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Abstract

Tariffs and anti-dumping duties are two important tools used to protect industries from
foreign competition and to generate revenue. While both tools have been studied in separate
contexts, little is known about their effects on domestic and import prices, exporting firms’
profits, domestic revenue, domestic industry protection, and domestic and foreign welfare.
These effects are investigated in a two-country framework where a firm dominant in its home
market exports to a foreign market served by an oligopoly, a setup that represents many
important anti-dumping duty filings in the U.S. against foreign firms. Conditions under
which one tool dominates the other for a given criterion are provided.
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1 Introduction

Tariffs and anti-dumping duties are two important policy tools that protect industries and generate
revenue to the countries that initiate them. While the two have been extensively studied in separate
contexts, there is little work that compares them explicitly.! This paper does so with respect to their
effects on domestic and import prices, industry protection, exporting firm’s profits, and domestic and
foreign welfare. The goal is to be able to say under what conditions one tool is superior to the other in
terms of a well-defined criterion. If the superiority of one tool can be established under a given criterion,
the intervention in an otherwise free trade environment should be performed using the superior tool,
depending on the importance of that criterion. For instance, when industry protection is a prominent
goal in an intervention and an anti-dumping duty is found to be uniformly more effective in promoting
that goal compared to a tariff, then the prescribed policy action would be to hold back tariffs and use
anti-dumping duties instead.

Tariffs and anti-dumping duties, while sharing the common goal of industry protection, differ in the
ways they are treated in theory. A tariff is usually set to maximize either domestic revenue or welfare,
whereas an anti-dumping duty is frequently designed to make up for the gap between a foreign firm’s
price at home and the price it charges for its exports, provided that the gap is positive. An anti-dumping
duty thus mainly serves the purpose of industry protection, and as a by product, produces revenue but
is not designed to maximize protection, revenue, or welfare. Consequently, an anti-dumping duty in its
simplest form, unlike a tariff, is not a solution to an optimization problem.

In practice, too, there are important differences between the implementation of the two tools. Tariffs
are imposed on all foreign firms exporting a given good to a domestic market. Anti-dumping duties,
on the other hand, target a specific foreign firm or a few firms claimed to be "dumping", i.e. selling
at prices that are deemed "unfair". The goal is to restore "fair pricing" by the foreign firm, where the
definition of what is "fair" is an important practical question. Tariffs are usually determined by the U.S.
International Trade Commission (ITC) and are subject to the approval of the Congress. On the other
hand, anti-dumping duties are decided solely by the ITC and the Department of Commerce, with little
or no involvement on the part of the Congress.? It is also not uncommon to find anti-dumping duty
filings in cases where there is already a tariff in effect. This article abstracts from any politico-economic
issues and ignores possible coexistence of the two tools in an industry. The aim is to compare the tools
mutually exclusively.

To carry out the comparison in a tractable yet realistic framework, a model of trade between two
countries is developed, where a dominant firm in one of the countries exports to a market inhabited by

a group of oligopolistically competitive firms. The specific structure of the model draws upon a few key

'See, e.g., Bahgwati and Kemp (1969), Leith (1971), Brander and Krugman (1983), Reitzes (1993), Blonigen (2002),

Blonigen and Prusa (2003), and Bown and Crowley (2007).
2Obviously, it is impossible to claim that the government and ITC move entirely independently on the implementation

of the two tools. Governments can implement policies that can affect the initiation and the outcome of anti-dumping
duties. For example, "Continued Dumping and Subsidy Offset Act of 2000", also referred to as the "Byrd Amendment",
which was repealed in 2005, proposed the redistribution of the anti-dumping duty revenues to the injured domestic firms

that initiated the duty. This redistribution of the duty certainly increased incentives for filing anti-dumping duties.



observations on the nature of many major anti-dumping cases filed in the U.S.

First, an anti-dumping petition requires some coordination among domestic firms against a foreign
firm that is claimed to be dumping. Just as in the case of cartels, this type of coordination is more
easily attained in concentrated markets. A select set of cases are reviewed below as examples of U.S.
anti-dumping cases which were filed by a single domestic firm or group of firms in highly concentrated
markets. To reflect this observation, the domestic industry is modeled as an oligopoly where the
number of firms are allowed to vary, so that the role of the competitiveness of the domestic market can
be assessed, including the limiting case of a competitive market.

Second, the foreign industry in the model consists of a single firm, representing a foreign market
where a dominant firm has the ability to set prices. While such a setup is not applicable to all anti-
dumping cases, an important subset of the cases involve a single dominant foreign firm, as reviewed
below. A dominant firm is more likely to be the subject of dumping scrutiny. Because the dominant
firm can set a price above the competitive level at home, the gap between its home and export prices is
larger as long as the foreign market is more competitive than its home market. This gap is more likely
to induce anti-dumping filings, as the widely-used definition of "dumping" compares a foreign firm’s
home price with its export price.

Third, tariffs are usually targeted at an entire foreign industry, not necessarily at a single firm,
whereas anti-dumping duties mostly aim a single foreign firm and a narrowly defined set of products.
Therefore, the model should be seen as focusing on a case where tariffs are directed to a foreign in-
dustry with a dominant firm, where the exports from all other foreign firms can be ignored to a first
approximation.

A number of compromises are made to obtain a tractable framework that can convey a set of
basic results. First, trade is unilateral. This simplification is reasonable in all the dumping cases
reviewed below, which involve a foreign firm exporting to the U.S. but no or negligible trade in the
other direction.® Second, there are no transportation costs, although they can be introduced to the
foreign firm’s cost structure without altering the core analysis. Third, there is no explicit dynamics.
Consequently, dumping that can arise from penetration or predatory pricing is ruled out. Any transitory
dynamics in pricing is also ignored. Fourth, and relatedly, there is no uncertainty as to whether a duty
or a tariff will be imposed by a domestic entity. The analysis compares three static equilibria pertaining
to a free trade regime, an anti-dumping duty regime, and a tariff regime. It is assumed that a trade
barrier in the form of tariff or a duty is imposed at some point in time during a free trade regime and
the foreign firm alters its behavior thereafter in response to that barrier. All the mutual comparisons
between different regimes pertain to "long term", that is, after all adjustments to a barrier have taken
place, i.e. no temporary dynamics.

All results in the paper revolve around the following key parameters: ¢) the efficiency of domestic
versus foreign production as reflected in the marginal costs of the firms, i7) the own price-elasticities
of demand in the two countries, 7ii) the cross-price elasticity between the domestic and the foreign

good, and iv) the number of firms in the domestic market, which determines the competitiveness of

3See, Brander and Krugman (1983) for a model of reciprocal dumping, which involves only two firms, one in each

country.



the domestic market. Dumping arises in the model solely from the differences in the two countries’
demand elasticities, which allow the foreign firm to engage in international price discrimination. The
comparison of a tariff regime and the anti-dumping duty regime depends on how large the dumping
margin is compared to the tariff rate. The tariff rate is related only to domestic demand elasticity,
whereas the dumping margin is a function of both the domestic and the foreign demand elasticity. This
key difference allows the comparison of the two tools based on how the dumping margin respond to
changes in the foreign demand elasticity. In general, one tool does not dominate the other uniformly
under all criteria. However, the analysis reveals that, under certain restrictions, a revenue-maximizing
tariff can be shown to be superior to an anti-dumping duty under many criteria as long as the foreign
demand elasticity is large enough, keeping all else constant. The predictions of the model on the
direction of change in prices when a tariff or an anti-dumping duty is imposed are all also broadly in
line with the existing empirical evidence.

The rest of the paper is organized as follows. In the next section, some important examples from
U.S. anti-dumping cases are provided to motivate the modeling approach. Section 3 lays out the model.
Section 4 analyzes the model under three regimes: free trade, anti-dumping duty and tariff. Section
5 compares the three regimes on prices, profits, revenue, industry protection and welfare. Section 6
considers some important extensions. Section 7 concludes. Proofs of results that are not obvious are

deferred to Appendix A for brevity.

2 Empirical motivation

The structure of the model is inspired by a number of major U.S. anti-dumping cases such as
Cemex, a major global cement producer based in Mexico. The Mexican cement industry has been
highly concentrated for a long time. Cemex is the dominant producer in Mexico and it accounted
for 71% of the domestic production in 1989, shortly before the filing of the dumping case against
it. Cemex has grown substantially since then, and through a series of strategic acquisitions, it has
secured a dominant position in the world market. Strict restrictions placed on the import of cement by
the Mexican government were instrumental in Cemex’s path to dominance at home and its expansion
worldwide.*

The U.S. cement industry, on the other hand, has an oligopolistic structure, composed of a handful
of mostly foreign-owned firms with several plants across the U.S. In 1990, cement producers in southern
states successfully lobbied for an anti-dumping duty against Cemex, which accounted for a large amount
of the cement imported to southern U.S. In contrast, the U.S. has been exporting a substantially smaller
amount of cement to Mexico, so trade is virtually unilateral. The unusually low price of cement imported
by Cemex has allegedly allowed Cemex to obtain a disproportionate share of the U.S. market. Producers
in the southern U.S. states have accused Cemex of selling its portland cement below fair market value
and they have petitioned the U.S. government for antidumping relief.

The case of Cemex is ideal in terms of the main elements motivating the model considered here: a

dominant foreign firm competing with a group of domestic firms in an environment where the trade is

1See, e.g., Chapter 8 in Spulber (2007).



almost unilateral. However, this case is by no means special, as further examples suggest.

