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1 Introduction

This paper develops a unifying theory of commodity taxation with imperfect competition
and endogenous firm entry and exit. Our framework features love-of-variety preferences and
encompasses a wide range of market conduct — including both quantity and price competition.
We derive the marginal excess burden and pass-through of specific or excise taxes (fixed dollar
amount) and ad valorem taxes (percentage of price) and consider an empirical application.

Our theoretical results take the form of tax formulas that connect the efficiency cost or pass-
through of a tax, in the presence of firm entry and exit, with sufficient statistics, as in Chetty
(2009) (efficiency) and Weyl and Fabinger (2013) (pass-through). These sufficient statistics
include classical ones emphasized in the tax literature (the elasticity of market demand, the
elasticity of the firm’s marginal cost, the curvature of the firm’s own demand, and the market
conduct parameter) and new ones which stem from love-of-variety preferences.

The value of our framework is three-fold. First, we view our tax formulas as useful ped-
agogical tools since they unify existing results in one single framework and identify the key
concepts that appear in more specialized settings.! Second, we use the model to show how
to identify the sufficient statistics and estimate them in a theoretically consistent way. Third,
the framework delivers concrete new insights on some of the key results in public economics

on the economics of taxation with imperfect competition and free entry.

1. It is well-known in homogeneous products models that the marginal excess burden de-
pends on the sensitivity of demand and producer prices in response to the tax (see, for
example Besley 1989 and Delipalla and Keen 1992). We show that when agents value
product variety, the canonical tax formula with free entry is modified: it depends addi-
tionally on the effect of taxes on variety and the effect of variety on consumer surplus
— hereafter referred to as the “variety effect”. Intuitively, if firms react to taxation by
reducing product variety, there will be a negative consumption externality since firms
do not take into account consumer surplus at the margin when deciding whether to offer
a new product; they only internalize the effects of the tax on profits.

2. We extend the pass-through formulas in Weyl and Fabinger (2013) (specific taxes) and
Adachi and Fabinger (2017) and Kroft et al. (2020a) (specific and ad valorem taxes)
to the case where there is free entry and show that as long as the love-of-variety is not
too strong, pass-through in the long run (allowing for endogenous number of firms with
respect to taxes) exceeds pass-through in the short run (holding the number of firms
fixed). When the love-of-variety is sufficiently strong, we show that ad valorem taxes
increase producer prices but specific taxes reduce them.

3. We show that for a small tax reform, if variety is efficient and demand is perfectly
inelastic, then ad valorem and specific taxes are equivalent. For the general case, we

1 As Keen (1998) remarked (and which remains relevant today): “The models of imperfect competition used
in the [taxation] literature are ... special cases ... [T]here remains much to be done — for example, exploring
richer models ... and examining empirically the impact of tax structure on product quality and variety.”



demonstrate that in markets with a stronger love-of-variety and more elastic demand,
specific taxation is preferable to ad valorem taxation. This contrasts with existing results
in the literature, as we discuss below.

4. We establish identification of the “business-stealing” effect, which arises in our model
since the marginal entrants do not internalize the sales that they capture from other
firms in the market (Mankiw and Whinston 1986). In our model, there is a connection
between business stealing and the pass-through of a tax. Intuitively, when there is a new
product that enters the market, this is equivalent to a reduction in cost (or increase in the
tax). Thus, one can recover the business-stealing effect by estimating pass-through along
with several other sufficient statistics. Further, under a parallel demands assumption,
we establish identification of the variety effect. We use these insights to test whether
product variety is efficient in our empirical setting.?

5. We show that the tax formulas for both specific and ad valorem taxes depend on the
same sufficient statistics. This is very useful in empirical settings where researchers only
observe one type of tax, but are interested in comparing the efficiency costs and incidence
between the alternative (counterfactual) tax structures. For example, we only observe
ad valorem taxation in our empirical setting, and we use this insight to empirically assess
whether ad valorem or specific taxes are more desirable on efficiency grounds.

Our empirical application considers grocery stores selling consumer products in the United
States. We combine Nielsen Retail Scanner data with detailed product-level and county-level
sales tax data and consider a cross-sectional “county border pair” research design (Holmes
1998, Dube, Lester and Reich 2010). This design exploits tax rate differentials between taxed
and tax-exempt products across nearby stores located in contiguous counties across state
borders. Guided by our theoretical formulas, we focus on identifying the causal effects of sales
taxes on consumer prices, quantity demanded and product variety. Our empirical evidence
indicates that sales taxes are slightly overshifted onto consumer prices, have a large effect on
market demand, and meaningfully reduce the variety of products available to consumers, with
the magnitude being about one-third of the effect of sales taxes on market demand.

We show how to use these reduced-form estimates, along with our theoretical tax formulas
for ad valorem taxes, to identify the market conduct parameter, the variety effect, and the
business-stealing effect. Our model-based estimates are as follows. First, we estimate a
conduct parameter of 0.096 (where 0 is perfect competition and 1 is perfect collusion), which
suggests a high degree of competition, as would be expected in our setting of retail grocery
stores. Second, we estimate the variety effect to be 0.133. This can be given a willingness-to-
pay interpretation: an exogenous 10 percent reduction in variety reduces average willingness-

to-pay by 1.33 percent.® Third, we estimate a business-stealing effect of —0.058. Since the

2For papers that examine the efficient provision of product variety, see Spence 1976, Dixit and Stiglitz
1977, Vives 2001, Parenti, Ushchev and Thisse 2017 and Dhingra and Morrow 2019.

30ne way to benchmark this magnitude is to note that it is much smaller than what would be implied by
CES-logit preferences, where the variety effect is pinned down by the inverse price elasticity of demand. This



estimated business-stealing effect is smaller (in magnitude) than the variety effect, our results
indicate that the privately optimal product variety is insufficient relative to the socially optimal
variety.

Combining these model-based parameter estimates with our reduced-form estimates to
calibrate our tax formulas, we report two additional findings. First, the marginal excess bur-
den of ad valorem taxes is about 9 percent of total firm revenues, which is several times larger
than a standard Harberger benchmark that is adjusted for tax salience (about 1.3 percent of
total firm revenues). This estimate is almost twice as large as an alternative benchmark that
accounts for imperfect competition but ignores consumers’ love-of-variety preferences. Second,
using our theoretical insight that the tax formulas for specific and ad valorem taxation depend
on the same terms, we find that specific taxation is a more efficient method for raising tax
revenue than ad valorem taxation in our empirical setting. Our theoretical formulas provide
the economic intuition for this result: while ad valorem taxes are more efficient in a static
setting, they reduce entry more in a dynamic setting. When there is product differentiation
and consumers exhibit love-of-variety preferences, there can be too little entry and thus spe-
cific taxes can become preferable from a welfare perspective. Taken together, these findings
illustrate the empirical content and practical relevance of our theoretical formulas.

Relationship to the Literature —

Our main theoretical contribution is to build on the papers which consider the welfare and
incidence effects of taxation (specific taxation and ad valorem taxation) in the long run when
entry and exit are allowed. Besley (1989) considers the welfare effects of specific taxation with
free entry in a model of Cournot quantity competition with homogeneous products. Delipalla
and Keen (1992) consider a homogeneous product conjectural variations model and derive
both incidence and welfare results for specific taxation and ad valorem taxation in the short
run with a fixed number of firms and in the long run with free entry. However, these papers
do not take into account the value to consumers from greater product variety when products
are differentiated.

Anderson, De Palma and Kreider (20015) demonstrate — through the use of counterexam-
ples featuring Bertrand competition and differentiated products — the possibility that specific
taxation can dominate ad valorem taxation with free entry and exit.* To focus on the dis-
tortion to product variety, they assume that market demand is completely inelastic to taxes
and thus, abstract from the “static” distortionary effect of taxation. They speculate that spe-
cific taxation is likely to be more desirable on inelastic commodities and ad valorem may be

preferable on elastic products where losses associated with the static demand distortion may

would imply an estimate of the variety effect of around 0.818.

4Kay and Keen (1983) consider a model of monopolistic competition with Dixit-Stiglitz preferences and
fixed aggregate demand and show that specific taxation can dominate ad valorem taxation as the taste for
variety becomes infinitely strong.



outweigh the distortion to product variety. Our tax formulas jointly account for distortions to
both demand and product variety and we show that specific taxation is preferable on elastic
goods.

Turning to incidence, Delipalla and Keen (1992) (homogenenous products oligopoly) and
Anderson, De Palma and Kreider (2001a) (Bertrand differentiated products model) derive
comparative statics for the two types of taxes in the short run and long run. The main
objective in these papers is to derive conditions under which taxes are overshifted in the short
run and the long run rather than on deriving intuitive expressions that can be easily mapped
to estimable sufficient statistics. We derive pass-through formulas that are more tightly linked
to elasticities following the approach in Weyl and Fabinger (2013) and in line with the recent
sufficient statistics literature in modern public finance. This approach is considered to be
useful since it illucidates the key economic forces that shape optimal taxes and facilitates
empirical implementation.

Hamilton (2009) considers a specific model of retailer competition and emphasizes the role
of multi-product firms demonstrating that one can get overshifting of specific taxes even with
log-concave demand which is ruled out in most models with single-product firms. Hamilton
also demonstrates that with multi-product firms, specific taxation can dominate ad valorem
taxation with free entry. In our setting, we show that specific taxation can dominate ad
valorem taxation even with single-product firms depending on the strength of consumers’
love-of-variety.

Finally, our empirical analysis builds on the literature evaluating the reduced-form effects
of sales taxes on prices and output (see Barzel 1976, Johnson 1978, Delipalla 1995, Poterba
1996, Besley and Rosen 1999, Delipalla and O’Donnell 2001, Chetty, Looney and Kroft 2009,
Einav et al. 2014, Baker, Johnson and Kueng forthcoming, and Kroft et al. 2020a). Our main
innovation to this literature is to empirically examine the effect of taxes on product variety.
Our empirical results, which indicate that sales taxes reduce product variety, are consistent
with Cawley et al. (2020), who find that a beverage tax in Philadelphia resulted in fewer taxed
products available in stores. We view our estimates as a first-step in the literature towards a
better understanding of the effect of taxes on product variety, a point raised by Keen (1998).

This paper has a fundemantally different objective than our companion paper Kroft et al.
(2020a). In Kroft et al. (2020a), our focus is primarily on understanding how tax salience and
imperfect competition interact in tax formulas when there are a fized number of firms. This
paper, by contrast, focuses on love-of-variety preferences and imperfect competition when the
number of firms is endogenous. We show that the tax formulas in the latter case depend on the
variety effect along with the effect of taxes on product variety, and thus require an altogether
different empirical approach. While the theory in this paper allows for salience effects, this

is only to better align our theory with the empirical setting where we find that consumers



underreact to sales taxes. Apart from this, tax salience does not play an important role in
this paper beyond what is emphasized in our companion paper. As we show below, our tax
formulas are substantially different than the tax formulas in our companion paper when we
incorporate free entry and love-of-variety preferences.

The rest of the paper is organized as follows. Section 2 characterizes the objectives of con-
sumers and firms. In Sections 3 (specific taxes) and 4 (ad valorem taxes), we derive formulas
for the marginal excess burden and pass-through of specific taxation (Proposition 1) and ad
valorem taxation (Proposition 2). Using our new formulas, we characterize the conditions
for when introducing a small tax in an untaxed market increases welfare and producer prices
(Corollaries 1 and 2 for specific taxation and Corollaries 3 and 4 for ad valorem taxation). We
also compare the short-run and long-run effects of taxation on prices (Corollary 3 for specific
taxation and Corollary 6 for ad valorem taxation). Section 5 presents our desirability condition
and a comparison of pass-through rates of specific taxes and ad valorem taxes (Proposition
3 and Corollary 7). In Section 6, we use our tax formulas to organize our empirical analysis,
which focuses on identification and estimation of the causal effects of ad valorem taxation.
Lastly, in Section 7, we recover the model parameters, calibrate the welfare formula for ad

valorem and specific taxes, and consider several applications.

