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ABSTRACT

The effects of an unilateral tariff on prices, quantities, and welfare
in the presence of dynamic elements facing imperfectly competitive firms is
examined. International duopolists, selling differentiated products,
interact strategically in a price setting game under the tariff policy. It
is shown that the presence of dynamic elements in the form of ad justment
costs to changing sales volume significantly affect the relationship between
tariff rates and aggregate domestic welfare even when sales are constant and
no adjustment costs are actually paid. The level of optimal tariffs is
affected by the size of adjustment costs with lower optimal tariffs
associated with higher adjustment costs. Of particular interest is the
possibility that autarky is optimal under positive ad justment costs while

tariff restricted trade is optimal in the absence of such costs.



I. INTRODUCTION

In the past decade, a number of papers have examined the effects of
tariffs and other protectionist policies in a variety of static environments
with imperfectly competitive markets. Only a very small number of papers,
however, have considered the effects of these policies in environments with
dynamic elements. Recent papers incorporating some form of dynamics include
Dockner and Lansing(1991), Dockner and Haug(1990) and Grossman and
Helpman(1990). This paper examines the effects of unilateral ad valorem
tariffs on prices, quantities, and aggregate domestic welfare in the presence
of dynamic elements facing price-setting firms selling differentiated
products. It is shown that the incorporation of dynamic considerations have
a significant effect on the policy implications of tariffs in these
environments.

Many of the papers which consider tariffs under imperfect competition
with multiple firms fall into one of two categories. One group employs
environments incorporating oligopolistic market structures with strategiéally
interacting firms selling a homogeneous product. Firms interact
strategically in these models in the sense that the choices of other firms
directly affect the choices of a firm and best response functions are used to
capture firms’ optimal responses to their competitors behavior, (examples
include Cournot and Bertrand competition)l. A second group employs
environments incorporating monopolistically competitive market structures
with firms selling differentiated products but not interacting strategically.
Firms do not interact strategically in these models as large number
assumPtions imply constant demand elasticities and, therefore, constant
mark-up pricing. In particular, best response functions are not used in

these environments (examples include models with constant elasticity of



substitution preferences).2

Few papers in this area have considered environments in which firms both
interact strategically and sell differentiated products. Exceptions include
the static models of Schmitt(1990) and Lancaster(1984). These environments
are particularly interesting as they provide a framework for analyzing the
effects of tariffs when welfare is affected not only by the strategic price
setting behavior of firms but also by the range of variety of products
available as consumers desire variety. This paper examines the effects of
tariffs on equilibria and the properties of optimal tariffs when strategic
behavior, preferences for variety, and dynamic elements are present.

A static environment is considered first as the benchmark case. Dynamic
elements are then incorporated by introducing adjustment costs to changing
market shares. A solution method for solving the dynamic price-setting game
between international duopolists is described. The solution method allows
numerical calculation of aggregate domestic welfare levels under various
tariff rates and, therefore, analyses of optimal tariffs.

It is demonstrated that the presence of adjustment costs significantly
affects the relationship between tariff rates and aggregate domestic welfare
even when sales are constant and no adjustment costs are actually paid. This
result is a consequence of the strategic interaction between firms and would
not be present if firms did not price strategically. This illustrates that
the presence of dynamic elements in strategic markets significantly alters
the properties of optimal tariffs and resulting policy prescriptions.

The remainder of the paper is organized as follows. Section II presents
the bgnchmark case of a static environment. Section IIi examines the effects
of dynamic elements on the impact of tariffs on prices, quantities, and

domestic welfare with particular focus on the properties of optimal tariffs



in these environments. Section IV concludes.
II. THE STATIC ECONOMY

There are two countries, a domestic country denoted country 1 and a
foreign country denoted country 2. In a differentiated product industry,
there is a single domestic firm selling its product in the domestic market.
The domestic firm may face competition from a foreign producer selling a
differentiated product in the domestic market. The analysis presented below
considers the effects on prices, quantities, and domestic welfare of an ad
valorem tariff imposed on imports of the foreign produced differentiated
good.
II.1. The Economy ;
Commodities

There are three classes of goods: a traded homogeneous good, non-traded
goods produced in each country, and differentiated goods produced in a
differentiated duopoly composed of a domestic firm, firm 1, and a foreign
firm, firm 2. Following Salop(1979), the characteristics space of
potentially producible differentiated commodities is the unit-circumference
circle. The differentiated goods are located symmetrically around the circle
so that the distance around the circle between the domestic good, good 1, and
the foreign good, good 2, equals .S5. The homogeneous good is an endowment
good and a non-traded good is produced in perfectly competitive industries
under constant-returns-to scale in each country.
Preferences
Domestic Consumers

Consumers in the domestic country are indexed by ie[0,1) according to
their most preferred commodity in the space of differentiated goods.