Another recent case in point comes from the U.S. Steel industry, filed against Vychodné Slovenské
Zeleziarne (VSZ), a major steel producer in Kosice, Slovakia. Like Cemex, VSZ is a dominant firm in
its home market. In 1997, shortly before the case was filed, as the largest company in Slovakia it alone
accounted for as much as 8% of the gross national product of Slovakia. It was also one of the largest
Central European companies, and the second largest employer and the biggest Slovak exporter.

The preliminary determination by the Department of Commerce in the investigation of VSZ was
issued on December 28, 1999, which found that certain steel products from VSZ were being sold in the
United States at less than fair value. Subsequently, an anti-dumping duty was placed on exports from
VSZ. As in the case of Cemex, the investigation against VSZ was petitioned by a group of U.S. steel
firms.> The U.S. steel industry is composed of a number of large integrated companies, some foreign-
based, and a large number of smaller firms called minimills. The seven largest integrated companies
accounted for 48% of the entire output in 2001. Two of the petitioners, U.S. Steel and Ispat, were
ranked among the top 20 producers worldwide. As in the case of Cemex, the structure of the domestic
market in this case can also be represented by competition among a small number of firms with some
market power. At the time of the duty, U.S. steel exports to Slovakia was negligible compared to the
U.S. imports. The U.S. exports increased sharply, however, following the acquisition of VSZ by U.S.
Steel in 2001.

A third example is the imports of color television sets from Korea.5 The Korean consumer electronics
industry includes more than 150 small firms, but is dominated by three: Gold Star Co., Ltd., Samsung
FElectronics Co., Ltd., and Daewoo Electronics Co., Ltd., whose market shares in color television set
production in 1988, 5 years after the initiation of the dumping duty, were 33%, 31.7 %, and 17.5 %
respectively. At the time of the initiation of the antidumping action, trade between the U.S. and Korea
was almost unilateral due to Korean restrictions on imports of color televisions. No imports were allowed
before 1982, from 1982 to 1985 a recommendation of the Korean Producers Association was required
for imports, which was lifted after 1986. Imports were still restricted by customs tariffs ranging from
35% to 40 % after 1986, which kept the ratio of imports to domestic production less than 1% through
the 1980’s and allowed the big three companies to charge near-monopoly prices in Korea. On the other
hand, there was a rapid expansion in exports to the U.S. by Korean companies. Exports rose 13.9 % the
year before the initiation of the antidumping action and 207 % during the year of initiation. Import-
competing firms in the U.S. demanded anti-dumping restrictions against Korean exports as they saw
their domestic market shares erode. Therefore the United States imposed the first anti-dumping duty
on imports of Korean color television sets from the big three producers in 1983. At the first annual
review in 1984, the duty levied on Samsung Electronics Co., Ltd. was 52.5%.

The model in the next section is based on the common features of the cases reviewed in this section.

®The petitioning firms consisted of Bethlehem Steel Corporation, Gulf States Steel, Inc., Ispat Inland Inc., LTV
Steel Company Inc., National Steel Company, Steel Dynamics, Inc., U.S. Steel Group (a unit of USX Corpora-
tion), and Weirton Steel Corporation. Also petitioning were parties with similar interests: United Steelworkers of
America and Independent Steelworkers Union. For more on this case, see the Department of Commerce web page:

http://www.ita.doc.gov/media/FactSheet/FactSheet1229.htm
See Bark (1993) for the details of this case.



The environment of these cases provides a plausible framework for a tractable analysis of the issues

considered.

3 The model

Consider two markets: "foreign" and "domestic". An asterisk identifies the variables and functions
for the foreign market. A single firm in the foreign market exports to the domestic market served by N
> 1 identical oligopolists, none of which exports to the foreign market. The foreign firm is a monopoly
in the foreign market, representing the case of a dominant firm in its extreme form.

Two imperfectly substitutable goods are sold in the domestic market: the import good and the
domestic good. The foreign demand for the import good is D*(p*). The domestic demand for the
import good is D*(p’, p) and the domestic demand for the domestic good is D(p,p’), where p and p’ are
the prices of the domestic and import goods, respectively. All demand functions are twice continuously

differentiable” and satisfy

D¥ <0, (1)
Di(p',p) = D(p',p), D(p,p’) = D'(p,p"), (2)
Dy <0, Dy > 0. (3)

Property (1) and first part of property (3) are standard. Property (2) imposes symmetry, which simplifies
notation and analysis, but otherwise is not essential. The second part of property (3) implies that the
domestic good and the import good are substitutes.

Let Q' and Q be the total quantity of imports and the total quantity of the domestic good, re-
spectively. The domestic oligopolists compete in a Cournot fashion by choosing outputs. To facilitate
the exposure of an oligopolist’s output choice problem, a twice-differentiable inverse demand function

P(Q, p) is assumed to exist for the domestic demand such that
P <0,P, > 0. (4)

The first part of (4) follows from the first part of (3). The second part implies that the domestic price
strictly increases as the price of the import good increases.
The foreign firm’s marginal cost is ¢* > 0 for both exports and home output. Each domestic firm also

has a marginal cost ¢ > 0.% The analysis proceeds with general demand functions satisfying properties

(1)-(4). Let e*(p) = —%i((’;))p and e(p1,p2) = —% be the own-price elasticities associated with
the demand functions D*(p) and D(p1,p2). Also let v(p1,p2) = % be the cross-price elasticity

of D(p1,p2). It will be useful at times to restrict attention to the class of demand functions that exhibit
the following additional properties
E*, Z O

; (5)

€1 Z 0,62 S 0, (6)

"Except at a countable set of prices.
8 At this point, no special relationship between ¢ and ¢* is imposed, although ¢* < ¢ may be plausible for the case where

the foreign technology is superior.



71 < 0,75 = 0. (7)

These restrictions imply that the own-price elasticity is non-decreasing in own-price and the own-price
elasticity is non-increasing in the price of the substitute. In addition, two main classes of demand
functions will be of particular interest as they are frequently used in the trade literature. These are

constant-elasticity (or iso-elastic) demand functions

D(p1,p2) = apy°ps, (8)

where *,¢,v, A,a > 0, and linear demand functions
D*(p) =A- pr

D(p1,p2) = a — bp1 + dpa, (9)

where A, B,a,b,d > 0. Note that these two classes of demand functions satisfy (1)-(7).

4 Analysis

The solution to the model is characterized under three separate regimes: free trade, anti-dumping
duty, and tariff. Three distinct equilibria will be considered, each corresponding to a different regime.
The first one is the equilibrium that emerges under free trade where a tariff or an anti-dumping duty
is absent. Under free trade even the threat of an anti-dumping duty or a tariff is assumed away. The
second and third equilibria are those that result when a trade barrier — a tariff or a duty — has actually
been imposed, and all firms have responded to that barrier. The latter equilibria can emerge either
when no firm anticipates a trade barrier or when all firms anticipate a trade barrier. Anticipation of a
barrier may affect the prices even before the barrier is actually imposed. However, the only equilibria
studied here are ex-post equilibria: those that result when a trade barrier has actually been imposed
and all firms have responded to that barrier. Any temporary ez-ante equilibria that may prevail under
the threat of a barrier before that barrier is imposed is not considered. The focus here is on comparing

the ez-post equilibrium after a barrier is imposed with that under the complete absence of that barrier.

4.1 Free trade

Under free trade, the foreign firm maximizes its total profit
max* (p*,p') = D*(p*) (p* — ) + D(p', p) (0" — "),
P*p
where the first term is the home profit and the second term is the export profit. A domestic firm’s

output is the solution to

ml?xw(q) =q (P(Qapi) —c),



where ¢ is the quantity supplied by the firm.’
To ensure unique global interior solutions that can be characterized by first order conditions,
7*(p*, p') is assumed to be strictly concave individually in p* and p, and 7(q) is assumed to be strictly

concave in ¢.!° The first order conditions for the foreign firm’s problem are
D" (p™)(p" — ") + D*(p") = 0, (10)

Dy (¢, p)(p' — ¢*) + D(p',p) = 0. (11)

For the domestic oligopoly, a symmetric equilibrium is considered. For a domestic firm, the first

order condition for profit maximization is

(P(Q.p") —¢) +aP1 (Q,p") =0, (12)

where Q = Nq. Let o = — Qlfl” = %%“ denote the "relative curvature" of the inverse domestic demand.
A sufficient condition for the stability and uniqueness of symmetric equilibrium in the domestic market
is
N+1-a>0, (13)
which is assumed to hold hereafter.!! The stability condition holds for all N > 1 for constant-elastic
demand in (8) with € > 1, and for linear demand in (9). It holds in general for all log-concave demand
functions.
Let ¢*(p*) and e(p’,p) be the own-price elasticities associated with D*(-) and D(-,-), respectively.
Letting the subscript “f” denote free trade variables in equilibrium, the free trade equilibrium prices

are
. . £

= e b= & e(pl, py) Ne(py,ph)
f c* pﬂ}) -1 » Pf

: o=l oy
) 1) Ne(ps,py) — 1

For the prices to be positive, elasticities must satisfy £*(p}) > 1, 5(plj},pf) > 1, and e(pf,p}) > 1/N.
Because p’} is unique and does not depend on other prices, uniqueness of equilibrium under free trade
requires only that the pair (py, p?) be unique.!?