2 The Model

We consider a differentiated product market (the “inside market”) which is subject to a specific
tax t on consumers that applies to each product in the market. We assume that markets for
other goods are perfectly competitive and are not subject to taxation, implying that taxes in
the inside market have no indirect welfare effects on other markets in the economy. Throughout
our analysis, we assume that product quality is fixed with respect to taxation and thus abstract
from the “upgrading effects” of specific taxation (Keen 1998). Important papers that consider
endogenous product quality are Cremer and Thisse (1994), Delipalla and Keen (2006), and
Gillitzer, Kleven and Slemrod (2017). We also abstract from uncertainty in prices and thus the
tax base (Kay and Keen 1983) and externalities (Pirttila 1997). Finally, our analysis assumes
that consumers are identical and thus does not take into account distributional considerations.
As Keen (1998) argues, this is a feature of much of the economic literature in this area, since
it is generally thought that the distributional effects of commodity taxes are determined by

their levels and not the overall structure of the tax.

Consumers

Following Auerbach and Hines (2001), we abstract from population heterogeneity and thus

consider a single representative individual with exogenous income Z. Preferences when there



are J varieties available are given by the quasilinear utility function u”(qi,...,qs) + vy, where
q; is the quantity consumed of variety j = 1,...,J and y € R is the numeraire (representing
consumption in the outside market). We assume that the subutility function, v”’, which repre-
sents preferences for the differentiated products, is strictly quasi-concave, twice differentiable
and symmetric in all of its arguments. The pre-tax or producer price for product j is given
by p; and the post-tax or consumer price is given by p; +¢ for all j = 1,...,J. We define
w(@,J) = v/ (Q/J,...,Q/J) to be the compact notation of utility for the symmetric case
where the individual consumes ¢ = % units of each variety j = 1,...,J. Furthermore, we
assume that u(Q, J) is concave in J, so variety has diminishing returns, which ensures that
the planner’s problem is well-behaved.

Consumer demand for product variety j is given by ¢; = ¢;(p1, ..., ps, t) which is a function
of both prices and the tax.® We allow for salience effects in order to be able to empirically
implement our tax formulas in section 7. However, tax salience is not the focus of this paper
and it does not deliver any novel insights beyond what is already emphasized in Kroft et al.
(2020a). In what follows, we assume that the “observed” demand function ¢;(-) is symmetric
and twice differentiable and denote by ¢”/(p,t) demand corresponding to symmetric prices
and J firms: ¢’/(p,t) = q;(p,...,p,t). We define market demand as Q(p,t,J) = Jq’(p,t)
and the inverse market demand wip(Q,J) = P(Q,J) = Q '(p,0,J) which corresponds to
willingness-to-pay when taxes are fully salient. For a fully salient tax, market demand is
Q(p +t,0,J) and inverse market demand is P(Q,J). For a non-salient tax, we define the

degree of inattention to the tax, 6;, as the ratio of the tax elasticity of market demand

and the price elasticity of market demand 6, = gg;g; = %, where ep = —%—g%t is the
price elasticity of market demand and ep; = —%% is the tax elasticity of market demand.

Under symmetry, P(Q,J) = %(Q, J) through the first-order condition for (). Assuming 6,
is constant over (p,t,J) it can be shown that Q(p,t, J) satisfies wtp(Q(p,t,J), J) = p + O4t;

+t _ Ouwt
—m where mwitp(Q) = %Qp
simplicity and we let €}, = ﬁep. Next, the elasticity of inverse marginal surplus is given by

€ms = %(g))@, where ms(Q) = —mwtp(Q)Q is marginal consumer surplus. Finally, we define

moreover €p = (@, J) where we drop the J argument for

the “variety effect” as the effect of a change in varieties on consumer surplus (holding prices

and output constant):

Definition 1. Let A be the variety effect which captures the effect of a change in varieties J on
consumer surplus C'S = u(Q, J) — (p+1)Q, keeping p and @) fixed. In this case, since P(Q, J)
is the inverse of Q(p,0,.J) and CS(Q,p,t,J) = uw(Q,J) — (p+1)Q = [£ P(s,J)ds — (p +1)Q

SThroughout, we implicitly assume that (1) taxes affect utility only through their effects on the chosen
consumption bundle and (2) when tax-inclusive prices are fully salient, the agent chooses the same allocation
as a fully-optimizing agent. These are Assumptions Al and A2 in Chetty, Looney and Kroft (2009).
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For some of our results below, we assume that P(Q,J) shifts in parallel when variety J

changes.

Assumption 1. Inverse aggregate demands shift in parallel. Then g—lj(Q, J) = g—I;(Q’, J) for
all Q,Q" > 0.

In particular, under Assumption 1, P(Q, J) is linearly separable in @) and J. In this case

%(Q, J) = A(g"]) and ;j{% = 0. This assumption has been thoroughly analyzed in Kroft

et al. (20200) for discrete choice models, and in the Appendix we present a microfoundation for

parallel demands in our continuous choice model. Since this assumption rules out some models
of demand (e.g., the linear market demand system used in Melitz and Ottaviano 2008), we
emphasize that this assumption is not strictly necessary for any of our welfare, pass-through,
and entry theoretical formulas. Assumption 1 is primarily used when we turn to identification

and estimation of the variety effect.

Firms

On the supply side, there is an infinite pool of identical potential entrants. Each firm has
the cost function ¢;j(g;) = c(¢;) + F, where ¢(-) is the variable cost of production which is
increasing and twice differentiable with ¢(0) = 0 and F' > 0 is the fixed cost of production. A
given firm makes two decisions. First, each firm decides whether to produce given the fixed

cost F. Second, each firm chooses p; to maximize profits ;:

H;?Xﬂ_j ZPJQJ<p1 "'7pJ7t) _C(QJ<p1 "'7pJ7t)) —F

Opx; .
st. — =y, for k#j
apj p 7&

The term v, is the conjectural price variation of the other firms’ price as a function of p;.

The first-order condition for p; is given by:

aq; aq;
qj+(pj—me(g;)) (a;JFVpZap;) =0
i kA

where mc(q) = (q), and we will make use of the following definition eg = RCC) R

"(9)q
symmetric equilibrium, p; = p solves:

(p:m. .. p.t (pisp,...,p,t
8q](pg7pa y D, )+<J—1)I/paq](pj7p’ y Py )) _ O,k 7&]
k

4;(pj, ;- - 0, t)+(pj—me(g;)) ( o, o



We assume that —(p], p) is strict single crossing (from above) in p; and decreasing in p so

that a unique symmetric equilibrium p(t) exists.® By letting v, = m X Zﬁ = mw;(Q) X
Py
53 75, we can rewrite the first-order condition as a generalized Lerner index:

Bp Yp Zkiy 3pk

1

p—mc(q) v (1)

p+t Jep

Setting v, = J yields the monopoly (perfect collusion) outcome and setting v, = 0 gives the
perfect competition (marginal cost pricing) solution. Setting v, = 1 corresponds to Cournot
competition when goods are homogeneous and setting v, = 0 yields the Bertrand-Nash equi-
librium. The model thus captures a wide range of market conduct.”

We treat the number of firms as a continuous variable, a standard procedure in this lit-
erature following Seade (1980), Besley (1989) and Delipalla and Keen (1992). In the “long
run”; the number of firms J(t) in the symmetric equilibrium is determined by the free-entry
condition m;(p(J,t), J,t) = 0:

p(J(t), t)qJ(p(J(t), t)v t) - C(qJ(p<J(t), t), t)) —F=0 (2)

Moreover, we impose assumptions that give uniqueness for the firm pricing decision and entry

problem, so that there is a unique solution J(t).

Assumption 2. We require that 7;(p;j, p—;, J,t) is concave in p; and decreasing in J. We also

assume that the conduct parameter v, is constant, which implies = d”q =0. Let8

v =%, 4] ol (5 dmem) ([ -4 1
A=12——+ "5+ | — I+ —=——~+—

J 657q €ms (p(l +T> +t>
The two stability conditions for the firms’ problem are respectively equivalent to 1 + 53;7‘1 +

7 >0 and A >0, where ¢, — PU+0z1)
_— an , where e, = F 5

€D9

6The case of strategic complementarities, where %(pj,p) is increasing in p allows for the existence of
multiple symmetric equilibria. However, in that case if we assume there is a continuous and symmetric
equilibrium selection p(t), the same results follow.

"The conjectural variation term is a reduced-form version of a Nash equilibrium only when it corresponds
to static solution concepts (e.g. v, = 0 or v, = 1, J) or are reduced-forms of truly dynamic models (Vives 2001,
Riordan 1985) or supply function equilibria (Hart 1982). We do not take a stand on the dynamic model that v,
captures in reduced-form, instead proving that our evaluation of welfare is robust to any of the specifications
that can be modeled this way.

8Under Assumption 1, A = |2 — % + 6?57"7‘17(1 + % _ (p(li/i\jrl))+t)q (1 + ef;%qJ n ems)

9Here, A and €}, are written in the general form that depends on the specific tax rate ¢ and the ad
valorem tax rate 7 for convenience, anticipating our results in Sections 4 and 5. The ad valorem tax rate Tand
corresponding salience parameter 6, are introduced below, but at this point can be shut down by assuming




Lastly, we define the long-run demand as Qr(t) = Q(p(t),t, J(t)).!° The effect of taxes

on long-run demand, taking into account the endogeneity of variety to taxes, is given by

dQp _ 9Q | 9QdJ | 0Qdp
dt_8t+8Jdt+8pdt'

3 Welfare, Pass-through and Entry Effects of a Specific
Tax

In this section, we consider the marginal welfare gain, pass-through and entry effects associated
with a small increase in the specific tax ¢ which applies to all goods in the inside market. We
extend previous theoretical results on taxation with imperfect competition by allowing taxes
to affect product variety through the free-entry decision of firms following Besley (1989) and
Delipalla and Keen (1992). In this section, we first present results for the general case and
then consider several specialized cases, in order to connect our results with the literature on
taxation.

We assume throughout that tax revenue R = t() and profits Jr are redistributed to the
representative consumer as a lump-sum transfer. As is standard in this literature, the con-
sumer treats profits and tax revenue as fixed when choosing consumption, failing to consider
the external effects on the lump-sum transfer. Given the assumption of quasilinear utility,
the consumer will choose to allocate the lump-sum transfer to the outside market y. Total
welfare, W is given by the sum of consumer surplus (C'S), profits (J7), and government tax

revenues (R):

W(p,t,J) = w(Q, J) — (p+1)Q + pQ — Je (Cj) ~JF+1Q (3)
cSs R
Jr

Consider a small increase in the tax starting from ¢,. A first-order approximation to the

marginal excess burden of taxation is:

dW (p(t), 2, J(1))
dt

dJ

= (Ot +m0 — ) 2+ Mot m— - )y @

Quantity effect Diversity effect

where po, g, Qo, Jo, ™0, Ao are all variables evaluated at the equilibrium corresponding to t,.!
Equation (4) shows that the marginal excess burden of taxation is a combination of two

main terms. The first term represents the standard distortionary effect of taxation on output.

7=0and 0, =1.

0Here we use the assumption that for each tax ¢ there is a unique symmetric price equilibrium p(t) where J(t)
firms enter the market. The notation Qp, serves to mathematically differentiate the functions Q(-,-,-) : R®* — R
and Q1) : t — Q(p(t), £, J(1)).

11See Appendix for proof.



Intuitively, the social marginal value of output is given by the difference between willingness-
to-pay po+0:to and the social marginal cost ¢/(go). With no pre-existing taxes (top = 0) or when
0; = 0, the first term depends only on the markup which represents a distortionary “wedge”
in output due to the presence of market power. The second term represents the distortion to

product variety. To see the intuition for this expression, consider the case of constant marginal

dJ
dt -

by taxes lowers (increases) welfare along this margin depends on whether the love-of-variety

cost. The second term becomes (Ag — F) Thus, whether the change in variety induced
exceeds (is less than) the fixed cost. The term Ay — F' thus represents the distortionary wedge
on the entry margin due to free entry. This discussion shows that welfare is maximized when
there are no wedges in the economy either due to taxation, market power or free entry. As we
show in the Appendix, this occurs when tg = 0, py = ¢(¢*) and Ag = —mp.

