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Abstract

The standard partial equilibrium formula for pass-through substantially mismea-
sures incidence in the presence of demand or supply interdependencies. We study
general equilibrium tax incidence in a perfectly competitive, multiproduct set-
ting. If only one product is taxed, the general equilibrium incidence will always
be greater on the consumer than suggested by the standard incidence formula. If
the tax changes on multiple related commodities, while maintaining perfect com-
petition, a necessary condition for overshifting is that the related commodities are
substitutes. Pass-through greater than one-hundred percent is not sufficient to
infer market structure. When empirically estimating pass-through, pass-through
estimates capture the direct effect of the tax on the market, the indirect feedback
effects resulting from price and tax changes in other markets and taxation of in-
puts to production. Empirically applying our theory to estimate pass-through in
alcohol markets, we show that demand interdependencies and simultaneous tax
changes on related products are important.
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“What do our results [overshifting] say about the markets for the com-
modities that exhibit overshifting? They do not imply that any particular
model of market structure is correct, but they are inconsistent with perfect

competition.” -Besley and Rosen (1999)

1 Introduction

Tax incidence, and more generally the pass-through of cost shocks, is of fundamental
importance in economics.! As is well-known, the economic incidence of a tax need not
be equivalent to its statutory incidence because behavioral responses influence prices.
Traditional models of tax incidence derive the incidence on the consumer assuming
that the taxed commodity has no close complements or substitutes or, alternatively,
is a small share of a consumer’s budget. Under these assumptions, in the presence of
perfect competition, the burden borne by the consumer is given by the standard partial
equilibrium formula — the elasticity of supply divided by the elasticity of supply minus
the elasticity of demand. Then, the incidence of the tax on the consumer is bounded
between zero and one-hundred percent of the tax. Therefore, in the presence of perfect
competition, overshifting of the tax to the consumer is impossible under this textbook
formula (for surveys, see Fullerton and Metcalf (2002), Kotlikoff and Summers (1987),
and Mieszkowski (1969)).2 However, a large theoretical literature acknowledges that

these bounds need not hold in the presence of imperfect competition:

1. Edgeworth (1925) and Hotelling (1932) show that if a monopolist faces a tax on
tickets, it may reduce the prices on first- and second-class tickets.®> This phe-
nomenon, where post-tax consumer prices fall, is Edgeworth’s Taxation Paradox.

In these models, the incidence on consumers is not bounded below by zero.

2. In the presence of imperfect competition or monopolies (Delipalla and Keen 1992;
Anderson et al. 2001; Hamilton 2008; Weyl and Fabinger 2013), the incidence of
the tax depends on how firms respond to each other. In the presence of an

oligopoly market structure, producers strategically interact with each other and

'We define tax incidence to be the change in consumer and producer prices resulting from the tax.
We do not discuss changes in consumer surplus or lifetime incidence (Poterba 1989).

2Also see the literature on salience and tax incidence (Chetty et al. 2009).

3The original article written by Edgeworth in the 1800s has been lost; this citation is to a reprint.
Coase (1946) provides a graphical treatment of the paradox.



the incidence of the tax therefore depends on whether the oligopolist believes that
competitor firms will match a price increase or, instead, increase market share. As
a result, overshifting is possible. In these models, the incidence on the consumer
is not bounded above by one. As well, in a simple model of monopoly-markup

pricing, overshifting occurs if marginal costs are constant.

Following a large theoretical literature that derives the effect of government policy
changes on equilibrium prices, a large empirical literature has developed. As noted in
the quote above, most empirical articles that find overshifting speculate that such a
result is inconsistent with perfect competition. Indeed, numerous studies of the effect
of sales and excise taxes on prices have found overshifting of the tax to the consumer
(Poterba 1996; Besley and Rosen 1999; Kenkel 2005). As can be seen in Besley and
Rosen (1999), these authors found statistically-significant evidence of overshifting in
numerous markets some of which might be thought to be perfectly competitive — ba-
nanas, bread, crisco, milk, monopoly (the board game), shampoo, soda, and underwear.
Recently, it has been argued that under certain conditions, pass-through greater than
100% can be used as a test of market power (Pless and van Benthem 2019).

We present an alternative explanation for these results that presents additional
conditions for using pass-through to test for market power. In particular, we develop a
theoretical framework in which it is shown that overshifting and Edgeworth’s Taxation
Paradox (more generally, any shock to marginal cost) are possible, even if markets
are perfectly competitive and the products being studied are a small fraction of con-
sumers’ budgets. Our results generalize with minor modification when market shares
of the taxed commodity are large, including in the presence of pre-existing tax distor-
tions. These possibilities arise because of the presence of multiple complementary or
substitute products,* that are all sold in perfectly competitive markets.

Our model draws inspiration from the empirical literature on tax pass-through: we
focus on products that are a small share of consumers’ budgets and allow for one (as
in an excise tax) or many (as in a sales or Value Added Tax) of these products to
be subject to tax. Given we have multiple products, our model is general equilibrium

in the sense that the tax can affect prices of any other commodity markets through

4To our knowledge, only one other study focuses on multiproduct incidence with perfect competi-
tion (Benedek et al. 2015). This paper is primarily an empirical paper. The theoretical motivation
features only two goods and therefore will not consider the wide-array of cases that we consider. The
paper also does not address issues related to overshifting and abstracts from income effects. Hamilton
(2008) considers a oligopoly model where consumers make multiproduct transactions at the store.



demand-side factors. This path of analysis is different from much of the prior general
equilibrium literature that has instead focused on the supply side (factor side) by
documenting that workers or capital may bear more than one hundred percent of a
tax (Harberger 1962; Mieszkowski 1967).° Instead, we focus on the demand side of a
multi-sector model by allowing for complementarity and substitutability across taxed

and untaxed commodities. Our model has three unique features:

1. Products, although a small share of consumer expenditures, are related through

non-zero cross-price elasticities.

2. Taxes are allowed to change on a specific product or on multiple products. Some

products do not experience tax changes.
3. Some “intermediate” inputs may be subject to the tax, resulting in tax cascading.

In this context, we show that the standard partial equilibrium formula substantially
mismeasures the true tax incidence even when the tax affects a single small market as in
the case of an excise tax. When taxes affect multiple markets, the case for many of the
products studied empirically, the deviations from partial equilibrium are possibly even
larger. Our formula for tax incidence nests the partial equilibrium formula and shows
that if only one product is taxed, the true general equilibrium incidence will be greater
on the consumer than suggested by the standard incidence formula.® In particular,
we show that, with one taxed commodity, the partial equilibrium formula is a lower
bound for the true general equilibrium incidence on consumers.” The intuition is that
if the products are substitutes, a tax in one market increases the price in the second
market that, in turn, increases demand and prices in the first market. If complements,

a tax in one market decreases the price in the second market. This, in turn, increases

5Our result also has some similarity to the incidence of the property tax in an open economy where
some of the incidence may be borne by parties located in other jurisdictions (Zodrow and Mieszkowski
1986). Even if the effect on equilibrium prices is “negligible” because a product or jurisdiction is small,
such a result is misleading. In particular, even if the price changes are small, they be spread over a a
large number of households and jurisdictions. For this reason, even if each individual price change is
small, the aggregate effect need not be small (Wildasin 1988).

6Kotlikoff and Summers (1987) argue that partial equilibrium analysis is appropriate if “the product
in question have a market that is small relative to the entire economy.” In contrast, we show that
even if the taxed product is a small relative to the rest of the economy, if there is another product
with which it has a non-zero cross-price elasticity, the partial equilibrium formula will not hold.

"This result has a parallel to Goulder and Williams (2003) that shows that under general equilib-
rium “the simple ’excess-burden triangle’ formula substantially underestimates the excess burden of
commodity taxes, in some cases by a factor of 10 or more.”



demand and prices in the first market. In the case of a general sales tax, this is not
true; the model shows that the general equilibrium incidence could either be a higher
or lower incidence on consumers than that found using the standard incidence formula.
Here, the sign of the cross-price elasticities is critical. In a setting that is realistic for
many empirical studies, we show that overshifting is possible and Edgeworth’s taxation
paradox can arise. A necessary condition for overshifting to arise is that the tax must
be on multiple commodities and the commodities must be substitutes. Analogously, a
necessary condition for Edgeworth’s taxation paradox, “undershifting,” is that the tax
is on multiple commodities and the commodities must be complements. Finally, we
show that when a product uses taxed business-to-business transactions as inputs, the
effective tax change borne by the consumer can exceed 100 percent of the statutory
tax change. This arises because a tax change on a product that also changes on its
inputs will result in an effective tax change that is greater than the statutory tax rate
change; some of the tax change on the inputs may be passed on the the consumer.

Our model implies that if products have any substitutes or complements, researchers
must be careful to structure empirical models to identify incidence effects. We conclude
that empirical studies of pass-through identify multiple effects: (1) a direct effect of the
tax change on the taxed product, (2) an indirect effect of the tax resulting from demand
shifts due to complementarity and substitutability, (3) an indirect effect on demand
due to simultaneous changes in taxes in related markets, and (4) indirect effects of
input prices as a result of broad-based taxes that tax business inputs.

These general equilibrium effects merit attention because complements and sub-
stitutes among products are extremely common (Harding and Lovenheim 2017). For
example, different types of alcohol may have some degree of substitutability with each
other and with other types of non-alcoholic drinks; these beverages may also be comple-
mentary to leisure items. Food for home consumption and restaurant meals may also
be related. Other goods, such as airline tickets, are related through network effects.

Using data on beer and wine prices and alcohol excise taxes, we implement an
empirical incidence analysis in the spirit of Besley and Rosen (1999). We show that
although alcoholic beverage taxes differ for wine, spirits and alcohol, when states in-
crease the tax on one product, they often increase the taxes on one or both of the other
products. Given these products have a high degree of interdependence, this provides a
unique chance for us to demonstrate the relevance of our theory. When only account-

ing for beer tax changes, the price of beer rises almost one-for-one with the change in



the beer excise tax. However, when accounting for all three taxes, the direct effect of
beer taxes on beer prices is substantially lower. In particular, we identify economically
meaningful and statistically significant cross-effects: changes in wine and spirit taxes
increase the price of beer consistent with alcoholic beverages being substitutes. This
empirical example suggest that both elements of our theory, multiple related products
and tax changes on multiple products, are important.

While we are investigating the general equilibrium impacts of a tax increase as a
“shock” to a market, there are other non-tax shocks that would have similar effects.
Our results generalize to any shock that causes an increase in the marginal cost curve.
For example, the incidence of regulatory policies in a market or the magnitude of any
cost pass-through within an industry may depend critically on the cross-market rela-
tionships with other products. Thus our model has applications in fields other than
public finance, including for estimation of the incidence of cost shocks in industrial
organization, trade and labor economics and for capitalization studies in urban eco-
nomics. For pass-through using of cost shocks Fabra and Reguant (2014) find full pass
through and Miller et al. (2017) find overshifting; the caveats of our theoretical model
apply to these types of shocks. Furthermore, our result has parallels to the effect of
policies with many sectors: Sachs et al. (2019) show that when the government raises
a tax rate, the reform affects wages in that tax bracket, but also the wages of other
workers that are complements in production, then resulting in feedback effects. Thus,
it is apparent that incidence is an important part of welfare analysis, but pass-through
more generally is central to studying price discrimination, platforms, merger analysis,
minimum wages with multiple sectors and tariffs, among other applications to which
we caution against inferring market power. Our model implies that a pass-through of
cost shocks greater than 100% is not (necessarily) connected to imperfect competition.

Our theoretical model has several important implications for policy, including the
effects of taxes on consumption of unhealthy products (soda, cigarettes, alcohol). The
reduced-form estimates remain very relevant for many policy questions, such as how
much a tax on an unhealthy good will increase its price. Nonetheless, even for that
question our analysis is relevant, because like more structural estimates generally, our
analysis addresses the external validity and generalizability of the reduced-form evi-
dence. Policymakers tend to jump to the conclusion that reduced-form evidence shows
that excise taxes on unhealthy goods are over-shifted to prices. But our analysis sug-

gests that what is true for one good might not be true for another good due to the



patterns of substitution and complementarities. More generally, we conclude:

2

1.

Empirical studies like Poterba (1996) and Besley and Rosen (1999) are method-
ologically correct and estimate the true reduced-form incidence parameter. How-
ever, the interpretation of the results is more nuanced than the standard textbook
formula would suggest. Researchers cannot infer the relative patterns of the own-

price supply and demand elasticities from pass-through estimates.

. While these empirical studies provide correct reduced-form incidence estimates,

these estimates are often for the incidence of a broad-based tax (VAT or sales)
and not the incidence of a tax on a narrower set of goods. Then, these estimates

are likely to be a biased estimate of the incidence of a narrower-based tax.

That overshifting is inconsistent with perfect competition is not true. Overshift-
ing may be consistent with perfect competition if products are substitutes and the
taxes studied are broad-based, i.e., affecting multiple products. Beyond the ex-
ample of tax incidence, cost shocks across related industries could generate over-
shifting if the cost-shock in the related industry is not considered. Researchers
should be cautious about inferring market structure, as recently advocated, from

incidence estimates unless demand or supply interdependencies can be ruled out.

Researchers utilizing other commodity markets as a control group when deter-
mining the incidence of taxation, may mismeasure the true incidence of the tax.
Thus, researchers might consider augmenting the standard difference-in-difference
design with data in other states or countries, which allows for comparisons of a

tax change on a product in one state with that product in another state.

. When determining the fraction of the tax borne by the consumer, researchers

should use the effective tax rate on a product rather than the statutory tax rate.
Given tax cascading, the effective tax rate on a product with taxed business-to-
business inputs will always be greater than the statutory tax. Failure to use the

effective tax rate may result in finding overshifting when it does not exist.

A Multiproduct Model of Pass-through

We wish to show the distinctions between partial and general equilibrium tax incidence

with multiple products in the simplest model that we believe highlights the distinctions.



While a general model would have an arbitrary (and large) number of commodities (n)

we apply the composite commodity theorem (Hicks 1939). Then, from Hicks (1939):

This principle [the composite commodity theorem]| is of quite general appli-
cation. A collection of physical things can always be treated as if they were
divisible into units of a single commodity so long as their relative prices

can be assumed to be unchanged...

To simplify, let there be three goods (commodities) for consumption, z;, i = 1,2,3
and inelastically-supplied labor (leisure), L, with its price (w) normalized to unity.®
Then, the demands for the commodities are given by 2P (q, y;) where q = [q1, ¢2, q3] is
a vector of tax-inclusive prices with ¢; = p; + 7;, Vi where the gross price (¢;) equals
the net price (p;) plus a unit tax (7;).2 We assume the composite commodity, x3, never
experiences tax changes, that is, dr3 = 0. The term y; is income for consumers of good
1, to be defined.

Let ¢; (x7) denote the amount of labor needed to produce xf units of commodity @
where ¢; (2f) > 0 and ¢, (25) > 0 with the endowment of labor denoted by L. The
supply of good i is implicitly defined by p; = ¢; (x5 (p;)), Vi.'' We simplify production,
to be relaxed later, by assuming that there is no joint production and that none of the
commodities are used in the production of another. In Section 2.4 we address the
implications of joint production and “cascading” taxes, the taxation on both a final
product and its inputs, on incidence and in Appendix A.5 we discuss a more general case
in which we allow supply of a commodity to depend on the prices of other commodities

as well as own price. Total income is defined to be y = wL + Z?:l [pixi — i (x;) + Tz

8As will become clear, that labor is inelastically supplied does not affect our results under the
assumption that both markets x; and x5 are small, the assumption under which our analysis is done.

9The distinction between an ad valorem and a unit tax does not affect our result.

0We depart from the classic model (Harberger 1962) by including only one input in production.
However, we could easily expand and allow the commodities to be produced by both capital and labor
with «7 = f; (K, L;) where K; is capital used in its production. Then the cost function would be
¢i (r,xf) where r is the price of capital and the price of labor continues to be the numéraire. However,
as we focus on taxes in “small” markets, there will be no effect of any commodity tax on the price of
capital as the commodity will have a small share of the market of capital and capital is freely mobile.

1We assume that the supply of the commodity is not perfectly elastic as we are interested in
determining how the incidence between consumers and producers. One means of motivating a supply
curve that is not perfectly elastic is to consider a commodity-specific input used in production. If
this were the case we would have =P (q1, g2, ¢3,y) = 3 (pi,pi[) and x! (pi,pi[) =1 (pf) where p! is
the price of the input, z! (pi, pl ) is the derived demand for the input, and I; (p{ ) is its supply. If the
supply of the input is not perfectly elastic, the supply of x; will not be either. As there is a one-to-one
correspondence between the price of the commodity, p;, and the price of the input p! we can suppress
the price of the input in our analysis. As a result, we may have profits in perfect competition.



where the tax is rebated to the consumers.!? As we are considering aggregate demand,
we allow, initially, for the income of consumers of the different commodities, y; to differ.