To be able to talk about the imposition of an anti-dumping duty, dumping must prevail under

free trade. According to the WTO, an agreement on the presence of dumping requires evidence on

% A remark on the choice of prices by the foreign firm versus the choice of quantities by the domestic firms is in order. If all
domestic firms compete by choosing prices, standard Bertrand result applies in the domestic market under the assumption
of no product differentiation in the domestic good. Introducing a model of horizontally differentiated products, such
as Hotelling’s linear city model, in the domestic sector avoids the Bertrand outcome, but does not necessarily generate
a simpler analytical framework. In particular, a model with many differentiated products in the domestic sector also

complicates the specification of substitutability between the import good and the domestic goods.
10The conditions for strict concavity are standard. It can be verified that strict concavity holds for constant-elastic and

linear demand functions, and for log-concave demand functions in general.

"See Seade (1980a,b). Schlee (1993) shows that this condition implies both uniqueness and symmetry of the Cournot
equilibrium.

12Tt can be verified that uniqueness holds under constant-elastic and linear demand functions for the equilibria under

free trade, anti-dumping duty, and tariff. See Appendix B for a formal treatment of uniqueness in these cases.



the existence of two effects: dumping itself, and material injury to the domestic industry. In its most
widely used definition, dumping occurs when the foreign firm’s price at home is greater than its export
price, i.e. p’} > p’]}. Dumping can occur, for instance, when the foreign firm’s marginal cost for exports
is sufficiently lower than its marginal cost at home, everything else constant, although such a cost
difference is not expected. The empirical trade literature has generally found that exports tend to cost
more, both in terms of fixed and marginal costs involved, and therefore only relatively more efficient
firms are able to export.'®> Here, the marginal cost is assumed to be the same for a good sold at home
and a good exported. Furthermore, the model abstracts from any dynamics that may involve predatory
or penetration pricing. In the absence of such dynamics, the only way dumping can be obtained here is
when the price elasticity at home is lower than the export price elasticity, i.e. €*(p}) < e(plj}, pr). The
last inequality is assumed to hold hereafter. The free trade prices are thus those that would prevail when
the demands in the two countries have different elasticities and the foreign firm engages in international
price discrimination.

The second requirement, material injury, takes place, according to the amended Tariff Act of 1930,
when the foreign firm exports a large enough quantity and charges an import price low enough to induce
actual or potential decline in domestic price, profits, output, sales or market share.'* In theory, unless
one defines precisely what constitutes a "material injury", any amount of foreign competition causes

loss of profits for domestic firms under very general conditions. In the model, the effect of a decline in p
dr(q)
dpz ?
between industry protection as measured by domestic profits and import price. Consequently, the

on a domestic firm’s profit, is always negative.!> Therefore, there is an unambiguous association

domestic industry is injured in terms of either output or price or both whenever there is a fall in the

import price. Under certain conditions, the sales and market share of domestic firms also decrease.'®

It will be sufficient here to assume that the free trade import price is low enough to induce material
injury in terms of domestic profits. Observe also that the foreign firm’s profit always decreases as the

domestic price decreases.!”

13Qee, for instance, the recent survey by Bernard, Jensen, Redding, and Schott (2007).

YITC may also consider the negative effect of imports on productivity, return on investments, capacity utilization,
cash flow, inventories, employment, wages, growth, investment and the ability to raise capital. These dimensions are not
considered here.

15 This result follows from the envelope theorem:

dn(q) _ Om(q) Oq , Om(q) _ Om(q)

= = - = = ~~ = qP .
dp? dq Op? + op? Op* a2 >0

16Tt can be shown that for constant-elastic demand domestic output, sales, and market share decline and domestic price

does not change as import price falls. For linear demand, domestic output, sales, price and market share all decline.

17 Again, by the envelope theorem: w = (p' —¢*)D2 > 0.
P



4.2 Anti-dumping duty

When an anti-dumping duty is imposed, the foreign firm must pay a duty per unit exported, equal
to (p* — p') as long as p* > p’. The foreign firm’s problem under the duty is then
max7*(p*,p') = D*(p*)(p* — ") + D', p) (0" — ¢*) = 1(p* > p") D', p) (" — '), (14)
p*.p*
where I(-) is the indicator function. A domestic firm’s problem is the same as in free trade. To ensure
unique interior solutions for the case where dumping prevails under the duty, i.e. when I(p* > p') = 1,

7*(p*, p') is assumed to be jointly strictly concave in (p*,p’). Individual strict concavity in p* and p’ is

also assumed for this case to facilitate the analysis.
The system of first order conditions, assuming that dumping prevails under the duty, is'”
D¥(p*)(p* — ¢*) + D* (") = D(p',p) = 0, (15)
Di(p',p)(2p" — ¢ = p*) +2D(p’,p) = 0, (16)
(P(Q,p") —¢) +qP1 (Q,p") = 0. (17)

As opposed to the case of free trade, all three prices are now interrelated because the foreign firm is
now penalized for the gap between its home and export prices.

From (15), it can be verified that if the foreign firm dumps under the duty, it must hold that
D*(p*) > D(p%,p), i.e. the foreign firm’s home demand must exceed the demand for its exports. An
increase in p* has three effects on the foreign firm’s profits: a decrease in profits due to decreasing
demand at home represented by the first term in (15), an increase in profits at home due to an increase
in markup represented by the second term in (15), and a decrease in export profits due to increasing
dumping margin represented by the last term in (15). Because the first and third effects are negative
and the three effects must balance each other out, the magnitude of the second effect must exceed that
of the third. As a result, when the duty is in place, the domestic firm lowers its price to a level at which

the foreign firm’s domestic output exceeds exports.?’

Let A(p) = gEfE;f)) be the foreign firm’s exports-to-home-output ratio, where p ={p*, p’, p}. The pre-

ceding discussion implies A(p) < 1 for (15) to hold. Using the subscript “ad” to denote the equilibrium

18Strict concavity in p* is guaranteed under the concavity of home profits under free trade, which was assumed earlier.

Strict concavity in p' requires for all p* > p* > ¢
D11 (2p" —p* —¢) +4D; <0,

which is ensured by the strict concavity in p’ under free trade. Joint concavity requires the Hessian of ’/T*(p*,pi) to be

negative-definite, which is equivalent to
(D™ (p" — c*) +2D") (Dn(zp" P+ 4D1) D20,

for all p* > p' > c and for any given p. Concavity conditions are satisfied by constant-elasticity demand functions.
Y97f there is no dumping when the duty is in place, the system of first order conditions is identical to that under free

trade.
20However, there need not be any definitive relationship between the foreign output and the exports when there is

dumping but no duty is in place.



variables under the anti-dumping duty, the foreign firm’s prices can be written as

* _C* E*(p:;d)
Poa = <e*<p:d>—<1—A<pad>>>’ 1%)

I <€(5(p¢izd7pad) ) < 2" (Pla) = (1 = MPaa)) ) , (19)

P Pad) — 1) \26*(0},) — 2(1 — X(Paa))

and the domestic price is

Ne(paa, Pl
g = ¢ ( e(p dipad) ) ' (20)
Ne(pad,phy) — 1

The dumping margin is

pzd - pfld _ 5(p2dapad)(1 — AMPad)) — 25*(17251)
Py (Pl g Pad) (26 (Ply) — (1 = MPad)))

(21)

E(pzdzpad) > 2
e*(phg) = (1=A(Pad))
the duty is in place the export demand must be more than twice as elastic as the home demand. Under

Because the dumping margin must be non-negative, it must hold that , i.e. when
constant-elastic demand, this condition implies that even under free trade the import demand must be
sufficiently more elastic than the home demand.

An important question is whether the foreign firm continues to dump after the duty is imposed.

Proposition 1 The foreign firm continues to dump (weakly) under the anti-dumping duty, i.e. pt, >

pi where p* :pi if and only if 8<p:;d7pad) _ 9
ad’ ad ad = (pZd) T=APaq)

The result in Proposition 1 follows because if the firm does not dump when the duty is present,
it would not have dumped under free trade to start with. In other words, no dumping under the
duty implies that the profit maximizing choices of prices are in a region where the firm chooses not to
dump. But these choices must then be precisely those that must maximize profits under free trade, a
contradiction with the fact that the firm is assumed to dump under free trade.

It can also be shown that in response to the duty the foreign firm lowers its home price and raises

its export price, thereby lowering its dumping margin.

Proposition 2 The foreign price is lower and the import price is higher under anti-dumping duty
compared to free trade, i.e. p’} > phg and pzd < p’]}. The dumping margin is lower compared to free

trade.

It is important to note that the foreign firm responds to the anti-dumping duty by adjusting both
prices, not just one. Depending on the relative elasticities of the foreign and import demands and the
sizes of the two demands, the firm can end up changing the two prices only a little or by a large amount.
When the import demand in the domestic country is very small, A(p) is close to zero and the firm lowers
its home price only slightly, as can be verified from a comparison of the expressions for p}"c and p?,. On
the other hand, if the import demand is very high, i.e. A(p) is large, then the firm lowers its home price

more, whereas its import price rises little.
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Proposition 2 lines up with the evidence cited in Blonigen and Park (2004), which suggests that a
large percentage of dumping margins decline in response to a anti-dumping dumping duty. There is
also evidence that the home price of the foreign firm declines in response to an anti-dumping duty. A
good example is the case of color TV sets from Korea discussed earlier. Bark (1993) reports that there
was no trend for domestic TV prices in Korea before the U.S. antidumping case between 1980 and 1983.
But when the Korean companies began to adjust to reduce the bite of the antidumping order, domestic
prices began to fall.