Equation (4) nests canonical formulas in public economics for: homogeneous or differenti-
ated products, perfect or imperfect competition, fized or endogenous variety, fully optimizing
or behavioral agents. First, in the case of perfect competition where p = ¢/(¢), fully optimizing
agents (0, = 1), and J is fixed, equation (4) reduces to 4" = ;9L which corresponds to the
classic analysis by Harberger (1964). Next, Auerbach and Hines (2001) consider a model of
homogeneous products (Ag = 0) with imperfect competition and fixed variety (d‘] = 0) and
fully optimizing consumers (6; = 1). In this case, the marginal excess burden of taxation is
given by 4% = (pg+to— ' (q0)) %% 991 This formula also holds in the case of second-best variety:
a central planner chooses .J optlmally considering that pricing decisions are left to firms.'?

In the case where goods are homogeneous (Ay = 0), consumers optimize (6; = 1) and
the marginal cost is constant (¢'(¢) = ¢o) and taxation may affect the equilibrium number of
firms when J is determined by the free-entry condition as in Besley (1989), the tax formula
collapses to 4 W = (po + to — CO)dQL F %.13 In this case, the direct entry effect enters as a
negative. The intuition is easiest to see in the case where there is a reduction in taxes which
induces entry of new firms. Since firms are symmetric and marginal cost is constant, it is
more efficient to produce output with existing firms than to have new firms enter and incur
the fixed cost of production.'*

Clearly, for taxes to increase welfare, it must be the case that there is a market failure in the

12The proof is the following: the planner seeks to maximize max; W(Q, J) = u(Q, J) — Jec (%) — JF taking

the pricing decisions of firms as given. When the planner solves for the second-best variety, she chooses J to

dW(Q,J) _ oW dQ + 9 — 0. Then:

set —37— = B0 47

dQr,
dt

oW dQ oW dQy _ -
@ \ogdar T a7 30 & g a - Prot—<@)

aw <6WdQ aVV) dJ OWdQy 0w dQ.
13Besley (1989) assumes Cournot competition but the formula is valid for other types of competition through
the conduct parameter.

40One can also show that l%/ = Gt de + (po—c¢ (qo))J‘%L.
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baseline equilibrium. The market failure in this case arises from non-convexities due to fixed
costs. We can also connect the market failure to the concept of externalities by re-expressing
equation (4) in terms of the responsiveness of ﬁrm output to taxation by substituting for

aggregate demand using the relation dgtL = J=L qu + ¢ 0 J to get the followmg = (po + bito —

(40)) Jo ™l + (Ao + Ostoqo +mo) % It is noteworthy that the first term resembles the “business

stealing” term in Mankiw and Whinston (1986) which is Jy(po — ¢/(0))2%. In the economy

without taxes, there may be “too much” entry in the market equilibrium relative to the social
optimum since firms do not internalize the effect of entry on other firms’ profits. Interestingly,

this raises the possibility that taxes can increase social welfare. To see the connection to

qu_ﬂﬂ ’ :@@ 9q
aJ dt = opdt + %5t

Assuming for simplicity that mg =ty = 0, we may decompose the formula for marginal excess

business stealing and inefficient entry, we note that %| 7 where %

burden as: T 3 0 p
/ q / q
v _ _ R _ '
= (0 = an g+ ) G+ 0 = s G 5)
b <0

The first term in parentheses in equation (5) is the marginal welfare gain of an additional
variety. It is negative if the business-stealing effect (Jo(po - (qo))% < 0) dominates the
variety effect (Ag > 0) in which case there is excessive entry. The second term is the standard
distortionary output effect of the tax and is negative. Note that this is an application of the
theory of second-best. There is a market distortion due to excessive firm entry in the economy
without taxes and introducing a tax, which is a second type of distortion, counteracts the first
distortion leading potentially to a more efficient outcome. If the business-stealing effect is
Ao J - 0, then taxes can actually increase welfare.

A dJ
Jo(po—c’(qo)) dt
A necessary condition is for firm-level output to rise in response to an increase in the tax so

sufficiently strong so that dQL >

that the “competition effect” due to fewer firms dominates the standard distortionary effect
of taxation.

In practice, equations (4) or (5) may be difficult to implement empirically since it is
challenging to measure marginal cost ¢/(qo), and hence the markup py — ¢/(qo). We now
show how one may exploit the long-run free-entry condition to provide a remarkably simpler
representation for the marginal excess burden that maps more easily to empirically estimable

objects. We begin with the following lemma.

Lemma 1. In the long run (when the free-entry condition (2) is satisfied), for any tax rate

t, the following envelope condition holds:

@ _ _p - C,(Q) (6)
8q,t p
where e, = i% and €41 = ,ji are respectively the long-run elasticities of producer prices and

11



firm-level output with respect to specific taxes.

Proof. See Appendix. O
This condition follows by totally differentiating the zero-profit condition in equation (2)
with respect to the tax, % = 0. In economic terms, it requires that entry is such that after

the tax change, the zero-profit condition continues to hold.
We now restate the tax formula in equation (4) using Lemma 1. It is first useful to define

_ d
the pass-through rate as p; =1+ .

Proposition 1. Assume v, € (0, J]. Under Assumption 1 and Lemma 1, the marginal excess
burden, pass-through and the entry effects of a small change in the specific tax t are given

respectively by'®

aw dJ dp dQp,
A 0.2
g~ Mgy T Qg Ty, (7)
pr=1-(1—-w)b, (8)
Sy 1
a) _ Jep [V A )
dt N Po + to A
A+E1-L] : o
where wy = —0=—""22 g the pass-through formula when there is full optimization (6, = 1).
Proof. See Appendix. n

Equation (7) extends the welfare formulas of Harberger (1964), Besley (1989), Auerbach
and Hines (2001), Chetty (2009), Chetty, Looney and Kroft (2009), Taubinsky and Rees-
Jones (2018), Farhi and Gabaix (2020), and Kroft et al. (2020a) to the case of love-of-variety
preferences and endogenous entry with imperfect competition. In order to develop intuition
for this formula, we consider several special cases. We begin by considering the case where

0; =1, Ag = 0 and tg = 0 in order to connect our results to the literature.

Corollary 1. Assume v, € (0,J]. Consider the case of full-optimization (0, = 1), homo-

geneous products (Ag = 0) and no pre-ezisting taxes (to = 0). The marginal excess burden,

15While the welfare formula % does not depend on Assumption 1, without Assumption 1 the term Ag that

appears in the formulas for p; and % would have to be substituted by @ * (% + %quq). See Appendix.
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pass-through, and entry formulas are given by the following:

dW dp
A W 4 10
o Qo o (10)
ex —ra
2+ fs%;jo
= d . 11
pt 2 o + ﬁ*D*Tg ig ( )
Jo 65% €ms
a5 Jep| VTS T )
dt B Do 2 _ Y + 6*87% ;;g
Jo TZES €ms
Proof. See Appendix. n

Corollary 1 shows that the welfare cost of taxation depends only on the price effect, as
in Besley (1989) and Delipalla and Keen (1992).6 Intuitively, firm profits are always 0 so
whether social welfare increases depends on the effects on consumer surplus and government
revenue. The mechanical effect of a dollar increase in taxes is a loss of $1 for consumers but a
gain of $1 for the government and so is neutral for welfare. Thus the net effect on consumers
and social welfare depends on whether producer prices rise or fall with the tax increase. In
the case where producer prices fall, consumers are better off and social welfare increases.

Our formula in Proposition 1 generalizes the marginal excess burden formula in these
papers to allow for a love-of-variety and pre-existing taxes. When consumers have a preference
for variety, there is an additional effect on consumer surplus since varieties are affected by the
tax change. Intuitively, when firms decide to enter (or exit) the market, they do not internalize
the positive effects of product creation (or product destruction) on consumer surplus. Thus,
there is a new term that depends on the variety effect and the responsiveness of varieties to
a change in taxes. Finally, when there are pre-existing taxes, one must account for the fiscal
externality on government revenue.

Turning to pass-through, while Besley (1989) and Delipalla and Keen (1992) considered
comparative statics with respect to local changes in taxes, their focus was primarily on deriving
conditions for overshifting and undershifting of taxes onto prices (which we consider below)

as opposed to deriving interpretable formulas in terms of sufficient statistics, as in Weyl and

16Note that in this case, W :—Qo% = J(po — c’(qo))% which is the formula in Besley (1989). Since

dt
% = %% + % |7, whether welfare rises or falls with the tax depends on whether the improvement in welfare

along the entry and exit margin due to less business stealing (% ‘3—{ > 0) dominates the standard distortionary

quantity response to the tax (%L] < 0) so that the total output effect is positive, % > 0. The formula for %
is provided in the Appendix. This is because behavioral responses do not have a first-order effect on consumer
surplus and do not have a “fiscal externality” on the government’s budget since there are no pre-existing taxes

in the baseline economy.
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Fabinger (2013) and Kroft et al. (2020a).!” Our contribution relative to these papers is to
better highlight the economic forces by connecting the expressions for pass-through and entry
effects to intuitive concepts such as the conduct parameter, the elasticity of demand and
supply, and the elasticity of the inverse marginal surplus (Corollary 1), as well as generalize
by allowing for differentiated products and a love-of-variety (Proposition 1).

Finally, we see that the effects of taxes on entry/exit depend on the price elasticity of
market demand. In the extreme case of perfectly inelastic demand ep = 0 (or 6; = 0 and

p>0), %

firms do not bear any burden of the tax and so there is no change in profits and thus no entry or

= 0. Intuitively if consumers are completely inelastic with respect to the tax, then

exit. This is the reason that the variety effect Ag enters the pass-through formula in (8) scaled
by ep in Proposition 1. Roughly speaking, € characterizes the strength of the effect of taxes
on Varlety and Ag characterizes the strength of changes in variety on prlces When ep >0
and 1 — —— > 0, a higher A leads to higher pass-through whenever = " D JO + - ‘]0 > 0. We
show belovv that this condition is satisfied whenever taxes lower short—run proﬁts and formally
establish the relationship between the short-run and long-run effects of taxation.

Next, we derive conditions for when taxes increase welfare and lead to overshifting or

undershifting in a model with a love-of-variety.

Corollary 2. Assume v, € (0,J], 6; € [0,1], and my = 0.

1. Quvershifting: a small specific tazx increases producer prices if and only if:

dp
>
dt =

&1 -

>0

E?’TLS

2. Starting from no tax ty = 0, introducing a small specific tazx, increases welfare if and

only if:

dW Ay dJ
= 0 - Pt -1
dt QO
1 A 1 ep—F
N —1 > 0€D 1+ + Diu‘]()
€ms poQo Jo €ms €s Jg

3. Therefore, if Ag = 0, starting from no tax to = 0, introducing a small specific tax,

increases welfare if and only if there is no overshifting:

1"In the Appendix, we formally establish the connection between the pass-through formulas in our paper
and Delipalla and Keen (1992).
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dW dp
WS e
i =T =T

—1>0

Proof. See Appendix. m

In Besley (1989) and Delipalla and Keen (1992), the condition for whether ¥ > 0 is

i— 1 > 0. Thus, we see that the taste for variety Ag now enters into the generalized condition.
Intuitively, when A is large, there is likely to be insufficient entry in the market and a tax that
causes less variety lowers welfare further. On the other hand, the condition for overshifting is
unchanged when there are differentiated products and a taste for variety. For more intuition

on the overshifting condition, note that the Lerner condition from the firms’ optimization can

be used to interpret the elasticity of marginal surplus as follows: v,mwtp(Q) = - implies
p;
1— énlw = 1,Q * mwtp*(Q) 8%%1 where a?fa’; is the cross-partial derivative of individual firm

demand with respect to individual price and market price. Therefore, 1 — -1

ms

of the degree of “strategic complementarity” in the oligopoly pricing game. As such, we can

1S a measure

expect that the stronger the strategic complementarity, the stronger the multiplier effect of
an increase in taxes due to each firm increasing its own price as a function of taxes and as a
result of each of the other firms increasing their prices.