The equilibrium conditions are:

where EP (q,y;) is the excess demand function for commodity i. As demonstrated by
the Sonnenschein-Mantel-Debreu theorem, the excess demand function for an economy
is not restricted by the usual rationality restrictions placed on individual demands.!?
This being the case, we provide more structure by considering the simple one con-
sumer /producer case. Specifically, we assume that the budget share in consumption
by the single consumer of commodity i, B; = %, equals her ownership share of the
commodity. As well, she receives all the tax revenue. Then totally differentiating (1)

with respect to 7, and 7 yields

— (M1 + MiaT2) [N — 1) (M55 — 145) — Ty M)
b= + (M + Mjat2) [Ty (M — p) — TNk |
+ (M1 + Mr27) (05055 + Nk (M55 — 145)]

L0k =1,2,3;
(2R 7<2a7)

i£i£k

I~

(7711 - ,Ml) [(7722 - M2) (533 - /~L3) - 77237732] + 521 [512 (533 - ,u3) - ﬁ327713]
H| = (2b)

+031 [M272s — T (22 — p2)] -

where 1;; = 1;;+0; 22:1 Tk Bk, Mij is the compensated price elasticity of commodity z;

ZZZ_ %, is the Marshallian price elasticity of demand, p; =

81"15 Di
Op; w;

with respect to g;, €;; =

%ﬁ is the income elasticity of demand, 5, = & is
Yi Tq

v
the budget share of zy, p; = df", and 7; = %. Formal derivation of (2a)-(2b) are in

Appendix A.1.

is the elasticity of supply, 9; =

12Musgrave and Musgrave (1989) define three views of incidence: absolute, differential, and budget
incidence. Rebating revenue to the consumers allows the budget to adjust to a tax perturbation. This
avoids the difficulties of absolute incidence where public expenditures are held constant and allows us
to focus on the appropriate case of budget incidence.

I3The basic point of the theorem is that we can place almost no restrictions on market demand
functions in general. Of course, a corollary is that we cannot assume that cross-effects are small. This
provides further justification for our model.



2.1 Taxation in a Single Small Market

Frequent justification for use of the partial equilibrium formula, for example in Kotlikoff
and Summers (1987), is that a market is small relative to other markets. If this is true,

the budget share of x;, B;, is also near zero. The relationships between cross-price

elasticities can be expressed in terms of market share with e;; = £%e,; and n; = L%n;..
I gy S I gy 1

While changes in the price in the large market (z;) should have an impact on purchases
in a small market (x;), |&;|, |7;;/ > 0, any change in price in the small market will

have little impact (in percentage terms) in the large market, €;;,n;; = 0. Then letting

9171
45T

can work with compensated elasticities for these elements in (2a) and (2b). As in the

x1 be the small market, that is,

~ 0, j = 2,3; this implies that 7;; — n;; and we

prior literature, to focus on the impact of a tax in a single small market, let 75 = 0,

and substitute ;1 = £2%n; in (2a):

45Ty

=171 [(Ta2 — p2) (M33 — H3) — Th230s2]

po= +L2 07 | e (M3g — i3) — Mﬁ31ﬁ32:| |H| ™, (3a)

q2T2 q3T3

— L1371 (273 — Ths (T2 — f12)]
q1r1

(a1 — 1) (T2 — p2) (M3 — p13) — M2stiz2] — ETmo [7712 (M3 — pis) — 22 %1536;]0)
+ L0013 (12023 — Tz (22 — p2)]

|H| =

Then considering the limit as Z;—i; and g;—i; approach zero, the budget shares, By and

By also approach zero. Apply this to (3a) and (3b), and as in Appendix A.2, yields

———— 7 =71 <0 and (4a)

p2=p3 =0 (4b)

As (4a) clearly shows, the standard partial equilibrium incidence formula (Kotlikoff
and Summers 1987) is obtained in this case with no effect on prices in the other two
markets. However, the assumption needed to derive this is not that the commodity
needs to be a small market, as in the prior literature, but rather that it needs to
be small (pairwise) relative to all other commodities (o, x3) given that x5 cannot be
included in the composite commodity.

Alternatively, rather than assuming “small” markets, that is, markets which have

budget shares approaching zero, our results can be obtained if we assume that x5 and x3



have perfectly elastic supplies (p; — oo, ¢ = 2, 3) . While the increase in ¢; will change
demand for x5 and z3, because of the perfectly elastic supplies of x5 and x3 the prices
of the two commodities are unchanged. This being the case, there are no “feedback”
effects of price changes in these markets on the demand for z;. If we do not assume
small markets and we are considering a tax increase from a positive tax rate (73 > 0)

there are income effects and the effect of a tax change on piis given by

P = i — Tlﬁnﬂ =pn <0 (5)
where 111 = 111 + 0171 B1€11 following our earlier definition of 7,;. However, if there are
no pre-existing taxes then p; can be expressed as in (4a) using compensated elasticities.
To be clear, all of our subsequent results apply with compensated elasticities under two
conditions: either small markets (including in the presence of pre-existing taxes) or no

pre-existing taxes and a perfectly elastic supply for x5 and x3.

Proposition 1. With perfect competition and related commodities (non-zero cross-
price elasticities), sufficient conditions for the standard partial equilibrium incidence
formula, (4a), to apply to commodity xz; are that, only the tax on x; changes and one
of the following must hold:

(1) expenditures on x; are small relative to all other commodity groupings or,

(2) the supplies of all other commodities x;, j # i are perfectly elastic.

Proposition 1 requires only one commodity experience a tax change which rules out
the application of the partial equilibrium formula in the presence of broad-based con-
sumption tax changes. An alternative to the sufficient condition in Proposition 1 is

that cross-price elasticities are equal to zero when markets are small.

2.2 Taxation with Two Small Markets

Now consider the incidence of a tax when a market may be one of a few small, related
markets. Rather than x; being small relative to both x5 and x3, let both z; and x5 be

small relative to x3 or Z;—z; ~ 0 and Zi—ii ~ 0.1 As well, we potentially allow for changes

14\We make the assumption of two small markets following the prior literature. However, if the
market for zo were not small, the formula for the impact of a general sales tax (or VAT) on the price
of z1 would be similar to those we derive except replacing 7;2 for 7;s.

10



in the tax rates on both z; and z5. Substituting 13, = q;m; M3 and 73 = Zi_x27723 gives:
— (ni1 71 + Mi2T2) [(7733 — p3) (5 — 1) — %%3%3}
R . R . o Li=12
pi = — (171 + MjaT2) [Th‘j (Ta3 — p3) + ng; 77]37713] |H|™, vy (6a)

(q;—xiﬁl 1+ BT 2> [m2753 + iz (Mj5 — 145)]

(7711 - Ml) [(%3 - M:s) (?722 - MQ) - %—%77237723} — 21 [7712 (ﬁgs /Ls) - Zi—ﬁn%mf&b)

’H| - q1x1
+iazs 13 [M272s — (M22 — p2) Ths) -

Evaluating (6a) using (6b) at 2% = 222 = ( gives
b= pift (LHp) YT T T 6 =1,2i# j and

(A) () (©) )

p3 =0 (7b)

where p; = # <0,i=1,2 and \f[\ = (m1 — 1) (n22 —u2)~— Mo1n12 > 0 for the
stability condition to hold.!® In addition to the determinant, |H|, being positive, the
elasticities must satisfy the conditions 7,1 + 7o + 73 = 0, 1 = 1,2, n11 < 0, n9 <0,
man21 > 0. As well, the second order condition must hold: 1y17m22 — 712721 > 0.

In (7a), term (A) is simply the partial equilibrium incidence as derived in (4a),
while term (B) is the additional “general equilibrium” impact arising from the cross-
market effects. Part (C) is the effect of a (simultaneous) increase in taxes in a related
market. If 77 and 75 are both non-zero, the tax reform could be thought of as a sales
tax change, whereas if one of these terms is zero, we might think of this as a specific
tax, such as an alcohol excise tax.

The gross price to the consumers is simply ¢; = p; + 7; so that the change in the

gross price is simply ¢; = p; + 7;, @ = 1, 2. Then from (7a) we obtain

= (L+p)tt UHP)YET AT Gj=1204] (8)
(A) (B) (©)

where the interpretations of terms (A) - (C) are the same as for (7a).
Again, as an alternative to the assumption of small markets, in this case for both

1 and x9, we can derive the same results with a perfectly elastic supply of x3 without

5 Expression (7a) is derived in Appendix A.3.

11



the assumption of small markets. As when we consider a tax in a single market and
elastic supplies for the other commodities, there are income effects when we start with
existing taxes (11 > 0, 7 > 0). In this case in (7a) and (8) we replace 7;;, j = 1,2 with
Tij = Nij + 0i Doty ThBrEnj-

The intuition of terms (A) - (C) in (7a) and (8) can be displayed in a series of
supply and demand diagrams. Quite interesting is that the results can be presented
graphically in two different ways. Recall that demand is given above by = (q, ;).
Under the assumptions above, that is, the small markets assumption, this can be
rewritten as x” (qi,¢2). Then, we can express a “partial equilibrium” demand curve,
D, = 2P (q1,7,) where g, holds the price in the other market fixed, which implies that
changes in the consumer price of x5 shift the demand curve for ;. As an alternative, we
can define a “general equilibrium” demand curve D, =7, (q1,72) = 1 (q1, po(q1) + 72),
which takes into account the relation between the consumer price of x; and the con-
sumer price of x5.'® Notice that tax changes in market 2 would shift this demand

curve but that price changes in market 2 induce a movement along the demand

721
(n22—p2)
by nf; = m1 — (;772122:7112) > 111, which means that this demand curve is less elastic than

curve. Then as ¢ = — 41, the price elasticity of this demand curve is given

the demand curve x? (q1,q,). For Z; (q1,7) to be positively sloped, that is n;; > 0,
requires (122711 — M2m21) — M1 fe < 0 which is a violation of the second order condition
for expenditure minimization. Then Z; (¢;, 72) cannot be positively-sloped and it is not
possible for more than one hundred percent of the tax to be borne by the consumer.
We initially present the intuition for the case where the tax rate on the first good
(x1) increases, but does not increase on the second good (x2). First we focus on an
analysis using the partial equilibrium demand curves. As we are only considering a
tax on commodity z, terms (A) and (B) only appear in the expression for ¢;, while
term (C) only appears in . Figure la supposes these two goods are substitutes while
Figure 2b considers complementary goods. The imposition of the tax shifts the supply
curve for x; yielding the standard tax wedge between supply and demand, increasing
consumer prices (to ¢7, term (A)) and decreasing producer prices (to pf, term (A)).
With substitute goods, this higher price will increase demand for the untaxed substitute

commodity xs and, as a result, raise its price (to ¢z, term (C)). The higher price of

6This demand curve formulation is similar to Lee and Saez (2012), who write “Both the
demandD; (wy) and supply S1(wi) curves in the low-skilled labor market are defined assuming that
the market clears in the high-skilled labor market...” So, in their model, the linkages between the two
markets are incorporated into the demand-supply diagram for market 1.
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the untaxed substitutes results in feedback effects in the first market — an increase in
demand for the taxed commodity, increasing its price even more (to g, term (B)).
This price increase shifts some of the incidence from the producer to the consumer.
The story is similar in the case of complements with the only difference being that the
higher price of the taxed commodity decreases demand for its untaxed complement,
thereby reducing the price of the untaxed commodity (to g, term (C)). But, because
the two goods are complements, the lower price of the untaxed good increases demand
for the taxed commodity. Again, consumer prices in the taxed market rise more. This
intuition makes it clear: any partial equilibrium analysis of an excise tax on a single
product that ignores complementarity or substitutability provides a lower bound on the
true general equilibrium incidence. Regardless of whether products are complements
or substitutes, the feedback in the first market is always positive.

We can now compare the figure using the partial equilibrium demand curve as D;
with a representation using the general equilibrium demand curve 151 In Figure 2 we
show both the “partial equilibrium” demand curve D; and this “general equilibrium”
demand curve D; for the case of substitutes. As can be seen in the figure, the general
equilibrium demand curve captures the direct shift of the supply curve due to the tax
and the shift in D; (from D? to D)) due to increase in gy, i.e, this demand curve would
be steeper than the ordinary demand curve because it captures both terms (A) and
(B) in a single step. However, in market 2, the general equilibrium demand curve must
shift because the tax changed in the other market. Intuitively, as the price for z; goes
up, this reduces demand for x1, the demand for x5 rises, which raises its price, which
then dampens the reduction in demand for z;.

In Appendix A.7 we consider an example with three “small” markets with tax
changes in addition to a composite commodity. We also consider an example with an
arbitrary (n) number of small markets with tax changes. While each individual market
is small, the aggregate need not be; this allows to consider a broad-based sales or value-
added tax change. For both of these examples we provide general expressions for tax
incidence when taxes are increased in the n multiple markets. In the 3-small market
example, we show that if related commodities z; and x5 do not have a relationship with
the other commodity (z3) also experiencing a tax change, that is, there are zero cross-
price elasticities between x; and x3 and between x5 and x3 (713 = 731 = 123 = 132 = 0),
then the incidence for wz;, ¢ = 1,2 is still determined by (7a). It is also shown in

Appendix A.7 that this result generalizes to the n-commodity case with tax changes
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on all other unrelated groups of commodities having no effects on the tax incidence of
the related products. Even if many commodities are subject to tax changes as under a
sales tax, only the subset of related commodities (i.e., those with non-zero cross-price

elasticities) affect the tax incidence of a commodity.

2.2.1 Multi-market Incidence

In the partial equilibrium framework, a tax increase in one market does not affect
consumer prices in other markets. As shown above, this is not the case in our model.
Given that many products’ prices might be affected by a tax change in a single market,
how do we consider a more general incidence formula that incorporates prices changes
in multiple markets? For example, consider the extreme case of (nearly) perfect com-
plements. It is inappropriate to consider only the impact of a tax on tennis racquets
on the price of racquets without considering its impact on the price of tennis balls.
Continuing with the assumption of two “small” related commodities (x1, zs) with
non-zero cross-price elasticities we develop a total incidence measure incorporating
both markets. Let the indirect utility function be given by V (¢, g2, g3, y). Then dif-
ferentiating V' (q1, ¢, q3, y) with respect to 7 and applying Roy’s Identity gives:

dv ov [ . Ty . T3,
= <Q1 + ECD + @CB + dy) . (9)

d_7'1 _Qlea_y 4171 q17
where dy is the change in income resulting from changes in profits and tax revenue.
While invoking a small market argument for x; and z5 implies that ¢5 — 0 as Z;—i; — 0
and gi—ii — 0 it does not imply that g?—ifdg — 0. Just as the partial equilibrium
incidence measure for a single market ignores the weighted impact on the prices of
other goods (z3), to focus on the incidence effects in the markets that are being taxed,
we focus on the related markets, ;1 and x5, and not on any impacts in the general
price level (z3). Further, as we are not attempting to measure the welfare impact of
the taxes but rather the impact of price changes, we do not include the impacts on tax
revenue and profits (dy) in our incidence measure — this is also the same assumption
as in the partial equilibrium case. Of course, alternatively, if we have small markets
or begin from a starting point of no existing taxes, there are no income effects. Then
using (8) for both ¢; and ¢, and, as incidence is measured in changes in prices and not

quantity, dividing (9) by —%—quxl gives the multi-market incidence for a change in 71:
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q
I =

(1—1—01) 1+7712~7721 i a2 /ﬁ11721 - (10)
\H\ qi1Ty ]H\

To evaluate the incidence on producers, let profits be their measure of welfare. Then

differentiating profits in both markets with respect to 7 and applying Shephard’s

lemma yields

d[m + ] dp1 dps
dm dﬁ Ty dm (11)

Then using (7a) to substitute for dp1 and dp2 in (11) and dividing by ¢z, yields

1=+t pr) g i | (12)

The total multi-market incidence is a budget share weighted average of the incidence
across the two taxes markets. Having derived this formula, we now return to consider

the incidence in each single market as this is the primary focus of empirical studies.

2.2.2 Partial and General Equilibrium Differences in Incidence

As seen in equation (7a), the partial equilibrium formula for incidence does not hold
if the taxed market has a non-zero cross-price elasticity of demand with another small
market. But, we might reasonably ask how much of a difference does using the general
equilibrium formula make?

First consider the case with 75 = 0. From inspection of term (B) in (7a), it is
apparent that the cross-market effect always mutes the decrease in p;. The magnitude
of the difference in the general and partial equilibrium measures of incidence can be

expressed in percentage terms. Using (7a) gives

B l5=0 = Pi_ pts oo
Pi ]H]

<0,i=1,2,j#1 (13a)

where p{ is the incidence measure in (7a) with 7; = 0. With a single tax, the producer
incidence is always closer to zero in general equilibrium.
Additionally, we are interested in the incidence of increases in broad-based taxes,

such as a sales or VAT. We consider the change relative to the partial equilibrium
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measure and (7a) with 7, = 7o,

NG

Pilti=t; — Pi _ Nij (paingi + 15 (i — i)

pi Mii | H]|

;07 Za] - 1727 l%j (13b)

As can be seen in (13b), the sign of the difference in the two measures is ambiguous and
depends, among other parameters, on whether the two commodities are substitutes or
complements. The simulation analysis in Section 3 provides some indication of the

magnitude of these differences.

Proposition 2. With perfect competition, two related products and

(1) when a single commodity’s tax changes, the partial equilibrium formula (4a)
always overstates, in absolute value, producer incidence and understates consumer in-
cidence compared to the general equilibrium incidence;

(2) when both commodities’ tazes change, the partial equilibrium formula (4a) al-
ways overstates [understates], in absolute value, producer incidence and understates
[overstates] consumer incidence compared to the general equilibrium incidence if the

commodities are Hicksian substitutes [complements].