Foreign output unambiguously falls when a duty is imposed. The effect of the duty on the quantity
of imports and domestic output depends on the elasticities. The direct effect of an increase in import
price due to a duty is a decline in imports. However, if the domestic price rises sufficiently in response,
imports can increase. Thus, depending on the relative magnitudes of own and cross-price elasticities,

imports and domestic output can increase or decrease.

4.3 Tariffs

Consider now the introduction of a per unit ad-valorem tariff, 7 € [0,1). The foreign firm’s problem

becomes

max7*(p*,p') = D*(p*)(p* — ¢*) + D', p) (' — & — 7p").
p*,p*

Free trade corresponds to the case 7 = 0. A domestic firm’s problem is the same as in free trade. As

before, for a unique interior solution to the foreign firm’s problem, 7*(p*,p’) is assumed to be strictly

concave in p*.%!

The first order conditions now become
Dy (p',p)(p' — ¢* — 7p") + D(p',p)(1 — 7) = 0, (22)

(P(Q.p") —¢) +¢P1 (Q,p") =0, (23)

and the equilibrium prices are

218trict concavity requires for 7> 0
D ((1—7)p" —¢*)+2D1(1—7) <0,

for all p* and for any given p. The derivative of the left hand side with respect to 7 is —D11p® — 2D;. The strict concavity
under free trade (at 7 = 0) assumed earlier implies D11(p* — ¢*) + 2D;1 < 0. Therefore, a sufficient condition for strict
concavity under tariff to hold is —D11 — 2D; < 0. This last condition holds for both constant-elastic and linear demand

functions.
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Note that p*(7) = py, regardless of the magnitude of tariff. Consequently, foreign output does not
change in response to a tariff. Whether the import price and domestic price rise in response to a tariff
depends on the elasticity of the import and domestic demand. As in the case of a duty, a change in
import price due to an increase in tariff has the direct effect of reducing imports, but if the induced
change in domestic price is positive and large enough, imports can increase. It is possible to characterize
the responses of the prices and the outputs to changes in tariff. Total differentiation of (25) and (26)
with respect to 7, and the derivatives of the import and domestic market clearing conditions with respect

to 7 yield the following result.

Proposition 3 Under (6) and (7),
i) Import price is strictly increasing and domestic price is non-decreasing in tariff,

it) An increase in tariff leads to a decline in imports if and only if

dlnp(r) e(p'(7),p(1))
dlnpi(t) ~ ~(pi(7),p(1))’

i11) An increase in tariff leads to a rise in domestic output if and only if

dlnpA(T) < 7(13(7')717%(7'))'
dlnpi(t)  e(p(r),p'(1))

The responses of prices and outputs to a change in tariff can be characterized explicitly for constant-

elastic and linear demand in (8) and (9), respectively.

Proposition 4 i) If the demand functions are constant-elastic, an increase in tariff leads to an increase
i import price, no change in domestic price, an increase in domestic output and a decline in exports,

regardless of the number of domestic firms, N.

i1) If the demand functions are linear, an increase in tariff leads to an increase in domestic and
import prices, and an increase in domestic output. Exports fall as tariff increases as long as N > 3, but
may increase or decrease if N < 2. If d > \/3b, exports increase when N < 2.

i11) When the demand functions are linear, the magnitudes of the responses of domestic and import
prices and domestic output characterized in (ii) become smaller as N increases, whereas the magnitude
of the response of exports becomes larger. When the number of domestic firms is very large, i.e. N — 00,
domestic price does not change, import price increases, domestic output increases, and imports fall in

response to an increase in tariff.

The difference in the responses across the two classes of demand functions arise from the fact that
when the demand has constant elasticity, a change in import price has no effect on the elasticity of the
domestic demand, whereas in the case of linear demand the elasticity of the domestic demand changes.
The sufficient condition in part (ii) of Proposition 4 is intuitive. The quantity of imports can increase
only when the domestic demand is sufficiently responsive to changes in import price, i.e. when d is
large enough. When there is a small number of firms in the domestic market, the responsiveness of the

domestic demand to changes in import price is higher: a given amount of change in tariff induces a
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larger change in domestic demand. Coupled with a high cross-price elasticity, imports can thus increase
even as the import price goes up.

Part (iii) of Proposition 4 pertains to the case of an interaction between a dominant foreign firm and
an (approximately) competitive domestic industry. When there is a large number of domestic firms, the
domestic industry’s behavior approximates that of a competitive industry in the sense that price tends
to marginal cost. In that case, a shift in domestic demand due to an increase in tariff has no effect on

domestic price. Therefore, imports must fall as a result of the increase in import price.

4.3.1 The revenue- and welfare-maximizing tariffs

Two important tariffs are the one that maximizes the government revenue and the "optimal"
tariff that maximizes domestic welfare, both of which are frequently used in the literature. After the
investigation of the analytically simpler revenue-maximizing tariff first, the welfare maximizing-tariff
will be discussed.

The sequence of moves in the tariff-setting game is assumed to be of the Stackleberg form. The
government leads by setting a tariff. The foreign firm and the domestic firms then follow simultaneously
by choosing their prices in response to the tariff. The government sets the tariff anticipating that the
firms will respond optimally to the tariff. The revenue-maximizing tariff is the solution to

max R(r) = 7p'(r) D(p'(r). p(7)).

For tractability, R(7) is assumed to have a unique interior maximizer 7" € (0, 1), strictly increasing
over (0,7"), and strictly decreasing over (7", 1). These properties hold for constant-elastic demand and
for linear demand, except for one special case.?? Note also that R(0) = 0, and it can be shown that
;LHll R(7) = 0 when import demand is constant-elastic with € > 1 or when it is linear.

The revenue-maximizing tariff satisfies the first order condition

P (T)D(p' (), p(7)) + 7" (1) D(p'(7), p(7)) + p" (1)p" (1) D1.(p' (1), p(7)) + p'(7) D2 (p' (), p(7))' (7)] = 0,
(27)

which yields the implicit solution for 7" as

T = : dlnpi(r) 1 ; dlnp(r) - (28)
(e(p*(rm),p(t")) — 1) (% ) — (P (7"),p(7")) <% T:ﬁ')

Under the case where demand is constant-elastic, the revenue-maximizing tariff simplifies to

T=7"

In the case of linear demand, however, the expression for 7" is complicated.?*

?2The only case that does not satisfy these properties is linear demand with N < 2 and d > +/3b. In this case both p‘(7)
and D(p*(7),p(r)) are strictly increasing in 7 and the government can increase revenues by setting 7 arbitrarily close to 1.
24In the case of linear demand, the revenue-maximizing is one of the roots of a 3rd degree polynomial in 7.
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The optimal tariff, 7, is defined as the tariff that solves the following problem

[e.9]

max W(r) = Na(g(r)) + | D(p,pi(r))dp + / " D(p.p(r)dp + R(r), (29)
re(0.1) p(7) P)

where the first term is the profit in the domestic sector, the second and third terms are consumer
surpluses from domestic and foreign consumption, and the fourth term is the government revenue. For
tractability, it is assumed that the objective function in (29) has a unique interior maximizer 7°, strictly
increasing over (0,7°), and strictly decreasing over (7°,1).2

While an explicit derivation of 7¢ is difficult, an indirect approach can be used to compare it with

7". The derivative of W (7) evaluated at 7 = 7" can be written as

o) [e.e]

Q'(T")(p(r") = ¢) = p"(T)Q'(T") + ( - D2(p,pi(7))dp> P! (") + (/( : Dz(p,p(T))dp> P

Because the last two terms are non-negative, a sufficient condition for W/(7") > 0 or, equivalently,

7% > 77 is that the first two terms add up to a positive number. This requires
Q'(r")(p(r") = ¢) > p"(T")Q' ("), (30)

which essentially states that the marginal increase in total profit from the domestic good due to demand
expansion must overcome the marginal decline in the sales of the foreign good due to a higher import
price. As discussed earlier, in certain cases the domestic demand can decline when a tariff is imposed.
In such cases, the first two terms are negative and a more general condition that ensures W'(7") > 0 is

that the last two terms are larger than the first two in absolute value.

4.3.2 Some special tariffs

Consider now some special tariffs that facilitate the comparison of tariff and anti-dumping duty
regimes. The first one is the tariff 777° that gives the same protection as the anti-dumping duty. Industry
protection is measured by the profit of a domestic firm, which is strictly increasing in import price. In
other words, the domestic industry is better protected as import price increases. Because a domestic

Pro is the unique solution to p’(7P"°) = p' ;, which yields,

firm’s profit is strictly decreasing in tariff, 7
using (19) and (25),

Fbro 1- )‘<pad) ]

2e*(phg) — (1 = A(Paa))

The second special tariff, 77", is the one that gives the same revenue to the government as the

(31)

anti-dumping duty
R(7") = Raa = D(Dlgs Pad) (Pl — Pha).

v

In general 77¢Y may not exist, and if it exists, it may not be unique. Because R(7) is continuous, has

a unique interior maximizer, and R(0) = 0, the existence of 77 requires R(7") > Ryq. If, in addition,

25 These assumptions are not satisfied by constant elasticity demand functions. For this class of functions, the first and

second terms in (29) increase without bound as 7 increases to 1 whereas the third and fourth terms approach zero.
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lim;_,; R(7) < R,4, then there must exist two distinct values 77%” and 75 such that 0 < 77" < 7" <
TH.