The pass-through formula contained in Proposition 1 extends results in Kroft et al. (2020q)
and Weyl and Fabinger (2013) to the case of free entry. Our final corollary compares the
short-run pass-through formula in Kroft et al. (2020a) to the long-run pass-through formula
in Proposition 1 and highlights the key economic forces differentiating them. Note in this

case:

Op dJ
pt—pr:ﬁa

where we define p7f =1 — (1 — wggr) 0; as the pass-through of a specific tax in the short run
and wgr = ———47——v— as the pass-through of a specific tax in the short run when consumers
1427 4 T

S
fully optimize (Kroft et al. 2020a). The following Lemma is useful for comparing the short-run

and long-run effects of taxation on prices.

Lemma 2. The effect of competition on prices and output is given respectively by:
A vt Jo
aJ  |Q Jep qoJ
Jou _ _%(1_1)_A6D
go] — R T\ e i)

L9 <0 if and only if AR <1

Thus, in the case of constant marginal cost (€5 = 00)
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and there is business stealing ( < 0) whenever + = (1 -1 ) < 1.

€ms

(p +t)q

One can see in Lemma 2 that there is a connection between business stealing and pass-
through of a specific tax. This relates to results in Weyl and Fabinger (2013) who demonstrate
that when there is a per-firm exogenous quantity that enters the market, the increase is
equivalent to a reduction in cost (or increase in the tax).'® We also see from Lemma 2 that,
conditional on the business-stealing effect, a stronger variety effect implies that adding new
varieties to the market leads to a greater increase in prices. Intuitively, new varieties raise
the marginal utility of existing products and thus increase the willingness-to-pay for these
products. On the other hand, there is an indirect effect which works in the opposite direction
as a stronger variety effect lowers business stealing with the strength of this effect depending on

Ip L and consequently

pass-through of specific taxes. Thus, a larger A can increase or decrease 5%

increase or decrease long-run pass-through.

Corollary 3. Entry and short-run versus long-run pass-through:
Assume ep > 0. The following three conditions are equivalent:
dJ on € — 4 %
LA PEINLURP Y PIING. : Rl A S|
dt ot J €g Ems
Moreover, assume constant marginal cost (es = 00) and assume that the variety effect A

is bounded by - i ;\jg <1 so that 8‘” < 0 holds by Lemma 2. Then

or

<0 <<= >
Fn Pt P

Proof. See Appendix. m

Corollary 3 shows that when taxes reduce profits, there are fewer varieties in the market

and this acts to increase prices further due to a competition effect.!®

18In Weyl and Fabinger (2013), the thought experiment is to increase the quantity of each of the goods
produced by the firms in the market; thus, there is no new variety. In our case, there is a new variety that is
introduced which is why the variety effect is present. When A is larger, there is less business stealing; intuitively,
a stronger love-of-variety implies that goods are less substitutable and dampens the business-stealing effect.

9Tt is also useful to compare the long-run overshifting condition 1 — % > 0 with the short-run overshifting

condition 0 > —— that applies in the simple case with constant marginal cost eg = oo and full salience 6; = 1.
A corollary Of thls is that overshifting in the short run implies overshifting in the long run. In a similar
model, Anderson, De Palma and Kreider (2001a) provide formulas for overshifting in the short run and long
run. To obtain their Proposition 2 (short run) for instance, one can substitute epp = —ep, 1 — E =

€ms

”q
and L = —i. However a translation of their overshifting long-run condition is not as a straightforward;

moreover our overshifting conditions in Corollaries 2 and 5 are more easily comparable to the analogous
short-run overshifting conditions.
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4 Welfare, Pass-through and Entry Effects of an Ad
Valorem Tax

In this section, we consider the marginal welfare gain, pass-through and entry effects associated
with a small increase in the ad valorem tax 7. The pre-tax or producer price for product j
is still p; and the post-tax or consumer price is now given by p,;(1+ 7) for all j = 1,...,J.
We continue to assume that tax revenue and profits are redistributed to the representative
consumer as a lump-sum transfer.

Analogous to the specific tax case, consumer demand for product variety j is given by
¢; = qj(p1, ..., ps, 7) which is a function of both prices and the commodity tax and we allow for
tax salience by considering the possibility that ¢;(pi1,...,ps, 7) # ¢;(p1(1 +7),...,ps(1 +7),0).
We assume that the “observed” demand function ¢;(-) is symmetric and twice differentiable
and denote by ¢’(p,7) demand corresponding to symmetric prices and J firms: ¢’ (p,7) =
¢;(p, ...,p, 7). Market demand is given by Q(p, 7, J) = Jq’(p, 7) and the willingness-to-pay for
unit () when variety is J is the inverse market demand wip(Q, J) = (Q J)=Q (p,0,J).

2Q(p.0.7)
We define the degree of inattention to the ad valorem tax, 6, = W >< , as the ratio of the

demand responses to the tax and price starting from 7 = 0, normahzed by p. Assuming 6, is

constant over (p, T, J) it can be shown that Q(p, 7, J) satisfies wtp(Q(p, 7, J), J) = p(1+6,7);

moreover, we define ep = _Qi(;i;;:()cg) where muwtp(Q) = ‘9“’“’ (Q J) where we drop the J
ms(Q)

. . . . * p(1+97—7’)
variable for simplicity and we let €}, = o) M Q)0

ms(Q) = —mwtp(Q)Q is marginal consumer surplus.

where

ep. Finally, as before, €,, =

wtp(Q)
14+0,-1

T =pq — c(q) — F to get the analogous first-order condition as a generalized Lerner index:

On the supply side, using the short hand v, = % and p = , we can differentiate

Yq

p—mc(q) 7
p(1+7)  (1+60.7)ep (13)

9 Total welfare, W, with an ad valorem

Similar to the previous section, define €5 = 7 o

tax is given by:

Wi(p,7,J) =uQ,J) —p(1 +7)Q +pQ — Jc (?) —JF +@9
cs R
Jr

Consider a small increase in the ad valorem tax rate starting from 7. A first-order approxi-

mation to the marginal excess burden of ad valorem taxation is:

T = oL+ 0.m) — ¢ a0) S - (Mg + 70— [po — ¢ an))a) o (14)

Quantity effect Diversity effect

17



where po, qo, Qo, Jo, T, Ao are all variables evaluated at the equilibrium corresponding to 7.

Lemma 3. In the long run (when the free-entry condition (2) is satisfied), for any tax rate

T, the following envelope condition holds:

s p—C)

= (15)
Eq,r p
where €, = %% and €4, = g% are respectively the long-run elasticities of producer prices
and firm-level output with respect to ad valorem taxes.
Proof. See Appendix. O

Next, we characterize welfare and pass-through by again exploiting the long-run free-entry
condition in Lemma 3. In order to do so, we first define the pass-through for an ad valorem

tax as p, = %7d(”(;:ﬂ) =1+ “;%le—f.

Proposition 2. Assume v, € (0, J]. Under Assumption 1, the marginal excess burden, pass-

through and the entry effects of a small change in the ad valorem tax T are given respectively
by.‘20

aw dJ dp dQr
— = Ap— — Qp—+ 0, —= 16
dr Odr QOCZT + OrToPo dr (16)

(1 + 7'0)97—
— 1 (1 — ) T 1
Pr ( wr) 1+ 6.7 (17)
b7 1 -5

VA e |V "

po dT (14 70)po A

A+ -y Ao 1

where w, = — { e Zwﬂmmqo ED} is the pass-through formula when there is full op-

timization (6, = 1).

Proof. See Appendix.

The formulas derived in Proposition 2 are straightforward extensions of the case of specific
taxes. We only briefly interpret the formulas here and discuss differences between specific
taxation and ad valorem taxation in the next section. Before we do that, we present the main

corollaries that follow the special cases considered in Section 3. O

20While the welfare formula ‘Z—Vf does not depend on Assumption 1, without Assumption 1 the term A that

appears in the formulas for p, and % would have to be substituted by @ * (‘g—lj + gia%qu). See Appendix.
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Corollary 4. Consider the case of full-optimization (0, = 1), homogeneous products (Ag = 0)
and no pre-existing tazes (1o = 0). The marginal excess burden and pass-through formulas are

given respectively by:

aw dp
2 o028 19
dr o dr (19)
D% %
2 + 653—‘70 - Eg
T - 0 v, v, 20
’ oty Da T -
Jo €s Vg €ms
h=7t 1 )
(0] [0]
L) Jep |1 T (21)
podr — po vg | D7y, Ty
2 - 7 “I'_ Uq + -
Jo € TO €ms
Proof. See Appendix. O

We see that the pass-through expression in Corollary 3 is the same as the one in Corollary
Yq

1 for the specific tax except for the extra term —E"TO in the numerator which implies that
pr < p whenever Ag = 0. This is a standard resul’? in the literature. To see the intuition
for why ad valorem taxes lead to lower consumer prices, consider a marginal increase in the
producer price. In the case of a specific tax, the firm gets full amount of the price increase on
the inframarginal units; however, with an ad valorem tax, the firm only keeps the part of the
extra revenue on the inframarginal units that does not go to the government. Thus, firms face
less of an incentive to increase prices at the margin under an ad valorem tax. Note that unlike
the specific tax case, even if demand is inelastic so that ep = 0, we can still have % < 0. This
is the reason that there is an additional Ag term in the numerator of w, compared to w; where
it only enters through A; and is always scaled by ep. Thus, ad valorem taxes have stronger
effects on entry and exit and we will see below can lead to greater long-run effects on prices
than specific taxes.

Now we characterize the conditions under which a small change in the ad valorem tax

increases welfare and producer prices.

Corollary 5. Assume v, € (0,J], 6, € [0,1], and 7y = 0.

1. Qwershifting: a small tax increases producer prices if and only if:

dp
>
dT_O

1 1 A
o1 0

S (U
€ms o 6*D p0q0(1 + 07'7-0)

2. Starting from no tax 79 = 0, introducing a small specific tax, increases welfare if and
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only if:

dW A J
— 20 Oi_p’r 1
dT poQodT
1 1 Aoe 1 1 eh—=
o —d— 1> 14— +D7Vq"°
€D €ms Podo Jo €p €ms SJO

3. Therefore, if Ng = 0, starting from no tax 79 = 0, introducing a small tax, increases
welfare if and only if there is no overshifting:
aw dp

1
— >0 —<0& —
dr dr €D+€ms

-1>0

Proof. See Appendix. n

The overshifting condition for ad valorem taxes shows that when Ay = 0, producer prices

increase and welfare is reduced whenever 1 — 61 > } which is the same condition as in
ms D

Delipalla, and Keen (1992) and Anderson, De Palma and Kreider (2001a). Note also that

in this case, if dp > 0, then % > 0 since €}, > 0. While it might appear at first glance

from our condltlon that overshifting is possible when demand log concave (for sufficiently

large values of Ao) infact this is not true. The reason is that the parameter region featuring

1 Ao
ems — € poqo(1+0-70)

stability condition A > 0. Interestingly, in the general case, our results show that there are

overshifting <1 - > and log-concave demand (7 —1> 0) violates the
scenarios Where 2> 0, but dp < 0 for sufficiently large Ag. This is in contrast to the results
in Anderson, De Palma and Kreider (2001a) which we elaborate on below.

The pass-through formula contained in Proposition 2 extends results in Kroft et al. (2020q)
and Weyl and Fabinger (2013) to the case of free-entry. Our final corollary compares the
short-run pass-through formula for an ad valorem tax in Kroft et al. (2020a) to the long-run
pass-through formula in Proposition 2 and highlights the key economic forces differentiating

SR_

them.?! For concreteness, we define p? (1 — wgp™e ) 0. as the pass-through of an ad

valorem tax in the short run.