Consumers are uniformly distributed in the commodity space with unit



density, implying that the measure of domestic consumers is one.

The consumption possibilities set for domestic consumers is
2

X1 = {mleR+, cleR+, vk=1, 2, uke{O,l}: k§1“k51}

A consumption bundle for domestic <consumer 1 is represented by

(mll,c )€X1' Here m denotes consumption of the endowment good, c

11’“k1 11

denotes consumption of the domestically produced non-traded good and H
denotes consumption of the k*® differentiated commodity, k=1,2. The
restrictions, uke{O,l} and k§1”k51’ limits consumers to purchase, -at most,
one unit of a single differentiated good and zero units of the other
differentiated good.

Domestic consumer 1ie€[0,1) has preferences over consumption bundles

ordered by the following utility function:

2
Ux(m11’c11’“x) = Myt e * kzl[v_dA(l'k)]”ki
where “15{“k1}:—1’ Here v is the utility associated with consumption of a
consumer’s ideal good. A(i,k) denotes the shortest distance around the

circle between points i and k, and dA(i,k)uki is the disutility associated
with consuming a good other than the consumer’s ideal good. Note that d is a
measure of the degree of product substitutability of goods within the
differentiated industry with lower d associated with products which are
perceived to be highly substitutable.
Foreign Consumers

Foreign consumers are 1identical and have preferences over the
homogeneous good and the foreign non-traded good as follows:

! U(mz,cz) =m, +c,

Endowments

Each consumer in each country j=1,2, is endowed each period with wJ units



of the endowment good and one unit of time. Time is supplied inelastically
and is used to produce the differentiated good and the non-traded good
produced in country Jj.

Technologies

Non-Traded Goods Production

The technology for producing the non-traded good in country j is:

xJt ejtnjt vVj=1,2, Vvt
Here nJt is labor input into production of the non-traded good in country j
and GJt is a country-specific, time-varying production technology parameter.
Distributions for the production technology parameters are specified in
Section III.
Differentiated Goods Production

The technology for producing differentiated goods 1is 1identical across
countries and 1is 1linear in 1labor input, Ejt. The technology for

differentiated goods production is given by
1
= =L Vi=1,2, Vt, 0<¢<1
Yt [¢] It J ¢

II.2 Market Arrangements

Domestic Consumers:

The quasi-linear structure of preferences for domestic consumers implies
that in an interior equilibrium, the interest rate will be constant.
Furthermore, this quasi-linearity implies that any intertemporal. consumption
smoothing requifes varying consumption of the homogeneous good or the
non-traded good. However, since utility is linear in these goods, a consumer

is indifferent as to when the good is consumed. As consumers receive no

benefit from intertemporal consumption smoothing, attention is restricted to



interior equilibria with no borrowing or lending. Interior solutions are
guaranteed by making endowments of the homogeneous good sufficiently large.
Therefore, domestic consumer 1 at time t faces the following

maximization problem:

2
max m + cC + Z v-dA(i,k
n c 11t 11t k-l[ (1, )]ukit
11t 11 My -
subject to m +r c + p. .M + ﬁ M =w +w_ +1I + TR
11t 1t 11t 1t 11t 2t 21t 1 it 1t t

The homogeneous good is the numeraire good. T is the price of the domestic
non-traded good, P is the price of the domestic differentiated good, and
52t is the tariff distorted price of the foreign differentiated good in units
of the homogeneous good. That is, letting P, denote the price set by the
foreign producer, then 52t= pZt(1+T) under an ad valorem tariff at rate T.

Consumers receive income each period from four sources: endowment of
the homogeneous good, wl; wage 1income, wlt; profits from ownership of the
domestic differentiated firm, Hjt; and tariff revenues, TRt. Note fhat,
because the measure of domestic consumers is one, per capita profits and
tariff revenues equal their aggregate levels.

Parameters are restricted so that equilibrium prices induce all domestic
consumers to purchase a differentiated product (v large). Therefore, a
domestic consumer’s problem can be éeparated into two stages. In the first
stage, consumers choose which differentiated product to consume. In the
second stage, consumers allocate their remaining income between the
homogeneous good and the non-traded good produced in their country.