Finally, consider the tariff, 79¢, that provides the same profit to the foreign firm as under the duty.
Let mg, mqaq, m(7) be the foreign firm’s equilibrium profits under free trade, anti-dumping duty, and

tariff 7, respectively. Because the firm continues to dump under the duty, it must hold that
Taa > lim 7(7) = D*(p})(py — ¢*),
T—1

for otherwise the firm would have chosen not to export under the duty. Moreover, since 7(7) is continuous
and strictly decreasing and 7(0) = m; > mqq, there exists a unique tariff rate, 7% ¢ (0,1) such that
7(1%%) = Toq.

Next, some of the special tariff rates defined so far will be compared. This comparison obviously
depends on the relative magnitudes of the domestic and foreign demand elasticities. The following
analysis is based on the observation that the revenue-maximizing and optimal tariff do not depend on
the elasticity of the foreign demand at all, whereas the anti-dumping duty depends on that elasticity.
Keeping the own-price and cross-price elasticities for the domestic and import demand constant, a change

e and 7%, but not 7" or 7°. Comparative

in the foreign demand elasticity affects all tariff rates 7°7¢, 7
statics with respect to the foreign demand elasticity is thus simpler than considering changes in the
domestic and import elasticities, which affect all tariff rates.
To formalize, consider the parameterized version of the foreign demand elasticity, £*(-; ©*), where
©* is a parameter vector.?® Suppose that for some §* € ©*, it holds that
0e*(+; ©%)
—F— > 0. 32
- (32)
Assumption (32) also implies that the total derivative is also positive, i.e. % > 0.7 The following
can be established using (32).

Proposition 5 Assume (5)-(7). Given any set of values for parameters other than 0*,
i) If
de(Pags Pad) _ 42" (Pra)
do* ag*
then there exists a unique 0 such that R(7") > Rqq and 71" < 7" < 75 for 0% > 0.
ii) If the reverse of (33) holds, there exists a unique 8, such that 7" > 7P and 15" > 77" for 0"

> 0F

pro-

(33)

o

In other words, when the foreign demand is sufficiently elastic, a revenue-maximizing tariff can

dominate an anti-dumping duty in revenue and protection. The condition (33) requires that the elasticity

or instance, for the constant-elasticity demand functions = {e"}, and for linear demand functions ={A, B}.
26 For inst for th tant-elasticity d d functions ©* * d for li d d functions ©* = {4, B
2TThat is, when the elasticity is higher at all price levels, the firm must choose a price where the elasticity is higher

than the elasticity at the optimal price that was chosen under the case with lower elasticity. Otherwise the firm could
have achieved the same level of elasticity when 8" was lower by choosing a higher price and that would have increased the
profits. For constant-elastic demand, setting * = £*, and for linear demand functions setting * = B achieves the desired

monotonicity for the foreign demand.
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of the foreign demand increase faster than the elasticity of the import demand as 6* increases. This
condition ensures that the gap between foreign and import prices decreases as 0 increases. Part (i)
may still hold without this sufficient condition. The reverse of condition (33), on the other hand,
implies that the import price continues to fall faster than the foreign price and the gap between the
foreign and import prices increases as 0* increases. In this case, the revenue-maximizing tariff provides
more protection when the foreign demand is sufficiently elastic. A revenue-equivalent tariff, 75", is also
superior to an anti-dumping duty in terms of protection under these conditions. Once again, the reverse
of condition (33) is only sufficient for Part (ii), and the result may still hold when it is not satisfied.

For the case of the constant-elastic demand, the following relationships can be stated.

Proposition 6 If the demand functions are constant-elastic,
i) R(T") > Rgq and 1%V < 77 < 75,
i) T < TP,

2
i) If ;5= < €%, then TPT° > 15V,

5 Comparison of the three regimes

Now that the solutions to the model under the three regimes are characterized, the effects of the
two policy tools on key variables can be analyzed. The propositions stated below apply to revenue-
maximizing tariff, 77, but they are also valid for the optimal tariff, 7°, provided that 7° exists and

T < 7",

5.1 Prices

By Proposition 2, the import price is always strictly higher under the duty than that under free
trade, and the foreign price is always strictly lower. By Proposition 3, the import price under tariff
is always strictly higher than that under free trade, whereas the foreign price is the same under both
regimes. Domestic prices are weakly higher under a duty or a tariff compared to the free trade regime.
Overall, a tariff does not affect consumption or production in the foreign market, but an anti-dumping
duty does.

The comparison of the import and domestic prices under a tariff versus a duty depends on how
much the foreign firm raises its export price over its free trade level in response to a duty or a tariff. It
was shown in the proof of Part (i) of Proposition 5 that p’ , strictly increases as 0* increases. Therefore,

the following result is immediate.

Proposition 7 Assume (5)-(7). Given any set of values for parameters other than 6%, p’, > p'(1")
and paq > p(1") for 6* < 67, as long as (33) holds.

pro

Under constant-elastic demand, the fact that 7P"° > 77 implies pfld = pH(7P"°) > pi(77), i.e. the
antidumping duty leads to a higher import price than the optimal tariff. On the other hand, domestic

prices are the same: p,q = p(7"). Because neither the duty nor the optimal tariff affects the domestic
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price, the net effect is a higher reduction in import demand under the duty compared to the case of the

revenue-maximizing tariff.

5.2 The tariff rate and the dumping margin
The dumping margin exceeds the revenue-maximizing tariff rate if

Pad _ 15, (34)
Dad

It is easy to verify that the left hand side of (34) is strictly increasing in 6* when

d1n p
@M Pgq > 1, (35)
dInp?,
In other words, a 1% decrease in p*, must be associated with more than a 1% decrease in pzd for the
dumping margin to exceed the revenue-maximizing tariff. Thus, under (35), when the foreign demand

elasticity is sufficiently high, the dumping margin exceeds the revenue-maximizing tariff rate.

Proposition 8 If (35) holds, then given any set of values for parameters other than 0%, there exists

some 0 such that the dumping margin exceeds the revenue-maximizing tariff rate as long as 0* > 6.

Note that condition (35) implies the reverse of condition (33), but not vice versa. Thus, condition
(35) is more general than condition (33), and also guarantees that the revenue-maximizing tariff provides
more protection than the anti-dumping duty as long as 6% > max{0y,0,,}.

For the constant-elastic demand, (34) simplifies to

2e* 1
> )
2e* — (1 = AM(paa)) ~ e—1

which holds because the left hand side is greater than one and the right hand side is less than 1,

as € > 1. As a result, under constant-elastic demand the dumping margin is always higher than the
revenue-maximizing tariff rate. The gap between the dumping margin and the tariff rate increases as
€ gets larger or as €* gets smaller. Recent evidence suggests that dumping margins are several times
higher than the tariff rates. On average, anti-dumping duties are 10 to 20 times higher than the tariff
levels.?® Proposition 8 implies that such margins emerge in the model for general demand functions

when the foreign demand elasticity is relatively high compared to the elasticity of import demand.

5.3 Industry protection

The profit of a domestic firm is the main measure of industry protection. Because domestic firms
are identical, this measure is also the average profit in the domestic industry. Alternatively, one can

use the market share of a domestic firm or all domestic firms as a measure of protection. Under certain

28See Prusa (2001).
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conditions, the domestic industry’s market share is higher the higher the profit of a domestic firm, so
using the profit of a domestic firm to measure protection is not very restrictive.?’

Clearly, the free trade regime offers the minimum industry protection. While the revenue-maximizing
tariff ensures the highest revenue to the government, it does not always provide as much protection as
the anti-dumping duty. An immediate implication of Proposition 7 is that the protection is strictly
higher under the anti-dumping duty as long as the foreign demand elasticity is sufficiently low. For
constant elastic demand in particular, the fact that pfld > p'(7") implies that the domestic industry is
less protected under the revenue-maximizing tariff than under the anti-dumping duty.

As discussed earlier, if there exists two tariffs such that 0 < 77V < 77 < 75°, then the government
can achieve the same revenue as in the case of anti-dumping duty by choosing either 77°” or 75°.
However, if the government’s objective is to ensure the highest possible industry protection subject to

maintaining the same revenue as in the case of the anti-dumping duty, the tariff 75° is superior to 77",

because pi(ﬂe”) < pi<7'56v). If 77¢? is unique, implementing it offers the same revenue as the duty, but
less protection than the revenue-maximizing tariff and the duty. Finally, in cases where 77¢Y does not
exist the revenue-maximizing tariff is inferior to the anti-dumping duty from a revenue standpoint.
Note also that it is possible that 75°Y > 7P, In that case, 75°Y provides more protection than the
anti-dumping duty. Thus, in certain cases one can implement a tariff that not only provides the same

revenue as the anti-dumping duty but also one that offers strictly more protection.

5.4 Revenue

Part (i) of Proposition 5 identified a condition for the tariff revenue to exceed anti-dumping revenue:
the foreign demand elasticity must be sufficiently high. When the demand is constant-elastic, the tariff
revenue is always higher, as implied by the first part of Proposition 6. Thus, the government strictly
prefers the revenue-maximizing tariff to the anti-dumping duty in terms of revenue under constant-

elastic demand.