2.3 Overshifting & Undershifting

The simple partial equilibrium model with competitive markets predicts that the in-
cidence of a tax increase falls between 0 and 100 percent for both consumers and
producers. As discussed, Besley and Rosen (1999), among others, finds “overshifting,”
more than 100 percent of the incidence of a sales tax borne by consumers of a number
of items subject to sales taxation. They argue that this might be considered evidence
of imperfectly competitive industries and a “markup” pricing strategy. Here we relax
the partial equilibrium assumption but maintain the assumption of perfect competition
to see whether and under what conditions “overshifting”might be generated. We also
consider the possibility that consumer prices might fall with perfect competition in re-
sponse to the tax, something first demonstrated as Edgeworth’s Paradox in the context
of imperfect competition. In this section, we derive analytical results; in Section 3, we
provide some simulations that provide some indication of the range of elasticities for

which overshifting or undershifting can be obtained.
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2.3.1 Can Tax Increases Be Overshifted?

Focusing on the case of two small markets in Section 2.2, we first consider the possibility
of overshifting when only the tax in one market (x;) increases. As shown in Appendix

A4, using (7a) with 75 = 0 for p; > 0 requires

Mifte — [inez — Mano] > 0= p; > 0,

(14a)
st (m1 — p1) (a2 — p2) — mianar > 0.

As 111722 — M2m21 > 0 by the fact that the Slutsky matrix is negative semi-definite!”,
the condition cannot be satisfied: overshifting is not possible.

While overshifting is not possible with an increase in the tax rate in a single market,
increases in sales or VAT tax rates increase taxes in multiple markets. To consider the
possibility of overshifting with tax increases in multiple markets, let 71 = 75. Then

using (7a) for p; > 0 requires

(m1 + ma) 2 — (Mine2 — Mane1) > 0= p1 > 0.

(14D)
st. (1 — ) (22 — p2) — Manz > 0.

The distinction between the overshifting condition with the tax increase only in market
1 (14a) and equal (percentage) tax increases on both x; and xs (14b) is the term 720
in (14b). While the second term of (14b), — (11722 — m2721), is negative, the first
term, (711 + mi2) pe is positive if n39 > |11, that is, the cross price elasticity of
with respect to ¢, is greater than the absolute value of its own price elasticity. Indeed,
Okrent and Alston (2012) and Harding and Lovenheim (2017) show some commodities
have cross-price elasticities that are larger than the own-price elasticity.

It is important to note that overshifting is possible in only one of the two markets
being taxed. Necessary conditions for both markets to have overshifting are 715 > |11 |
and 11 > |n92| . However, then the condition 711792 — 712791 > 0 is violated.

When overshifting is or is not possible can also be seen by examining (7a). The
numerator of term (B) consists of only demand-side parameters, specifically the product
of the cross-price elasticities. In contrast, the numerator of term (C), which gives the
impact of the second market, consists of demand-side and supply-side parameters.
For term (B) to be of sufficient magnitude to generate overshifting from the single

tax, the product of the cross-price elasticities would have to be of a magnitude in

1"For discussion, see Mas-Colell et al. (1995), p. 69 Proposition 3.G.2.
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excess of those ensuring the negative semi-definiteness of the Slutsky matrix, that is,
N11M22 — Mi2Me1 > 0. The elasticity of supply in term (C), faces no such constraint. This
supply elasticity allows for a “bigger” increase in the price in the second market, which

may generate larger feedback effects in the first market.

2.3.2 The Edgeworth Paradox: Can Tax Increases Be Undershifted?

As with overshifting, we first investigate the possibility that a tax increase in a single
market leads to undershifting, that is, p; < —1 and that consumer prices may fall

(G1 < 0). As shown in Appendix A.4, using (7a) with 7, = 0 for p; < —1 we obtain

p1 (2 — m22) <0 = p1 < —1

(15a)
s.t. (M1 — pa) (Ma2 — p2) — Miana1 > 0,

which, as both p; and gy — 199 are clearly positive, cannot be satisfied.
Consider the case with tax increases on both z; and xs. Then using (7a) with

71 = T2 for p; < —1 we have the condition,

i (fe — m22) + miapte < 0= Py < —1

(15b)
st (M1 — p1) (a2 — p2) — Mana1 > 0.

The distinction between (15a) and (15b) is the term 722 — the same difference between
the overshifting conditions. As with overshifting, while undershifting is not possible
when only 71 changes, it is possible when both taxes change. While overshifting re-

quired that x; and x5 be substitutes, undershifting requires they be complements.

Proposition 3. With perfect competition and two related commodities:

(1) the necessary condition for overshifting to arise is that both commodities are
tazed and the commodities are Hicksian substitutes. The sufficient conditions for over-
shifting are given by (14b).

(2) the necessary condition for Edgeworth’s paradoz to arise is that both commodi-
ties are tazed and the commodities are Hicksian complements. The sufficient conditions

for Edgeworth’s paradox are given by (15b).

Figure 3a illustrates overshifting with taxes on two substitute commodities and Figure
4b shows the case of undershifting with taxes on two complementary commodities.

Now, as we consider the case where both commodities are taxed, terms (A), (B), and
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(C) may potentially appear in the expressions for ¢; and ¢». We focus on the impacts
on consumer prices in Figure 3a — showing overshifting — and the impacts of producer
prices in Figure 4b — showing undershifting.

In Figure 3a, focusing on commodity x; with substitute commodity x4, we illustrate
the total impact of the tax 7 — increasing the price to ¢, the sum of the partial
equilibrium impact (term (A)) and the impact arising from the increase in demand
and price for xs (term (B)). As xo is also taxed at 7o, there is a further increase in
demand for z; (term (C) of (8)). This additional increase in demand raises the price of
1 to consumers, (i, above the consumer price with full incidence, p{ + 7. Analogous
impacts are illustrated for xs. In Figure A.1 we illustrate over-shifting with taxes on
both x; and x5 using the general equilibrium demand curve representation. In this
case, the shift out in 131 reflects the increase in 7 when x; and z5 are substitutes.

Next, consider the possibility of undershifting with complementary commodities.
To simplify the figure, we assume a perfectly elastic supply for commodity x5 in Figure
4b, i.e. the increase in the consumer price of x5 is 7. We focus on this case as
undershifting in market 1 is most likely to arise because the increase in taxes yields the
largest price increase for commodity zo. Under this assumption, the decrease in the
producer price of z; is the partial equilibrium impact (term (A)) and the reduction in
producer price due to increase in the gross-of-tax price of its complement (term (C)).
As shown the net of tax price of x1, ];;1, falls below the price when producers bear the

full incidence of the tax, p) — 7.

2.4 Cascading Taxes

Thus far our emphasis has been on how demand relationships between products cause
differences between the general and partial equilibrium incidence. More generally,
supply side linkages may also result in similar mechanisms as in our model. We model
this as tax cascading, but the conclusions apply more generally than this tax example.

While the sales tax is often regarded as a tax on final consumption goods, in fact,
intermediate materials or services are sometimes subject to sales taxation, a phenom-
ena often referred to as “cascading” or “pyramiding” with about two-thirds of sales tax
revenues derived from purchases other than those of final consumers (Ring 1989). In
particular, tax cascading arises because a significant portion of transactions taxed un-
der the retail sales tax are business to business, that is, “intermediate” goods. Wildasin

(2001) gives the example where firms selling taxable products to consumers also pur-
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chase taxable inputs from their upstream suppliers. Then, as is the case in many
states, if half of sales tax revenue is from final consumption, the price of these taxable
consumption goods will reflect the the other half of sales taxes coming from business
inputs. As such, for a six percent sales tax, the effective tax on the final consumption
product would be 12%. Wildasin (2001) constructs effective tax rates by commodity
category using an input-output table, and they range from an effective tax rate of 0%
to 12%. Tax rates vary in a haphazard or arbitrary way across commodity groups, not
well approximated by a uniform statutory rate on all commodities. While it might be
argued that the VAT does not have this problem as the tax is a share of valued added
at each stage of production, exemptions under credit-invoice VAT systems and, under
subtraction VATSs, differential taxation of different products that may be inputs, leads
to effective differential taxation of final products due to some firms being exempt from
VAT not being able to rebate VAT on inputs or the possibility of VAT evasion.

To highlight the impact of cascading on tax incidence, we offer a slight modification
of our three product model. Rather than have z; and x5 be linked by demand, we
assume that x,, in addition to being consumed, is also an input in the production z;.
Production of a unit of 1 requires o > 0 units of x5, making the marginal cost of a unit
of z;(and therefore p;) equal to ¢; (x1) 4+ (ps + 7). Alternatively, define p} = ¢ (),
the return to producers of x; net of both 7 and ps + 75 making ¢; = pt' +71 +a(pe+72).
The demand for x5 is given by

EP(q,y) = 23 (q,y) + azy(a,y) — 25 (p2) (16a)

and revise the excess demand for z; to be

EP(q,y) = z7(q,y) — 257 (p}) (16b)

We isolate the effects of cascading, by assuming that 715 = 1751 = 0 and that both x; and
xo are “small” markets (;ﬁ—i; ~0,i=1, 2). As shown in Appendix A.6, differentiating

(16a) and (16b) yields

2,2
a”nq . anii e .

pr=p71+(1+p1) T+ 75 and (17a)
1 =o' A
) anuipin . —N2a (M1 — ) + o203y
? |HC| |HC|
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where |HC‘ = (1 — 1) (M2 — p2) —a®n3; > 0. Note that ps, as seen in (17b), captures
two effects. The first term is the decrease in py due to the decrease in demand for it as
an input in z; now that x; is taxed. The second term consists of two effects of taxing
x9: the price (to the producer) falls directly due to the tax, a partial equilibrium effect.
A compounding effect is a price decrease due to a reduction in quantity demanded of
x1 and, therefore, a reduction in demand for z, as an input. Using (17a) and (17b)

yields the change in the producer price of x; inclusive of the tax on s,

a?n? A « )
=P +apa+5)= mh +pa [1 + (#1_17711)} T (18a)
(A) (8) ©)
and, analogously, the change in the consumer price,
a2 2 ~ o JaS
Gi=p+n= (1+p)h + [1 T (m*lml)} (E s (18b)

(A) (B) C)

If the change in the tax is the same on both x; and x5 as the result, for example, of

an increase in a general sales tax, (18a) becomes

A~ a2 [6% A~
b= Lo (14 B8 ) + (8 (a, + pa) } 7 (19)

where 7 = 71 = 73, the common (percentage) change in 77 and 75.

Figure 4 shows the intuition of tax cascading for the simple case where the supply
of the output, xy, is horizontal. In market 1, the tax there shifts supply up (term A).
This reduces the quantity demand for x; and, therefore, the demand for its input, -,
also lowering its price. This lower price of input xs reduces marginal cost for z; (term
B). As both markets are taxed, the tax on xs increases the marginal cost for z; (term
C) but not by the full amount of the tax, am because the reduction in demand for
x associated with the tax on z5 reduces the derived demand for zy (shifts in demand
to Dg ) and the price of z5. In this example, prices rise by more than the statutory
tax rate, but the appropriate benchmark to assess incidence is the effective tax rate.
Even though the statutory tax rate is 71, the effective tax rate is 7 + « (py + 7). If
the supply for x5 is perfectly elastic, the effective tax is 7 + a7s.

The formal condition for the possibility that consumer prices rise by more than
the statutory tax change (“overshifting”) is stated in Appendix A.6; it is relatively

easy to show conditions under which “overshifting” occurs. Two obvious cases are when
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m1 = 0, demand for z; is perfectly inelastic, or when p; — oo, the supply for z; is

perfectly elastic. With ny; = 0, (19) simplifies to

limn,,s0 D1 = [ e } >0 (20a)

—,u11(7722—#22)—04277f1

and when p; — oo, (19) simplifies to

(n22—722)

limy, 0 P1 = [ o« (an?, + [Lz)} 7> 0. (20D)

If a researcher ignored that inputs were taxed, they would observe what looks like
“overshifting” in the data, however, this would be because of comparing the price

change to the statutory tax change rather than the effective change.

Proposition 4. With perfect competition and two commodities, one of which is an
wnput to the other commodity, but which are neither substitutes nor complements, the
consumer incidence of the tax as a fraction of the statutory tax on the final product

can exceed one.

3 Evidence from Simulations

3.1 Simulations

We report simulations that demonstrate the magnitude of deviations from the par-
tial equilibrium formula and parameter values for which overshifting and Edgeworth’s
taxation paradox arise. We focus on producer incidence.

First, we demonstrate the importance of multi-market incidence discussed in section
2.2.1. The budget share weighted average of the two price changes is given in table
1 for various elasticity combinations. In the upper panel of the table, we set all own-
price elasticities at one and allow the cross-price elasticities to vary. In this setting, the
partial equilibrium incidence on producers is one-half. As discussed above, the general
equilibrium incidence in the taxed market is closer to zero, regardless of whether the
related products are complements or substitutes. However, the multi-market incidence
depends critically on whether the products are complements or substitutes. In the
presence of substitutes, the multi-market incidence on producers is closer to zero than
the partial equilibrium formula. As indicated, if the taxed market is a small budget

share relative to the substitute product’s budget share, it is possible that the multi-

22



market incidence on producers results in an overall price increase due to prices rising
in the untaxed market. In the presence of complements, the multi-market incidence on
producers results in prices falling by more than suggested by the partial equilibrium
formula. In the lower-panel, we focus on supply elasticities that are large, so that
the partial equilibrium formula yields only a very small price effect for producers.
Notice, in this setting, the partial equilibrium formula is a reasonable approximation
for the general equilibrium effects in the taxed market (the error is between 2% and
6%). However, the multi-market incidence can be off by more than 100% the standard
partial equilibrium incidence. Even if the partial equilibrium formula is a reasonable
approximation to the incidence in a given market, researchers should be careful to
account for the effect of the tax in related markets, especially if consumer purchase
both products (like the example of tennis racquets and balls).

In table 2 we show the incidence under our formula and the percent change relative
to the partial equilibrium formula. We show a baseline estimate when all own-price
elasticities are equal to unity in absolute value; each row of the table perturbs one of
these own-price elasticities in the spirit of “comparative statics”. The columns show the
incidence for various cross-price elasticities. In the first two columns, both cross-price

elasticities are equal. In the second set, they differ. When 15 = 1.5 and 757 = 0.5, then

market 1 is three times as large as market 2 (recall n;; = gjij ni;). We see that when
two taxes change, the incidence may be over or undershifted to the consumer and the
bias from the standard formula can be substantial. The pairs of cross-price elasticities
indicate when over and undershifting are most likely to arise. Then, in table 3 we show
simulations when the supply elasticity in both markets is large (i.e., the standard case
when the supply curve approaches horizontal). We present this case as it is commonly
assumed in the literature. Even with relatively horizontal supply curves the bias in
the partial equilibrium formula can be large in percentage terms. Finally, in table A.1
we consider inelastic supply in market one with very elastic supply in market 2; the
possibility of Edgeworth’s Paradox and overshifting is most likely in these cases.
While the tables are appealing for precise estimates of incidence, they do not allow
us to show the precise elasticity regions for over- or undershifting. In figure A.2, we
show the producer incidence when both market 1 and 2 are small and only market
1 is taxed. For ease of interpretation, we fix all own-price elasticities at u; = ps =

Im1| = |m1| = 1 and allow the cross-price elasticities to vary.!® Three constraints are

BAsn;; = %nﬁ, varying the relative cross-price elasticities is equivalent to varying relative budget
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imposed: the second order conditions for expenditure minimization; the condition on
the Hessian matrix; and the product of the two (compensated) cross-price elasticities
must be positive. Areas where these conditions do not hold are in white. Our general
equilibrium formula has producer incidence that is always closer to zero by anywhere
between 0 and approximately 20 cents, which is up to a 40% error in the partial
equilibrium formula for these parameters.

In figure A.3, we maintain all assumption as above, but now allow for taxes in
both markets 1 and 2. We have equal tax changes in both markets, as in the case
of the general sales tax. In this figure, the difference between the partial and general
equilibrium formula is no longer always positive. Now, the change in the producer price
relative to the partial equilibrium formula can either increase or decrease. The figures
indicate that this deviation can be substantial. Indeed, the possibility of overshifting
can arise if the cross-price elasticity of good 1 with respect to the price of good 2 is
sufficiently large. For the given parameterization, Edgeworth’s paradox cannot arise.

Finally, in figure A.4, we hold all own-price elasticities the same, except we allow
the supply curve elasticity to be very large. In this case, undershifting is more likely
to arise. We plot the producer price results for market 1. Again, the deviations
from partial equilibrium can be positive or negative and are substantial. We have the
possibility that both Edgeworth’s paradox and overshifting can arise which is consistent
with the intuition in figure 4b.

To generalize the results, we hold three of these elasticities constant and change one
by +0.50. See figure A.5. This allows us to see how the general equilibrium incidence
formula changes, in the spirit of “comparative statics.” We focus on the contour plot of
areas that show if Edgeworth’s paradox or overshifting arise (the incidence is changing
smoothly across this figure: increasing toward the darker areas and decreasing toward
the lighter areas). As is evident, overshifting is more likely to arise if |7;;] is small or

|m2o| is large. Edgeworth’s paradox is more likely to arise, if p; is small or s is large.