Foreign Consumers:
Each foreign consumer faces the foilowing maximization problem at each

date t:



max m + C
2t 2t

m_,cC
2t 2t

subject tom_ +r_.c. =w +w
2t 2t 2t 2 2t

where LA is the foreign wage at time t and T is the price of the foreign
non-traded good at time t in units of the homogeneous good at time t. Since
the homogeneous good and the foreign non-traded good are perfect substitutes,
the foreign consumer will consume only the cheaper good in equilibrium. If
the goods have the same price, the distribution of a foreign consumer’s
income across the two goods is indeterminate.
Non-Traded Goods Production

Perfectly competitive firms in country j producing non-traded goods seek
to maximize discounted profits. Since there are no dynamic factors affecting
firms’ profits, allocations resulting from maximizing profits each period
will be the same as those resulting from maximizing discounted profits.
Therefore, the producers of the non-traded good in country j face the

following maximization problem:

max

X
jt

r x W on
Jtgt Jt ot

subject to X =6.n
jt jt it

Preferences and technologies imply that in an interior equilibrium with
all goods produced, the following conditions must hold:
rjt =1 vj=1,2, Vvt
r 6 =0 =W vj=1,2, Vvt
jt gt jt jt
Note that equilibrium wages are determined by the technology parameters in
\

non-traded goods production in each country. In particular, the behavior of

differentiated firms will have no affect on the equilibrium wage in an



interior solution. In what follows, attention is restricted to interior
equilibria.
Differentiated Goods Production

The demand functions facing differentiated producers will depend on
their own price, their competitor’s price, and the ad valorem tariff rate, <.
Define §t as the shortest distance around the unit circle between the
domestic firm and the domestic consumer indifferent between purchasing the
domestic good and purchasing the foreign good. Then §t is implicitly defined
by

v, = ((1+1.')p2t -p,t .5d)/2d.

Note that ;t denotes the measure of domestic consumers in one direction
around the circle from the domestic firm who purchase the domestic good at
time t. Therefore, the measure of domestic consumers who purchase the
domestic product at time t under an ad valorem tariff is

Vi = 2yt = ((1+'c)p2t - plt)/d + 5.

Symmetrically, the measure of domestic consumers who purchase the

foreign good at time t under an ad valorem tariff is

y. =1- Yy, = (p e (1+r)p2t)/d + .5.

2t 1

Given these demand functions, each firm j=1,2, faces the following

concave maximization problem at time t:

max (pjt— ¢th)y

PJt

jt

subject to yjt given above.

Note that the firms’ problems are static. The first-order necessary

conditions for an interior solution implicitly define each firms best

~



response function: 5Jt(p ,T), i#j. Solving the system of best response

» W
1t’ gt
functions gives Nash equilibrium prices, market shares, domestic profits, and
tariff revenues as functions of the tariff rate under ad valorem tariffs as
follows.

Under Ad Valorem Tariffs:

p1t(T) = (2/3)(¢w1t) + (1/3)(¢(1+T)w2t) + .5d

p;t('t) = (1/3)(¢w1t/(1+1:)) + (2/3)(¢w2t) + .5d/(1+7)

y, (T = (¢/3d) ((1+T)w, - w ) + .5 (1)
V) = 1=y

njt(z) = [p;t('r) - ¢wjt]y‘;t(1:) for j=1,2

TR:(T) = Tp;t(T)y;t(T)

These equilibrium equations illustrate that increases in the tariff rate
which continue to allow foreign competition (foreign profits are non-negative
under the tariff) lead to an increase in the domestic firm’s price, output,
and profits and a decrease in the foreign firm’s price, output, and profits.

Setting =0 in the above set of equations, gives free trade
equilibrium prices, outputs, profits and tariff revenues as follows:

Under Free Trade:

pjt = (2/3)(gw ) + (1/3)(gw, ) + .5d

p,, = (1/3)(gw ) + (2/3)(gw_) + .5d

Vi, = (#/3d) G- w ) + .5 (2)
SRR

m, = [pjt - ¢ 1y for j=1,2



Define the prohibitive tariff rate at time t as the tariff rate such

that H;t(t)=0. This gives the following prohibitive tariff rates Vt:
P _ -
T, = w1t/w2t + (1.5d)/(¢w2t) 1 (3)

Note that t: also gives the foreign firm zero market share, i.e. y;t(12)=0.
Equation (3) implies that the prohibitive tariff rate is increasing in
domestic wages and in the productivity of labor in differentiated goods
production. The prohibitive rate is decreasing in foreign wages and in the
degree of product substitutability. Therefore, as expected, the tariff rate
at which the foreign firm will not enter will be low when the foreign firm’'s
costs are relatively high and when the firm has a low degree of market power
(goods are close substitutes).