5.5 Profits of the foreign firm

It is straightforward to see that the foreign firm’s profit is highest under free trade. Because a tariff
leaves foreign firm’s free-trade profit at home unchanged, the foreign firm’s profit at home is always
strictly higher under the optimal tariff than under the anti-dumping duty. On the other hand, profit
from exports under the optimal tariff can be higher or lower than that under the duty. Because the
export profit under the optimal tariff depends only on the elasticity of the import demand, while the
export profit under the duty depends on the elasticities of both home and import demands, which profit

2 Intuitively, for a domestic firm’s market share to increase as the export price increases, the effect of an increase in

domestic price on exports must be small enough. Note that the market share (of sales) for a domestic firm is given by

Pq
Npg + p'Q*

It can be shown that, as p’ increases, pq increases and p‘Q° declines when demand is constant-elastic. In the case of

linear-demand, the same conclusion holds as long as N > 3. In both cases, a domestic firm’s profit increases.
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is higher depends on the relative magnitudes of the two elasticities. By the envelope theorem, the

derivative of the foreign firm’s profit with respect to 6* under the anti-dumping duty is

Omqa _ OD*(pyy)

(Piq — €*) + Da(Phg, Pad) (2P4q — Disa — €)y-

o0* 0
Because y < 0, the last term is negative. Thus a sufficient condition for %’;&d < 0 to hold is that
%W < 0. The latter condition holds, for instance, when the demand is constant-elastic, or when it

is linear and the parameter of interest is §* = B. The following can now be stated.

Proposition 9 Assume (5)-(7) and %@“‘) < 0. Then, given any set of values for parameters other

than 0%, there exists a unique 0% such that T(7") > maq and 7" > 79 for 6* > 6%,

Proposition 9 identifies a region where the foreign firm and the domestic government both prefer the
revenue-maximizing tariff over a duty. When the foreign demand elasticity is sufficiently high, the two
incentives line up. In addition, if the government’s objective is industry protection rather than revenue
generation, the government prefers the duty over the tariff, as a consequence of Proposition 6. In that
case, the foreign firm and the government have conflicting interests. Also, if the sufficient condition in
Proposition 9 does not hold, the government and the foreign firm may have conflicting interests: the
government prefers the tariff over a duty, but the firm may not.

In the special case of constant-elastic demand, the fact that pzd > p(7") implies that the exports are
lower under the duty. Because the tariff duty paid by the firm is greater than the anti-dumping duty by
Proposition 6, the foreign firm can make higher or lower profit under the tariff regime. The following
proposition identifies how elastic foreign demand needs to be for Proposition 9 to hold in the case of

constant-elasticity demand.

Proposition 10 When the demand functions are constant-elastic, mw(7") > 74q and 70 > 7T if ef >

E?Ezi), provided that £* < w.

5.6 Welfare

For the foreign country, welfare is simply the sum of consumer surplus and producer surpluses.
For the domestic country, welfare has three components: consumer surplus, producer surplus, and
government revenue. Consider the case of a tariff first. When a tariff is imposed, the foreign country’s
welfare unambiguously declines, as the foreign firm’s profit becomes lower and consumer surplus does
not change. In the domestic market consumer surplus can increase or decrease. Both the domestic
and import prices are now higher, which implies lower consumer surplus, but depending on the cross-
elasticity of the import demand, the quantity of imports may also increase, possibly leading to higher
surplus. The domestic firms make higher profit, leading to higher producer surplus. The government
tariff revenue provides an additional source of welfare.

Consider next the anti-dumping duty. When a duty is imposed under free trade, consumer surplus
in the foreign country increases as the foreign price becomes lower. But the foreign firm’s profit is also

lower compared to free trade. Overall, welfare in the foreign country can be lower or higher compared
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to free trade. In the domestic market, both prices are higher. As in the case of tariffs, whether total
consumer surplus falls depends again on the cross-elasticity of the import demand. Domestic firms’
profits are higher and the government makes a positive revenue. Table 1 summarizes the component-
wise changes in welfare moving from a free trade regime to a tariff or a duty regime in the foreign and

the domestic country.

Welfare change

Tariff Anti-dumping Duty

Component | Foreign ‘ Domestic | Foreign ‘ Domestic
Consumer 0 —/+ + ~/+
Producer - + - +
Government NA + NA +
Total - —/+ —-/+ ~/+

Table 1. The components of welfare change vis a vis free trade

Table 1 makes it clear that the welfare can go either way in the domestic country under a tariff or a
duty. To analyze further the change in welfare when a tariff or duty is imposed, consider the welfare

under anti-dumping duty

[e.o]

Waa = NW(Qad) + / D(papfzd)dp + / D(papad)dp + Rag-

Pad Paa

It was shown in Proposition 5 Part (i) that as the foreign demand becomes more elastic, the tariff
revenue R(7") exceeds the anti-dumping duty revenue R,4. Thus, a sufficient condition for W4 to be

lower than W (7") is that the first three components of W4 be strictly decreasing in 6*. This requires

o0

o0
[ D1 (Pads Poq)y + D2(Pad; Pig)®] (Pad— )+ Da(p, poq)dp— D" (Pygs Pad)T+Yy /  D5(plgs Pad)dp < 0,
Pod

Pad

dpf1 dpg, .
where v = —g#¢ and y = Fed. Equivalently,

[e o]

D1 (Pad; Pya) (Pad — €) + /

pZd Pad

(36)
In other words, the change in welfare due to a unit change in domestic price must exceed the change
in welfare due to a unit change in import price. As long as, condition (36) is satisfied, the welfare from
the anti-dumping duty falls below the welfare from the tariff for sufficiently elastic foreign demand.
Condition (36) embeds both the technology and demand parameters. For constant-elastic demand, a

more specific statement can be made.

Proposition 11 If all demand functions are constant elastic, the revenue-mazximizing tariff provides a

higher welfare than the anti-dumping duty if
1

c (262 =3¢+ )N\e4~—1(, N-1 (1= A(Paa))
c < <7((N T 1>> <1 N 1> (1 @ (- A(padm) - @D
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From proposition 11, one can easily derive the following corollary

Corollary 1 If demand functions are constant elastic, then the optimal tariff provides a higher welfare
than the anti-dumping duty if (37) holds.

6 Extensions

In this section, two important extensions are considered briefly. The first one allows free entry in

the domestic industry and the second one considers competition in the foreign country.

6.1 Free entry in the domestic market

The analysis so far has focused on a domestic industry with a fixed number of firms. How do the
results change if there is free entry to the domestic industry? To accommodate free entry, consider
a one-time sunk entry cost F' > 0 that applies to each domestic firm. A domestic firm’s profit then

becomes
m(¢; N) = q(P(Q) —c) — F.

Because 7(q; N) strictly decreases with N, free entry means that the equilibrium number of entrants is

the smallest integer such that
m(qg; N) >0 and w(q, N +1) <0.

Under free entry the profit of a domestic firm is no longer an informative measure of industry
protection. With the integer requirement in place, as the import price increases, there is a region where
profits of a domestic firm increases before the next firm enters. Entry implies lower profits for all firms,
thus industry protection is lower. But if the import price increases further profits start to increase again
until the next firm enters and industry protection improves until entry occurs. Therefore, for the case
with free entry the number of firms in the domestic industry or the total domestic output is a better
measure of industry protection.

In general, allowing for free entry changes the analysis in that the changes in prices and profits
as import price increases are no longer monotonic and continuous. However, because domestic profits
and the import price still decline —even though non-monotonically— as the foreign demand elasticity

increases, all propositions in Section 5 that require a high foreign demand elasticity still remain valid.

6.2 Competition in the foreign market

Competition in the foreign market implies a higher own-price elasticity in foreign demand and a
lower price in the foreign market under very general conditions. In essence, the effect of an increase
in competition in the foreign market is similar to an increase in foreign demand elasticity due to an
increase in 6*. Competition between foreign firms has no effect on tariffs, however, as tariffs depend
only on the elasticity of demand for the imported good in the domestic country. Therefore, much of the
analysis so far remains valid. Increased competition in the foreign market renders all the results that

require a high foreign demand elasticity more likely to hold.
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7 Conclusion

This paper has provided a comparison of two important trade barriers, tariffs and anti-dumping
duties, in a framework that embeds the key elements of many major dumping cases in the U.S. The
model proposed is stylized to focus on a common case where a firm dominant in its home market
exports to a market inhabited by an oligopoly. The model also produces a dominant foreign firm-
domestic competitive fringe interaction as a special case. Dumping arises due to differences in demand
elasticities in the two countries and the foreign firm engages in international price discrimination.

