastic with more firms, so markups decrease and the aggregate price index decreases.

Translog aggregator. We finally consider a standard case where retailers have translog preferences. As

is standard, we express preferences directly in terms of the expenditure function. Denoting M}, the mass
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of potential entrants, we have:

— My, B .
In(er) =In(cy) + 0o + —=—— My / —ln i k)dE + —— / / In(p; k)Un(p; k) — In(p;g))did
() = tnlex) + o 4 Eottn | gpmuadi b s [ [ ) (n(ps) — inGia))aid

M, — M,

In(pr) = ap+ —=—"
QVMkMk i€y, Mk

l (Pik) d1+/ / n(pik)(In(pjx) — In(pix))didj
2Mk‘ €Ty, JjETL;

Unit demand is given by

Dk .
dk“(ﬂkza Pik} ): <1+5k/ In(pjr))dj — BrMgln(pik >
2\ e, { Js }JEIk Mkpz‘,k T, ( Js )) ( 7, ))
We assume that Wy, is a mass point at v = 1, that &, ;, = 0 and that xx (yk,i, 7 (7) ,€ck) = Ec ks 1-€. We

consider identical firms with a linear production function. The producer first order condition gives:

Dk ke She Pk ( / . )
— 1 - == 1+ In(p;k))dj — BrMpln(p; =0.
’Ykpi,k < pi,k) Dik Mypi k P JET, (pi))j = BeMin(pi.x))

So the common price set by producers is

1
P = gk,c <1 + ﬁkMk> .

We therefore obtain that the price index is given by:

1 1
l — In(€pe in (1 ,
n (px) n(§k7)+ﬁo+2BkMk+ n< +/8kMk)

with kg = a, — while M}is determined implicitly by the free entry condition:

2 M ’
pﬁ (Pik — §kc) ﬁ = Ckee
Pik
o ék,e
Ko + 55 M, +In (Br) — 2in (M) = In <§kc) —In(Cy) .

We therefore obtain:

B 1 N 1 din (My)
k= (2,8kMk B M + 1) din (Cy)’

din (My) 1 -1
din (Ck) - (Q,BkMk +2) '

with

As with HARA preferences, an increase in demand leads to more entry by producers and lower markups.

E.2 First Order Approach in the General Model

We provide a version of Proposition 1 in our extended model. Relative to the main text, the formula for
the optimal income tax remains unchanged; however, commodity taxation can play a nontrivial role in the
monopolistic case. Under perfect competition or when mark-ups are uniform across sectors, we recover
a variant of the Atkinson-Stiglitz result: optimal tax policy relies solely on the income tax, with no role
for commodity taxes. In contrast, when pricing frictions (captured by the mark-ups ¢/ > 1 doxi — 1)

differ across sectors, commodity taxes serve to correct relative mark-ups. Specifically, they ensure that
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consumers internalize the social benefit of consumption across markets by adjusting for distortions in
relative prices.

To fix ideas, suppose that ¢ and xi only depends on C}%. Then, an increase in demand for good k
induces a price change determined by —Agi. In Proposition E1, we show that if this price falls by more
than « (the average market size elasticity), then good k is subsidized. Conversely, if the price response is
smaller than «, the good is taxed. Intuitively, consumption taxes reallocate demand toward sectors with
inefficiently high mark-ups, where demand is otherwise too low. This reallocation helps restore efficiency

by offsetting sector-specific pricing distortions.

Proposition E1. The optimal commodity tazes ty, with g, = (1+tg)pr, are null in the competitive case.

In the monopolistic case, they are given by:

1—3A45piCi/piCi

1 tz = ’ A
+ I —a (A56)
with a = W The optimal non-linear income tax schedule is characterized by:
T 1—+¢ 1 T
=ty + Sy, (1—9g) — ——Fuos | | tw n) - A
L= tet s {Bn =0 = 2B (e 1))} s

with g = G'Uyvy/((1 — @)A), tw = « in the monopolistic case, t,, = 0 in the competitive case.

Proof of Proposition E1. After integration by parts of the planning problem, the corresponding

Lagrangian is:
£= [ G000~ [0V (O) + u6)Ualv(6). (6), )8

k=1

Y (/ 2(0) — 2(0)m(0)d0 — > axCh — xi (Ch, ooy Cn,fk)>

where 1(6) are the multipliers on the incentive constraints and A is the multiplier on the resource con-

straint.

We start with the FOC with respect to consumer prices ¢;. Recall that ¢?(q,v) is the Hicksian demand

function at prices ¢ for a given sub-utility v; we have:

dcj g 80?
|y~ dal, " 9
dz* dzr
dgi |,y  dail, ‘

We therefore have, denoting 0, C]’-1 =/ quc;?ﬂ(ﬁ)dﬁz
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where A and S are as in definition E1 and E2. Given that S is generically of rank N — 1 with left kernel
qC, we have:

(1= Bk =Y I, Xk
p

where 1 — 3 > 0 is an arbitrary scaling constant. Therefore, since py = >, dc;xx in the competitive
case, no commodity tax is optimal. In the monopolistic case, we have ), dc;xx = pj — 21, PkCr Ak, /Cj.
Denoting « the scaling such that g- C —p- C = 0 gives:

1
-C-p-C=1—5 —5 ﬂzi:pici—zi:pic'izj:fli,j
S, ApiC
Zi piCZ .
With this scaling, the ad valorem commodity taxes in the monopolistic are:

1—37 A5p;Ci/piCi

11—«

1+t =

Next, we derive the FOC associated with V. V(6) impacts consumption and producer prices through z*(0)
with dz*(0)/dV (0) = (Uyv,+)~!. Denoting t,, = « in the monopolistic case, t,, = 0 in the competitive

case, and using our result on optimal commodity taxes, we have:

0= G/(V(Q),G)W(Q) B ,U//(G) _ MUO,U B )\71'(9) Z (QZ Zac Xk) *Cz )]

U, Uyv,+

U, U, v,

%

— GV (0).0)m(8) — ' (6) — 2t AT S () () ) az*ciw)]

= GOm0 - 0) ~n 2 - T 11, T az*ci<e>]

/ L i
Uyv» 4 HUQ,UUZ _ <1 oty — G (V(Q),@)vaz*> 7_‘_(0)

/

Finally, defining 1 = p U,v,+ /A, we have:
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7 (0) + 0.+ MRS 2/ (0) = — (1 —ty — Ge), Q)U”“z*> 7(0),

A
with MRS = —U,/U,v,- the marginal rate of substitution.