If the tariff rate is set at its prohibitive level, then the domestic
firm behaves as a domestic monopolist. Assuming that wltsv—d vt, guarantees
that the monopolist will fully serve the market in every period and will
price so as to just capture the consumer who is farthest away from the firm
on the unit circle. Therefore, we have

Under Autarky:

plt =v - .5
a -
Yie =1
a (4)
Yoo =0
a _ a
Hu: B [pn ¢w1t]
TR* = 0
t

10



I1.3: Welfare and Optimal Tariffs

I1.3.1: Aggregate Welfare
Under Free Trade:

Under free trade, each domestic consumer who purchases good j at time t
will have remaining income equal to:

£ f
W + W + 11 -p...
1 1t 1t jt

This remaining income is used for consumption of the homogeneous good and the
domestic non-traded good at time t. Since the measure of consumers
purchasing good j at time t equals ygt, aggregate domestic welfare at time t

under free trade is given by:

£ Ve
wt = yu_w1 two ot Hlt - plt- + ZJO (v-xd)dx +
£
e [ £ ] Yot
th-wl Wt th - p2t- + ZJO (v-xd)dx

The first two terms in Wi are the aggregate utility of consumers who purchase
the domestic good and the last two are the aggregate utility of consumers who
purchase the foreign good. Integrating allows aggregate domestic welfare at
time t under free trade to be written as follows:

f
2t

£ f £
W =w + v - .254d + wlt(1—¢y1t) + (.de1t - pat)y , (S)

t 1
where p’ f  and y' are given in equation (2)
Povr Yiee ' Yo g €q .
Under Tariff Restricted Trade:
By a similar argument to that made under free trade, aggregate

domesFic welfare at time t under tariffs with foreign production (T<T:) can

be shown to equal:

11



w:(t)= o +v-.25d + wlt(1—¢y:t(t)) + (.de:t(t)- p;t(t))y;t(t) (6)

where p;t(t), y:t

(t), and y;t(T) are given in equation (1).
Under Autarky:

If the foreign firm does not sell in the domestic market, then the
domestic firm prices according to equation (4) and aggregate domestic welfare
at time t equals

a

wt =W +v- .25d + wlt(1-¢) (7)

I1.3.2: Optimal Tariffs

Consider the case in which the production technology parameters on
non-traded goods production are constant: ejt=6J vVt, for j=1,2. This implies
that wages are constant: wjt=wj vt, for j=1,2. In this case, WZ(T) = W (1)
and r:=tp, vt.

Using equations (1) and (6), it can be shown that:

v _ 2 2
oW (r)/a1.—|1._=o = [¢"(w -w,)"1/9d + ¢w /3 + .25d > 0.

This implies that if the foreign firm enters under free trade, then a small
positive ad valorem tariff will be welfare improving over free trade.
Let T be implicitly defined as follows:
aw' (T)/8T = 0.
Using the Nash equilibrium pricing functions and market shares from equation
(1), and the definition of W'(t) from equation (6), then T is implicitly
defined by the following cubic equation:

(8)

)27+ (wv2w ) (D) 4+ w (4w -w ) (R) = (w-w))® + (34/8) [w +(.75d) /9]

For Ostst®, it can be shown that W'(zr) is a strictly concave function.

12



Therefore, if 0<§<rp, then T maximizes aggregate domestic welfare in the

presence of foreign competition.
Therefore, the optimal ad valorem tariff rate in the constant wage case,

r., is given below:

(0 if (w-w )=(3/2)(d/¢) (1)
© = {§ T if 7<t® and (w_-w,)<(3/2) (d/9) (ii) (9)
| T if Tttt (1i1)

If (wiwa)z(3/2)(d/¢), then the foreign firm will not enter even in the
absence of tariffs. Therefore, in cases (i) and (iii), the economy is in
autarky, the domestic producer sets prices according to equation (4), and
aggregate domestic welfare is given by equation (7). In case (ii), the
domestic and foreign firm compete and set prices according to equation (1).