21Tt is also useful to compare the long-run overshifting condition 1 -+ = + f with the

Po 110(1+9r‘ro) = €5
short-run overshifting condition 0 > 6% + % that applies in the simple case with constant marginal cost
5

€s = oo and full salience 6, = 1. Note that even if ep = 0 we are able to recover % < 0 and g—: < 0, which is
not the case for specific taxation.
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Lemma 4. The effect of competition on prices and output is given respectively by:

o 1 [A p(l—i—7’)<1+J0q>]

0J 1+60,7 a_ Jep q0J

J@q__w _yq(1_1>_ Aep
q0J S J ems/  (1+7)pq

Thus, in the case of constant marginal cost (€5 = 00), g’} < 0 if and only zf( ) % <

0\ Ae Yq
1 and there is business stealing ( < 0) whenever (1+TD)pq + ( Ems) < 1.
Proof. See Appendix. n
Corollary 6. Entry and short-run versus long-run pass-through:
The following three conditions are equivalent:

dJ on € — 2 1 1— =

e e 11 L4+ — 4 L >0

dr or €57 €ms €D

Moreover, assume constant marginal cost (eg = 00) and assume that the the variety effect

A is bounded by (i) p(jl\ifi)q <1 so that % < 0 holds by Lemma 4. Then

on

a—<0<:>pT>pr

Proof. See Appendix. n

5 Comparing the Welfare, Pass-through and Entry Ef-
fects of Specific and Ad Valorem Taxes

In this section we discuss the relationship between ad-valorem and specific taxation. We gen-
eralize the basic setup by letting ¢; = ¢;(p1, ..., ps, 7, t) be a function of prices and both (7,1)
and allow for tax salience by considering the possibility that g¢;(p1,....,ps, 7,t) # ¢;(p1(1 +
7))+ t,...,ps(1 + 7) +,0). As before, we assume that the “observed” demand function
q;(-) is symmetric and twice differentiable and denote by ¢”(p,7,t) demand corresponding
to symmetric prices and J firms: ¢’ (p, 7,t) = ¢;(p, ..., p, 7,t). We define market demand as
Q(p,7,t,J) = Jq’ (p,7,t) and the willingness-to-pay for unit @) when variety is J as the inverse
market demand wtp(Q, J) = P(Q,J) = Q™ '(p, 0,0, J). We define the degree of inattention to

BQ(p 0,0,J)

_ 0Q/ot .
ad valorem and specific taxation respectively as 6, = W X Land 6, = a@?aw the ratio

of the demand responses to the tax and price starting from T=t=0.
Assuming that 6, and 6, are constant over (p, 7,t, J), we can show that Q(p, 7,t, J) satisfies
wtp(Q(p, 7,t,J),J) = p(1+0,7)+0,t. As above, we have the following definitions: mwitp(Q) =
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%(Q, J), €ms = m’Z,s((C%)Q, where ms(Q) = —mwtp(Q)EQ is marginal consumer surplus, ep =
—%, 5= 5((1112526 p and €g = Cf,/((q)) The generalized Lerner condition in this setup is

the following:

)
[}

p-melg) 4

p(l+7)+t (1+6,7)ep
To be able to compare the welfare effects of taxation, we first define the marginal cost of
public funds for each form of taxation as:

aw

MCPF, = -4

dt

aw

MCPF, = —4z

dr

Proposition 3. Let 0, = 6. € [0,1] and v, € (0, J]. Consider the long-run free-entry condition
m=0. Then:

1. Starting from 19 = tg = 0 , the ranking of pass-through for both forms of taxation is
given by:
Aoep
Podo
2. Independent of (19,t0), the effect of each form of taxation on entry is ranked by:

> 1

p7'>10t<:>

1d)_ds
po dT dt

3. Starting from 19 = tg = 0, the marginal costs of public funds satisfy:

Ao dJ
MCPF, = 202 4, 1
CPF O, dt + P
Ao dJ
MCPF, = — +p,—1
poQo dT P

4. Starting from 19 = tog = 0, the desirability condition ranking MCPF,. and MCPF; is
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given by:*?
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MCPF, > MCPF, &
Podqo Jo

Proof. See Appendix. m

This analysis permits a comparative evaluation between ad valorem and specific taxes.
There are several noteworthy results from Proposition 3. First, we see that when Ay = 0,
pass-through for ad valorem taxes is always less than pass-through for specific taxes and ad
valorem taxes are more efficient than specific taxes which is well known in the literature (see
Delipalla and Keen 1992 and Anderson, De Palma and Kreider 2001a;b). Second, we see that
if the variety effect is sufficiently strong, both of these results can be overturned. In particular,
if consumers have a strong preference for variety, then consumer prices might be higher under
ad valorem taxation and welfare might be lower. Additionally, we see that if consumer prices
are higher under ad valorem taxation, then welfare is higher under specific taxation, but the
converse need not be true.

Anderson, De Palma and Kreider (2001b) contains what appears to be the first coun-
terexample that ad valorem is not always to be preferred to specific taxation in a setting
with love-of-variety and endogenous entry. They consider a model of Bertrand competition
without an outside good so that demand is completely inelastic with respect to taxation (see
footnote (22)). This eliminates the static distortionary effect of taxation which tends to favor
ad valorem taxation. They show that in a discrete choice model with exponentially distributed
match values (Proposition 5), that in the absence of taxation, variety is efficient and that spe-
cific taxation is more efficient than ad valorem taxation. This result comes from the fact that
with completely inelastic demand (ep = 0), variety does not change with a specific tax (as
can be seen from equation (12) by setting ep = 0) and so continues to be efficient even with
taxation; on the other hand, variety is reduced below the efficient level with an ad valorem tax
even with inelastic demand. Importantly, this logic implicitly assumes that the tax increase
is large; for a small tax change, our results indicate that if variety is efficient, when demand is
perfectly inelastic (so that there is no static distortionary effect of taxation) the welfare cost
of taxation and hence the marginal cost of public funds is 0 for both specific and ad valorem
taxation.

Our desirability condition accounts for both the static distortion to output and the distor-

tion to product variety and highlights the role of the the variety effect (Ag) and the markup

22Tt is worth noticing that in the knife edge case where ep = 0, the Lerner condition implies Z—z =0,

and so the expression in the middle should not be taken into account; instead one might apply the last
condition MCPF, > MCPF;, < Ay > (po — mc(qo)) go. Moreover, ep = 0 and equation (4) imply dd—VtV =

(Ao — [po — ' (90)]q0) % where %—V}/ = Ao — [po — ¢'(q0)]qo; therefore ad valorem taxation is to be preferred if

and only if there is over-entry of firms (or excessive product variety).
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(po — mc(qo)). Intuitively, if the variety effect is large relative to the markup, there is insuf-
ficient entry. Given that ad valorem taxes cause more of a distortion on the entry margin
due to the multiplier effect (Keen 1998) (result 2 in Proposition 3),%® it follows that when
the variety effect is large, specific taxation has more favorable welfare effects than ad valorem
taxation. Our results imply that in markets with stronger love-of-variety and more elastic
demand, specific taxation is more likely to be a preferable form of excise taxation than ad
valorem taxation. It is noteworthy that this contrasts with the speculation of Anderson, De
Palma and Kreider (20015) who argue in their conclusion that specific taxation is likely to be
more desirable on inelastic commodities and ad valorem may be preferable on elastic prod-
ucts where losses associated with the static demand distortion may outweigh the distortion
to product variety.

On the other hand, it is less well known that consumer prices can be higher under ad
valorem when the variety effect is large. In fact, Anderson, De Palma and Kreider (2001a)
demonstrate in a model of Bertrand pricing with differentiated products, that in the long run
consumer prices are always lower with ad valorem prices, similar to results in models featuring
homogeneous products and Cournot quantity competition. So what explains the discrepancy

in results? The next corollary sheds light on this.

Corollary 7. Consider the ranking of pass-through for the two tax structures (p; and p;).
Then p, > py implies % >0 and 1 — i > 0 so that py > 1.

Proof. See Appendix. n

Thus, while Proposition 3 shows that we can obtain a rank reversal in the pass-through
of specific versus ad valorem taxation if the variety effect is sufficiently strong, Corollary 7
establishes the scenario where this is satisfied. In particular, in order for ad valorem taxes to
have a larger effect on prices than specific taxes, there must be a business-augmenting effect
so that % > () which is a violation of the restriction imposed in Anderson, De Palma and
Kreider (2001a). On the other hand, when % < 0 is satisfied, p; < p; which is the common

result reported in the literature but only a particular case of our model.

6 Estimation of Reduced-form Effects of Taxation

This section discusses the estimation of the reduced-form effects of sales taxes on (pre-tax)
prices, quantity demanded, and product variety. We first describe the data used in the empir-
ical analysis, and we then describe the empirical strategy. Lastly, we discuss the reduced-form
estimates that we will then use as inputs into our model-based estimation and calibrations in

Section 7.

23In particular, starting from 7y = tq = 0, for a given initial .J(0) it can be shown that for revenue equivalent
t and 7, result 2 in Proposition 3 implies that J(7) < J(t).
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6.1 Data Description
We combine the Nielsen Retail Scanner (RMS) data for the years 2006 — 2014 with data on

state- and county-level sales tax rates and tax exemptions. The RMS data records weekly
prices and quantities by product at the barcode level designated as Universal Product Codes
(UPCs) for 35,000 stores in the United States (excluding Hawaii and Alaska). Products are
organized in a hierarchical structure: there are over 2.5 million different UPCs, which are
categorized into approximately 1,200 product-modules (e.g. fresh eggs, milk, aluminum foil,
batteries, frozen desserts). For computational reasons, we restrict our analytical sample to the
top 20 percent of modules in terms of total U.S. sales. To address the concern that sales taxes
are spatially correlated across regions of the U.S. in ways that may endogenously reflect the
geographic distribution of consumer preferences, we also restrict our sample to grocery stores
located in contiguous counties on opposite sides of a state border to implement a “county
border pair” research design following Holmes (1998) and Dube, Lester and Reich (2010).
Grocery stores typically sell both food and nonfood products, and effective tax rates on food
and nonfood products differ in most states. This provides us with cross-sectional variation
in tax rates across produce-modules within stores, and we primarily rely on this source of
variation in taxes in our reduced-form analysis to estimate the causal effects of sales taxes.?*

We define all of our variables at the level of module (m), store (r), and year (n), which
requires aggregating the data over time and across products. In the RMS data, we first
aggregate weekly revenue and quantities sold to the yearly level separately for each UPC. The
average yearly price for product j in store r is calculated by dividing the total yearly revenue
(from the sales that product) by the number of units sold. To obtain a module-level price
index (aggregating average yearly prices across all of the products in a module), we follow
Handbury and Weinstein (2015) and regress log average yearly price on UPC fixed effects and
store fixed effects, separately for each module and each year. The estimated store fixed effects
serve as the pre-tax price. To measure quantity demanded, we re-calculate yearly revenue
replacing the price of each product j in store r by the average national price (across all stores
in our sample), and then aggregate across products within a module-by-store-by-year cell.
This effectively constitutes a price-weighted quantity demanded index based on prices that
are common across stores, an approach that is similar to the real consumption index developed
by Kaplan, Mitman and Violante (2020). We measure product variety as the simple count of
UPCs with positive sales within a module-by-store-by-year cell.

Finally, we assign each module-store-year observation a tax rate based on the rate effective

on September 1st in the county in which a store is located. For each module, the effective

24We use cross-sectional variation to approximate steady-state, “long-run” adjustments to tax policy in
prices, quantity demanded, and product variety. Atkin, Faber and Gonzalez-Navarro (2018) similarly use
cross-sectional variation in store-level prices to estimate long-run elasticities of substitution across stores.
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tax rate, T,,en, depends on county and state sales tax rates and product-specific exemptions.
Table 1 presents the summary statistics for our final sample, which includes more than 11
million module-store-year observations covering 3,822 grocery stores, 198 modules, and 543
counties over 9 years. Two contiguous counties located in different states form a county-pair
d, and counties are paired with as many cross-state counties as they are contiguous with. The
counties in our sample are part of 497 different county border pairs. For estimation purposes,
the original dataset is rearranged by stacking all pairs. For instance, a module-store cell
located in county c appears as many times as the number of counties county c is paired with.

The sample average tax rate in our sample is 3.4 percent (calculated as a weighted average
weighting each observation by the inverse of the number of pairs that a store is part of),
which is considerably below average legislated sales tax rates since our sample includes a large
number of tax exempt products for which the tax rate is 0. Because prices are calculated
from fixed effects regressions, the sample mean of this variable is normalized to 0 in the
underlying UPC-level data.?® In our final border-county sample, the mean (log) price is 0.005
and the standard deviation is 0.114. For quantity and product variety, the mean and standard
deviation (in parentheses) are equal to 10.241 (1.372) and 4.241 (0.969), respectively. Table 1
also reports summary statistics split by above-median and below-median tax rates (based on
the median tax rate within each module-by-year cell). Average pre-tax prices are roughly the
same for above-median and below-median tax rate cells, while quantity and product variety

is slightly lower in above-median tax rate cells.