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

and prices, is:

0= pu(~Up.. — Ug.- MRS) — () (MRS — 1 — t,MRS)
= [10yMRS =7(0)((1—t,)MRS —1)

Since MRS =1 —T"(2(0)), and 28yMRS = —2'(8)(1 — T"(2(0))), where C is defined in Definition E.1,
we therefore have, denoting f(z(0)) = m(0)/2'(9)

Finally, using —zC 8,« MRS = 7} we get:

~ Tl 2(9_) ~ Tl Z(G_) G/vaz*

Using g = G'Uyv,+/((1 — @)\), we obtain the formula of Proposition Al.0]

E.3 Comparative Statics Results

In this section, we we extend the results of Section 4. We begin by deriving a general comparative statics
formula for the change in the optimal tax rate in response to exogenous supply shocks (i.e. changes in
the parameters £). This result generalizes lemma A1l from Appendix A. To obtain streamlined formulas,

we assume that utility is additively separable between consumption and labor.

Assumption E3. Additive Separability. U is additively separable and takes the form U (u (cy, ..., ¢cp) , 2,0) =
u(cy,...,cn) — ¥ (2/0), with ¥ and u increasing in their arguments and respectively convex and concave.
We denote € (z/0) = '/ (2/0¢")and assume | (z/0) € (z2/0) [e| < 1.

Under this assumption, we derive the equation determining the change in taxes in response to an
exogenous supply shift d¢. As for lemma Al, the system is more easily expressed in terms of dV/
d¢ = -/ (dT/d§ + Zfil eidlnqi/df). We will use this system to extend the results of the main text with

general production functions and households preferences

Proposition E2. Under assumption E3, the change in the income tax schedule, expressed in terms
of dV/d§ = —/ (dT/d§ + Zi\il eidlnqi/d§>, in response to an exogenous supply shift d&, conditional on
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the change consumer prices dq;/d§ and market size elasticity dt,,/d€ is given by:

e 1 61d fdV 0 av e av o\ e 7(0) o -\ 1 dgi
(1+6)27m(9) (1_T/)2;U@{d7§}+(17tw)/9 wg('y(@)ds/ewgy(B)dédﬂ)_1+61T/Z<T1(9)+82*Ez>qid£

Oc  7(0) 1 diw

o 1dv " Oxi
1—t ——mdz=-)_
( w)/ggv’dﬁﬂz 2 af

where T = ,7r/f(9 L7dh, 0.+

= Jy Oweridd, 5(6) =1-(1 — o) (1 = T ey~ (1= (L= T) (L= 1),
10) =%~ (& —%%{%

76 }) and

f1+e 1 ? o
() =01-1t,) (1-1) - ‘%9)/0 (O.ee; — O+ B)) Tdf) + (O — 0+ E)) | .

Proof of Proposition E2. Recall that u(6) = 1 (0) /v' (2(0) — T(z(6)),q) is the co-state on the local
incentive constraint. With additive separability in consumption and labor, the income tax schedule is

determined by the following system of equations in p and V', with unknown A:

W0 == -1 (e~ ) w(o)

B 1 Oe (2/0) - T' (2 (9))
WO = @ ez (1 ~T7(= () ”w) ’
V' (0) = 2(6) 6%/ (2(6) J6) .V (6) = (" (6) .q) — ¥ (= (6) /6). (A58)

with 4 (0) = p(0) =0, €(2/0) = ¢/ (2/0) / (2/6¢" (2/9)) and V' (z* () , q) = dz-v (2* (0) , ¢). Using Roy’s
identity and differentiating the IC-FOC condition, we have:

oV (0) _ ov(z*(0),q)
oln (q;) dln (q;)

v 3 ) L ) L0
O =T (E0) .0 < =2 e (0).9) g~ (1-T) =5
dz (0)

e ) =1 ”/6)(1*6(21/9)) dé)‘ (1‘T')0<” o)

Using Young’s identity on the first of the two equations above, we have:

v (2" (0),q) _0v'(z*(0),q) 0

0z%0In (¢;)  Oln(g) — 0z* {v'(z7(0),9) ei (2" (0),9)}
=— (V" (z"(0) @) ei (z" (0) ,q) + 0" (2" (0) ,q) Doves (27 (0) ,q)) -

=—v' (2(0) = T'(2(0)),q) e (2" (0) . q) ,

We use these four equations to differentiate the first two equations of system A58. Differentiating the first
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equation of the system with respect to £, we obtain (omitting the arguments of the function for clarity):

N
d [du dp 1 dty 1 1 dg;
I e I
de{dg} 61—ty de )v'”izla “gde

1 (dV Ldz(0)\ G'G"dV G'1dh
~-t (g (0150 - S E KA E)

Since 11 () = p(0) = 0 for all &, we have dyu/d¢ (6) = du/d¢ () = 0, so integrating between 6 and 6
yields:

N 0 1 N 7,01
o T i , * i Gy 4 "
1@272/ i 0. ezdﬁldq / U7T dz (9)72 1dg; d9+/ d WG/dVdQ
A d§ = Je fg %Wd@ f = 7rd0 v’ d¢ =1 ¢ d§ 0 f Lrdp G" d§
N 0 1 " 1,0 1 1
o 1 dg; ; dv dz (0 GV Sm Q" dV
:_2/# q / T v (d +(1-T) Zd())d9+/ #ad—de
s /e [y rmdd fe rmdd (v ¢ ¢ 0 [y 5rmdf ¢
Defining 7 = ,77/ f v L7dh, which corrects the distribution of types to take into account the income

effects, we can rewrite the change in the value of public funds as:

N 6 0 " 0 /I~ "
1dX / _ o dg; / v (dV N dz (9)) ~ 2 Gt G"dV
—— == Oy e;7df— + — + v —T") ———= | 7df + _——— —df
Nie = 2 ), ac tJy T ag T T T v JEGrordy O d€

Differentiating the system with respect to &, for the second equation we obtain (omitting the arguments
of the function for clarity):

du fe 1 dty, 1dqz fe 1 o AV, .\ dz(0)
- “a@)%e 1t - (1 to (6 & va-T
dg 1+€U/7r()d§ ( 1+ ev’ 28 € )1+€v’7r()(v/)2 d€+v( ) dg
e 1 T dz 1 1 1 6dz
(1+e)2?ﬂ(a) (1—T’+t“’> de 1+e?”<9)1—T/2cT§