The comparison of the two tools depends critically on the magnitudes of the elasticities in the foreign
and domestic markets. A tariff depends only on the elasticity of the import demand in the domestic
country, whereas an anti-dumping duty depends, in addition, on the elasticity of the foreign demand.
The magnitude of the gap between the two elasticities determines whether one tool dominates the other
under a given criterion. While one tool does not dominate the other uniformly under all criteria, it was
shown that, under certain restrictions, when the foreign demand elasticity is sufficiently high, a revenue-
maximizing tariff can dominate an anti-dumping duty in terms of revenue, protection, and domestic
welfare. A high foreign elasticity encourages the use of a tariff rather than an anti-dumping duty. The
findings also point to the importance of the knowledge of demand elasticities in the two countries. In
particular, the model suggests that the estimates of both the level and derivatives of the elasticities are
useful in determining whether the use of tariffs are more attractive in terms of government revenue and
protection. The analysis was confined to a static environment. It would be important to see how much
dynamic considerations, such as dynamic pricing by the foreign firm can change the results, especially

when a trade barrier is anticipated.
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A  Proofs

Proof of Proposition 1. If pr; < pfld, the foreign firm does not pay any anti-dumping duty.
Therefore, the prices p’,; and pfld must maximize the sum of the first two terms in (14), i.e. the free
trade profit function. It must then hold that p’, = p} and pid = p}. But since dumping is assumed
under free trade, it must be that p}i > pzc, a contradiction with p%,; < p.,. Thus, p}, > p’ ;. From (21),
it is easy to see that the equality p’, = p’; holds if and only if

5(p;;d7pad) _ 2
e* (p::d) 1- A(pad)

Proof of Proposition 2. Replacing p’, with p} in the first order condition (15) evaluated at

equilibrium prices pzd and pgg yields

D*(p})(p} — ) + D*(0}) — D(Wag, Paa) < 0,

because the first two terms sum to zero by the first order condition (10) that determines the free trade
price p}. Since D*(p*)(p* — ¢*) + D*(p*) is strictly decreasing in p* by strict concavity, pj, must be
lower than pj for (15) to hold. Similarly, replacing p’, with p’J} in (16) evaluated at p’, and p,q yields

D1 (D%, pad) (s — ) + DD, Paa) + D1 (P, Paa) (D — D) + D (P, Paa) > 0. (38)
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The first two terms add up to zero, by the first order condition (11) that determines p’}. Since D1 < 0
and p*, > p}, the last two terms sum to a positive number. Because the left hand side of (?7?) is strictly
decreasing in pzj} by strict concavity, pfld must be strictly higher than p’]}. It follows directly that the
dumping margin is also lower compared to that under free trade. m

Proof of Proposition 3. i) Straightforward differentiation yields

c* ((e(p(i(;),(p()r))) ) 1
i/ e(p*(7),p(T T
= : > 0, 39
Pi(r) 14 o ((Ns(p(ﬂ,pz(r))—l)uel<p<r>, P () (N = 1)+NC[€2(P(T),PZ(T))]2)) (39)
[(N<(p() (7))~ 1)*+ Nex (p(r) p (1)) (0 (7).p(r)) 1)
—cNea(p(7), p'(7))p"(7) >0

oo (
P = N p() - 12 + Netr)p (7)) =

where the signs follow because 1(p(7),p(7)) > 0 and e2(p ( ), pi(T)) <0.

dIn Q'(7) d1n pi(7) dlnp(r)

= ') p(n) = @ (1), () (40)
dln Q(7) ; dlnp(r) ; dInp'(T)
0 —e(p(7),p (T))T +7(p(7),p (T))T
|
Proof of Proposition 4. i) Using (39) with the constant elastic demand functions one obtains
* 2
i c*e
SR
() ¢+ (e—1)2 s
because € > 1 and p/(7) = 0. From (40), it follows that
dInp'(T
Q'(7) dT() >0,
; dln p’
Q'(r) = —SHCZ(T) <0.
Note that none of the responses depend on N.
i7) For linear demand in (9), one obtains
: N + 1)b2c* dbc*
p"(7) = 2( AU >0, p'(r) = o >0,
(1—7)°(203(N + 1) — d?) (1—7)"(202(N +1) — d?)
Nb2dc* , b(B3(N +1)—d?) ¢ <0 N>3
Q'(r) = 5 ¢ >0, Q'(1) =~ ( 2( )= d)e _
(1—7)*(20%(N +1) — d?) (1—7)*(203(N + 1) — d?) 0 N<2

The signs follow because for all N > 1 it must hold that
20%(N 4+ 1) — d* > 0,
for prices to be positive in equilibrium.?’ Furthermore,

V(N +1)—d? >0,

30The proof is as follows. For prices to be positive, it must hold that e(p’(r)) > 1 and e(p(7)) > 1. Note that e(p’ (T ) =

bp' (1) NN TSR a+dp(r) _ bp(r) 1 1 atdp’(r)
m > 1 implies p'(7) > 2. On t(hidot(:h)er hand, e(p(7)) = m > & implies p(1) > b(Np+1) .
atd( =55

b(N+1)

These two restrictions on prices yield p(7) > , or equivalently, [2b°(N + 1) — d*] p(7) > a(2b+ d) > 0, which

implies 2b*(N + 1) — d? > 0.
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for N > 3, because for N > 3, b?(N + 1) —d? > 4b? — d?, and the last expression is greater than zero for
N > 3 since 20*(N +1) —d? > 4b> —d?> > 0 for N > 1. For N <2, b*(N +1) — d? < 0 if 3b2 — d? < 0.
Thus, a sufficient condition for Q(7) to be positive for N < 2 is 3b> < d? or d > /3b.

i71) Assuming N is a real number for the time being, we can differentiate the responses of prices

and quantities to changes in tariff, and obtain their rates of change with N as follows

dpil(T) _d2b20*
= 3 5 <0,
dN (1 —7)%(202(N + 1) — d2)
dp'(7) —2b3dc*
= 2 5 <0,
dN (1—=7)"(202(N + 1) — d?)
dQ'(t) —d3b3c* <0
dN (1—7)2(202(N + 1) —d?)*
in’(T) B —d2b36* ~ 0
dN (1—7)* (203N +1) —d2)*>
Finally, using part (i)
. / _ . PN c*
Jim pi(r) =0, lim p%(r) = A7 0,
lim Q'(r) = dic*>0 liin'()——L<0
N—oo T - 2(1—7’)2 ’ N—oo = 2(1—7’)2 ’

" . dp! dp? . . . .
Proof of Proposition 5. i) Let z = C;;“*d, Y= C%a*d, z= Ufgﬂd. An increase in #* implies a change

in anti-dumping duty revenue equal to

(D1(Paas Paa)® + D2(Pags Pad)y) (Paa — Pag) + D (P Pad) (2 — ) (41)
= —Di(Poas Pad)* T + D (o, Paa)? + Da(Digs Pad) (Paa — Paa)V:
where the equality follows from the first order condition (16). Thus, if z,y,z < 0 (with at least one

strict inequality), the anti-dumping duty revenue increases as 0* decreases.
Total differentiation of (20) with respect to 6 yields,

)= <_ Neez(Pad; Pig) ) .
((Ne(pads Plg) — 1) + eNe1(Pad, Plg))

Because £2(pad,p’y) < 0, the term inside the parentheses (42) is non-negative. Therefore, sign(y) = 0

(42)

or sign(y) = sign(x). Furthermore, total differentiation of (16) with respect to 6* yields

. (((NE — 1)2 + CNEl) (DHA + 4D1) —cNey (DlgA + 2D1)>
- Di((Ne — 1)2 + cNey) o

(43)

But (D11A +4D1) < 0 by the strict concavity of the firm’s profit under anti-dumping duty. In addition,
(D12A +2D4) < 0, because Dia < 0.3 Thus, the term in the parentheses in (43) is positive. Therefore,

sign(z) = sign(zx).

31To see the Dia < 0, note that

D21p'D — Dyp'D
’71 = D2 ! S 07

< 0. By Young’s theorem D12 = D21 and the result follows.

DoDq
D

implying that Do <
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Now, consider a decrease in 6%, all other parameter values fixed. In response, the free trade price
p} increases and p? does not change. The home price under the duty p}, must then increase. Suppose
not, i.e. p7, is lower. But the foreign firm would have then chosen to reduce its price at the first place
when 6* was higher. Therefore, p¥, must be higher. As a result, z < 0, x < 0 and y < 0. But then (41)
is negative. Therefore, an increase in the foreign demand elasticity implies a lower duty revenue. Also

note that ) .
€(Paas Pad) (1 — A(Pad)) < (P> Pad)
2 2 ’

dE(pZ 7pad) dE(pZ 7pad) ds*(p: ) :
Therefore, whenever —44== < 0 or 0 < ——54 < —*4~, as 0" increases £*(p);;) eventually equals

£(PagP ad)(;*)‘(p“d)) and the anti-dumping revenue becomes zero. Because R(7") is independent of 6*,

" (Paa) <

there must then exist some 6% such that the duty revenue exceeds the tariff revenue.
i1) Note that

Fpro _ 1- )‘(pad) < 1 ]
2e*(pg) — (1= AMPaa)) — 26*(p3q) — 1
Using (28), a sufficient condition for 7P7° < 77 is that there exist a 8" such that

dlnpi(r)

' (), p(r") — 1) ( v dlnp(r)

) =2t (L

) <2l 1 (4d)

T=T" T=7"
The reverse of (33) implies that, as 6" increases, the right hand side of (44) continues to decline and
at the same time the dumping margin does not disappear. Because 7" is independent of #*, the left
hand side is independent of 0*. Therefore, there must then exist a unique ¢}, such that 77" < 7" for
0" >0, =

Proof of Proposition 6. i)The tariff revenue is greater than the duty revenue when

e—1\° ¢ (e(1—=X) —2e%) [2e* —2(1 — \)\°
< 5 > -1 2(e*—(1=NX)) (25*—(1—)\)) ’

which can be rewritten, after setting k = 125*)\, as

e— I\t -1\ k-1
—_— — | —1>0. 45
(=) (=) (=) ®
Because k > 1, it holds that ¢ — 1 > ¢ — k, and the left hand side of (45) is thus greater than
e- N\ (RN R-1Y
5 k—2 e—1 '

The first term above strictly decreases as ¢ increases and converges to e~
Therefore, the left hand side of (45) is strictly greater than

E—1\"!'/k—-1
e = 1.
k—2 e—1

e—1
Let F(e; k) = (%) (k_l) . Given any k, lim._,1 F'(e; k) = lim._, o F(e; k) = 4+00. Therefore, the