6.2 Estimation Strategy

We estimate the effects of sales taxes using the following “county border pair” regression

model:

2014
log Ymrdn = Z ﬁy,z [log(1+Tmcn) X 1{2 = n}]+5mdn+5rn+5mrdn (22>

2=2006
where the outcome y,,,,,q is either pre-tax prices p, quantity @), or product variety J for module
m, store r, and year n, and each county belongs to one or more county border pairs indexed
by d. The term 7,,., is the sales tax rate that applies to module m in county c in calendar
year n. All regressions are weighted by the inverse of the number of county pairs that a store
is part of.

From equation (22), we obtain one coefficient estimate per year. We then summarize

the estimated effect of sales taxes on outcome y, Y, by taking a simple average of all the

25The sample used in these regressions also includes grocery stores in non-border counties. Statistics reported
in Table 1 are calculated for our border-county subsample only.
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coefficient estimates $¥#, putting equal weight on all 9 yearly cross-sectional estimates (i.e.,
[y = éZﬁW for y € {p,Q,J}). This econometric approach is numerically equivalent to
estimating the model separately for each year and then averaging the coefficients. To account
for spatial auto-correlation as well as the fact that some counties border multiple states and
therefore appear multiple times in the data, standard errors are two-way clustered by border-
pair-by-module and state-module in all specifications (Boone et al. 2016, Cameron, Gelbach
and Miller 2011).

The terms 9,,4, and 9,, are module-by-border-pair and year-specific store fixed effects,
respectively. The effects of sales taxes (on prices, quantity and product variety) are therefore
identified under the assumption that tax rates are uncorrelated with unobservable deter-
minants of demand conditional on these fixed effects. The identifying assumption is that
governments do not set local tax rates on products based on their relative market shares. For
example, our estimate of the effect of taxes on quantity demanded would be biased upwards
for 39 if jurisdictions where the consumption share of unhealthy food products (e.g., candy,
soft drinks) is relatively high responded to this high demand by specifically subjecting these
goods to higher sales taxes. The inclusion of module-by-border pair fixed effects accounts for
broad spatial differences in tastes and tax rates for specific modules, effectively restricting
comparisons to nearby stores that are in different states and therefore face different sales tax
rates and exemptions for reasons that are plausibly unrelated to demand factors. Any store
and county-level differences that do not vary across modules are absorbed by the store fixed ef-
fects. Our approach therefore mimics a cross-sectional difference-in-differences strategy, where
the first difference is across products and the second difference is across stores within county
border pairs.

One concern with interpreting the OLS estimates as the causal effect of sales taxes is
that there is existing evidence that border counties adjust local sales tax rates strategically
to compensate for cross-border differences in state-level sales tax rates (Agrawal 2015). In
supplementary analyses, we assess whether this is an important source of bias in our empirical
setting by instrumenting the statutory tax rate 7,,, with the state-level average 7,,c(s)n, which
we calculate as the average tax rate across stores in the same state excluding all stores located

in county ¢, separately for each module and year.

6.3 Reduced-form Estimates

The main results from estimating equation (22) are reported in Table 2. The dependent
variable is the average pre-tax price in column (1), quantity demanded in column (2), and
product variety in column (3). Since we use pre-tax prices in column (1), a coefficient estimate
of zero corresponds to full pass-through of sales taxes to consumers (i.e., a pass-through rate

equal to one).
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We report OLS estimates of the model in equation (22) in Panel A of Table 1. We find a
small amount of overshifting of taxes on consumer prices with a coefficient of BP = 0.038 (s.e.
0.016), implying a pass-through rate slightly greater than one. We find that the elasticity of
quantity demanded with respect to sales taxes is BAQ = —0.676 (s.e. 0.155). This estimate is
very similar to previous work studying tax salience using the same scanner data; for example,
Kroft et al. (2020a) estimate an output elasticity of —0.650 (s.e. 0.084) using a different source
of tax variation.?%

Lastly, we find that the estimated elasticity of product variety with respect to sales taxes is
equal to 37 = —0.236 (s.e. 0.074). We are not aware of existing estimates of the effects of taxes
on product variety for a broad cross-section of product-modules, so we cannot benchmark this

estimate to the previous literature. One way to interpret the magnitude is to note that the

dlog(Q) __ _dlog(J) + dlog(q) .
dlog(1+7) dlog(1+7) ' dlog(l+7)’

i.e., the total elasticity is the sum of the variety elasticity and the “quantity demanded per

overall effect of taxes on quantity demand can be decomposed as

variety” elasticity. Using this decomposition, we find the variety elasticity accounts for about
one-third of the overall effect of taxes on quantity demanded. Another way to interpret the
magnitude is using the formula for the variety elasticity in terms of structural parameters,
and then inspecting the parameters that are consistent with this reduced-form estimate; we
do this in Section 7 below and find that it leads to reasonable estimates of the underlying
structural parameters governing the love-of-variety, the shape of demand curve, and the market
conduct parameter. Panel B reports 2SLS estimates using the state-level average tax rate as
an instrument, and we find results that are very similar to the OLS results, suggesting that
product-specific endogenous sales tax rates within county border pairs are not a substantial
source of bias in our setting.

We also assess the reliability and robustness of these main results in two ways. First,
we report the yearly OLS and 2SLS estimates for each of the main outcomes reported in
Table 2 (i.e., pre-tax prices, quantity, and variety) for each year in Figures OA.1 and OA.2.
These figures show that the county border pair estimates are fairly stable across years and
clustered around the across-year simple average. We gain precision by pooling the OLS and
2SLS estimates across years, and these figures show that our model-based estimates are not
sensitive to the specific choice of years in the sample.

Second, we implement placebo tests that exploit the difference in average tax rates between
food and nonfood products that arise due to local tax exemptions. While nonfood tax rates

generally exceed food tax rates in most counties, the gap between average food and nonfood

26The estimates in this paper are based on a pooled cross-sectional research design comparing across counties
that share a state border, while Kroft et al. (2020a) used within-county variation in tax rates over time. One
reason we focus on a cross-sectional research design is that we see the long-run free-entry condition in the
theory as potentially taking a long time to emerge. Future work could try to combine the sources of variation
to trace out the dynamic adjustments of product variety to sales taxes over time.
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tax rates varies substantially within county border pairs. We examine how prices, quantity,
and product variety vary with the tax rate they are subject to (on the basis of whether
they are food or nonfood products) versus the tax rate that applies to other products in the
same jurisdiction. To implement these tests, we residualize the outcome and tax variables
on module-by-border pair-by-year fixed effects and calculate the difference in mean residuals
between the two counties in each county-pair d in each year n, separately for food and nonfood
products. We obtain a dataset with two observations per county-pair-year cell, one for food
products and one for nonfood products. All variables (outcomes and tax rates) are measured
as within-cell (between-county) differences in mean residuals. These results are reported in
Appendix Table OA.1, and they represent a kind of “horse race” model that exploits residual
variation across food and nonfood products. Formally, we regress log(p), log(Q) and log(J)
on their own tax rate (i.e., average food tax rates for food products and average nonfood tax
rates for nonfood products) as well as on the other category’s tax rate. In column (1) only
the “own” tax rate is included, in column (2) only the “other” tax rate is included, and in
column (3) both average tax rates are included simultaneously. For quantity and variety, the
placebo (other) tax rate has no residual explanatory power: the between-county differences
in quantity and variety are unrelated to differences in tax rates that apply to other products.
By contrast, prices appear to increase both as a function of own and other tax rates, but the
coefficient on own tax rate is larger in magnitude. This suggests stores raise all prices when
taxes increase on some products, and raise prices even more for products for which the tax
increase directly applies.?” Finally, in column (4), we include cell fixed effects to mimic our
main results that include store fixed effects. Here, the coefficient on own taxes is identified
by differencing between food and nonfood products within counties. Overall, the reported
coefficients are similar to the preferred estimates of the effects of taxes reported in Table 2.
Overall, we conclude that taxes have a clear effect on overall quantity demanded, and we
also find some evidence of a small amount of overshifting of taxes and a modest reduction
in product variety. These reduced-form effects are robust to alternative specifications and
stable over time, and they are useful for calibrating the marginal excess burden of ad valorem

taxation, as well as identifying the main model parameters.

7 Model calibrations

This section considers identification and estimation of the deeper model parameters and cali-
brates the main welfare formula. We also show how estimating the deeper parameters allows

us to learn about whether or not variety is socially optimal at current tax rates and compare

2"TNote that our main results that do not take into account such cross-product spillovers may therefore
understate the true extent of overshifting.
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the incidence and efficiency costs of the existing ad valorem taxes to a counterfactual specific

tax.

7.1 Identifying and Estimating Model Parameters from the Reduced-
Form Results

This subsection describes how we identify and estimate the deeper model parameters using
the reduced-form estimates. We rely on the formulas in Section 4 above that define each of
the reduced-form effects of taxes (on prices, variety, and total quantity) in terms of the model
parameters. We assume constant marginal costs (so that e¢ = 00), and we calibrate the
baseline tax rate of 7p = 0.034 based on the average tax rate in our data (see Table 1). We
calibrate the price elasticity of demand to be ep = 1.223 and the tax salience parameter to
be 6, = 0.528, based on the estimates in Kroft et al. (2020a). The price elasticity of demand
is estimated by instrumenting store-level prices with the average prices of other stores in the
same retail chain, exploiting the tendency of chains to choose uniform prices across stores
(DellaVigna and Gentzkow 2019). The salience parameter is estimated using changes in sales
taxes within US counties over time and is approximately equal to the ratio of the tax elasticity
to the price elasticity. This leaves three remaining unknown parameters: the love-of-variety
parameter (/~\0 = Ao%), the elasticity of inverse marginal surplus (&,,s), and the conduct
parameter (v,/J). We can then solve for the values of the three unknown parameters that
make the model-implied effects of taxes exactly match the reduced-form estimates in Table 2.

Before solving for the parameter estimates, we can build on the theoretical analysis in
Section 4 to provide an intuitive discussion of how each parameter is identified. The conduct
parameter is identified by the long-run free-entry condition (Lemma 3), which implies that
the markup is equal to the ratio of the effects of taxes on pre-tax prices to the effect of taxes
on the quantity demanded per firm. In terms of the reduced-form estimates, this means that
the markup is equal to —3P / (BAQ — BAJ ). Using the reduced-form estimates in Table 2, Panel
C of Table 3 reports the markup estimate of (p — ¢/(¢))/p = 0.080. Given this estimate of the
markup, we can then use the generalized Lerner index defined in equation (13) to recover the
conduct parameter using the (calibrated) values of the tax rate, the tax salience parameter,
and the price elasticity of demand. This results in an estimate of v,/J = 0.096 (where 0 is
perfect competition and 1 is perfect collusion). This implies that there is a high degree of
competition in our sample of retail grocery stores, which is plausible given that retail stores
are typically thought to operate under fairly small margins (see Kroft et al. (2020a) for more

detailed discussion).?®

28Kroft et al. (2020a) estimates a somewhat smaller mark-up of around 3 percent, but that analysis does not
allow for endogenous entry, and the estimates are based on relative short-run responses to quarterly variation
in sales taxes. The present paper instead uses cross-sectional variation, which one can loosely interpret as
corresponding to steady-state, “longer run” effects of taxes allowing for endogenous entry. As a result, our
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With the conduct parameter in hand, we can identify the elasticity of inverse marginal
surplus using the formula for the pass-through of taxes into consumer prices (see Proposi-
tion 2). Corollary 4 shows that ignoring love-of-variety, the parameter €., is identified by
the pass-through rate given knowledge of the conduct parameter (recovered in the previous
step). Importantly, Corollary 4 shows that varying the demand elasticity does not affect
what we infer about the curvature parameter holding constant the pass-through estimate
and conduct parameter. This is consistent with previous work that emphasizes that, under
constant marginal costs, it is the demand curvature rather than the demand elasticity that
determines pass-through (Bulow and Pfleiderer 1983, Weyl and Fabinger 2013). Our analysis
shows that this logic extends to allowing for love-of-variety preferences and free entry. To see
this more formally, we can use the definition of A and the expression for d.J/dr to solve for
the following expression of the love-of-variety parameter in terms of ¢,,,, the conduct param-
eter, the reduced-form effects of taxes on variety and total quantity demanded, and the other