We therefore obtain the following equation in terms o

'/ (0e) (T 1 1) dz
1+e (1—Tf+t“’>_1—T/5)%)}

0
=1

AR
f G

d{ Oc ((17tw)v"dV

, ’U”
BlTEe" oy d§+((1 tw) (1=T") - +
1

)
__i 5 1 dty
T\ T Tte 1ty de
1_t Z ( .« e; — / a*elﬂ'da) 1dq£ de fe Z((l_tw)az*ei_ ((l_tw) 1_T/>/ 0 eﬂTd@) C(liq‘gf}

af e
+(1_tw)ﬁ_((v'; (c?g/+ T dz(ge))_g/e"ﬁ(i’:;Q (%—H}’(l—T’) dié@))d@)

€
T

G"adv oG dv
+ (1 = tw) g7 <G, i), T d0) (A59)
Next, we simplify the formula using v’ (1 —T") dz(6) _ 16J:ed% {Cle‘{/} Focusing on the first term in the
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RHS of equation A59, we can re-express it as:

d Oe " dV Oe " d (dV d Oe v av
cze{m””)@/)zdg}:m”(@)(v,)zcw{g}ma{ +J<9>W2}

Substituting in equation A59 yields:

d Ge \° . AV €/ (Be) [ T 11 1 14d (dv
— 1—te)(1=T) — w ) — — =
d9{<1+6) 7r<( tu) ( )’U/+ 1+e 1—T’+t 1—-Trez) 1T v df | dé
1 Oe 1 dtfw
1T 1te [1—t, de

(- e d | e . 1 o 1 dg:
_(1—tw)z<ﬂ(az*ei—/gBz*emde)—da Tret (1—tw)az*€i—((1—tw)—ﬁ)/g3z*ei71'd49 o de

i=1

(1 tw)7 (((;’)2 _ d% {19;67?(9) (;’:;2 }) % - g/%~r ((;’)2 - d% {19;7?(0) (5,/;2 }) %d@)

G" dv oG dv

Integrating the formula above, we obtain:

be 27}”(9) 1L 1d[dV
1+e 1-T"v"dO | d€

_ 1 Oe - 1 dtfw
1T lte 1—t, dE

—1-t) </9ﬁ'(3z*e¢—8z*Ei> d9+{19f ﬁ((1—tw)(az*ei—az*1§,~) +11TBE)}> qlzqg
o av e av
ey wg(we)d—g—/gwgmade)

where 9. F; = [ 0. e.7d0, 1 (0) = Lrip = (1= 1) (1 = T') % = 0 (L3 44, ) and 7 (9) = ~ 7 —

1+e
71 1 1 d 0 o "
o7 (@ — #i { Er O ).
Finally, using the optimality of consumption taxes, the government budget constraint becomes:

] N n
dT 1 dqZ OXi dC;
0= / - 4+ +T7T' = | ndh — + tw qi—=—
RO R o A oI
dci:/ga*o dT+§:e-1dqi ( —T' 7rd<9+2/8 hde q]
g~ Jy TN\ ae T &y de df “
Plugging the expression for aggregate consumption, we obtain:
0 N a N
dr 1 dg; X dr 1 dg; dz
0:/ — 4+ eg——+T'— | ndf — w/ —+ ) e— -7 wdf
a<d£ ; ¢ dE ) Z 9<d5 ; e~ 07T g
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Using the definitions of dV/d¢ and dz/d§ and the optimality of the initial income tax schedule, we obtain:

J 1 dvV  d T’ fe 1 X
= — 1— — T — _— —_—
0 /9( tw)v,wd§+d0{<1_T,+t>1+ } —df — Z

which completes the proof. [

The formula in Proposition E2 retains the same structure as the one in Lemma Al, indicating that the
introduction of richer income effects does not substantially alter the qualitative response of the optimal
tax schedule to price changes. Nonetheless, several distinctions arise.

First, that the relevant distribution with income effects is now given by © = %7‘(‘/ feg %Wd@ . This
re-weighted distribution corrects the original type distribution 7 to accounts for income effects. Such
a correction is standard: for instance SaeA (2001) introduces implicitly an equivalent re-weighting of
the income distribution, f = f(z)e A Zé‘dzfdz/f f(z 2 2tdzq,, Importantly, if v is CRRA, v =
()% /(1 = B), and 7 is asymptotically Pareto with tall index w, then 7 also has Pareto tails with
adjusted coefficient & = w — <3 | so the asymptotic properties of the distribution are preserved.

14+3e
Second, the terms k and -~y differ from lemma A2 since they now depends on the curvature of utility

—U—,, (which, as %,l, captures the income effect on Pareto weights), on the super-elasticity of ¢ (which
depends on din(e)/din@), and on n (which depends on dln(—%l,/)/dlne). By construction, « (6) > 0 for all
0 and, under reasonable assumptions, v () > 0. Indeed, if v is CRRA, we have:

G 1d Oe _ e(1-70) (1-T")z
7(0)_*5*9 (zﬂ)Q(l7rd0{1+677(9)}+1+e(1—T’)ﬁ;*—|—EZT” 2* )

1-77

Therefore, if d% { IOJ:E (0 )} /7(0) <1 (which parallels Assumption A2 in the main text) and e small, then

we have v > 0. To highlight the dependence of x and + on super-elasticities more transparently, it is

helpful to express the RHS of the formula of Proposition E2 in terms of z rather than 6:

s = 1 1d [av z N dV z dv
ZCfH(Z)l—T’v’dz{dg}—i_(l_tW)/z af <7(2)d£—/z v (2 )dggfd2’>

0= (25 (o) (s ) )

_ 1 1 f'(2) 7)) _ ()
7(2):_(1—T’) <1—ZC(2) +n—20(2) < >_G’(z)'

with

g(2)v'(2) 2¢ f(2) 7(2)
Finally, the novelty of Proposition E2 is that, under a more general supply-side structure, the optimal
tax rate becomes sensitive to changes in the average market-size elasticity, t,, = « (in the monopolistic
case). The intuition is straightforward: if a increases, an increase in demand for goods reduces prices

more strongly. As a consequence, the planner reduces the income tax to encourage labor supply, increase
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total income, and thereby further reduce prices.

E.3.1 Partial equilibrium results

We now extend the results of Proposition 3, allowing for income effects on labor supply. As in the main
text, we consider an increase in the relative price of the necessity, p;, in a two-sector economy with linear
production functions (o = 0). As before, good [ is defined to be a necessity by assumption A1.> We
prove our extension assuming that the coefficient - is positive and under a restriction on the distribution
of types 7 similar to assumption A2. The assumption that « is positive reflects social preferences placing
some weight on reducing income inequality. Indeed, v < 0 implies that the objective function of the
planner is convex: in that case, the regressive impact of the price change discussed in the main text would
be exacerbated. To avoid artificially strengthening our results, we assume that « > 0, which ensures that

the planner is inequality-averse and values redistribution.