1 as e diverges to infinity.

e—1
function F'(e; k) attains a unique minimum value over ¢ € (k, +00) at

in k—1\""'( k-1
& = <11’1k_2> <IHH+1>,
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where the function value is

Fenn = (

TN = I (S
k-2 (1

The derivative of F(e™®;k) is

<k_1>(lnﬁié) '
k—2 k—1 k—1

for k € (2, +00). Application of L'Hopital’s rule yields limy, o, F/(€™®; k) = e. Therefore, F(e™"; k) > e,
for all ¢ > k. Thus, e !F(¢™®; k) > 1 and, as a result, (45) holds. The facts that R(0) = 0 and

lim1 R(7) = 0 when ¢ > 1 implies the existence of 77¢” and 75 and that 77°" < 77 < 74
T

1) TP = % > 6%1 > % = 7", where the first inequality follows from the fact that
2 *
€ > 1- A‘(gpad)

i71) Note that, by the definition of 75,

o (5 ) D' (57), p(75)) = D(Pogs Pad)(Pag — Paa)

gyt S (M) (e -2

2 2 € 2e* — pad ) ) (e— 1 (2e* = 2(1 = A(Pad)))

e—1/[2¢ —21— a) pad))_QE) 70
< (Fre > =
e—1(e( A(pad)) 25 -1

= o e (A AT

where the inequality follows from the fact that 777 > 57% and the second equality from 1 — 7P"° =

2 2(1-Mpaa)) A g

S (I=A(pua)) " a result,

(L= 221 (o1 = Mpaa)) — 267)
Tpro (1 _ Tpro)gfl £ 2e* — (1 - )\(pad))

But the right hand side is less than 1 if

82

de — 2
Because 7P and 75°" are both greater than 7" and the fact that R(7) is strictly decreasing to the right
of 7", (46) is sufficient for 77" > 75" to hold. m

Proof of Proposition 7.  The results p'(r") > p? and p(7") = py follow directly from the

<" (46)

definitions of these prices under constant elastic demand functions. Finally, to see pfld > p'(77), note

that
Paag = (5 i 1) (22,5{:;**2—;2((11_—);\(8:53))))

Ty — 1 2
_ € (1-A(Paa)) *< € ><€—1> *< € > i
= C e > cC > c _p<7)7
<E_].> ((1)2\(pa,d))_2> 8_1 8_2 8_1
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where the first inequality follows from the fact that ¢ > % and the second from the fact that

-1
= s O
Proof of Proposition 10. The revenue-maximizing tariff provides higher export profit than the
duty if

D(p'(7"), p(r")((1 = 7")p'(7") = €*) > DDy Pad) Paa — €*) = D(Pas Pad) (Voa — Pad)-
Under constant elasticity, p’; > p*(7"). Thus,
D(p'(7"),p(r"))#' (") = ) > D(Pegs Pad) (Paq — ) (47)
Subtracting the total tariff and the total duty from both sides of (47) and rearranging yields
D' ("), p(r"))((L = 7")p" (") = ¢*) = (D(Pags Padt) (Pag = ) = D(Plas Paa) (P — €))
> D(Pag: Pad) (Paa — Pag) — D0'(77), p(7"))7"p' (1)

Therefore, a sufficient condition for the export profit under the revenue-maximizing tariff to exceed the

export profit under the duty is
D(Phgs Pad)(Paa — Paa) = DB ("), p(r")7"p* (") > 0. (48)

Because p,q = p(7") = py under constant elasticity, the left hand side of (48) is

D(Paas ) Wi = Paa) = D' (7). pp) 7 Dy 7
But

D(paa Py)(Paa — Paa) < D(Pags 2f) (07 — p'(77)),
where the inequality follows from pid > p'(7") and Prg < p;. A sufficient condition for (48) to hold is
then

D(Poa )0} = (7)) > D' (7). p )T Py 7

or equivalently,

* (T > Tl ,
(Pf p(T)) Tpfl—r’"

which reduces to
s ele+1)
3e—1 "

e(e+1)

8(17)‘(pad))
3e—1

> 1 and noting that ¢* < 5 ,

The right hand side is increasing in € for € > 1. Letting €} =
the proposition follows. m
Proof of Proposition 11. Welfare functions under the two regimes can be written, using constant

elastic demand functions, as

2—¢ 4. Ne+(e-1) 1.~ -
Wa — 11—e RPNl 1—E %
d E—lpad N€(€—1) Pad pad+pad Pad
26—-1 , 1—e Ne+(e—1) l—e—m 7 ~
r [ — L L r Y (ot (T
W(r") P ')+ Nele 1) (p(7")) (r'(m")
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Set p’(7") = p' ;. Then, everything else constant, it must be true that

2—¢ 4. Ne+(e—1) 1ocny in | e« 26—1 4.. Ne+(e-1)

I < = — e e — -+ r\\1—e—vy i'y7
e 1Pad Ne(e —1) Pad Pad T Pad Pad e(e — 1)pad Ne(e —1) (p(7")) Pad
which yields
. e+1
Jpts)
Pud €

which holds when the prices are replaced by their explicit forms. This implies that the tariff regime
provides a higher welfare when the import price is set equal to the import price under the anti-dumping
duty regime and keep all other variables at their current optimal levels. It is, however, already known
that pfld > p'(7"). Therefore a sufficient condition for the proposition to hold is welfare be decreasing
with the import price at p’(7") = pl,;. The derivative of the welfare function with respect to the import
price at p'(7") = p’, is

1

—e— i +v-1
" Ne(e—1) (N(1_35+252)+p1 T (Ph)” 7(1—€—Na)).

Therefore a sufficient condition is
i

D etvy—1
N(1 -3¢+ 2¢%) + (ad> v(1 —e— Ne) > 0.
p

Substituting explicit values of péd and p, and rearranging yields

1
¢ (N(252 — 3+ 1)) ety—1 (N(s - 1)> (2e" = 2(1 = A(Pad)))
- Y((N +1)e — 1) Ne—1 ) (2¢* — (1 = AM(Pad)))

Proof of Corollary 1. By definition W (7°) > W (7"). Moreover, when the above condition holds
W (") > Wy4. Therefore it must be true that W(7°) > W,y =
B Uniqueness of equilibrium

In this appendix, the uniqueness of equilibrium under the three regimes is shown when the demand

functions are constant-elastic or linear.

B.1 Constant-elastic demand

The free trade prices under constant-elastic demand are

. . e* i . € Ne
= C _— = C _— = C
Pr 1) s c—1) Y1 Ne—-1)’

which are uniquely determined given €*,e and N. In the anti-dumping duty regime, the first order

conditions (15) and (16) yield
1/e
. ap’-Y
i _ : 49
’ (Ap*-f*u - e*p—cn) ()

p*




/= (aemn)7 (o) o

Given any domestic price level p, the intersection of these two trajectories in the (p’,p*) plane yields
the equilibrium values of p’ and p* as a function of p.It is easy to verify that (49) and (50) both
have positive slopes and they intersect at a unique point (p!,, p’,) in the (p’, p*) plane satisfying the

equilibrium constraint p’, > pfld. The domestic price is given by

_ Ne
DPad = C Ne —1 .

Therefore, the equilibrium is also unique in this case. Finally, in the tariff regime, the prices are

rn=c(255) = (25) i w0 =e(5r).

which are again unique given €*,¢, N, and 7.

B.2 Linear demand
B.2.1 Free Trade
The free trade prices are

1 : bp's Nbp;
t*=-—(A+Bc"), ph=c" | ———F—— = :
Ps ZB( + B, pyp=c <2bp3v—a—dpf> > Pf C((N—l—l)bpf—a—dp; ’

Note that p} is unique. Explicit solutions for p’jc and py are

W_%N+UW—ﬁ«

N + 1)b%c* + (N + 1)ab + ad + Nbed)

1
=@

2ab + ad + 2Nb%c + bde) ,

which are also unique.

B.2.2 Antidumping Regime

From the first order conditions, prices under the anti-dumping duty are

. bp y — dpaq + Bc* — (A — a)

i b(pk, + ¢*) + 2(dpaq + a)
dpid +becN +a
ol = —a 53
Pad (N+1)b (53)

It is seen from equation (53) that for each p! ,; there is a unique p,q. Similarly, from equation (51),
one can see that there is a unique p’, for each pair{pzd, Pad}- Thus if there exists a unique pfld, then

Pad and p’, must also be unique. Solving the system of 3 equations simultaneously gives
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b(4B — b)deN (4B — b)da

Pad = (N4 D)(8B -0 — (AB—0)&  (N+ 1)(8B —b)i2 — (4B — b)P

3B(N + 1)b*c* (N +1)b*(A - a)
TINF)BB- 0P — (@B —b)@  (N+1)(8B—b)i® — (4B — b)&
4B(N + 1)ba

TINFD)RB =0 — (4B — b’

which is unique.

B.2.3 Tariff Regime

In the case of tariff regime foreign price is independent of tariff and hence is the same as that under
free trade. For the domestic market, using the first order conditions one obtains
c* a+ dp(T)

O e e

b(N + 1)p(1) — cbN —a
y :

p(r) =
Solving for p(7) gives

dc* 2b da + 2ba
p(7) = <2(1_T) i CbN) RN+ ) —@) T @RV 1) — @)

Given 7, p(7) is unique, so is p’(7).
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