3.2 Evidence from a Specific Utility Function
3.2.1 An Example of Overshifting

As an alternative approach to obtaining some indication of the conditions when over-

shifting might occur, we provide an example of a utility function under which overshift-

shares, a point discussed more explicitly shortly.
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ing is possible. In this simple three commodity framework, overshifting would require
one of the two taxed commodities (z1,z3) to be a complement with the untaxed com-

modity, x3. A utility function that meets those conditions is
U(x17x27x3) = (min[ﬁlxhﬁ?)x?)])a m%_a (21)

where 3; > 0, i« = 1,2. Then z; and z3 are “perfect” complements and x5 is a
substitute with both of them. Appendix A.8 derives the the compensated demand

equations, which yield the relevant demand elasticities for determining incidence,

aB3q

(1-0a)Bn _ oBa
(Bsq1 + Bras)

= (Bsq1 + Bigs)’ (22)

M2 = (1 - 04) , Mo = —a, and 1y =

Then it is easy to show that

(1 - CY) Bsq1

e bl = (1) - |- o oy Ay oy

(Bsq1 + B1gs)

and that 711722 — 112721 = 0.

We provide simple numerical simulations of the potential magnitude of overshifting
that can arise from this utility function. By no means are we attempting to provide
an indication of the range of overshifting that might be possible. While relative prices
of the commodities will affect the elasticities and therefore potential overshifting, we
normalize all three commodity prices to unity in this example. We choose a = 0.95
making xy approximately five percent of expenditures and choose f; and (5 to have
values such that z; is also approximately five percent of expenditures.!® This gives
m1 = —0.003, 792 = —0.95, n12 = 0.05, andny; = 0.06. We then vary p; between
three values [0.25, 0.5, 1] and uy between three values [1, 2, 10]. Then, we focus on
how variation in the supply elasticities, p; and uo affect tax incidence.

Panel A of Table 4 confirms what was shown in (23) — overshifting will occur with
all non-zero (and non-negative) values of the parameters of the utility function. While
the extent of overshifting is relatively small, from 101 to 109 percent of the tax, we can
see that it increases with the elasticity of supply for x5 and decreases in the elasticity of
supply for z;. As show by (7a), there is relatively little impact from the cross-market

“feedback” effects of 71 (term B) but significant impacts of 7, (term C).

191f 2—13 = 16 when o« = 0.95 we have approximately five percent of expenditures on both x; and zs.
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3.2.2 An Example of Undershifting

As an example of undershifting we use the same utility function, but have x; and x5

be complements and x3 be a substitute with both x; and xs:
U (21, T, x3) = (min[B171, fox])* w32 (24)

In this case, the compensated elasticities associated with this utility function are

iy = (a—1) foqn Taa — (a—1)fige o = (a—1)Bige and 1y — (a—1)Boqy
H (Boi + P1go)’ . (Batr + Prgo)’ . (Bsq1 + P1gs)’ . (Bsqr + (%1561)3)

Then, as shown in (15b) while 712 < 0 is a necessary condition for undershifting, the
role of the supply elasticities, particularly the elasticity of supply of x1, i1, are critical.
In Panel B of Table 4 we parameterize (24) so that both x; and x5 are five percent of
expenditures.?’ This gives 11 = g2 = 112 = 121 = —0.45. In this case, we again vary
w1 between three values [0.25, 0.5, 1] and ue between three values [1, 2, 10]. As can
be seen in the table (bold cells), undershifting occurs when p; = 0.25 regardless of the
value of ps. However, the extent of undershifting increases in py reaching a decrease

in price to the supplier of 126% when p; = 0.25 and pp = 10.

4 An Empirical Example: Taxes on Alcohol

As an empirical example of our theory, we study the alcoholic beverage industry. In
the United States, state governments differentially tax beer, wine and spirits using a
combination of excise taxes. These taxes are included in the posted price and are salient
for consumers. Although all three excise taxes are governed by different statutes, state
governments often change all three taxes at the same time. For example, in 85% of the
instances when a state changes its excise tax rate on wine, the spirit and beer rates also
change. Table 5 summarizes these contemporaneous comovements of tax rates. This
provides some initial evidence that multiple taxes often change simultaneously beyond
the sales tax or VAT applications discussed previously. This combined with beer, wine,
and spirits being related products, provides an important, albeit, selective example.
Rather than develop new empirical methods or data, we test our theory using the

methods outlined in Besley and Rosen (1999) modified for excise taxation. To do this,

20We set 31 = o = 1 and a = 0.1 in (24) with prices normalized to unity.
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we use similar data as Besley and Rosen (1999). Pricing data, from 1982 to 2018,
comes from the American Chamber of Commerce Researchers Association (ACCRA)
price index, which tracks among other items, the price of a six-pack of beer, a bottle
of wine, and a bottle of liquor. These prices are tracked at the city level by Chamber
of Commerce units that respond to the survey. Researchers report the retail prices of
the specified items when responding to the survey, so these prices include the excise
tax but exclude any sales tax. Tax data comes from the Tax Policy Center and is
supplemented with other sources. We do not include any local excise taxes so that
we can focus on state tax changes. To focus on contemporaneous price changes, we
identify the tax as of the first quarter in each year and match this to pricing data in
the quarter. Following, Chetty et al. (2009) we obtain state level prices by averaging
the prices of all reporting metro areas in the state.?! In addition, we include income,

population, unemployment, and the drinking age as controls. We estimate
G = o+ B+ Xap+ G+ G+ €t (26)

where gj; is the excise-tax-inclusive prices of product j = B, W, S (for beer, wine, and
spirits) in state s and period t. Then, 7 is the excise tax in dollars on alcohol, X are
state demand and cost shifters, including the controls listed above. Given alcohol is
subject to a sales tax rate, we include the sales tax rate on alcohol in the regression.
Finally, (; and (; are state and year fixed effects. We estimate this equation separately
for each of the three product classifications and cluster standard errors at the state
level. This equation, as in Besley and Rosen (1999), implicitly assumes that taxes
on wine and spirits do not influence beer demand. Thus, we modify this equation to

account for multiple products, by again separately estimating for each j:

Gr=a+ Y BT+ Xap+ G+ G+ e (27)
J

This equation accounts for the indirect effects through other taxes due to multiple taxes
changing and non-zero cross-price elasticities. Then, for example, when considering
beer prices, the interpretation of the coefficient on beer taxes in (27) will measure the
direct effect of beer taxes along with any feedback effects, while the coefficient on wine

and spirit taxes will identify the effect due to additional taxes changing. On the other

21Results are robust to using an unweighted average and a weighted average where we use the
population of the city reporting the price as weights.
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hand, the coefficient on (26) will include all of these effects in the beer tax coefficient.
Empirically, terms (A) and (B) cannot be separately identified in the approach.

Table 6 presents the baseline results. We present results for the average price in a
state (columns without a prime) and the population-weighted average price (columns
with a prime). To make coefficients within a column comparable, we calculate all taxes
as if they were on an equivalent volume of alcohol for all products.?? Notice that a
one dollar increase in the excise tax on beer increases its price by 0.96 dollars. This
result is similar to the prior literature that finds evidence consistent with (at least)
full pass through. However, when accounting for multiple taxes, a one dollar increase
in the beer tax increases its price by 0.34 dollars (term A and B). Increases in the
wine and spirit tax have significant effects on beer prices (term C). These effects are
economically meaningful and statistically significant. Given the effects are positive,
this suggests that wine and spirits are substitutes for beer. Although (27) identifies
term A and B jointly and term C separately, term C can only be non-zero if the cross-
price elasticities are non-zero. Results are similar when looking at wine prices: the
own-price effect falls after accounting for other taxes and other taxes have meaningful
effects.?

Finally, table A.3 presents an interaction specification that allows us to interpret
a marginal effect. To run this specification, we enter only the own-product tax rate,
but also interact it with dummy variables indicating if the taxes on the other products
change or if multiple products’ taxes change. We then present the marginal effects of
the own-tax price change on prices. This provides a direct test of when overshifting will
occur in our theory and also addresses concerns in the prior regression related to the
possible colinearity of tax rates. While not controlling for the magnitudes of the other
tax changes, as noted in our theory, the own-tax rate will capture the indirect effects in
such a reduced form analysis. For beer, when only the beer tax changes, prices rise by
0.92 dollars. But, when beer and wine taxes rise, prices rise by a $1.44. As predicted by

theory, overshifting only arises when multiple taxes change simultaneously. When both

22In the beer price regression, all taxes are for buying the equivalent of a 0.5625 gallons of alcohol;
in the wine regression, all taxes are for purchasing the equivalent of 1.5 liters of alcohol. While this
standardization allows for easy comparison within a column, interpreting coefficients across different
products is difficult. For this reason, in table (A.2) we present results where the taxes are in different
units corresponding to the same volumes for the priced items in the ACCRA.

23With wine, even after accounting for other taxes, the own-price effect indicates overshifting. While
this may not be possible in our model, this could be a result of unobservable cost determinants. So
long as these unobservables affect both the first and second specification in the same manner, we are
not concerned about this issue.
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wine and spirit taxes change, the results are closer to when only beer taxes change.?*
To summarize, we find that both channels of our model — related products and

simultaneous tax changes — are important.

5 Implications for Empirical Analysis

5.1 Empirical Models Used in the Literature

The traditional empirical model of commodity price incidence for retail sales taxes
(Besley and Rosen 1999)% is a reduced form equation to explain the log (tax-exclusive)
price for commodity ¢ in jurisdiction j in year ¢ as a function of the tax rate 7, observable

characteristics of the city or commodity in X, and jurisdiction and time fixed effects
In(pije) = Bije + ¥ Xije + G + G + €iji- (28)

Besley and Rosen (1999) show that § can be translated to the change in the consumer
price. If the tax rate is small, then 8 can be directly interpreted as the amount of
over-shifting of the tax to the consumer. Thus, if 5 = 0 the price is fully born by
the consumer, if 5 < 0 the price incidence is split between the consumer and the
producer, and if 7 > 0 the tax is over-shifted to the consumer. This reduced-form
estimation strategy has now become common in the literature. Studies of the VAT use
the tax-inclusive price.

Besley and Rosen (1999) use city-level prices for specific products to estimate the
pass through rate. They find large variation of the pass through rate across different
types of products. Besley and Rosen (1999) estimate 5 = 0 for some products like
eggs and tissue paper, but find § > 0 for many products like Big Macs, bananas or
Monopoly games. Recall that § is the extent of overshifting so that a $1 of revenue

increase in the tax, increases the tax inclusive price by approximately 1 4 .26

24The prior analysis indicates that both wine and spirits are substitutes with beer, but this analysis
suggests the spirits may be complements. However, the coefficient on spirits here is insignificant. This
could be due to the fact that in many states spirits are not subject to taxation because they are sold
from state controlled stores (see, for example, Miravete et al. 2018) and our tax data do not have
state markups in these stores.

25We refer to the paper of Besley and Rosen (1999), but our comments apply to almost all papers
in this tax incidence literature using this method. We simply use this paper as an example because
of the clear presentation of results and the interesting heterogeneity.

26Tn the U.S. setting, other studies that find overshifting include Kenkel (2005) and Poterba (1996).
However, most studies finding overshifting, cite imperfect competition as an example of overshifting,
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Studies have formalized the model by comparing treated commodities with un-
treated commodities in the context of natural experiments. This is done in a formal

difference-in-difference framework by estimating
In(pir) = apost; + Bposty X treat; + v X + G + G + it (29)

for firm or product i in year t. The variable “treat” takes on the value of one for
products or firms experiencing a tax reform and the variable “post” is a value that
takes on one for the post-reform period. The design usually involves comparing the
treated product or firm with another product that closely resembles it. For example,
Kosonen (2015) studies a tax reform on hairdressers and uses “other labor intensive
services carried out in small businesses that closely resembles hairdressers, but are not

affected by the reform.”2”

5.2 Implications for Empirical Methodology

First, our study influences the optimal research design for empirical studies. When
employing a difference-in-difference design using taxed commodities as a treatment
group and untaxed commodities (or firms) as a control group, assuming no pre-period
differences, researchers will estimate 5 = Pireat — Peontror fOr producer prices. Thus, if the
treatment products are substitutes for the control products, pireqr > —1 and Peontror > 0.
As such, estimates of § will be biased and will overestimate the true incidence by
producers and underestimate the true commodity tax incidence born by consumers.
If the treatment products are complements to the control products, then pireqr > —1
and Peonror < 0. Again, estimates of 5 will be biased but perhaps more concerning
is that these estimates will overestimate the true commodity tax incidence born by
consumers.?® Of course, the literature is well-aware that using control products in the
research design requires any tax changes in the treated sector to not affect the control

sector. For this reason, the literature has focused on ruling out “control” products

but none of these studies cite complementarities or substitutabilities.

2TKosonen (2015) argues that it is unlikely these other sectors are affected because even if you
substitute to other services, haircuts are still necessary. The paper does not rule out complementarities.
Benzarti et al. (2018) and Benzarti and Carloni (2019) also rely on difference-in-difference estimation
with the latter studying the restaurant industry and selecting a control group of “services that are
comparable to the restaurant industry because of their similar nature, but not directly substitutable
with restaurants.” Indeed, most are also not likely complements.

28This ignores multi-market incidence, which the empirical literature has yet to address.
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that are substitutes, but more focus should be given to eliminating complementary
products. Given product inter-dependencies can never be completely ruled out, our
theoretical framework could be used to help bound estimates of incidence. For example,

if product 1 is treated (tax change) and product 2 is a control (no tax change), we have

B =pDi—p2 = p1+ (1 +P1)m|i~?|21_ nr;q/f ] T = p1+ % [ (1 JF,01)7712 — 2 1.
(30)
As an alternative to using taxed and untaxed products in the same jurisdiction, re-
searchers might consider comparing the same products in different jurisdictions (as-
suming these jurisdictions are sufficiently far away such that cross-border shopping
is not relevant). In this manner, the researcher can compare prices of commodities
subject to the sales tax ignoring demand-side interdependencies. Such an avenue for

research may be especially promising in decentralized countries.

5.3 Implications for Interpretation
5.3.1 Elasticities and Incidence

Given the standard partial equilibrium formula, it is tempting to use tax incidence
estimates as a tool to infer something about the relative supply and demand elastic-
ities. The standard partial equilibrium incidence formula, (4a), suggests that if the
incidence is split equally between consumers and producers, that the supply and de-
mand elasticity are equal. If the empirical incidence estimates suggest the consumer
pays more of the tax, we generally infer that demand is relatively more inelastic. Our
model suggests that this is not the case. As the incidence formula is now a function
of more than two elasticities, the relative own-price elasticities cannot be inferred. For
example, suppose that a researcher estimated the incidence of -0.47 in the third row of
table 2. The demand and supply elasticities in market 1 are not approximately equal.
In fact, the demand elasticity is 50% larger than the supply elasticity. Instead of using
pass-through to infer relative elasticities, researchers wishing to infer something about
the supply and demand elasticities might exploit shocks to supply and demand result-
ing from, for example, factors that constrain supply chains and alter the elasticity of

supply (Marion and Muehlegger 2011).
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5.3.2 Overshifting

Second, our study affects the interpretation of the estimated coefficient 5. Tradi-
tionally, this coefficient has been interpreted in the context of the standard partial
equilibrium model where the consumer incidence is clearly bounded between zero and
one. Empirical studies often justify overshifting (5 > 0) of the tax to the consumer
as evidence consistent with imperfect competition.?? While imperfect competition is
certainly an explanation of 5 > 0, our analysis suggests that interpreting [ as evidence
of market structure is misleading. In particular, we show that when the tax rate on a
multiple products increases, as in the case of broad-based taxes on multiple commodi-
ties like retail sales or VATSs studied in the literature, the estimate of 5 may be greater
than one even though the markets may be competitive. This arises if the product may
be related to other taxed products that are also a small share of expenditures. Thus,
although it is often argued that overshifting implies imperfect competition similar to
that modeled in Delipalla and Keen (1992), we argue that imperfect competition is not
necessary for overshifting to occur.

In cases where the tax being considered is a broad based consumption tax (value
added tax or even a general sales tax), our model suggests that a sales tax rate increase
will also directly impact many untaxed commodities in the consumers consumption
basket. Thus, overshifting may arise if the product being studied is a large share
of the market. However, for those commodities with all cross-price elasticities close
to zero, the partial equilibrium analysis may still apply. In turn, this might be one
explanation for why Besley and Rosen (1999) find full pass-through rates for products
like tissue paper and eggs, but find overshifting for products like bananas, soda, or Big
Macs. Heterogeneous pass-through rates need not be a result of different elasticities of
demand in the presence of imperfect competition, but rather, may simply result from
different sets of products having different cross-price elasticities.

Our model suggests a further complication for measuring incidence.?* Even if a

tax on a given product is not overshifted to the consumer side of the market, it still

29Besley and Rosen (1999) have a section titled “making sense of the results” where they offer two
explanations: (1) imperfect competition or (2) unobserved common effects.