Assumption (E3). d% {lg—jfefr(ﬁ)} /7(0) < land v (0) > 0 for all 6.
As in the main text, we compare the welfare impact of a change in the relative price of necessities,
Py, compared to the change in welfare that would occur if the social welfare function was linear and
satisfied:

fe 1 91d [dVim) e 7(0) =/ .
(1_|_6)27T,€(6)(1—T’)220’d9{d@}_ 1+61_T,ZZ;(T@(9)+8Z*E, sl>.

As before, dVj;,/dp; is increasing in 6, negative at the bottom of the distribution, and positive at the
top. Consistent with Proposition 3, we find that the change in welfare increases more slowly than in the
linear benchmark. Households experience a strict welfare loss, while households at the top benefit — even
though, in principle, it would be feasible to compensate all individuals. Hence, our qualitative conclusions
from the main text remain robust when income effects on labor supply are introduced.

While Proposition 3 only considered the case where « is decreasing (consistent with most standard
social welfare functions), in Proposition E3 we also examine the case where 7 is increasing. Indeed, with
a linear social welfare function and v CRRA, « increases when the risk aversion parameter is sufficiently
large, and decreases when it is small.

In addition, we characterize the willingness to pay for the price change (including the optimal tax
reform) for agents at the top of the income distribution. The willingness to pay for a price change and

L_dV “Here, 1 2V represents the dollar amount household 6 would

induced optimal tax reform is Z =

z*v,x dp; ? vx dpy
be willing to pay to implement the reform, while Z*qu - % expresses how much the household would be

willing to pay as a share of their pre-reform income z* . Under the assumption of Proposition 3, the
willingness to pay for the reform is positive and given by Z = 0,-e; — 5; at the top of the distribution.
When v is CRRA with coefficient 3, we show in Proposition E3 that the willingness to pay for the reform
is Z = Cy (041 — §;), with Cp > 0. In this sense, income effects only scale the impact of the reform on

high income households by a positive scalar Cy: when Cy > 1, top-income households gain more than in

3Note that 0.+ E; < §; directly implies 9.« F, < 5 since 7 puts more weight on high income households when v is concave.
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the linear case; when Cy < 1, they gain less. Interestingly, when § < 1 and the Pareto coefficient of the
distribution 7 is not too high,* then Cy > 1: there is more redistribution towards high income households
than in the case without income effects. The case 8 < 1 and %w + B < 2 is empirically relevant for the
U.S. Indeed, if 8 > 1, hours worked would counterfactually decline with income. In addition, the pre-tax
income distribution in the US has a Pareto coefficient of less than 2 (it ranges from 1.5 to 2, depending
on how much capital income is included), which implies that the underlying distribution of type 7 has a
Pareto coeflicient of around 1 for 8 = 1, which satisfies the sufficient condition on w.

Therefore, under realistic calibrations, our main result is amplified: an increase in the relative price
of necessities leads to even greater redistribution in favor of high-income households than in the baseline

case without income effects.

Proposition E3. Under assumption E4, for an increase in the relative price of necessities, the compen-
sating scheme dT (z (0)) = — (s; — §;) 2*dInp; is feasible but only optimal when preferences are homothetic.
With non-homothetic preferences, the change in welfare of agent 6, dV°C /dp; (8) # 0.

If v is decreasing, dV'© /dp; (0) satisfies dViy, /dpy (0) < dVE /dpy (0) < 0, dVE /dp; (0)—dVE /dp; (0) <
AViin/dp1 (0) — dVign/dpy (0), and E (gdV< () /dp;) = 0.

If v is increasing , dVC/dp; () satisfies dViy/dpy (6) > dVY/dp (6) > 0 , dVC/dp, () — dVE/
dpy (0) < dViin/dpy (0) — dViin /dpy (8), and E (gdV© (6) /dp;) = 0.
Asymptotically, if there is 0y such that for 0 > 6y, V') (2/0¢") = € < 1, v is CRRA with coefficient j3,
7 is Pareto with coefficient w, and the social welfare function G is CRRA, CARA or linear, then the
willingness to pay Z = (z*v,+) "1 dV/dp; satisfies:

Z~—C)h (Tl +8z*El — §l) >0
(I1+8e)(1+e(l+w))

O U= Ul ru) + 5e) +w8 (501 + P +ew (15 59))

Y

with 71 = Oyre; — 82+ F), Cop >0 and Cop > 1 if <1, ,w < 1.
Proof of Proposition E3. For an increase in the price of necessities and when production functions
are linear, the formula of Proposition E2 becomes:

Oe 1 014d (dv 0 awv [ av e 7(0) "
Taor O e v \dn T pril ——df | = - E—5).
TERE (1—T’)2zv’d0{dﬁz}+/a " (ﬂe) dpy /am(e)dﬁzde) oo (10 + 0B )

Under the assumption that d% (f—jjr) < 7, following the same steps as in Corollary 1, we have

e 7(0)
1+el -1

(n 0) + 8,-F — gl) >0

for all 6. Since k (0) > 0, if v (0) is positive and decreasing, following the same step as in Proposition 3,

4A sufficient condition is %w + B < 2 for € = 0.21, which implies that the Pareto tail of the income distribution is less
than 2.
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we have:

7] [}

5 dv / dv )

7 0) — — | gy (0) ——db
/0 g(v()d@ A gv()dpl

[

6 dv

7 (0) —db = 0,
/0 g( )dpl

which implies, as before, dc‘l/# 0) < gﬁ (#) < 0 and dv“" 0) — % 0) > % 0) — gyngl (0).

For v () positive and increasing, consider the change of variable 6 = 1/, we obtain:

€ /Aq 1 11 d [dv 1 ] 1\ AV 1o 07lew(@Th I _
_<1+e>2"“(9 )(17T’)2;?£{diﬁl}_[ < (o )dpl—[wgw(e )dﬁzd9>§7d97_1+e1fw (ro (571) + 0 By — ) -
with 6 = 1 /8. Since ~y (5‘1) is decreasing, we can use our previous result which implies:

;l;/l (é) dv

0 ) 6 0
dv 0 av N\ dV 0 av 1 .~
7 0)— — | 7gv(0)—db) =— | 7 o1 —/7? 0~ d9>~d9>0
/9 g<7()dpz , " O3 ) /9 g(7< >d]51 ) 7 (0 )dpl 2

dV’Ln dV’Ln dv dav dvzn o) dV (p
and g () — <7l () > 22 (0) — 35 (6), as well as Tl (6) > o (6) > 0.