It can be shown that a sufficient condition for the optimal tariff rate
under duopoly, T, to be increasing in d and decreasing in ¢ is 4w1>w2. The
optimal tariff rate under duopoly may be increasing or decreasing in domestic
and foreign wages depending on economy parameters.

Given the implicit definition of the optimal ad valorem tariff rate
under foreign competition, T, given by equation (8), it is difficult to
further analyze optimal tariff levels and aggregate welfare under optimal
tariffs analytically. Numerical methods are employed to examine the
properties of optimal tariffs. Figure 1 illustrates the relationship between
economy parameters and optimal tariffs. The welfare function is flat at the

autarky level of welfare given by equation (7) for tariff rates above the

\

prohibitive rate, <P.

The figure illustrates that it may be optimal to prohibit foreign

13



competition when domestic wages are relatively low, when products are highly
substitutable (low d), and when labor is highly productive in production of
the differentiated good (low ¢). In these cases, the gains from trade are
negative as the domestic monopoly can produce at low enough cost so that the
rent-shifting motive for restricting trade outweighs the consumers’ desire
for variety motives for allowing trade.

Figures 1.C and 1.D also 1illustrate that the optimal tariff rate is
decreasing in the degree of product substitutability and increasing in the
productivity of labor in non-traded goods production (as 4w1>w2). For the
economy parameters considered in this experiment, the optimal tariff rate is
slightly decreasing in domestic wages and in foreign wages.

If wages are not constant, then prices will perfectly adjust to their
new equilibrium levels and the previous results will continue to hold each
period. In the next section, dynamic elements are introduced into the
differentiated producers’ maximization problems. The effects of tariff
policy and the structure of optimal tariffs are analyzed in those
environments and compared to the static results presented here. It is shown
that dyhamic considerations significantly alter the optimal tariff structure.
III. THE DYNAMIC ECONOMY

III.1 Introducing Dynamics

In this section, dynamic elements are incorporated into the
differentiated firms’ maximization problems by introducing adjustment costs
to changing market shares. These costs can be thought of as advertising
costs, costs of altering the size of the firm’s sales and distributional
force§, etc.

Suppose that each firm j, Jj=1,2, faces the following quadratic

adjustment costs to changing sales in the domestic market:

14



)2

vt, «=0.
jt-1-,

C(yjt—yjt-l) = .Sa(yjt-y
The effects of tariff policy and the properties of optimal tariffs are
examined when firms play a dynamic price setting game with «>0. The results
are compared to those derived in the static case presented in the previous
section where «o=0.

III.2 Determining Equilibrium Pricing Functions

In this section, a solution algorithm for determining time-invariant
Nash equilibrium pricing functions as functions of the state (last period’s
prices), current and future wages, and the constant tariff rate is described.
Determination of these pricing functions allows determination of market
shares for the domestic and foreign firm and of aggregate domestic welfare at
time t as a function of the state, current and future wages, and the tariff
rate. As will be discussed below, the complexity of these time-invariant
functions necessitates employing numerical methods for analyzing the
relationships between economy parameters and optimal tariffs.

Equilibrium pricing functions which maximize firms’ discounted stream of
profits are determined by solving the dynamic game backward from time T. As
demonstrated below, taking the limiting solution of this game as T-ow gives
the time-invariant pricing functions desired. To illustrate the effects of
dynamics alone, firms are assumed to have perfect foresight of future wages.
The solution method allows for stochastic wages but the results are not
significantly altered by the incorporation of uncertainty.

Consider the problem of the domestic firm at time T. The %1rm chooses
its price at time T to solve the following maximization problem.

)2

v max (piT— u )y 171

p

- .Sa(yIT—y

1T " 1T

1T

subject to Y= [EZT— pIT]/d + .5

15



where u1t5¢w1t=¢91t and pZtEpzt(1+t), Vt. A first order necessary condition
for a maximum to this problem gives the domestic firm’s best response
function at time T:

~ 2
P, = [(d+a)p2T + du1T + “(plr— _par-z) + .5d"1/(2d+a) (10)

1
Consider the problem of the foreign firm at time T. The firm chooses

its price at time T to solve the following maximization problem:

max ( - u 2
Por

p

)y2T - .Sa(yZT—y )

2T 2T-1

2T

subject to y = [p - 52T]/d + .5

where u2t5¢w2t=¢ezr Vt. A first order necessary condition for a solution to

this problem gives the foreign firm’'s best response function at time T:

= [(d+a)p1T +du__ + alp

2 .
2T 21-1 P ) + .5d7)/(2d+a) (11)

pZT 1T-1

where a=x(1+t) and, u_ =u_ (1+t) Vt.
2t 2t

Combining the best response functions given by equations (10) and (11)
gives Nash equilibrium prices at time T as a function of prices at time T-1

and wages at time T. Define the following:

- 5 u_=u -u 2153d +a+ .