30Zoutman et al. (2018) show that with two restrictions, a single tax can be used to identify both a
demand and supply elasticity. The appendix to their paper extends their model to multiple products.
With multiple goods, their model applies if the variation in the tax rate for each good is independent
and the variation in prices caused by each tax is linearly independent. In our model, these conditions
— especially the first one — may not hold because, by definition, a single change in a broad based tax
will not be independent.
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remains possible that consumers may face a higher share of the burden of the tax than
estimated. Our model makes clear that the incidence is the weighted aggregation of
the price changes across all relevant commodities. In the case of a tax on alcohol, this
means that the total consumer incidence must consider not only the price change in the
alcohol market, but also the price change of all related substitutes and complements.
A partial equilibrium analysis of a single commodity market will not represent the
incidence borne by consumers resulting from a tax increase; a complete analysis requires
studying price changes in the directly affected market but also in the indirectly affected

market. Future research might attempt to study multi-market incidence.

5.3.3 Cascading

If an empirical study assumes that business-to-business transactions escape taxation,
the study will determine the incidence based off of the statutory sales tax rate on final
sales. When doing this, the study might estimate more than full pass-through of the
tax to the consumer. However, such a result could be explained by the possibility of
tax cascading where the effective tax increase on a product is likely to be much greater
than the statutory tax rate. For products that do not have many tangible inputs, the
statutory sales tax rate is likely to be a good approximation. However, for products
that use taxable tangible inputs in the intermediate stage, the effective tax rate is
likely much higher. The use of statutory rather than effective tax rates may explain
what empirical studies observe as overshifting. However, if studying the change in price
relative to the effective tax rate, overshifting cannot arise if all cross-price elasticities
are zero. To address this, researchers might use state-level input-output tables to at
least partially account for the possibility of cascading. Using these input-output tables,
and assuming the supply curve in the input market is approximately horizontal, the
researcher can determine the effective cumulative tax rate that would be born by
the consumer across different industries and then benchmark the empirical changes in
prices observed in the data against these effective tax rate changes rather than the
statutory changes. If the input supply curve is not horizontal, assuming taxes on both
inputs and outputs are equal, the fraction of the tax borne by consumers should be
benchmarked against the effective change in 7 + a7 + ap, rather than 7. Note that 7
and « are directly observed to the researcher from statutory tax changes and input-
output tables. However, p, is unknown and would need to be estimated; but if it is

reasonable to assume the elasticity of supply in the input market was close to perfectly
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elastic, in which case, the effective tax change becomes approximately 7 + a7.

Tax cascading can also arise in the VAT setting, if for example, some commodity
such as financial services are exempt from VAT and refunds are not given for the
taxes on the inputs used in their production as is the case under the credit-invoice
system (Keen 2013).3! In the case of exempt goods, the VAT can be passed through to
consumers because the final stage lacks a credit against these exempt stages because
the exempt dealer need not register for VAT. As in the sales tax, the presence of exempt
goods may result in higher effective tax rates, which may result in the empirical study
inaccurately estimating the true fraction of incidence borne by the consumer when

benchmarking the price change to the statutory rate rather than the effective rate.

6 Conclusion

We present a simple model of tax incidence with multiple products with varying degrees
of interdependency, multiple products subject to taxation, and inputs possibly subject
to taxation. We show that the standard partial equilibrium formula for tax incidence
with a single product is not necessarily a good approximation to the general equilibrium
incidence. Just because a product has a small market does not lead to equivalence
of the partial and general equilibrium incidence. In a multiproduct setting, product
interdependency implies that overshifting of the tax to the consumer and Edgeworth’s
Paradox is possible even with perfect competition. Tax cascading may also result in
the empiricist perceiving “overshifting” if benchmarking price changes relative to the
statutory rather than effective tax rate. We present a cautionary, but important, tale
for the interpretation of empirical estimates.

More generally, our analysis is appropriate for the study of price effects due to
cross-border shopping. Following a characteristics-based approach (Lancaster 1966),

products sold in different states could be viewed as highly substitutable given they differ

31The discussion of exempt goods is different from that of zero-rated (or reduced-rate) goods, where
the government does not tax its sale but allows credits for VAT on the inputs. Under the credit-
invoice system, the effective VAT rate on a commodity involving a zero-rated good at some stage in
the production process will always be the tax rate of the final stage of production. However, under a
subtraction method VAT, the effective tax rate will depend on the structure of the production process
and which stages are zero-rated. For example, if the final stage is zero-rated, the effective tax rate
will be higher than the tax rate on the final stage of production because the zero-rating only applies
to the value added in the final stage. Under the credit-invoice system, the statutory rate would equal
the effective rate in the example. Researchers studying VAT incidence using multiple countries should
carefully determine the structure of credits and account for this when estimating incidence.
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only based on only the characteristic of the place of sale. Varying tax rates across states
and localities combined with the changing legal status of various products (cigarettes,
food, etc.) across states, localities, and Native American Reservations (NAR) creates
substantial policy variation (DeCicca et al. 2013). Beyond sales tax differentials at state
borders, cigarette tax differentials can be especially large even within a state. In our
model, the low-tax rate of other states may have pricing effects on identical products
in high-tax state due to substitutability of these two products. The availability of tax-
free NAR cigarettes may influence the prices charged for cigarettes by off-reservation
retailers. Our model suggests, for example, that a decrease in the tax rate in one
jurisdiction could decrease prices in other jurisdictions. We expect this effect will decay
with distance as products that are further away from the state border are likely less
substitutable. Such characteristics-based approaches have applications to cost shocks
in industrial organization and labor economics.

Although our model formalizes pass-through in the form of a taxes, the model
generalizes to any shock that causes an increase in marginal cost. Our model provides
a cautionary tale for using cost pass through estimates, as has become common, to
infer something about market structure. When using pass-through estimates to rule
out perfect competition (Pless and van Benthem 2019), researchers must also rule out

the presence of demand and supply-side inter-dependencies and multiple cost shocks.
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Figure 1: Tax Incidence with Related Commodities
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(b) Complements
This figure shows the effects of a tax increase, starting from 73 = 0, in the market for x;.

The two commodities are substitutes in panel a and complements in panel b. The initial
equilibrium price is given by ¢?. The partial equilibrium price for consumers is given by ¢”
and by p? for producers. General equilibrium prices are given by ¢; and p;. The imposition
of a tax on z; decreases supply as the blue (—) lines indicates. Because of the tax, demand
for x5 changes to the green lines (-..-). The change in ¢, results in a shift in demand for z;,
changing the incidence of the tax to the red line (-.-). Terms (A), (B), and (C) are the
shifts defined in (7a) and (8).
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Figure 2: Tax Incidence with Related Commodities: General Equilibrium Demand Curves
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This figure shows the effects of a tax increase, starting from 7 = 0, in the market for ;.
The two commodities are substitutes in panel a; the graph for complements is omitted.
The initial equilibrium price is given by ¢¥. The partial equilibrium price for consumers is
given by ¢? and by p? for producers. General equilibrium prices are given by ¢; and p;. As
before, consider a graphical representation using the partial equilibrium demand curves D;.
The imposition of a tax on x; decreases supply as the blue (=) lines indicates. Because of
the tax, demand for x5 changes to the green lines (-..-). The change in g, results in a shift
in demand for x1, changing the incidence of the tax to the red line (-.-). Terms (A), (B),
and (C) are the shifts defined in (7a) and (8). Then consider the equilibrium when using a
general equilibrium demand curve D;. This GE-demand curve is shown in bold purple and
is steeper than the partial equilibrium demand curve. A tax in market one shifts up supply
in that market, but shifts out the GE-demand curve in market 2 to the dotted purple line
(.....). The price increase in market two dampens the effect on quantity in market one.
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Figure 3: Tax Incidence with Taxes on Two Related Commodities
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(b) An Example of Undershifting (Complements)
These figure shows the effects of a tax increases in two related markets starting from

71 = T = 0. In panel b, we assume a case where undershifting is most likely to arise where
supply in the second market is perfectly elastic. In panel a, we focus on consumer prices; in
panel b, we focus on producer prices. The initial equilibrium price is given by ¢?. The
partial equilibrium prices after the tax increase are ¢¢ for the consumer and p? for the
producer. The prices accounting only for the feedback from one market are given by ¢; and
p;i, and the general equilibrium prices are given by ¢; and p;. The standard partial
equilibrium impact of a tax is indicated by the blue lines (). Because of the taxes on
related products, demand for the other commodity changes to the red lines (-.-). The tax
in the other market causes an additional feedback denoted by the green lines (-..-). Terms
(A), (B), and (C) are the shifts defined in (7a) and (8).
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Figure 4: Tax Incidence with Cascading
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This figure shows the effects of tax increases starting from 71 = 7 = 0, in the markets for
commodities z; and x, where x5 is also used as an input to produce z; and where « is the
number of units of x5 used in production of a unit of ;. The two commodities have zero
cross-price elasticities. The partial equilibrium prices are given by ¢7 for the consumers and
p? for the producers. Prices resulting from the reduction of demand for x5 as an input are
given by ¢; and p;. Full general equilibrium prices accounting for taxes in both markets are
given by ¢; and p;. Terms (A), (B), and (C) are the shifts defined in (18a) and (18b). The
effective tax change in market 1, in general equilibrium, is given by 7 + «(7 + p2). For
simplicity, we assume market 1 has a perfectly elastic supply.
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Table 1: Simulations of Producer Price Changes When One Tax Changes (73 = 1)

Own-Price Elasticities | Cross-Price Elasticities | PE | Single Market GE ~ Multi-market
GE Incidence
Il mel e pe | 2 P e |t N 7 %A
1 1 1 1 0.5 0.5 1 -0.50 | -0.47 -T% -0.33 -33%
1 1 1 1 |-05 -05 1 -0.50 | -0.47 -T% -0.60 +20%
1 1 1 1 1.5 0.5 i -0.50 | -0.38 -23% 0.08 -115%
1 1 1 1 |-1.5 -05 % -0.50 | -0.38 -23% -0.85 +69%
1 1 1 1 05 1.5 3 -0.50 | -0.38 -23% -0.23 -54%
1 1 1 1 ]-05 -15 3 -0.50 | -0.38 -23% -0.54 +8%
1 110 10 | 05 0.5 1 -0.091 | -0.089 -2% -0.048 -48%
1 1 10 10 |-0.5 -0.5 1 -0.091 | -0.089 -2% -0.130 +43%
1 110 10 | 1.5 05 3 -0.091 | -0.085 -6% 0.040 -143%
1 1 10 10 |-1.5 -05 3 -0.091 | -0.085 -6% -0.210 +131%
1 1 10 10 0.5 1.5 3 -0.091 | -0.085 -6% -0.044 -52%
1 110 10 |-0.5 -1.5 3 -0.091 | -0.085 -6% -0.127 +40%

This table simulates the producer price incidence for the given elasticities when only the tax in
one market changes. Percent changes for the general equilibrium price in the single market is
given using the formulas in the text. A positive [negative] percent change means the incidence
on the producer increases [decreases] in our general equilibrium formula relative to the partial
equilibrium formula. When calculating percent changes, we use the precise numerical incidence
value rather than the rounded values in the table. The multimarket incidence is given by the
budget-share weighted average of price changes for commodity 1 and 2 and the multimarket
percent change is positive [negative] if the incidence on producers across both markets
increases [decreases| relative to the partial equilibrium formula. N/A means a constraint on
the problem does not hold.

Table 2: Simulations of Producer Price Changes with Two Taxes Change (7, = 72 = 1)

Elasticities PE M2 =M1 = 0.5 Mo =121 = —0.5 T = 15a M1 = 0.5 N2 = —15, 21 = —0.5

Ml me2] g o ﬁfE 13? AIA ﬁ? PLIAN 25? JAIAN ]5? I

1 1 1 1 |-0.50 [-0.33 -33%  -0.60 +20% 0.08* -115%* -0.85 +69%
0.5 1 1 1 1-0.331-0.09 -73% -0.45 +45% n/a n/a n/a n/a
1.5 1 1 1 1-0.60|-047 -21% -0.68 +14% -0.18 -11% -0.88 +47%

1 05 1 1 |-060]-0.27 -45% -0.64 +27% n/a n/a n/a n/a

1 1.5 1 1 1-0.501]-0.37  -26% -0.58 +16% -0.06 -88% -0.76 +52%

1 1 05 1 |-067|-045 -31% -0.82 +23% 0.11* -117%* -1.22%* +83%**

1 1 1.5 1 [-0.401]-0.26 -34%  -0.47 +18% 0.06* 115%* -0.65 +62%

1 1 1 05]-0.50(-0.36 -27%  -0.55 +9% 0 -100% -0.67 +33%

1 1 1 15]-0.50(-0.32 -37% -0.63 +26% 0.12* -124%* -0.94 +88%

This table simulates the producer price incidence for the given elasticities. * Indicates overshifting and **
indicated Edgeworth’s Paradox. Percent changes are given using the formulas in the text. A positive
[negative] percent change means the incidence on the producer increases [decreases| in our general
equilibrium formula relative to the partial equilibrium formula. When calculating percent changes, we use
the precise numerical incidence value rather than the rounded values in the table. N/A means a constraint
on the problem does not hold.
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Table 3: Simulations of Producer Price Changes When Supply Elasticities Are Large and Two
Taxes Change (77 = 7o = 1)

Elasticities PE | ni2=m1=05 no=mn1=-05 no=15 m1=05 mno=—15,n=-05
Il (o2l K2 ﬁfE 13? LI ]5? LI 13? LI 1316 PATAN
1 1 10 10 |-0.09 | -0.05 -48% -0.13 +43% 0.03* -143%* -0.21 +131%
0.5 1 10 10 |-0.05|-0.002 -95% -0.09  +87% n/a n/a n/a n/a
1.5 1 10 10 |-0.13 | -0.09 -32% -0.17 +29% -0.01 -95% -0.24 +87%
1 05 10 10 [-0.09 | -0.05 -49% -0.13  4+46% n/a n/a n/a n/a
1 1.5 10 10 | -0.09 | -0.05 -46% -0.13 +42% 0.03* -137%* -0.20 +125%
1 1 95 10 |-0.10 | -0.05 -48% -0.14  +43%  0.04* -143%* -0.22 +131%
1 1 105 10 |-0.09 | -0.05 -37% -0.10  +14%  0.01* 113%* -0.12 +42%
1 1 10 9.5 |-0.09 | -0.05 -47% -0.13  +43%  0.03* -143% -0.21 +130%
1 1 10 10.5|-0.09 | -0.05 -48% -0.13  +43%  0.04* -143%* -0.21 +132%

This table simulates the producer price incidence for the given elasticities. * Indicates overshifting and **
indicated Edgeworth’s Paradox. Percent changes are given using the formulas in the text. A positive
[negative] percent change means the incidence on the producer increases [decreases| in our general

equilibrium formula relative to the partial equilibrium formula. When calculating percent changes, we use
the precise numerical incidence value rather than the rounded values in the table. N/A means a constraint
on the problem does not hold.

Table 4: Overshifting and Undershifting with Leontieff-Cobb Douglas Utility Function

A. Overshifting with U = (min [16z1, z3])" " 2:0°

12 1 2 10
n1 .25 5 1 .25 .5 1 .25 5 1
Partial Equilibrium p -0.012  -.006 -0.003 | -0.012 -0.006 -0.003 | -0.012 -0.006 -0.003
Feedback Effect (term (b) (7a))  0.006  0.003  0.001 | 0.004 0.002 0.0l | 0.001 0.0l  0.000
Impact of 7 (term (c) (7a)) 0102  0.051 0.026 | 0.135 0.068 0.034 | 0.181  0.091  0.046
General Equilibrium p 0.096 0.048 0.024 | 0.127 0.064 0.032 0.170  0.085 0.043
B. Undershifting with U = (min [z1, 22]) " =3
2 1 2 10
1 .25 ) 1 .25 D 1 .25 ) 1
Partial Equilibrium p -0.642 -0.473 -0.310 | -0.642 -0.473 -0.310 | -0.642 -0.473 -0.310
Feedback Effect (term (b) (7a)) 0.089  0.091 0.074 | 0.048 0.050 0.042 | 0.010 0.011  0.009
Tmpact of 7 (term (¢) (7a))  -0.554 -0.383 -0.237 | -0.595 -0.424 -0.269 | -0.633 -0.463 -0.301
General Equilibrium p -1.108 -0.766 -0.474 | -1.190 -0.847 -0.537 | -1.265 -0.925 -0.602

This table presents simulations for the
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Table 5: Comovement of Alcohol Excise Tax Rates

# Changes Comovement Comovement Comovement No Co- All Co-
with Beer  with Wine with Spirit movement movement
same direction / opposite direction
Beer Tax 80 - 47 /0 41 /0 29
Wine Tax 63 47/ 0 - 43 /0 10 37
Spirit Tax 50 41 /0 43 /0 - 3

This table shows the number of tax changes on beer, wine and spirit. Then, we list the
number of simultaneous tax changes, noting if they move in the same or opposite
directions. The second to last column notes the number of tax changes where none of
the other taxes change. The final column lists the number of tax changes where all three
taxes comove in the same direction.