We now prove the asymptotic results, assuming that v (2*,p) = (z*)' 77 / (1 — 8) and 7 = Fwh 17 .
We first start with a case where the equation can be solved in closed form. Assume that, above some 6,

g=G" =€ =0,T and 0,-¢; are constant and z* = (1 — T”") z. In that case, we can rewrite our equation

G _ 1 01d [dV 0 dv () i
~ = o= 0) —db = — B — 5,
(1+€)2m(1T’)2zv’d9{dpz}+/e A T 4el—T (Tl+a : Sl)

as:

withk = 14+8e (1 =T"),7(0) = (z*)ﬁ_1 I5; (511:565 + 1:“_’6), 7, = O,e,—0,+ E). Next, define Z = (z*)ﬁ_1 %.
We have:

Oc 1 01 wi-p 4 oy €+l =z *75)
(1+6)27r( T’)2zv ((z) dO{Z}Jr(l T)1+,6’60(1 AN
€ € 0 Oe (0 -
+B(B 1:ﬁ€+1:6)/0 fere:—Hel_(%, (n+8z*El—§l),

which simplifies to:

fe 1 d e+ 1
T 0—A{Z 1-8)2Z2
27m1—T’<d0{ }+1+B€( 8) >

(1+¢)
+5<511+6 “")/ FZd = — wz)v(njuaz*ﬁl—s,).
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Differentiating the equation, we obtain:

l+ew ~ _
(w2{2}+1m0 (2} - DyZ = (fi)(n-+aﬂﬂy—so
e—|—1
Di=l-w+1 5 (1-6)

1+e w
Do = 1—|—,36w<(1_l8)+1+6(1+w)+562w

B(6(1+6)2+6w(1+66)>) >0
The solution of the homogenous equation are 8°+and 677~ where py, p— are the roots of the polynomial:
x2+(D1—1)x—D0:0.

Since the last term of the polynomial, —Dy ,is negative (assuming that w > 1 if g > 1), py,p_ are

positive. The solution of the equation is:

Z::—cb(n-%aféy—go-+c;w”-+c_0w—
(1+Be)(1+e(1+w))

O =B el v+ hew) +ws (304 F a1 +50))

Since fee_ 7 (0) %d@ = f0 T Zd0 is positive for all #, we have C. > 0, since 7 1T, Qi,di {dpl } < % (7‘1 + 0, F) — 51)

for all 8, we have C. < 0 so necessarily, Cy =0 and Z = —C) (Tl +0.+E — sl) +C_077-. When g <1,
€,w < 1, direct algebra shows that Cy > 1.

Next, we consider the case where we simply assume that G is CARA ,CRRA or linear. As a pre-
liminary, we characterize 1 — T”, z, z*and V at the top of the distribution. First, the tax rate above
Opsatisfies:

T 11 [
T [T — g Ras.
0

1-1 € O
Using 1'Hopital rule, we have limp_,o0 1 — T = ew/ (1 + € (1 + w)). In addition, we have:

1dz € e+11

Zd0 1+e(1-T)p2 + L7 ¢ 0

€ 21" ( w f(f gﬁd@)

1+u—jwﬁ§+;§ﬁa_TW 07

. . . 1" . .. o . . .
Since ¢ is decreasing and converges to 0, we have % is positive and converges to 0. In addition, it is

direct to show that limg_,so 2 = 00, limg_eo (1 = T7) 2/2* =1, (1 = T') 2/2*—1 = O(6~), with A\g = 11;2,
and ZTT, =o0 ((z*)f'g). In addition, we have:

v e
= G)s=a-1e7 s
(e de e (=T B+ i
db e+1
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11
I+e(1-T")B &+ 5 148 1+ef (2%)'~
= converges to - -, we have for 8 <1 that V ~ e i

converges to a constant if 5 > 1.

]
Since at infinity, while V'

B-1dv .

gy We obtain:

Next, consider, as before, the change of variable Z = (z*)

0
+ / < Pz / 7gv (0 d9> do
0 dpl

=1 (71(0)+8Z*E~lf§l),

fe () 1 1 1
1+61—T’H(9) (1 el — T’Z d9{ }+ (1fT/)5z%+ez_Tu (1—6)Z>

éir Atz [ v
+/9 g(v(G)() z /9 gv(9)dpld9 do
- _19;6 17T—(0:)r/ (” (6) +0:- By - 51) ’
with:
n(e)=1+eﬁ(1—T’)(1;*T/)Z
G we B € 1-T"z -1
g7 (0) = gG,+B<<1+1+€>+(1 ﬁ)1+6(1_T/)B e )(2) :

We first bound Z and Hd% {Z} using these equations. Since the integral term

/: 70 <7 ) ()% 2 — /:ﬁg'y ) gw) i

is positive, we obtain by Chaplygin’s theorem that Z < Z, where Z solves:

fe 7(0) 1 1 € _
1+e1—T'”(9)<1+e1 T’z dH{} T +e(1-T)B= +ezT~(1—ﬁ)Z>

1-71
Oe (0 . 3
1+e1—(:)rf (Tl(eHaZ*E’_S’)

Z (60) = Z (6o)
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Using the variation of parameters for first order equations, we obtain:

Z(0) = exp <— /9: Ao (9) %dﬁ) Z (0o)

e fen (- o) ) B (- (o)
Do (9) = (1-T)Z&(1+ee
1+ef(1-T") 2 + <227

>0

z

First, consider the case 8 < 1. Since A\ (9), & (¥), (1 =T") = and 7, () converge to positive constant

Z*
at infinity (respectively \g = (111:%6, EF=1+4+e8(1—-T"),1 and 7; = O,+¢; — 0,-E;), we have for 6, large

enough and ¢ small,

Z(9) <2 (60)] <:O>XO(15)+6+(1 +4) 4 ;_ 9 (— (ﬁ 4 0B — §l>> ;\0(11_5) <1 _ (i)xoﬂﬁ)M) |

So we have, for 6 large enough, that Z () is bounded above by a positive constant, so Z (#) is bounded
above by a positive constant Z*. With G as CARA ,CRRA or linear, we have g%,/ (z*)l_ﬂ =o0 <2*75> )

g=o (z*fﬁ), so gv (0) (z*)'™7 = O(1), which implies that:

e w(O) \~t [0 _ i 1—B 0 A% e  7(O) \ "L 0 _ 1—B = 0 av N
<1+€1_T/) /ewg<’y(9)(z) Z*/Q ﬂg’y(e)d—ﬁld9>d0§(17+€1_,r/) /ewg v (0) (%) 23((9)7-/i ng(e)d—mde do < MZ™.