P 2T-1 T 1T 2T

T-1 P11-1

Then Nash equilibrium prices for the domestic firm at time T as a function of

the state, pT_l, and current wage differences, uT, can be written as follows:
p_(p. ,u)=A"p +B' u +u_+C' +.5d (12)
1T "T-1" T 11°T-1 111 T 1T 11
where Al =(20-a)/Z B! =-(d+a)/Z ct =0
11 1 111 1 11

Symmetrically, tariff-adjusted Nash equilibrium prices for the foreign

firm at time T are written as follows.

+C% +.5d (13)

16



where A% =(28-a)/Z B? =-(d+a)/Z c2 =0
11 1 111 1

Focusing on the domestic firm, these pricing functions imply the

following market share function for the domestic firm at time T:

. _ 1,2 _ 1 2 2 .1
yxr(p ’uT) B [-(A11+A11)pr-1 (1+8111+Blll)uT * (C11 C11)]/d * .S

T-1

In addition, the change in market share for the domestic firm at time T is
given by

_ _al _,2 _ 1 2 2
= [(1 A11 A11)p (1+B°  +B Ju_ + (C1

(P T-1 111 111 T

* 1
y1r r-1’u1) y11-1 1 C11)]/d

Let V:T(pT_l,uT) denote Nash equilibrium profits for the domestic firm
at time T as a function of the state, pT_I, and current wage differences, uT.

That is,
(14)

* 2
yug) = WSaly (po_,u -y, o )

(P, 1

*
(p ’ur)-u1r)y11

1T "T-1 -1

Then, using the above equations, the derivative of the domestic firm’s Nash

profits at time T with respect to the domestic firm’s prices at time T-1 is

given by:
av' /a8 = |1/4a] |3 + oyl u o+ Al (15)
1T plT-l WlpT-l 11 T 1
where
1 1 1 2 1 2 2
v, = [2A11(A11+A11) + a(1—A11 A11) zd]
w' = A (1+B' +B® ) - B' (A' +A% ) + a(1+B' +B® )(1-A' -A% )4
11 11 111 111 111 11 11 111 111 11 11
1 _ 1 2 _ 1 _ 1 1 2 - 2 _ 2 _ 1 _ 1 _ 2
A, = AL (CF-Cl) - L (A AT ) —sdAY - a(CE -C) ) (1-A] ~AZ )/d

Symmetrically, the derivative of the foreign firm’s Nash equilibrium

profit function at time T with respect to Poroy is given by:

17



. _ 2 _ 2 2
aVZT/apZT_1 = [1/d][7 P Yo ou_ + A ]

1°"T-1 11 T 1
where

2 2 1 2 ~ 1 2 2

71(1+T) = [2A11(A11+A11) + (1 A11 A11) 7d]

2 2 1 2 2 1 2 ~ 1 2 1 2
w2 (147) = -AZ (148 +BZ ) - B (Al +AZ ) + &(1+4B] +BZ )(1-A] -A7 )/d
A2(1+1) = A% (¢! -c? ) - c® (A' +a% ) -.sdat - &(c! -c® y(1-A' -A% )4

1 11 11 11 11 11 11 11 11 11 11 11

At time T-1, the domestic firm chooses its price to maximize discounted
future Nash equilibrium profits taking into account its current choice on

future Nash profits according to equation (14). Therefore, the firm faces

the following maximization problem:

2 *
max (plT-l ulT-l)le-l .Sa(le_l y1r-2) * Bv1r(pr-1’ur)
Pyt
subject to Yiros© [pZT-l_plT-ll/d + .5
where V:T(pT_l,uT) is defined in equation (14). Substituting in for

*
avu/ap”_1 from equation (15) gives the domestic firm’s best response

function at time T-1:

- —apal il
P, [1/(2d + « d371)] [(d+a qul)pZT_1+ dul_r_1 +top (16)

+ .5d%2 + dB(wIIuT + AI)]