Table 6: Effect of Excise Taxes on Beer and Wine Prices

(1) (2) (3) (4) (1) (2) (3)

(1)
Beer Prices Wine Prices Beer Prices Wine Prices
Beer Tax 0.968 0.340 0.915 0.973 -0.212 0.252
(0.737) (0.417) (1.280) (0.747) (0.261) (1.454)
Wine Tax 0.263* 1.154* 1.090** 0.484**  2.076**  1.336**
(0.156) (0.630) (0.532) (0.192) (0.852) (0.630)
Spirit Tax 0.076*** -0.0657 0.146%** 0.2867%**
(0.023) (0.0745) (0.047) (0.092)
Controls Y Y Y Y Y Y Y Y
State FE Y Y Y Y Y Y Y Y
Time FE Y Y Y Y Y Y Y Y
Observations 1,859 1,859 1,859 1,859 1,859 1,859 1,859 1,859
States 51 51 51 51 51 51 51 51

This table presents the results from equations (26) and (27) for beer and wine prices. In columns
without a prime, the price is the average (unweighted) price in the state. In columns with a prime,
the price is the average (weighted by population across all cities) price in the state. Columns
(1)-(2) are for beer and columns (3)-(4) are for wine. All regressions include time fixed effects,
state fixed effects, and a full vector of controls including the state sales tax rate on alcohol. Taxes
are in dollars for but in this table, we convert the tax to the same volume unit as the dependent
variable; thus, for beer prices, we use the tax on a six pack of beer and convert the liquor and
wine tax to be for the same amount of alcohol volume as a six pack. These units corresponds to
the prices. Standard errors are clustered at the state level. *** 99%, ** 95%. * 90%.
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A Appendix (online only)

A.1 Impacts of Taxes on Income

Define the income of consumers of commodity ¢ to be
=wl; + Zqﬁz pix; —ci(z;)) +v Z’T]x] (A.1)

where L; is the labor supply of consumers of commodity 4, ¢§ € [0,1] and v* € [0,1]. Then
totally differentiating (A.1) yields

Z] 1 ¢Z (pJ ( J)) (3111 (dpl + dTl) + (dp2 + dTQ) + qu dp3>
YT <aq1 (dpy + dmy) + G o (dpa + de) + 3 Jdp3> (A.2)
+Z] 1¢15L‘]dp]+y Z] 1£Edej.

where we assume d73 = 0. Using the fact that profit maximization requires that p; —c;»(a:j) =
0, 7 =1,2,3 we can simplify (A.2) to

i 2 ~ A ~ A ~ 3 i ~ i 2 ~
dy; = v 370 Ty (g (Pr + T1) + €50 (P2 + T2) + €jabs) + D051 5Dy + v Y05 45T

(A.3)
where p; = %, T = dq and g;; = gzl 4 Finally, we can express (A.3) as
J J
A,_dyi_ iNYS i A - A - A 3 ipi 2 i
== v > i 1B (g1 (Pr + 11) + g2 (P2 + T2) + €53P3) + D05y O4Bip; + V' 375 4;Bj T
(A.4)
where Bji» =42 and 7; = Z.
Yi q; ) )
In the one consumer/producer case with v* = ¢} = 1 we have
2 2
dy = Z%‘%‘ (pj + 75) + psx3ps + ZTJ‘%‘ (j1 (P1 +T1) +€j2 (P2 + T2) +€j3p3)  (A.5)
j=1 j=1
and
dy 2
y= e > B;(p; + 75) + Bsps + ZTJ (€1 (D1 + 71) + €52 (P2 + 72) +€j3p3)  (A6)
j=1 j=1

where B; = % Impacts on Demand with Income Effects
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Totally differentiating the demand for commodity ¢ gives
i (D1 + T1) + iz (P2 + 7o) + €i3P3 + 059 — paps = 0, i = 1,2, 3. (A7)

Then using the Slutsky decomposition, ¢;; = 1,; — B;0; and substituting g for g; using (A.6)

gives
i1 (P1 + 71) + M2 (D2 + T2) + MisPs — Hips (A.8)
+0; 320 T3B; (g1 (Pr + F1) + €52 (P2 + F2) + €53ps) = 0, i =1,2,3. ‘
or , ,
(7]11 + 5¢Zﬁ:Bk8k1> (P1 +T1) + <77¢2 + 51271314:51@2) (D2 + 72)
k=1 A k=1 (A.9)
+ | 73 + 5¢Z?k3k€k3> p3s— wipi =0, 1=1,2,3.
k=1
Then letting ,
Tij =i+ 0i Y TeBieny (A.10)
k=1
where 73 = 0, we can express (A.9) as
N (P1 + 71) + iz (P2 + To) + MisPs — paps = 0, i =1,2,3. (A.11)

Finally, when we have x; as a small share of the budget and the only taxed commodity
(B1 =~ 0; 75 =0) or when both z; and x5 have changes in taxes and both are small shares
of the budget (B; & 0; By ~ 0 ) the term 7;; simplifies to n;; and (A.11) becomes™

M1 (P1 + 1) + Mio (D2 + T2) + MisPs — papi = 0, i =1,2,3. (A.12)

A.2 Tax Incidence with 1 Small, Taxed Market

As discussed in Section 2.1 we substitute n;; for 7;; and then make the substitution £*tp,.
gz

for nj1, j = 2, 3 to obtain

321f, for example, x5 is taxed and has a large market share then 7:; will not simplify to 7;;. However, as
D2~ 0, p3 =~ 0, €91 =~ 0, and €37 = 0 when By ~ 0 and Bz > 0 and B3 > 0, using (A.12) to solve for the
impacts of changes in 77 on equilibria prices still applies.
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M1 — M1 M2 s P -t
QT ~ ~
- ) — 171 A
q222 Tz T2 — {2 123 Do — —am Mot
q1z1

n: N33 — N q1T1 A
gsws 113 732 33 — I3 s _amp s

~ . q3T3
vV

H

(A.13)

Solving gives

=171 (22 — p2) (M33 — H3) — T332
A q1T1 quzT

po= +iarmy 1271 [7712 (33 — p3) — &2 531532] |H|™ (A.14a)

— B sty [hatles — s (Te2 — 12)]

q1x1

MiT1 [22 e (33 — pig) — S0 77137723}

A — q1r1 _ @T1i2

D2 = — a2t [(7711 — 1) (733 — pt3) %73n31] \H|™, (A.14Db)

q1r1 il _ > . qir ~
+q3x3771371 [(7711 f1) T23 q2x277127’]13_

il q121 iy q121 -
—Mi7 [%7277127732 - %—237713 (7722 - Mz)
a1

~ ] -1
gsra 131712 |H|™, (A.14c)

_Z;—ﬁémgﬁ [(7711 — 1) (T2 — pi2) — Z;iiﬁz]

D3 = + L%y 07 [(7711 — 1) 32 —

q2T2

and
("711 - Nl) [(522 - Mz) (?733 - M3) - ’7723532]

|H| = —2%p, [512 (33 — p13) — g;—i;ﬁzlﬁm] (A.15)

q272
q171

+szs 113 (2723 — s (22 — )]
which simplify to (4a) and (4b) when applying £ = L2 — ()

q2x2 q3x3
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A.3 Tax Incidence with 2 Small, Taxed Markets (

In the case of two taxed, small markets <q3

__ g2x2
= 222 we have
N32 = 4oz5T123

i — M 2 s P1

Tj21 Tle2 — M2 Tj23 Do

Z;—i;nl 32—2?723 33 — 143 5 Ps
H

Then solving (A.16) for the prices yields

— (M171 + MaTe) [(7733 — 13) (maz — p2) —

q3%3

(MmaT1 + MaTe) [7712 (33 — 13)
= — (7721%1 + 7722@) [(7711 - Ml) (7733 - Ms) -
+ (qlmlmzﬁl + w%:ﬁz) [(m1 = p11) 723 = Taths)

q3x3 q3x3

. . a2
— (a7 T: L2103 —
(M1 + mate) (m2Zms

3
Y
I

- (qlmlmgﬁ + Zi—iz%?)ﬁ) (11 — ) (a2 — pr2) — Mianai]

q3T3

and

(M1 — ) [(7733 — 13) (maz — p2) —
|H| = —MN21 [7712 (ﬁ33 - M3)
+ L2153 [h2ljes — (a2 — pa) s

q373

Then letting 221 = 222 = 0, from (A.18), we obtain

q3T3

‘H‘ = (533 — p3) [(7711 - Ml) (7]22 - ,u2) - 7]217712] :

Using (A.19) in (A.17a) with &3 = 222 = 0 gives

433

4171 ~ O,

), letting n31 =

— (N1T1 + M1272)
— (N1 71 + M2272)

q2x2 fal
+ Z==123To

p1= + (o171 + N2272) [7712 (N33 — p3) — LZ21ma3m13

- <Z;_i;,7713%1 + mm:@) (2723 — (22 — p2) Tha)

q1x1 ~
T aza 137123

a1 _
asras (22 — p2)

+ (M2171 + M2272) | (M1 — 1) — Z;—ﬁ;msmz

qax2 ~
= s 1237113

433

qa2T2 ~ O)

q171
AL and
gz 13

(A.16)

(A.17a)

(A.17b)

(A.17¢)

(A.18)

(A.19)



R - — o)+ - A
. M (22 — fi2) + N1z A+ "haft2 T (A.20)

(7722 - ,uz) (7711 - Ml) — M12721 (7722 - Mz) (7711 - Ml) — M12721

Simplifying (A.17b) gives an analogous expression for ps and simplifying (A.17c) gives ps = 0.

Then an alternative expression for p; can be obtained by letting,

{ —M1 n C} _ T (22 — H2) + M21712 (A.21)
(7711 - ,Ul) (7722 - M2> (7]11 - ,Ul) — Th2721

and solving for C' gives:

C = =111 (a2 — f2) + 2N n M1
(7722 - ,U2) (7711 - M1) — M12M21 (7711 - Ml)
(=1 (22 — p2) + 1mamin) (1 — pa) + mua (22 — pi2) (11 — 1) — Miampanl, o 22)
\ .

[(7722 - Mz) (7711 - ,Ul) — 77127721] (711 — 1)
—H1 M12721

(7)11 - ,Ul) [(1722 - Mz) (7711 - ,ul) - 77127121]

where —£ 7= 1+ p1 and p; = —2L—. Then we obtain p; and others analogously:

(1 —m11 B1—m11
o= |;m+ 1+ P1)7721~7712 71+ _7712NH2 To (A.23a)
i ]
P2 = |p2+(1+ ,02)77211712 To + _Uziﬂl T1 (A.23b)
i ]

where ‘ﬁ‘ = (M22 — p2) (11 — 1) — Mana.

A.3.1 Impacts of Taxes when the supply of z3 is elastic

In this case, we assume a perfectly elastic supply of x3, a frequent alternative assumption
to having x; and x5 be small markets. Then the cost function for x3 can be expressed as
c3(x3) = ¢3xz. Then profits in the production of x3 are given by 73 = (p3 —¢3) x5 = 0 as

perfect competition requires p3 = ¢3, price equals marginal cost. This being the case, the
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income of a single consumer is

2
Z pix; — c;i(z)) +ZT]$] (A.24)

where L; is the labor supply of consumers of commodity i. Then totally differentiating (A.24)
yields

dy = 23:1 7 <6xj (dpy + d1) + ; (dps + d72)> - Z?lejxjﬁj + 25:1 zidr;.  (A.25)

Using the fact that profit maximization requires that p; — (l‘]) =0, 7 = 1,2 we can simplify
(A.25) to

dy = quxj (Bj +75) + ZTJ'%’ (€51 (1 + 1) + €52 (P2 + 72)) (A.26)
Jj=1 j=1
and
g: ZB (B; +175) +ZTJ (ej1 (P1+ T1) + €52 (P2 + T2)) - (A.27)

Totally differentiating the demand for commodity ¢ gives
g1 (D1 + 1) + €i2 (D2 + T2) + 0,9 — pip; = 0, i = 1,2. (A.28)
Then using the Slutsky decomposition, ¢;; = n;; — B;0; and substituting ¢ using (A.27)

(nin — B16;) (p1 + 1) + (M2 — B2d;) (P2 + T2) +
0i | 30521 By (B +75) + 5oy 5By (g1 (b1 + 71) + 250 (Pa + %z))} — =0, i =1,2.

(A.29)

gives
ni1 (P1 + 71) + Miz (P2 + T2) — wihi (A.30)

+0: 50 By (e (b +71) + o (B +72)) =0, i = 1,2,
Then letting ,
Tij = Thij + 0 ZﬁBk&‘kj (A.31)
k=1

we have

i1 (P1 + 71) + iz (P2 + 7o) — paps = 0, i = 1,2. (A.32)
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A.4 Derivation of p; > 0 and p; < —1
A.4.1 Overshifting

Letting 72 = 0 in (A.20) gives

S T (M22 — p2) + M217h12 7 (A.33)
(7722 - ,UQ) (7711 - Ml) — M12M21

Then, if p; > 0 it must be the case that which implies that

pa (p2 — M22) > (1 — 1) (N22 — f2) — Mata (A.34)

or, simplifying
— — >0
12 [77117722 77127721] (A.35)
st (M1 — 1) (M2 — p2) — a1z > 0.
which cannot be satisfied as n1u2 < 0 and 111720 — 1912121 > 0 by the second order condition
for expenditure minimization.

Letting 7o = 71 in (A.20) gives

b= —T (7722 - Mz) + M21M12 + N12l2 7l (A.36)
(7711 - Nl) (7722 - MQ) — T217M12

Then p; > 0 implies that

— [(m1 — p1) (a2 — pr2) — Morma) — pa (M2 — pa) + Miapto =0 (A.37)
(m1 — p1) (M22 — H2) — o172

— i1 (M22 — p2) + Mizpto

-1+ > 0 A.38
(7711 - /~L1) (7]22 - ,u2) — M217M12 ( )
which can be expressed as
p1 (2 — m22) + mapte > (2 — na2) (1 — M11) — Mi2n2 (A.39)
M1 (k2 — n22) + Mapte + manz > 0 (A.40)

or, equivalently,
(M1 + m2) po — (Miana2 — Maner) >0

(A.41)
st (m1 — pa) (Ne2 — p2) — Naathz >0

which can be satisfied for some values of 711, 912, M11, 722, p1, and po. If 1737 = 0 then this
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becomes
M (p2 +121) >0

(A.42)
st (p2 — Maz) i1 — Manar > 0.
A.4.2 The Edgeworth Paradox (p; < —1)
Letting 72 = 0 in (A.20) gives
s T (Ma2 — H2) + M21M12 S (A.43)
(7711 - Ml) (7722 - ,LLQ) — T21712
Then if p; < —77 it must be the case that
— [(1 — m11) (p2 — m22) — M2rma] + px (p2 — M22) _ 1 (f2 — 122) C1le_1
(7711 - ,Ul) (7722 - ,u2) — M21712 (7711 - Ml) (7722 - /~L2) — M217M12
A.44)
which implies that
1 (MQ — 7’]22) <0 (A45)

which cannot be satisfied. Now consider two equal tax changes. Letting 7o = 71 in (A.20)

gives

5 — [—7711 (22 — p2) + n21m2 + 7712#2] 7. (A.46)
(7711 - N1) (7722 - ,MQ) — 21712

Then we can express this as

h o= {_ (11 — 1) (22 — p2) — moamz] — 1 (22 — pi) + 7712#2] 7 (A.47)
(7711 - Ml) (7)22 - M2) — M21M12
_ [ —pt1 (22 — o) + Miafto 1] R
- — T1.
(M2 - 7722) (,Ul — 7)1) — M127M21

Then for p; < —1 it must be the case that

— 1 (22 — f2) + Thato
(p2 — 1m22) (Ml — M) — MaNa1

—1<—1 (A.48)

or
fu (p12 = 22) + Mgz < 0. (A.49)

which can be satisfied for some values of n11, 1712, n11, M22, i1, and ps.
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A.5 Tax Incidence with 2 Small, Taxed Markets (M ~ 0, 222 O)

gsTs 0 qaws
and Supply as a Function of 2 Prices

We now slightly revise our supply functions for z; and x5 to be functions of both p; and

po with x§ (p1,p2) and x5 (p2, p1). We continue with the case of two taxed, small markets
w1 () @222

3 — 1T — 9272
o e m0), letting 13, = /I and 73y = T3 We IOW have

M1 — M11 N2 — H12 M3 P — (171 + M1272)
Mol — M21  Too — [lo2 123 Py | = — (N1 71 + N22T2)
Mn 4272 a3 — A Qzx S g2x2 S (A5O)
gzzs 113 gaws 123 133 — M3 3 D3 — (qg—nghng + ot 772372>
H
Then solving (A.50) for the prices with &% = B2 = 0 gives
N —n11 (M22 — Ha2) + o1 (2 — pa2) “ Th2f22 — Ta2[12
p1 = T1+ T2
(22 — p2) (M1 — pa) — (M2 — pa2) (o1 — p1) (22 — p2) (M1 — pa) — (M2 — mi&) é?)l — [21)
where p;; = gf_ iﬁ Then an alternative expression for p; can be obtained by letting,
J
[ —T1 4 C’} _ —Th (7]22 - Mz) + N21 (7]12 - M12) (A.52)
(M1 — 1) (22 — p2) (M1 — p1) — (M2 — pa2) (21 — pa1)
and solving for C' gives:
C = (7712 - M12) [U11M21 - 7721u1l]
H (M1 — pa1)
— — 14
_ (2 — p2) | /~L21Npl + pi1q ( p1)] (A.53)

H

where

FI’ = (22 — p2) (M1 — p1) — (M2 — pa2) (21 — pa1), (“#) =1+ p1 and pi; =

H11—"11
Mjl_ITI?T. Then p; can be expressed as:

o= o+t (ma2 — paz2) [—p21p1 + pan (1 + p1)] . 7}12#22‘ ; 7722/112722 (A.54)
i

H

o4
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Then from (A.51) if p; > 0 it follows that

—Mafii2 + [Mape2 — (M1me2 — M2n21)] > 0. (A.55)

The bracketed term in (A.55) is from (14a) the gives the sign of p; when supplies are only
a function of own price and is negative. However, the term —nopu10 is of indeterminate
sign and could be positive. By the second order condition 711720 — 712721 > 0 and the term
Moz < 0. While the sign of the term —n;2p419 is indeterminate, if the product of the “direct
effects,” (my1p22) is larger in absolute value than the “indirect effects” (—njapu12) then the
term —npapt1o + M1piee < 0 and (A.55) cannot be satisfied.