We therefore have, applying again Chaplygin’s theorem, that Z (0) > Z (0), where Z () solves:

be w(0) ) 1 1 z*ed (=) + € a-pz|= oe w(0) ( (6)+ 0.4 B B MZ*)
Ttei—1'" T+el-T 2z do = 14e(1-T)8% + <17 =) T T e\ Z¢ LTS ’

which implies, as before, that Z () > Z(0) > Z.. We therefore have that, for 5 < 1, Z (0) is bounded,
which directly implies that 6-% {Z} is bounded.

For 3 > 1 using the same reasoning, we obtain Z (#) = O (0)‘0(5_1)), which implies, since gy (0) (z
O(1):

*)1—5 _

Z(9) < Mo o(B-1)

e w(0) \7' [0 - 0 av o
* _ zr < o(B-1)
<1+61—T’> /07?9 v(0) (=) "2 /67797(9) dﬁlde do < M6

for some M large enough. Applying Chaplygin’s theorem once more for a lower bound, we therefore
obtain |Z (8)| < M#*=1 which implies by direct inspection of the equations ‘Qd% {Z}] < M@ero(B=1),

Finally, using the same steps as before in the case 5 = 1, we obtain |Z ()], |0d% {Z}| <In(0).
Next, we differentiate the equation

AL C R A ! 1-pz +/§' @ )Pz [Crer0) T a0) ao
1+617T"€ 14+el—T = db 1+5<1,T/)@zi*+iiTT’j o "I\7 z gm‘w dp;
0e w(0) _ B
:71+617T/(Tl<9>+az*Elfsl).
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We obtain:

2d2 d 14+ e)w
0 E{Z}ﬂL(Dl + 1 (9»9% {2} = (Do +60(0)) 2 = I

5(9)—(1—7“/)19i v +ei{ ! }
A 2 Ao \1-T = a0 \1-1/

1

1 d +1 B1-(1-1") &) - <15
F o0 {r (O} +e—— (1-8) ( =)= z
Koo 1+ pe L+e(=T)p% + $557

(rl + 0,4 By — §z) +6(0)

*

d 1z d [ 27"
f*"m{ﬁT}”Te{ﬁf

1-— 1 1-T') %2 |- g4 & 1 Lo d 0)} —
1=8)(1+e)( ) 2 ( wt 0 {2 )+ 20 (n ()} The T At 2L

)

50 (0) = L4e(1-T)B % + <L
- (H:)z 1~_(9T>, 1-T") Z97(0) (") ~% - Dy
s =1 te)z 1;(;)/ (1-1) zi*g/j’m @ %de
- ) 2 (e ) G
1+e

(1 J;e) w (

(1-1) Zi*ed% {r ()} — T+ 0B -5

x(0)

It is direct to show, using our asymptotic characterization of the initial tax rate, that d; (0) = O <6?*’_\0>,

do (0) =0 (9*5“)) and ¢ (0) converges to 0. Indeed, the dominant term of d; (6) and dp () is

gl [ 1 2 _ (e+1) -1 |, 1"
d\1=T" 2 [ 1+e(l-T)p&+Fp \ = -7)

which converges to 0 at rate 9o, Using the variation of parameters for second order equations, we

therefore have:

Z=-Cy (Tl + GZ*EZ — §l) + CL0P + C_0P-
_ p+ip / (0—/)7@!)7—1 _ 9P+é—p+—1) <(5 (é) + &g (é) Z+ 6 (é) édiH {Z}> do.

First note that, since § (é) goes to 0, we have [ (9_"* gr-—1 — 9p+§_p+_1) 0 (é) df = o (1). Nextif § < 1,
we have 2,04 {Z} = O (1), which implies | (e—ﬂf go-—1 eﬂ+é—p+—1) (50 (9) Z 46 (9) oL {Z}) b =
o(1) and Z converges to —Cj (Tl + 0, F) — 51), since as before C is necessarily 0. If 5 > 1, we have

"50 (0) Z 401 (0) «96% {Z}’ < ]\495\0(,8—2)7 .
/ (677-br-mt = o) <5 (6) + 60 (8) 2+ 41 (9) éd% {Z}) i < NgB-2)

Direct inspection shows that py > Mo (8 —2), so using the same reasoning as before, we have O =
0. This implies Z2 = —Cj (Tl +0.E — El) + C_607 4+ 0 (9/\0@_2)). If 8 < 2, we have Z con-
verges to —Cj (77 + 0.-E) — 51), otherwise, noting that |Z| < MeHo(8-2) directly implies !9(1% {Z}| <
M*B=2)  we obtain |00 () Z + 61 () Hdi {Z}] < M@ (B=3) " Reiterating our operation, if 8 < 3, we

have Z converges to —Cj (Tl + 8Z*El — 35; otherwise by direct induction, we obtain Z converges to

—Cy (n OB — gl). 0

AT5



E.3.2 General equilibrium results

In this subsection, we characterize the general equilibrium responses of the tax schedule to shifts in
the supply curves when pricing and cost functions are non-linear. We follow the same approach as in
Proposition A1l of Appendix A: we decompose the welfare response dV/d¢ into a sum of n + 1 partial
equilibrium components, each of which can be computed independently of the supply-side response. These
partial equilibrium components allow us to directly compute changes in aggregate consumption, dC'/d¢,

in Lemma E1, and to recover the change in equilibrium prices dg/d¢ through matrix inversion.

Due to the complexity of the formulas involved, we conclude the section with an intuitive discussion

of how the optimal schedule responds to increases in the price elasticity .

As a direct consequence of Proposition E2, we can decompose the welfare response to an exogenous

supply shock ¢ as:

av

=

"oV 1 dg; 1 dty oV " O

] o = A ) P s
P oqi qr d¢ 1 —t, d§ 0B pa o€
Here, gTVk denotes the change in welfare to an increase in the price of k keeping the government budget
fixed. It satisfies:

fe 1 614d (dV g ov 0 oV e 07(0) .
Tk (60 —— = — 1—tw Q 0) — — gy (0) —db | = — 0) + 0.« Ey,
(1+€)27r"€()(1_T/)2zvld0{8qk}+( )A ﬂg<7()3qk \/Qﬂ-gf}/()alﬂc > 1+61—T/ (Tk()+ k)
0
(1—tw)/ g—a—vwdz:
9 v Oq

Note that defining gTV the (partial equilibrium) response of welfare to an increase in the corrective tax

tw, as the solution of:

i) A L ) [ (0 5 [Can o i) = )

(1+¢)? (1—1")% 20 df | Oty w l+el—T
0
10V
1—1t ——mdz =0,
we have %/U =—> 0 %;, SO gt% need not be computed separately.