(calibrated) parameters:

Ao = ki4kyx(1/eps) (23)
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The formula above shows there is an affine mapping from 1/¢,, to 1~\0, and so we can substitute
this expression into the pass-through expression, leaving only ¢,,s as the remaining unknown
parameter (as a function of the three reduced-form effect estimates and the other calibrated
parameters). We can then use this expression to solve for €,,;, and Panel C of Table 3 reports
ems = —0.936.2° According to our theoretical analysis, this parameter must be negative
whenever there is overshifting of ad valorem taxes, which is what we find empirically (see
Table 2).

preferred interpretation of the mark-up in the present paper is a “longer run” mark-up that would need to
cover additional fixed costs that would be relevant for product entry decisions. We therefore view it as fairly
reassuring that the reduced-form effects of taxes on quantity is similar across the two papers, but the implied
mark-up is larger given that the mark-up in the “longer run” has to cover additional (fixed) costs that would
plausibly be interpreted as “sunk” in in the shorter run (quarterly) analysis in Kroft et al. (2020a).
29Formally, there will always be two values of ¢,,, since the pass-through formula can be re-written as a
quadratic in 1/€,,s. One of the solutions to the quadratic violates the necessary condition that dJ/dr # 0. This
condition is necessary for identification to ensure that (ﬁAQ / 87 ) exists. The other solution to the quadratic will
not violate this condition, and that is the solution we solve for numerically. Note that there is no guarantee
the resulting solution will satisfy the stability condition (i.e., A > 0). As discussed above in Section 4, the

stability condition will be violated whenever the estimate of A is very large, which will generally be the case
whenever (89 /37) is very large.
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Lastly, given estimates of conduct parameter and curvature parameter, we can then use
the affine mapping in equation (23) to identify and estimate A. This shows that the identifi-
cation of the love-of-variety parameter comes primarily through the ratio (BAQ / [)’AJ ). The larger
the ratio, the larger the inferred love-of-variety. Intuitively, when 5% increases relative to 57
(holding the price elasticity of demand fixed), this means that demand falls a lot for a given
change in variety, which in turn reveals that consumers have a high willingness-to-pay for
variety. Using equation (23), we estimate the variety effect to be Ao = 0.133. This parameter
can be given a willingness-to-pay interpretation: an exogenous 10 percent reduction in variety
reduces average willingness-to-pay by 1.33 percent. This magnitude is smaller than the recip-
rocal of the demand elasticity (0.818), which is the love-of-variety value that would occur in
a logit model of consumer demand (and which is often thought to substantially overstate the

true love-of-variety).3°

7.2 Calibrating the Marginal Excess Burden of Ad Valorem Taxes
With the love-of-variety parameter estimate in hand, we can now calibrate the main welfare
formula using the reduced-form empirical estimates presented in Section 6. Since the estimates
above are based on ad valorem taxes, we calibrate the marginal excess burden formula for the
case of an ad valorem tax (7). To obtain an expression in terms of the reduced-form elasticities,

we normalize the welfare formula by total firm revenues:

dW_dWl—i—T dlogQr, dlogp ~  dlogJ

= dar Q0 T dleg(l47)  dlog(l+7) dlog(l+7)

The reduced-form estimates BAQ, BAP, and BAJ reported in Table 2 can be used to calibrate

dlog Qr, dlogp dlog J
dlog(147)? dlog(l47)”’ dlog(1+71)°

—0.085 (see Panel D of Table 3). This is larger in magnitude than a standard Harberger
benchmark adjusted for salience effects (dW /dr = —0.013), which is one useful benchmark for

comparison. Ignoring love-of-variety (i.e., assuming Ay = 0), but accounting for endogenous

and respectively. Using these estimates, we calculate dW/ dr =

product variety through free entry leads to a marginal excess burden of dW/ dr = —0.052.

This is the estimate one would calibrate based on our extension of the theoretical results in

30Gince we calibrate the tax salience parameter and the price elasticity of demand, Appendix Table OA.2
shows the sensitivity of our results to alternative values of these parameters. Interestingly, varying both
parameters but holding constant the product of the two terms leads to very similar values of the variety effect.
Increasing the demand elasticity while holding constant the tax salience parameter leads to a larger change
in the variety effect than the curvature parameter, while decreasing the demand elasticity actually leads to a
negative love-of-variety parameter estimate. If such “hate-of-variety” preferences are ruled out a priori, then
this implies that our model puts a lower bound on the demand elasticity given our reduced-form empirical
estimates. The calibrated value of the price elasticity of demand comes from relatively “short run” variation
in local prices, and our analysis in the present paper focuses on “long run” effects of taxes allowing for entry
and exit of products, it is probably more likely that the calibrated demand elasticity is an under-estimate
rather than over-estimate since demand curves are generally more elastic over time (Samuleson 1947).

32



Besley (1989) to cover ad valorem taxes. The reason we find a larger negative effect of taxes on
welfare (relative to a Besley (1989)-style benchmark) is that we find a positive love-of-variety
estimate and a negative effect of taxes on product variety — and according to the full marginal

excess burden (MEB) formula, the MEB is increasing in the product of these two terms.

7.3 Welfare analysis of product variety

Using the full structure of the model, we can infer whether or not variety is socially optimal.
To see how this is achieved, we first re-write the marginal excess burden formula that connects

to equation (5) as follows:

dW _ (8W/8log(J)) dlog(J) (po — c(qo)) dlog(q)

dr dlog(1+ ) Do dlog(1 +T)|J
_ ((po — (qo)) 9log(q) | « ) dlog(J)  (po—(q)) dlog(q) |
- o dlog(J) ) dlog(1+ 7) o dlog(1+71)"

The first term in parentheses multiplying the effect of taxes on variety (91 /8log(.J))
provides a direct test for whether or not variety is socially optimal because it balances the
business stealing costs of additional variety from the love-of-variety benefits. In order to
calibrate the expression, we need an estimate of the love-of-variety parameter and the mark-

up (see subsection 7.1 above), along with an estimate of 211258)). Lemma 4 above shows that

this partial elasticity can be defined in terms of the conduct parameter, demand elasticity,

and inverse elasticity of marginal surplus. Using all of the estimated parameters described in

previous subsection and listed in Table 3, we estimate gllsg((g)) = —0.728 (see Panel B of Table
4). Multiplying this partial elasticity by the average mark-up and adding the love-of-variety
parameter leads to an estimate of OW/ 0log(J) = 0.075, which is greater than zero and thus
implies that there is inefficient entry — i.e., that product variety is too low relative to social
optimum.

In column (2) of Table 4, we hold all other parameters constant and calculate the value
of the love-of-variety parameter such that 9W /dlog(J) = 0; this leads to Ay = 0.065, or
roughly half of the actual estimate. In this case, the business-stealing effect and variety effect
exactly cancel out, which zeroes out the first term in the formula above. As a result, the
marginal excess burden collapses to the standard formula for excess burden under imperfect
competition, with the quantity elasticity scaled by the mark-up (see, e.g., Auerbach and
Hines Jr 2002). This shows that our main formula provides an alternative way to calibrate
the marginal excess burden without using the mark-up (since the mark-up is not one of the

sufficient statistics in the full welfare formula). Instead, our formula requires a pass-through

estimate and a love-of-variety estimate, along with the effect of taxes on variety. This formula
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is robust to allowing for the level of product variety to be governed by free entry, and we do
not need to assume that variety is socially optimal.

Lastly, column (3) in Table 4 reports results when there is no love-of-variety. In this case,
variety is clearly above the social optimum because the remaining model parameters imply
business-stealing costs of additional variety (which are social costs), but no social benefits of

additional variety. In this scenario, there is excessive entry as in Besley (1989).

7.4 Comparing ad valorem taxes to specific taxes

In this subsection, we compare the incidence and efficiency costs of existing ad valorem taxes
to the incidence and efficiency costs of a counterfactual specific tax. That is, suppose a given
amount of revenue is raised by a specific tax instead of an ad valorem tax. Would that generate
larger changes in pre-tax prices? Larger efficiency costs? And how do these conclusions vary
with the magnitude of the love-of-variety (holding other parameters constant)?

In order to compare the efficiency costs of ad valorem and specific taxes, we use the

marginal cost of public funds (M CPF.,) concept defined above; i.e., the ratio of the effect of

_ dW/dt
dR/dt

results. Column (1) reports the estimated pass-through (p,) and MCPF, at current average

taxes on welfare to the effect of taxes on revenue ( ). Table 5 reports the counterfactual

(ad valorem) tax rate of 0.034. The pass-through rate that is reported in column (1) closely
matches the reduced-form empirical estimate in Table 2 and indicates a small amount of
overshifting. The MCPF; of 0.083 is very similar in magnitude to the marginal excess burden
reported in the bottom of Table 3 (of —0.085).%!

We next estimate the pass-through (p;) and marginal cost of public funds (MCPF;) of
a counterfactual specific tax, which we estimate by using the theoretical formulas for p; and
MCPF, of a specific tax, holding constant all of the model parameters estimated above.
The results in column (2) show that this counterfactual specific tax would lead to even more
overshifting (i.e., greater magnitude of pass-through), but a smaller efficiency cost (0.067,
compared to 0.083 in column (1)).

For comparison, in columns (3) and (4) we redo the same calculations at the same values
of all of the model parameters except for the love-of-variety parameter, which we set to zero in
these two columns. In this case, we continue to find more overshifting in the case of a specific
tax, but a larger efficiency cost. In other words, we are able to replicate the longstanding
result that ad valorem taxes dominate specific taxes in terms of efficiency cost when there is
no love-of-variety. By contrast, we find that the actual love-of-variety we estimate (which we
view as fairly modest in size and well below the love-of-variety parameter one would estimate

using a standard logit choice model) “flips” this result and leads us to conclude that ad valorem

31This is not surprising since the pre-existing tax level is small and the amount of overshifting is also small,
which together imply that dlog(R)/dlog(1 + 1) is very close to 1.
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taxes actually lead to greater — not lower — efficiency costs.

In the final two columns (columns (5) and (6)), we increase the love-of-variety parameter
from the baseline value in the first two columns (and continue to hold all of the other model
parameters constant). As in the first two columns, we find larger efficiency costs of ad valorem
taxes, but we now find greater overshifting for specific taxes. These results reinforce the
conclusions from the theoretical analysis: while the conventional view is that ad valorem
taxes “dominate” specific taxes on efficiency grounds and have lower pass-through, we find
that both of these can be overturned when love-of-variety is strong enough.

The remaining panels of Table 5 give additional statistics that provide further economic
intuition behind these results. Panel C shows that the short-run (fixed-variety) pass-through
rate is smaller in magnitude for all values of the variety effect for ad valorem taxes, but is
slightly larger in magnitude for specific taxes. Panel D shows that the difference between the
short-run and long-run pass-through can be understood as a consequence of the (long-run)
effect of taxes on variety and the (short-run) effects of taxes on firm profits. Both of these

effects are negative for ad valorem taxes and positive for specific taxes. Lastly, Panel E shows

9log(q)
Olog(J)

in columns (3) and (4) to columns (1) and (2)), and in the final two columns with a large love-

that there are larger business-stealing effects when there is no love-of-variety (comparing

of-variety the business-stealing effect switches sign and becomes positive (i.e., increased entry
actually raises demand for existing products). This is also the scenario where pass-through
of ad valorem taxes is larger than pass-through of specific taxes in the long run, in contrast
to previous theoretical analyses that restrict the sign of the business-stealing effect to rule
out this possibility (e.g., Anderson, De Palma and Kreider 2001a). The final row shows that
all of these scenarios continue to satisfy the stability condition that A > 0 (see Proposition
2), which implies that the restrictions in previous work are not necessary for stability, and
our more general formulas show that these restrictions would lead to incorrect conclusions
regarding the ranking of pass-through when love-of-variety is large.