We can briefly address the possibility of p; > 0, “overshifting” when 71 = 7. Then for

overshifting to occur it must be the case from (A.51) that

—111 (Maz2 — f22) + N21 (M2 — paa) + Miafiae — Noapirz > 0 (A.56)

subject to m111m22 — n12m21 > 0. This can be expressed as

(M1 + mi2) pa2 — Mane2 — Mana1] — (M21 + M22) pa2 > 0. (A.57)

The bracketed term is the condition for overshifting in the case in which supply only depends
on own-price, (14a). Then if 711 + 12 > 0 for the second order condition to be satisfied it
must be the case that 791 + 722 < 0. Then the term — (191 + 722) 112 Will be positive if
12 > 0 ensuring that conditions that give overshifting in the case with supply depending
only on own-price also gives overshifting when supply depends on both prices. Alternatively,
if m11 + m12 < 0 it is possible for ng; + n92 > 0 and for the second order condition to still be
satisfied. In this case it is possible for (A.57) to be satisfied if pio < 0.

A.6 Cascading Taxes

As in Section 2.4 totally differentiating (16a) and (16b) gives

1 — 1 Qa1 T3 DY —n11 (71 + aty)
an Tl22 — H2 )23 P | = | — (Oﬂ?llﬁ + 7722%2) (A 58)
0 0 N33 — M3 Ps 0 '
7C
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and solving p} for gives

—n11(N22—p2) ~ anii(n22—p2) A2+( ani1(ani1714+n2272) <A59)

el
= 71— 7
P (m1—p) (22 —p2)—a2ng ' 1 (nii—pa) (22 —p2) —a?niy n1—p1)(ne2—p2)—ang;

Let -
—nu1 (M2 — p2) + @t —nn L C

(7711 - Ml) (7722 - M2) - 04277%1 B (7711 - Mn)

which implies
—11 (22 — p2) + @0, 4 'm

C = .
(M1 — 1) (22 — p2) — @®nfy (M1 — )
or
_ —n11(naz—p2) (m1—p1)+a?nd (n11—p1) 7711[(7711—#1)(7722—H2)—&27ﬁ1]
¢ [(7711*#1)(7722*#2)*04277%1](7711*#1) (77117/‘1)[(7]117."*1)(7722*,(@)70‘277%1] (A'GO)
_ ma’ni,
(1 — 1) (22 — pr2) — @2n3y] (M1 — pan)
_ M1 o’nty
T () [ —pa) (n22—paz)—a?n?, |
&2772
= (I+pm) =
[(m1 — 1) (1122 — pr2) — @iy
Then
pt = T a277%1 s Qaniip2 A
Pr=pimit (1 + pl) [(1711*;“)(7722*/12)*04277%1] nt [(7711#11)(7722*%)*@277%1] 72 (Aﬁl)
or
pr=mpm7+ (1+p1) THC| 71+ TR (A.62)

where ‘HC| = (11 — 1) (M2 — p2) — &*n3; > 0. Then, solving for py gives

. —omu(mi—p)tond A —na2(nui—p1)+a’nf, -
P2 = Gri—m) (maz—pz)—a2n?; 'L - (m1—p11)(n22—p2)—a?ni 2 <A'63)
which simplifies to
5. — QM —na2(mi—p1)+a’nd; A
b2 = |HC| 1+ [HC] T2 (A64)

Then as p; = p} + aps + aTy = pY + ags we solve for G = Py + 72 using (A.64) gives

- —  omms —n22(m1—p1)+a’nd; A

aniiiy .
- | H| THeT T [ N2 (M1 = p) + @17y + (1 — ) (M2 — pr2) — 04277%1}

~

Qi . T2
= |HC| i 11 + 2 (:ul 7711) |HC| <A65)
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Then using (A.65) in p; = p} + ags gives

N o?n? . a A [¢] A T
D1= p1+ (MH“_IUH) ‘H%‘lﬁ + foo’TQTQ + o [—‘nf}—lc%ﬁ + p2 (1 — 111) |H2c‘] (A.66)
which can be expressed as
~ a?n? ~ o ~
o= o+ 1+ ot | b A saeen, (A.67)

When 7; = 7 this becomes

N 102m11 10 ~
b= {/)1 (1 + N|H<;7| ) + \7{0| (aniy +M2)} T (A.68)
or
by = i (1 — p1) (ag — po) — &®n?)) + paa®n?y (g — muy + 1) FS
+appiz (1 — 1) (1 —my) |HC|
(A.69)

and for “overshifting” to occur it must be the case that

{m ((m1 — ) (22 — po) — &®03y) 4+ pae®ny (i — ma + 1) + ap e (1 — mia) b > 0

st (1 — ) (a2 — p2) — &®n3y >0
(A.70)

A.7 The n-commodity Case

A.7.1 A 4-Commodity Example

We begin by considering tax incidence in a 4-commodity example and then expand it to
illustrate incidence in a general n-commodity example. In the 4-commodity case, we assume
that commodities ¢ = 1,...3 are “small” markets, that is, ;’;‘—Z ~ 0,1 =1,..3 with com-
modity x4 being the composite commodity. Then allowing for the possibility that taxes on

commodities ¢ = 1, ..., 3 change (but not on x4) means that the changes in commodity prices
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are determined by

_ 3 _
- anﬁ i
M1 — p1 M2 M3 714 D1 e
— J - iTi
121 T2 — U2 723 124 132 _ 22—1:772 ( A.71)
131 132 133 — U3 734 P3 3
0 0 0 ﬁ44 — M4 Da —27731'73‘
i 0 |

As assumed in the three commodity case discussed in Section 2, even if changes in the
price of the composite commodity, x4, affect the demand for commodities z;, i = 1,...3,
(mia # 0, 1 =1,...,3) as the markets for these commodities are small relative to that of xy,
that is, glil ~0,i=1,..3 and as ny; = ‘h omia it follows that ny; ~ 0, j =1,...,3. Solving
(A.71) for p; gives

- Zmﬁi [(n22 — p2) (M35 — p3) — M32m2s] + Zﬁzﬁ'@' [m2 (N33 — p3) — ms2ms] + 27731'7% [m3 (22 — p2) — Mmanes]
~ =1 =1 i=1
P =
(M1 — pa) [(m22 — p2) (N33 — p3) — Ma2mas] — 21 [m2 (N33 — p3) — M32mis] — ma1 [ms (22 — Mz)(A— 771)27723]
.72
It will be convenient to express this in terms of u; — n;; . Doing so gives
3 3 3
> it (2 — m22) (s — n33) — msatis] + > _n2ifi 2 (s — nss) + ns2mal + Y _nsifi [ms (2 — 122) + n12n2s)
~ 1=1 =1 =1
p =
' (11 —ma) (2 = 122) (3 — 1133) — M32723] — 21 [m2 (13 — 1133) + M32713] — M31 [Mms (p2 — 722) (JTAU712;723]
.73
Then we can express (A.73) as
3
o 1 N
p1 = mZ{ﬁuﬂbzﬂQ + 1303} 7 (A.74)
i=1
Mot Gt _ matgn iy
where (3, = (42— (A2 B3 = (a2 —pi2)— (:;3233)7 and |H| (1 — M1y — 2182 — 131 83] > 0.

Inspection of 5, for example, suggests that the impact of the cross-market effects of taxes
on x; and xs (112) are tempered by the cross-market effects between both xjand x3 (713) and

x9 and x3 (193) with different stability condition (ug — 792) — (:33?’1]2333). Finally, an alternative

expression is

) (12152 t m315) . A+ Z{mz& + 13:83 } 7 (A.75)

|H|

pr=pn+1+p

If commodity x5 is unrelated to commodities x; or x5 (have zero cross-price elasticities with
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them, m3 = 131 = 723 = 32 = 0) then (A.75) simplifies to (7a), the case with two small
markets. Then changes in taxes in unrelated markets (z3) have no impact on the price

change of z;.

A.7.2 The General N-Commodity Case

We now briefly demonstrate how the prior simple examples generalize to an arbitrary number
of distinct markets, Specifically, we let there be a set K containing K commodities and
another set M of M commodities that have non-zero cross-price elasticities, amongst them
and finally a composite commodity (z.). All markets except for the composition commodity
are assumed to be “small”, meaning there are no income effects. A general form of the

system determining the impacts of tax changes is given by

> onuti+ Y miti
- - o ieK ieM
1 — p1 Mk M, k+1 M, k+m Mec p1 .
. _ . D kit + Y mkiti
Tk1 Nkk — Kk Nk, k+m Nk, k+m MNke Pk €K €M
Nk+1,1 Mk+1,k  Mh+1,k+1 — Hk+1 Nk+1,k+m Met1,c Dk+1 anﬂ,ﬁi + Z M41,iTi
= ieM
Mhe-+m, 1 Mhe+m,k Mhe+1,k+1 Nk4mk+m — Bhtm  TTh+1,e DPrtm o X
0 0 0 0 Fee — pe L e an+m,i7i + an+m,m
€K ieM
H P 0
dx
dr
(A.76)

Solving for p; using Cramer’s rule gives

(Z ThiTi + Zmﬁ) [HEL Y omy (=0 HE 4 my (=0 [HE] A+ me (=) Hy |

icK ieM jeK jEM

P = H]|

(A.77)
where HT is the matrix created from the matrix H by replacing its first column with the
column % from (A.76); Hy; is the (K + M) x (K + M) matrix obtained by deleting row 1
and column j and |Hy;| is determinant of the minor of H;;. To demonstrate that tax changes
of commodities that are unrelated to commodity x; and any its complements or substitutes,
have no affect on p;, we assume n;; #0, ¢, € K;n;,;, =0, 1 € K, € M; n;; #0, 1,7 €M
— commodities in the set K and commodities in the set M have zero cross-price elasticities
with each other. As before, we assume that 7,. # 0 and n,; = 0Vi € K, M. Then given these
assumptions, in the first term of (A.77), Zmﬁi equals zero, the third term equals zero as

i€ M

59



m; = 0 for j € M, and, finally, the fourth term is zero as well as |Hj.| as it has a row of

zeros (ner = 0,72 =0, ..., Neg+m). Then (A.77) simplifies to

ZZ mlﬁ\HﬁTl

A jeKieK

P1= R (A.78)
Zﬁlﬁz‘ o Mk
M1 —H1 - ThK oK
where H¥ is the K x K matrix, HX = : : . |and HET = :
NK1 0 NKK Z%‘ﬂ‘ o Mkk
L €K

where the block diagonal structure of the matrix H gives the determinant | H| = (. — p) |[H || H|
T — M1 - Tk Mk+1,k+1 — Hk+1  **° Tk+1,k+m
where HE = : : : and HM = : : : . Then
M1 o Mkk Nk+1,k+m o NMetmk+m
|HL| = [H{S"| (nee — o) |H®||HM | where HT is obtained by replacing the element j1 of H
by anlﬂ-. Then as the elements of |H ﬁT] and those of |HX| only include the elements

€K
of the submatrix K, the elasticities of the commodities with non-zero cross-price elastici-

ties with z1 and zero-cross price elasticities with the commodities in set M it follows from
(A.78) that the change in the price of x; is only affected by taxes on the set of inter-related

commodities K and not commodities with zero cross-price elasticities with this set.

A.8 Specific Utility Function Derivations

As in the text, for the case of zjand x5 to be substitutes, let utility be given by

U (w119, 73) = (min[Bix1, Bsxs])* 15~ (A.79)
Let wybe the income devoted to x; and x3. Then utility maximization requires that g1z, =
Bsxzand that ¢ix1 4+ ¢xs = wy. Then solving gives x; = nglﬁmwl and z3 = Mwl
with min[fBix1, B3xs] = %wl giving

« 11—«
w— w
U= (ﬂwl) ( 1) (A.80)
B3q1 + Bigs 42

Solving A.80 for w; gives w; = aw so the Marshallian demand functions become

B

oI i =1,3:0 £ A 81
Bsq1 + P1gs3 J 7 ( )

€T
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and

ze = (1 —a) - (A.82)

Then the indirect utility function can be expressed as

kW o 11—«
k= — A.
(Bsq1 + B1g3)” Q%_a’ (Bifa)” (1 = a) (A.83)

Inverting (A.83) yields the expenditure function,

V(Qlu q2, 43, U)) -

« —aU
e(q1, 42,43, U) = (Baq + S14s)” @ T (A.84)
Differentiating (A.84) with respect to each of the prices yields the compensated demand
functions,
114U e(q1, 2,93, U)
h U) = arlglmaZ = —r e 2 A.85
1(q1, G2, 43, U) = a3 (Bsq1 + B1g3) qs 2 a3 (Bsqr + Bras) ) ( )
« —aU € s 42y 7U
Pafars 0. U) = (1= @) (s + ) g5 = (1 =) T BD) 5
and
4 U e(q, q2,43,U)
h U) = g = apf A.87
3(q1, 92,93, U) = af1 (Bsqu + B1g3)” g9 ? af Bstr + Prs) ( )

For the case of 1 and x5 being complements, the form of the demand equation for zsis now
given by (A.87) and the form for x5 is given by (A.86).

A.9 Additional Figures

The appendix shows all simulation figures as described in the text.
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Figure A.1: Tax Incidence with Taxes on Two Related Commodities:General Equilibrium
Demand Curves

Commodity x; Commodity x,
Price )

Price
’EI’:f P

24 T-)]LTI (€} @
b (B) St q9 + 1

L6 qz

-t @

R
p? =af

0 0

“ 51(Q1,T§) : 52(‘12-7“

- Dy(qy, 70 Dy
D1(q1.Tg 2(q2,77)

0 0
Dy 2

Quantity Quantity

These figure shows the effects of a tax increases in two related markets starting from

71 = 75 = 0. The initial equilibrium price is given by ¢?. The partial equilibrium prices
after the tax increase are ¢¢ for the consumer. The prices accounting only for the feedback
from one market are given by ¢;, and the general equilibrium prices are given by ¢;. The
analysis using partial equilibrium demand curves is given in figure 3a. Terms (A), (B), and
(C) are the shifts defined in (7a) and (8). Then consider the equilibrium when using a
general equilibrium demand curve D;. This GE-demand curve is shown in bold purple and
is steeper than the partial equilibrium demand curve. A tax in market one shifts up supply
in that market, but shifts out the GE-demand curve in market 2. The price increase in
market two dampens the effect on quantity in market one. But then, the tax in market 2
shifts the GE-demand curve in market one.