Finally, g—g denotes the welfare sensitivity to a relaxation of the government’s budget constraint. It

satisfies:

(1 iee)?f”{6 ©) (1_1T/)235'j9 {gg} +(- tw)/jfrg (7 ) gg - /eeﬁgv 0) gng) -

With these definitions in hand, we can characterize the response of aggregate consumption to supply
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shocks as a function of the partial equilibrium response of welfare to price and budget changes. We do so

in the following lemma, which is a generalization of lemma A3.

Lemma E1. The change in aggregate consumption in response to an exogenous supply change d€ is given
by:

1 dC; " qj'aci 1 dqi 1 dty oxi
1dC; _ ( o) C Z

Cid¢ <= Cidg; \qx d§ 1t dE

3490 _ 1 1/9'd vy 1 e o
Ci0q; — 1—ty Ey, Jg dO | Og; 1—T’1+€(T +0. Ek>7rd0+8w
oG _ _1 1/6d oy 1 96( 1 0.E
CiaB_l_thk [} d9 |oB | 1—-T1T"1+

1—ty, E;
with EZ = fgeiﬁ'dé?.

T, + 0, Ek> wdf +

Proof of Lemma E1. We follow the same steps as in Lemma A3. We have:

1 dCy 1 10 deg
— k= = [T R rae
Cy d¢ Cy Jo d§

1 6 dg
= a*ck< Zl—> d9+—2/aplh [
Ck Jo =1
0 1 dv dz ul 1d
:7/ 8, cx —+(17T')— ﬂ-dGJrZSM 2
Ci vyx dE dé¢

q dg§
18 d gav ) 0.+ By (7 AV _ av n 1d
- { }/ (0% e — 0.x By ) 7do + 2% / 8, { } d9+2$kl sl
Er Jo dg Er Jo dﬁk Fliean dg q dg’

with By, = feé exmdf and where we used, from the IC-FOC, v’ (1 - 1") = dz(e) = fe d { T } Next, using

Tte
the government budget constraint (see the proof of Proposition E1), we have.

J 1 dv  d (dV T’ fe 1 " Ovi

Using this expression, we have:

1d 1 /f d _ 1 +E g d T 0
1 40k :f/ { V}/ (0= — 0.+ By 7 + O By / { V}( ,+tw> *#do
Cr d§ Eyx Jo dg 1—ty FEy o dg 1-T 1+e€
L ot A
Ek 1+ed0 de

_ 1 8 EkZaXz Z kli@

= T dg
11 [f9d(dv 1 Ge T+e 1 /0 . . .
= — — < — 7l (1—tw)(1=T Oyxep — Oy By ) TdO + Oy+ e, — O+ E 0+ Ey | df
(17tw)Ek/Q d@{df}lT/1+g7r<( )( )( e 070) Jo (zek z k)ﬂ' + Ozxep z k)+ z k>
" 1 dq;

1 0,+Ep Xn: Oxi

Cl—tw By Mo de

_l’_
108 I ek

1 1 % d (dv 1 e - 1 8Z*Ek axz 1 dg
=—— - [ =!== 0 0+ Ey ) do — iyt
(1—tw)Ek/Q de{df}l—Tf1+e”<T” ) do =~ tw Z Z g de
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. d dt, o) X _
Using the fact that 0315 0) =>r, 8% V. (6) (qikdifk — l—ltw 5—§> — 9 0)>7, o and 32, S;; = 0 then
gives the decomposition of the lemma.]

Using the partial equilibrium welfare responses and the aggregate demand adjustments derived above, we
now characterize the general equilibrium response of the optimal tax rates. To derive these results, we
must first define the relevant supply-side elasticities that govern the equilibrium adjustment in prices.
In particular, in addition to the standard price elasticity with respect to market size, we also need to
introduce the super-elasticity of supply with respect to market size. This is necessary because demand
shifts also affect the elasticity itself, altering the slope of the supply curve in equilibrium. The super-
elasticity captures how the elasticity changes as the market expands, and thus play a role in determining

how prices adjust in response to supply shocks.

Definition. Recall that A is the matriz of price elasticities with respect to market sizes with A;; =
—C0c;¢ (C1, ..., Cn, &) /pi- We define a; j; = C10,A; j/Ai; the super-elasticity of prices with respect to
market sizes and </ the matriz with entries </, = Zjvzl Aj,,-ajml];—g. The matrix o/ summarizes how a
change in the market size of | impact the externality of an increase in the demand for i on the average

producer price. Denote A [(1 + t»)_l} the diagonal matriz with (1 +t;)~" on the diagonal (and similarly
AlpCil, A[(piCo) ™| ) and define:

A = 1d — ﬁA [(1 n t,-)—l} ((Id ~ ApCi] ATA [(p,;ci)—lb (Id — A) - le)

A. = A
449G
Cij = C;0q;

The matrices Ay, and A, summarize the relevant supply side elasticity in the monopolistic and competitive

cases respectively while C summarizes the demand size elasticities.

The equilibrium responses of prices and of t,, can then simply be obtained as a function of A,,, A
and C.

Proposition E4. Consider a change in the parameters & and define Op;/0¢ = 0¢; (Cy,...,Cn, &) /I,
0A; /06 = a(alncjlngbi (C’l,...,CN,E)) JO0¢. The change in the utility of households in response to a

change in & is given by:

@)=Y 0o () -5 - 20 Za’“

dé¢ < 0q " qi d§
where the endogenous price vector %2—2 = [q%%’ . q%d%”} solves:
s mas a0 (5 S
where 8q;/0& = Op; /0, A = A, in the competitive case and 0q; /OE = (1 + t;) Op; | O&— L Zjv 1 Z;Jlgl 83; L

ATS8



A, in the monopolistic case. The change in tazes in the competitive case is given by:

n

dar  1dv 3 1 dg;

dE v T =g ae
and in the monopolistic case by:
dT 1dV & 1 dg; 1 da
da“v'dg_; ( dg +1—ad5)