In the Appendix we report additional calibration results covering alternative counterfactual
scenarios. Appendix Table OA.3 shows sensitivity to alternative values of the inverse elasticity
of marginal surplus and reports results for even greater love-of-variety. By decreasing €,,,, we
are able to find combinations where increases in counterfactual specific taxes also lead to
reductions in variety, similar to the baseline scenario studying ad valorem taxes. In this case,
we find lower pass-through in the short run, as well as short-run reductions in profits from
larger taxes. The final two columns show that the stability condition can be eventually violated
when €,,5 is decreased and the love-of-variety is very large. Lastly, Appendix Table OA .4 shows
how pass-through varies with love-of-variety when ¢,,s is increased (rather than decreased, as
in OA.3). We find that at baseline parameter estimates greater love-of-variety leads to larger

pass-through, but we find this comparative static is reversed when ¢,,s = —0.468 (i.e., half
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the magnitude of the baseline estimate). In this case, both types of taxes now encourage
entry and raise profits in the short run, and in this case greater love-of-variety leads to lower
— rather than higher — pass-through in the long run.

Taken together, we conclude from our empirical calibrations that even a relatively modest
love-of-variety is enough to overturn the standard efficiency cost ranking, implying that ad
valorem taxes may be suboptimal tax instruments when applied to product markets with

substantial product differentiation.

8 Conclusion

In this paper, we develop new formulas to study the efficiency cost and incidence of ad valorem
taxes relative to specific taxes. On the firm side, our framework allows for both price and
quantity competition and entry and exit. On the consumer side, our framework incorporates
love-of-variety preferences and tax salience. Our formulas are stated in terms of the relative
elasticities of demand and supply, the curvature of the firm’s own demand, market conduct,
and the causal effect of a change in variety on consumer surplus. To obtain estimates of these
parameters, we derive expressions for the causal effects of taxes on output, producer prices
and product variety in terms of the full set of model parameters. We then combine retail
scanner data from the U.S. with quasi-experimental variation in (ad valorem) sales taxes
to estimate these three reduced-form terms and find values of the model parameters that
cause the expressions to match the reduced-form empirical estimates. We use the resulting
parameter estimates to calibrate the marginal excess burden of ad valorem taxes, and we carry
out additional calibrations to assess whether or not variety socially optimal (at current tax
rates) and to determine the efficiency costs and incidence of existing ad valorem taxes relative
to a counterfactual specific tax.

The theory comparing ad valorem to specific taxes has been applied to tariffs as well
as taxes, and so we believe our modeling and calibration approach should also be useful in
international trade contexts. Our identification approach can be implemented using large
data sets covering a very large number of distinct products (like many existing approaches
in international trade), and we believe our approach has a unique advantage in transparently
connecting the reduced-form empirical estimates of the effects on prices, variety, and total
quantity demanded to the underlying model parameters. Additionally, by disconnecting the
love-of-variety from the demand elasticity, the curvature of demand, and the market conduct
parameters, we believe our identification approach is particularly clear and intuitive. The av-
erage markup pins down the conduct parameter given the demand elasticity. The pass-through
estimate pins down the curvature of demand, which is identified freely from the demand elas-

ticity (as in Bulow and Pfleiderer 1983). The variety effect can be recovered given estimates
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of the other parameters and the relative magnitude of the reduced-form effects of taxes on
variety and the total quantity demanded. The larger the reduced-form variety response to
taxes (holding constant the other parameters and the other reduced-form estimates), the larger
the love-of-variety. While there are many natural extensions to our model (e.g., allowing for
multi-product firms, as in Hamilton 2009), we believe the identification approach in this paper
is likely to extend naturally to many richer settings.

Lastly, we believe our framework can be used to study particular commodity markets
subjected to “sin taxes” (e.g., soda taxes) as well as products that are currently subjected to
specific taxes (such as gasoline, cigarettes, and alcohol). In all of these cases, there are often
policy considerations that are outside the scope of our analysis (e.g., addressing externalities
and “internalities”); however, we conjecture that many of the economic trade-offs we highlight
in this paper will still be relevant for these settings, as well. For example, if the social cost of the
externality scales with the responsiveness of output to the tax (alongside the markup), then it
is separable from the variety effect. As a result, extended versions of our formulas that account
for these kind of externalities (i.e., situations where taxed products generate externalities from
consumption) are still likely to point towards the relative efficiency of ad valorem versus specific
taxes depending on the strength of love-of-variety preferences, alongside the market demand
elasticity and market conduct. Overall, we conclude from both our theoretical results and
calibrations that love-of-variety and the degree of product differentiation should inform how

policymakers think about the optimal design of tax structure in a broad range of settings.
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Table 1: Summary statistics

Above-median Below-median
Full sample tax rate tax rate
Standard Standard Standard
Average deviation Average deviation Average deviation
Tax rate, Tmen 0.034 0.032 0.055 0.027 0.018 0.026
Key outcomes in reduced-form analysis:
log Prices (pre-tax) 0.005 0.114 0.002 0.111 0.006 0.115
log Quantity 10.241 1.372 10.024 1.370 10.414 1.349
log Product Variety 4.241 0.969 4.229 0.957 4.251 0.978
Sample size statistics:
N (module-store-year observations) 11,624,918 4,764,127 6,860,791
N (stores) 3,822 3,554 3,662
N (modules) 198 198 198
N (years) 9 9 9
N (counties) 543 509 513
N (border pairs) 497 490 495

Notes: The sample is derived from the Nielsen Retail Scanner data covering the years 2006-2014 and is
restricted to modules above the 80th percentile of the national distribution of sales. Sales tax rates efffective on
September 1. Prices, quantity, and variety are measured yearly. Median tax rates are calculated separately for
each module-year cell. For many modules that are generally tax exempt, the median rate is zero, which results
in fewer observations above the median (strictly above zero) than below (equal to zero). All outcomes are
entered in logs, and the price variable is normalized to be mean zero in the broader sample of stores that

include non-border counties. See main text and Data Appendix for more details.

Table 2: Effect of Sales Taxes on Prices, Quantity, and Product Variety

Dependent Variable: Prices Quantity Variety
()) ) Q)
Panel A: County Border Pair OLS Estimates
log(1 + Tpen) 0.038 -0.676 -0.236
(0.016) (0.155) (0.074)
Panel B: 2SLS Estimates Using State-Level Tax Rate as Instrument
log(1 + Tpen) 0.039 -0.731 -0.243
(0.016) (0.154) (0.075)
Specification:
Store fixed effects y y y
Module x County Border Pair fixed effects y y y

Notes: Sales tax rates efffective on September 1. Sales, prices and variety are measured
yearly. The Retail Scanner data is restricted to modules above the 80th percentile of the
national distribution of sales. All coefficients are linear combinations of nine coefficients --
one for each year from 2006 to 2014. The sample is restricted to border counties and
observations are weighted by the inverse of number of pairs a store belongs to. Standard
errors are clustered two-way at the state-module level and at the border pair by module
level. In panel B, the tax rate is instrumented with the state-level, leave-county-out,
average tax rate.
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Table 3: Estimating Variety Effect and Calibrating Welfare Formulas

Panel A: Calibrated parameters

Average tax rate, 7
Tax salience parameter, 9,
Demand elasticity, ep

Panel B: Reduced-form estimates
Pass-through of taxes into pre-tax prices, dlog(p)/dlog(1+z)
Quantity response, dlog(Q)/dlog(1+z)
Variety response, dlog(J)/dlog(1+7)

0.034
0.528
1.223

0.039
-0.731
-0.243

Panel C: Model parameters estimated by matching reduced-form estimates

Markup, (p - ¢'(a))/p
Implied conduct parameter, v,/J

Inverse elasticity of marginal surplus, €pys
Variety effect parameter, A,

Panel D: Calibrated welfare formulas
Full marginal excess burden (MEB) formula, dW/dz
Alternative MEB formula benchmarks:
Harberger / Chetty-Looney-Kroft benchmark, 6,*z,*dlog(Q)/dlog(1+7)
Besley(1989)-style benchmark; i.e., full MEB formula with Ay =0

0.080
0.096
-0.936
0.133

-0.085

-0.013
-0.052

Notes: This table reports structural parameter estimates by finding parameters that allow the

model to match the reduced-form estimates. The model parameters in Panel C are estimated by

matching the reduced-form estimates of effects of taxes on prices, quantity, and variety by
choosing variety effect parameter, inverse elasticity of marginal surplus, and markup. These
parameters can then be used to calibrate the main welfare formula. The final rows showthe
effect of taxes on welfare using the main welfare formula, and compare the results from main

formula with benchmarks from Harberger/Chetty-Looney-Kroft and Besley (1989). See text for

details.
Table 4: Socially Optimal Variety Calibrations
Counterfactual
Baseline scenarios
Q) @ ©)]
Panel A: Variety effect parameter, Ag
Estimated variety
effect parameter
0.133 0.065 0.000
Panel B: Socially optimal variety calculations
olog(q)/olog(d) -0.728 -0.819 -0.907
Business-stealing effect, dlog(q)/olog(Jd) * (p - c'(q))/p -0.058 -0.065 -0.072
OW/olog(J) = Variety effect (Ay) + business-stealing effect 0.075 0.000 -0.072

(>0 implies variety is below the social optimum)

Notes: This table reports results using the parameter estimates from Table 3 to calibrate whether or not variety is
above or belowthe social optimum. Column (1) uses the baseline estimate of the variety effect and the other
parameters in Table 3, while columns (2) and (3) report results using other values of the variety effect but hold
other parameters constant. Column (2) finds the exact value such that the business-stealing effect and the variety
effect are equal (so that variety is socially optimal at current tax rate), and column (3) sets variety effect to 0.

4



Table 5: Counterfactual Scenarios Comparing Ad Valorem and Unit Tax Taxes

. Baseline variety No variety effect Large variety effect
Variety effect parameter, A effect estimate, counterfactual, counterfactual,
Ay =0.157 Ay =0.000 Ay =1.000
Ad Ad Ad
valorem  Specific valorem  Specific valorem  Specific
tax (dz)  tax (dt) tax (dz)  tax (dt) tax (dz)  tax (dt)
@) (@3] Q) @) (©) (6)
Panel A: Pass-through of taxes into pre-tax prices
dlog(p)/dlog(l+z) or dlog(p)/dt 0.039 0.058 0.035 0.058 0.061 0.056
Difference b/w ad valorem and specific tax -0.019 -0.023 0.005
Panel B: Marginal cost of public funds (MCPF)
MCPF, or MCPF, 0.083 0.067 0.047 0.070 0.311 0.045
Difference between ad valorem and specific tax 0.017 -0.023 0.267
Panel C: Short-run pass-through
dlog(p)/dlog(1+z) |J or dlog(p)/dt|J 0.013 0.061 0.013 0.061 0.013 0.061
Difference between SR and LR pass-through 0.026 -0.003 0.022 -0.002 0.047 -0.005
Panel D: The effects of taxes on variety and profits
dlog(d)/dlog(1+z) or dlog()/dt -0.243 0.024 -0.244 0.024 -0.234 0.023
olog(z)/olog(l+z) or &log(z)/ot -0.041 0.004 -0.041 0.004 -0.041 0.004
Panel E: Competitive effects of entry
dlog(p)/olog(d) -0.108  -0.106 -0.092  -0.091 -0.209  -0.205
dlog(q)/olog() -0.728  -0.717 -0.907  -0.893 0.432 0.426
Stability condition (must be >0) 1.812 1.812 1.801 1.801 1.882 1.882

Notes: This table reports counterfactual estimates of reduced-form effects of specific taxes under different assumptions on variety
effect based on using the model parameter estimates of Table 3. The difference between the ad valorem and specific tax MCPF
estimates (MCFP, - MCPF¢) switches sign as the variety effect increases (comparing columns (1) and (2) to (3) and (4)). The
difference between ad valorem and specific tax pass-through rate is less sensitive to the variety effect and only switches sign when
variety effect is large (columns (5) and (6)).
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