62



“SuryIysIopun

10 SUIYPIYSIBA0 0 PuodselIod seale ou ‘Xe) auo A[uo YA\ [0 ‘T—] D 'd usemiaq st s1eonpold Uo 9oUsPIOUL WNLIGI[MDbS [RIoUaT
9Y) 2IoUM OIR SeoIR DAl WNIPA[N “Wo[qold oY) U0 JUreIISuod ® JO UOIR[OIA ® 0} PUOdsorIod seare 9jIYA\ PUSSS[ O 2anJrg
“re[op tod sjued ()1°() uUrRY) I0jeals

ST wnuqImbe Terired WO UOIJRIASD O} SI9YM SeolR oI Seole MO[[PA XIep pue [0 ‘0] usemjaq st wnuqimbe rerred woly
UOIIRIADD 9} 9IOYM SeIIR oI MO[[oA ST “Wo[qoId 91} UO JUIRIISUOD © JO UOIJR[OIA © 0} PUOdSOLIIOD SeaIR 9IYA\ "UOIIRIASD OY)
JO [9A9] o13 03 Surpuodsariod sjod IMojuod SMoys 2Ingy sIy) ‘perdiojur 09 JNOYIP og ued ydeis pg oY) sy :pusde] q 8In3rg
BMULIOF Hd 0970~ o)
5d) enuioy wnqmboe

Jo peoajsul ¢e (- st ootid Teonpoid o1y Ut o3ueyd o) ey} suRAUL GT'() JO onfea © ‘ojdurexo 10 "(*d — 0=%
[eryred oy} WOIJ UOIJRIADD O} SOALS JYSIOY papeys o], "Wo[qold oy} U0 JUIRIISUOD ® JO UOIIR[OIA © 0] PUOASILIIOD SROIR JTYAA
"SJUTRIISUOD ST} JO [[@ SOUSIJRS [9POW L) ) 2I9YM SIIIDIISR[d 901Id-SS0I0 0) PUOdSILIOD SeoIR POPRYS 9], :PUa3s] € 9ansiq
“IoquUINU SIY) AQ 9AOQR S9JRUII)S9 ) SUIPIAIP A( PIIR[NO[RD 9 URD SUOIIRIAID

98rIuadIsg ()G (- sAem[e ST seonpoxd o souepnUl WnLIqmbs erred oY) ‘SUOIRINUILS S} UL PIST SOIIDIISR[O ) UDALY)

-

(]

=

|

=]

l

ER57 RELan Y
=
=

T Ié
<
ERLERE]1811]

T
douaprowm [inba [eisuad ouaprout inba enaed snumu (ba eiauas Jduaprout inbs en.aed snumu [Inbs [eaauss

a[qe)S pue [1°0] ST 9oULPIDUT BISYAN ®IY (0) ®[NULIO] HJ PUR H¥) Ul 80UaIs)I Jo nojuo)) (q) enuiiof HJ Pue HL) Ul 90UsI[I(] 9s10921d (®)
1= iE_ = EE
= &1l = Trl pue T 1o3IR\ Ul AJU() XB], Y ‘SIONIRIN [[eWS [IM T JOXIR]\ Ul S9OLIJ I0ONPOIJ I0] SUOI)R[NUWIG OUT[esey gy oINsIq

63



‘sonpeA Iojourered UoNS I0J SOSLIR I0AdU Xopered S [)Iomaspy oS

‘pol YIep IO pol WNIPAW dIR Skale [[@ oISy SIY) U] *() < 'd :SINDD0 SUIPIYSIOAO ISUM dIR seaIe Pl YIep ‘[ ‘T—]| D 'd usemjaq
St s100onpord U0 9dUSPHUI WNLIGIINDS [RIGUSS 9} 2I9UM 9IR SeaIR Pl wnipaw ‘T => Id sesure xopered uorjexe) s [rI0MaspH
oIoUM oIv (uoljezLIojoureIRd 91} Ul SUOU) SBaIR Pal JSIT Wa[qold o1} U0 JUIRIISUOD ® JO UOIJR[OIA ® 0} PUOASSLIIOD SeaTe 9T A\
ostIe Xopeied uorjexe) [lI0MOSPH PUR SUIPIYSIOAO dI0UM WNLIGIINDO [RIoULS UL seoIe SMOUS 2INJY SIY ], :PUaS] O 2an3Jrjg
-a3ueyp xe) refjop 1od syued [0z 0 ‘0

U99M)9(| SUOIIRIASD 0} SPUOASOLIOD 8IR 1SOyIRD PUOIAS ) S[IYM ()g'() < ST wnriqrmbe [erjred woly UOIJRIASD 9} 2I9YM SROIR IR
raIR MO[[aA }saxIep oy T, ‘[0 ‘7' 0—] Ueamilaq UOTIRIASD 01 PUOdSaILIoD ®aIR 1S9)YSI] PU0DaS oY) ‘(g ()— > ST wnriqrmbae rerpred wory
UOTJRIADD 9} SIOYM SROIR 918 MO[[OA 1893 "wo[qold o) U0 JUIRIISUOD ® JO UOIIR[OIA ® 0) PUOASOLIOD SeaIR 9IIYA\ "UOIJRIASD
oYY JO [0A9] 9y} 09 Surpuodser1od sjo[d Imojuod smoys oInsy sty ‘jordrojur 0 YNoIp oq wes ydeid pg o) sy :pualdal q 2anSI g
"RIMUWLIO} HJ 0S°0- 9Y) JO praisul ¢9 (- st 0ouid 10onpoid o) ur 9Suryd oY) ey} SURSW GT'()- JO oN[eA ® ‘RNULIO} HJ 0G (- o3 JO
peojsur Gg'(- st 9otd 10onpoad oy ur oSued oY) JeYy surow G1°() Jo onpea e ‘oidwexo 104 (' — =% jd) emuoy wmuqimbe
[erared o) WOIJ UOIJRIASD O} SOALS JUYSIOY papeys o], "We[qold oy} U0 JUIRIISUOD © JO UOIIR[OIA © 0] PUOASOLIIOD SRaIR ITYAA
"SHUTRIISUOD 9Y) JO [[® SOYSIJRS [OPOW H¥) 9} I9UM SOIIDI)SR]e 90LId-SS0ID 01 puodsoliod seare Popeys oy [, :Puads] e aan3rg
"TOQUINU S} A 9AO(R S$OJRUIIISO ) SUIPIAID A( PIje[NIRd 9 URD SUOIJRIADD

98RIUOId] ()G (- SARM[R ST S100onpoId U0 90USPIOUT WNLIGIMbs [e1)red 97} ‘SUOIJRINUILS O} UL POSTL SOIIDI)SR[O O} USALX)

71

(]

aauaiagp

[

=

[
Juapnul [nba jeaduagd dduapioui inbs enaed snunu [inbs [eadusd Juapu inba enaed snumu [Inbas [elauad

SurIysIeA() pue ouepwou] [T°0] Jo wory (0) enuLIog HJ PUe HI) Ul 90USIDHI( JO Iojuoy) (q) ®e[nuio] Hd PUR H¥) Ul 00UaIofI( 2s101] (&)
1= _::_ — _::_ — o = Ipf
pue g pue J JoIRJ\ [IO¢ Ul X, Y ‘SIONIRIN [[BWS UM T J9NIRJ\ Ul SOOLIJ I9oNpOolJ I0J SUOIPR[NWIS SUI[EsRY €'Yy 9INSI]

64



0 < 'd :8IMdO0 SUIYIYSIOAO dIOYM dIR SROIR
pal1 yrep ‘[0 ‘T—] O 'd ueamjaq ST s100npoId WO 90USPIOUT WNLIGIINDe [RISUSS 9] 9IoYM dIe Seole pPal WNIPaw ‘T => d sosire
xopered uorjexe) s YII0MISPH SI9UM IR SealR Pl JUSIT Wo[qoId o) U0 JUIRIISUOD © JO UOIR[OIA ® 0} PUOASSIIOD Seare 9 AN
-ostre xopered uorjexe) [1I0Mo3pH PueR SUIPIYSIOAO SIOYM WNLIYIINDS [RIOULS Ul SeoIk SMOUS oIN3Y SIY ], :Puada] 9 2an3rg

-o8uetp xe) refjop 1od s1uad [0z'0 ‘0]

U99M}9( SUOTIRIADD 0} SPUOdSOIIOD 9IR 1So)IRP PUOISS O} S[IYM ()Z'() < ST wnuqrmbe [erjred wolj UOIIRIADD 97} 9IOYM SBOIR dIR
raIR MO[[AA }SoxIep oY T, ‘[0 ‘7' 0—] Ueamilaq UOTIRIASD 01 PUOdSaILIOD BaIR 1S9)YSI] PU0DaS oY) ‘()5 ()— > ST wnriqrmbs rerpred wory
UOT)RIADD 9} SIOYM SROIR 918 MO[[OA 1s99U3IT "wo[qold oY) U0 JUIRIISUOD ® JO UOIIR[OIA ® 0) PUOASSLIIOD SeaIR I A\ "UOLJRIASD
oY) JO [9A9] 9y} 09 Surpuodser1od sjord Imojuod smoys oIn3y sty ‘jordrojur 0g ynoIp oq wes ydeisd pg o) sy :pualdal q 2anSI g
"RIMUWLIO} HJ 0G0~ Y3} JO pralsul ¢9 (- st 0ou1d 1eonpoid o) ur oSuryd oY) ey} SURSW GT'()- JO oN[eA ® ‘RNULIO} HJ 0G (- o2 JO
peojsur Gg (- st 0od teonpord oy ur oFueyd Y ey sUBIW GT°() Jo onpea e ‘oidurexo 104 (% — “¢="| Jd) emuiioy wmuqimboe
[erared o) WOIJ UOIJRIADD O} SOALS JUYSIOY papeys o], ‘we[qold oy} U0 JUIRIISUOD © JO UOIIR[OIA © 0] PUOASILIIOD SaIR TYAA
"SHUTRIISUOD 9Y) JO [[® SOYSIJRS [OPOUL H¥) oY) IaUM SOIIDI)SR]e 90LId-SS0ID 01 puodsaliod seare Popeys oy ], :Puads] e aan3rg
"TOQUINU ST} A 9AO(R SOJRUIIISO ) SUIPIAID AQ PIje[NI[RD 9 URD SUOIJRIADD

98RIUOI] ()G (- SARM[R ST S100onPOoId UO 90USPIOUT WNLIGIMDS [e1)IRd 97} ‘SUOIJRINUILS 9} UL POSTL SOIIDI)SR[O [} USALX)

-

71

(]
=
I
(o]
1

aduAIAIp

1z

[4
dduapw [mmba eiduag Jduapu nba enawd snumu (b [e1ouad dduapw nbs enaed snunu [inbs [eaouad

Sunyrysepu) pue Suriysiea() ‘[1°0] jo ea1y (9)eULIO] HJ PUR HL) Ul 90ULISHI(] JO M0JU0Y) (q) BNULIO] HJ PUR HL) Ul 90UISJI(] 9S1001 (®)

I = || = |THe| = W pue (o1 = @) g
Jos[IRI\ Ul A3o1)se[ Ajddng o81e y ‘Sjos{IR]\ [[RWS OM T, IM T Jo5[IRJ\ Ul S9OLLJ 19oNPOIJ I0] SUOIJR[NUILG SUI[asRY "y oINJI ]

65



‘0 < 'd :SIMdO0 SUIPIYSIOAO SI9UM dIR SeIIR
pa1 y1ep ‘[0 ‘1—] O 'd ueamjaq st s100npoId U0 9OUSPIOUT WNLIGIINDO [RIOUSS oY) 0IoYM dIe SeolR Pol WNIPaw ‘T => Id sosLIe
xopered uorjyexe) s YLI0MISPH 9I9(M IR Sealk Pal JUSIT "wo[qold o) U0 JUIRIISUO0D © JO UOIIR[OIA ® 0} PUOASOIIOD Searr I AN
"ostre xopered uoryexe) S 1I0MOSPH PUR SUIYPIYSIOAO dI9UM WNLIIMDo [RIOUSS Ul SeaIk SMOUS 9INTY SIY], :PU8Sd[ saan3Irg

"SeoIR I9)YSI[ PUR ISyIep S} PILMO) SUISLIINIP 10 SUISRSIOUL A[JOOWS SI 90USPIOUL S I ‘SON[RA 9OUSBPIOUL

os10a1d S1) J0U PUR SOAIND [9AJ] AJUO MOTS IA\ "SOSURYD Iojourered oUO S8 SOFURYD SOUIPIOUT MO SUIZI[NSIA JO Aem ® sk ()G (F
Aq £110118R[5 OUO dSURYD 9A\ "9INSY YO JO S[41) YY) Ul USALS ST oUO [enbs j0u s90p et} ouo oy, -ouo 10j 1dedxs suo 09 renbo
|TTh] € [TT] “@rf “Trl sery1o198R[0 BY[Y JO [[B YIM [opoul WNLIGIMba [erousd mo ur agueyo 9oud Teonpoid o) soje[uUIs 2IN3Y YoeH

SI= B I udpIdW [Inba esduad S0= B I duaprdul [Inba jeaduad SI= i I duIpu [Inba eaduad 0= " A dUdIpRUI (b [eadudd

SI-= n P dudIpRUI (b [eadudd §I-= Ty s 2oudpdUL [mbo [esdudd SI-= "y P 2udpuUl [bd [esdudd §0- = My PIM 2dudpUI [Inbd eadudd

1 = senyouse[y aoud-um() (su() 3deoxy)
[V Pue g pue T JoIR]\ [10g Ul XR], Y ‘SIONIRIN [[RWS [[IIM T J9NIRJA Ul SodLIJ IodNPOIJ I0J SUOIJR[NUWIS dUl[osey Gy oINSl

66



Table A.2: Effect of Excise Taxes on Beer and Wine Prices, With Taxes for Specific Products
(1) (2) (3) (4) (1) (27) (3") (4')

Beer Prices Wine Prices Beer Prices Wine Prices
Beer Tax 0.968 0.340 0.645 0.973 -0.212 0.178
(0.737) (0.417) (0.902) (0.747) (0.261) (1.024)
Wine Tax 0.373* 1.154* 1.090** 0.686**  2.076**  1.336**
(0.221) (0.630) (0.532) (0.272) (0.852) (0.630)
Spirit Tax 0.215%** -0.131 0.416%** 0.571%%*
(0.064) (0.149) (0.134) (0.185)
Controls Y Y Y Y Y Y Y Y
State FE Y Y Y Y Y Y Y Y
Time FE Y Y Y Y Y Y Y Y
Observations 1,859 1,859 1,859 1,859 1,859 1,859 1,859 1,859
States 51 51 51 51 51 51 51 51

This table presents the results from equations (26) and (27) for beer and wine prices. In columns
without a prime, the price is the average (unweighted) price in the state. In columns with a
prime, the price is the average (weighted by population) price in the state. Columns (1)-(2) are
for beer and columns (3)-(4) are for wine. All regressions include time fixed effects, state fixed
effects, and a full vector of controls including the state sales tax rate on alcohol. Taxes are in
dollars for a six pack of beer, a 1.5 L bottle of wine, and a 0.75 L bottle of liquor in all regressions.
This implies that in the beer price regression, taxes are for each of these three different units.
These units corresponds to the prices. Standard errors are clustered at the state level. *** 99%,

*95%, * 90%.

Table A.1: Simulations of Producer Price Changes When One Product Is Inelastically Sup-
plied and the Other Elastically Supplied and Two Taxes Change (77 = 75 = 1)

Elasticities PE M2 = M1 = 0.5 Mo = TN21 = —0.5 Mo = 157 21 = 0.5 Mo = —1.5, 21 = —0.5
Imua| |ne2| pe | pt" | B¢ S % PLIAN % S Py I
1 1 0.1 10 | -0.91 | -049  -46%  -1.32*%*f 4+46%** 0.41* -146%* -2.22%% +144%**
05 1 01 10 [-0.83|-0.04 -95% -1.61%* +94%** n/a n/a n/a n/a
1.5 1 0.1 10 |-0.94|-0.65 -31% -1.22%% +31%** -0.04 -95% -1.82%* +95%**
05 0.1 10 |-091|-046 -49% -1.34**  4+48% n/a n/a n/a n/a

1.5 01 10 |-091]-0.50 -45%  -1.31*%* +44%  0.35* -139%* -2.16%* +138%**
1 005 10 |[-0.95]|-0.68 -29%  -1.27**  +46%  0.44* -146%* -2.34%% +145%**
1 015 10 |-0.90|-046 -47% -1.27% 4+46%  0.39* 146%* -2.12%% +144%**
1 0.1 95 |-091]-049 -46% -1.32** +46%  0.41* -146%* -2.22%% +144%**

1 1 0.1 10.51|-091|-0.48 -47% -1.33** +46%  0.42* -146%* -2.23%% +145%**

—_ = = = =

This table simulates the producer price incidence for the given elasticities. * Indicates overshifting and **
indicated Edgeworth’s Paradox. Percent changes are given using the formulas in the text. A positive
[negative] percent change means the incidence on the producer increases [decreases| in our general
equilibrium formula relative to the partial equilibrium formula. When calculating percent changes, we use
the precise numerical incidence value rather than the rounded values in the table. N/A means a constraint
on the problem does not hold.
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Table A.3: Marginal Effects of Own-Tax Tax in Interaction Model

(1) (2) (3) (4) (1) (27) (3) (4)
Beer Prices Wine Prices Beer Prices Wine Prices
Own Tax 0.968 0.927 1.154%* 0.732 0.973 0.772 2.076** 1.651%*
Changes (0.737) (0.901) (0.630) (0.657) (0.747) (0.932) (0.852) (0.878)
Own Tax 1.446** 1.388*
and Wine (0.688) (0.718)
Own Tax 0.394 0.526 0.226 1.586
and Spirit (1.114) (0.996) (1.196) (1.093)
Own Tax 1.118 1.901°*
and Beer (0.768) (0.981)
(0.768) (0.981)
All Taxes 0.913 0.917 0.842 1.837**
(0.826) (0.639) (0.826) (0.850)
Controls Y Y Y Y Y Y Y Y
State FE Y Y Y Y Y Y Y Y
Time FE Y Y Y Y Y Y Y Y
Observations 1,859 1,859 1,859 1,859 1,859 1,859 1,859 1,859
States 51 51 51 51 51 51 51 51

This table presents the results where the own-product excise tax rate is in the regression and it is

interacted with dummies if each of the other product taxes change. We then present the marginal

effects (rows in this table) when the own-tax changes alone, when it changes with one of the other

taxes, and when all taxes change. In columns without a prime, the price is the average

(unweighted) price in the state. In columns with a prime, the price is the average (weighted by

population) price in the state. Columns (1)-(2) are for beer and columns (3)-(4) are for wine. All

regressions include time fixed effects, state fixed effects, and a full vector of controls including the
state sales tax rate on alcohol. Taxes are in dollars corresponding to the units of volume of the

good. Standard errors are clustered at the state level and the Delta method is applied for
marginal effects. *** 99%, ** 95%, * 90%.
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