1 da 1 da -1 al ., 1adp; | oC
e oo ((fd—A)—A[(Ht,) }(Id—A)) C e Z::;;jc,*%(T5 o

Proof of Proposition E4. Let us start with the competitive case. There are no consumption taxes in
that case and we have ¢; = p; = ¢; (C1, ...,Cn, ). In addition, t,, = 0 and dt,,/d{=0. We therefore have:
N
Ldgi _ 10p g~y L dG
g d§  pi 06 =Gy dg

n

_ 1 9pi _i [ = 49C; 1 dg;
pi 9€ Y\ 4~ Cidgjax d¢ CidB

j=1

Therefore, we have

ldq_ aXz
ad—g_(ldthC <qag Zag caB>

= zl;g? Next, consider the monopolistic case. Recall from Proposition A.1. that
iriCi/piCi . > A0 C5 /piCs . -
BCIPC ith 1 4 4y = = OC efining 1/g;dgi/d€ = 1/qidai/dE — 1/

with A = A and %8—‘1
1-3,

we have ¢; = p;
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(1 — @) da/d§, we have:

)

1 qu 1 8;0Z ZpJC' 1 O0A;;
G dé p; 06 (1+1) 1—a HONGS
= 1dC; 1-Q+t)(1—a) [ 1d0; 1 dC;
— A —— _ - A i——2
jz; JCJ' d€ (1—|—ti) (1—0&) C; d€ ]Z; ’]Cj d§
1 L opiCy [ 1dC & 1 dC,
- - A2 A —
1+t)(1—-a) ng g p;C; (C df ; j’lCl df)
1 " p] i 1 dC
(1+ti)(l—a)]§:1 2:: leC dé
:lapz _ 1 iA .p]’Cj 1 aAm
pi 06 (1+t)(1—a)= " piCi Ay O€
1 dC;
T O de
1 1dC; & 1dC; <~ , piC(1dC; 1 dC, - 1 dC,
. S e N Pt N N P A= T} DN gy, = O
(1+t;)(1—a) (CZ- dé ; IC; dg ; i <C’ dé ; e d§> ; Loy de
where we used p; = i ing 144 — | Ldq 1 diy imi-
pi = ¢(Cy,...,Cn,&). In matrix form, denoting gde = |arder gy db | and simi

larly é‘fg, A [( + ti)_l} the diagonal matrix
: 10q; _ 1 0Op; 1

with (14#;)"" on the diagonal — and similarly A [p;C;],

SN piC; 0Aji
Jj=1 p;C; 0§

— ,we have:

1dqg 109q _1 1 1dC
—— == — ; i Id—A) - ) ) ——.
e = 006 (m 1_@A[(1+t,) }((Id ApiCi] A A[( i)™ D( )— ) G &
Next using the result of Lemma E1, we have, noting that ¢, = a:
1 dCz . - qu?CZ- 1 % 1 d704 8)@
Cz' df _;<Ci<9qj <qj d§ 1—Oéd§ C@BZ
B f: q;0C; 1 dg; 3Xz
= Ciaq]' q; df C BB '
Defining C; ; = (g%(;z A=1d- LA [(1 +ti)~ } <<Id — A[piCi] ATA [(piCi)_l}) (Id—A) — 427), we
obtain
1 dg 10 1dq
d9 _19q ,,1ldq Z 0Xi 4
qd§ q0¢ q d§ o¢ C'BB
dg 19q OXi 4
— Id+ AC)~
q d¢ = <q 1513 Z 0& C(’)B

Recall that we have:
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AV~ OV (1 dg
de .Z:q’aqz- (qk dé
Z’”‘: 8V1@_7
8Qz%d§

which gives the formula. Finally, we have:

dtw
1—t, dé

Z 8Xz

oXi

) 552

> i1 PiCi ZJ 1‘471

Zz 1poz

So the change in average price elasticity with respect to market size is given by:

N N C; .\ 19 0A;,
do 2oim1piCiy iy ( JZ];;]C’ — ok (i —J)> i apg N ZZ 1 PiCi Zévl a
dg i piCi SN piCy
N 1 dCj N
+Zz 1 ( Z] 1Aijo ) piCi 3 iy Aij N SN piCi Z;V 1A, zijcj SN aja Clvl ddcg
SN piCi S piC
N e
_azz 1( Zj 1A7]C’1 dg)pici
Zi:1pici
N N N N
ijj . 1 ap] GAJZ
=D | LA okli= T g
=1 1+ j=1 poz Pj ag =1 1+ j 1
N N N
Dj . ; 1 dC 1 dCl 1 dCl
A i — aF(i = %
+Z1 (]pC (¢ ”) C; d¢ Z ey de Z1+tZ AP
=1 ]:1 Jj=1
C; . o
Defining do/9¢ = SN | (si/ (1 + 1)) ZJ 1 ((A]Z];JC —al¥(i = ])) p%- apg +2 85 ), we therefore have

in matrix form:

22‘ gg—ksTA [( )1} ((A[p,-C’i]A A[(pici)*l]—afd) (Id — A)+;z%)é(2§
liafg:liag?— T ((d—A) - a7 qd- 4) clﬁ ; ; Jl% c?ac;a

Using the fact that dV/d¢ = —'

(dT /dé + Zf\il cidgi/ d{) gives the final expression of the proposition.[]

Proposition E4 generalizes the formulas of Proposition Al. As can be seen from the formulas, a change

in the return to scale parameter o has an effect on optimal taxes. To better understand their impact,

consider a simple example with two sectors and where the market size elasticity « is common across sec-

tors. As prices become more sensitive to market size (e.g., « increases), the planner implements a larger

wage subsidy. As explained in Proposition Al, the subsidy incentivizes labor supply, aggregate income
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increases, and all prices decrease. A naive interpretation of Proposition Al 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 dT”/da = —(1 —T")/
(1 — @). Our comparative statics results unveil a subtler interaction. A higher wage subsidy is equivalent
to a homogeneous reduction in prices. As seen in section 4.3, this implies that the share of luxuries
increases while the share of necessities decreases. The relative price of luxuries therefore decreases. This
triggers a readjustment of optimal redistribution policies, with more redistribution toward higher income
households.

To see this explicitly, consider an application of Proposition E4 in our benchmark two-good example
with Assumption A1l and A2. 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

—
ar’ T 1-T T [ 1dp, 1 dp
da -« Opn \pn da  p; do
Ldpy, ldp 1 1% E.0-Ei—si+7)

with — 2 P - .
pr da pdo 17@1_@8]151(1—()&0')(1—%9)

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 0.-E; — 5; < 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 — «) 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 d,, 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.

5Or, alternatively, when the share of luxuries ej,(z*)/2* increases along the income distribution.
5As before, this amplification is larger when the elasticity of substitution o, the initial price elasticity o and non-
homothecities are stronger.
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