Symmetrically, the foreign firm’s best response function is given by:

~

- ~ 2 ~_ 2 _ _
5= [1/(2d & dB'arl)} [ (d+&-aBy?)p . - du ap

X S (17)

T-2

2

+ .5d4° + dB(—lllfluT + 7\1)]

Combining the best response functions given by equations (16) and (17)

gives Nash equilibrium prices at time T-1 as a function of the state, P 5
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and of current and future wage differences, uT , and uT. Nash equilibrium

prices for the domestic firm at time T-1 are given by:

* _ a1 1 1 1
Pigog = AyPr B211ur-1 * By YUyt Gy oS
The definitions of A1 , B1 , B1 , and C1 are confined to the appendix.
21 211 212 21

~#
The Nash equilibrium tariff adjusted price for the foreign firm, Py,

is determined symmetrically. As for period T, Nash equilibrium market shares

for each firm at time T-1, y'

u , and
1T-1

*
and
yzr- 2' T-1

,» 3s functions of P._
u,  can be determined.
In addition, by substituting the Nash equilibrium pricing functions at

time T-1 into the Nash equilibrium pricing functions at time T as given by

equations (12) and (13), Nash equilibrium prices at time T as a function of

P , u , and u_ can be determined.
T-2 T-1 T
p._(p. ,u ,u)=A"p +B' u  +B u +u_+cCl + .54
iT "T1-2" T-1" T 12°T-2 12,-1 T-1 121 T 1T 12°
The definitions of A1 , B1 , B , and C1 are confined to the appendix.
12 12,-1 121 12
Nash equilibrium prices for the foreign firm at time T as functions of P,
uT_l, and uT are determined symmetrically.
Market share for the domestic firm at time T as a function of pT_z,
uT_l, and uT is given by
» _ _(al 2 _ 1 2
le(pT-Z'uT-l'uT) B [l/d] [ (A12+A12)pT-2 (812,-1+ B12,-1)ur-1
1 2 2 1 .
(1+B121+sz1)ur * (C12 C12) ] -9
Let V’ (p ,u ,u_) denote the sum of the domestic firm’s Nash
1T-1 "1-2" T-1"'T

equilibrium profits at time T-1 and discounted Nash equilibrium profits at

time T. Then the derivative of V:T . with respect to P,._, can be written as
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follows:

+ yt

» 1
(av /38p ) = [1/d) (7 p 21Y%-1

1 1
+ Y u + Al
1T-1 1T-2 2 T-2 22T 2

1

The definitions of 7;, wl , wzz’ and A; are confined to the appendix. This

21

derivative is then used to determine best response functions at time T-2.
Continuing in' this manner and solving the firms’ maximization problems

for each time T-t, t20, will generate the sequences {A:1}’ {B:11}’

B ¥ ..., (8

} and {C) } for J=1,2. These sequences are given in the
t12 tit+1 t1

appendix. Given these sequences, then Nash equilibrium prices at time T-t,

t=0, under ad valorem tariffs as functions of p , U , u »e..,U_ are
T-t-1 T-t T-t+1 T
given by:
Y= () + (B ) +M(B1 ) + ct 5d
Piroe T Y1 Proey t11 01—t kZZ b1k Ur-tex-1 © Yar-e T G Yo
and
B = -(A%) (8% ) T ) + c? 5d
Poroe © t17Proe-1 7 WP Yro -kZZ b1k Yrotex-1 © Yaroe T G o
J J J J
Now if each of the sequences, {Atl}’ {Btll}’ {Bt12}""’{Btu34} and

{Cil}, converges as t increases, then time-invariant Nash equilibrium pricing
functions will exist. Furthermore, the limits of the sequences will be the
coefficients and constant term in those functions. Define the following

limits:

= i J $=
Aj(r) = lim Atl’ j=1,2

t->0
B, (7) = lim Bilk, j=1,2; k=1
J t->0
and ' C (7) = lim C:1’ j=1,2

t-

When these 1limits exist, time-invariant pricing functions at time t as

~
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functions of 1last period prices, current wages, future wages, and the ad

valorem tariff rate are given by

(18)
» t _ _
p1t(pt-1’w T) = AI(T)(plt-l (1+T)p2t-1)
o]
* ¢kZIBlk(T)(wlt+k-1— AL SIS A
+ CI(T) + .5d
and
* t
pZt(pt_l,w ,T) = Az('r)(pZt_1 - p1t_1/(1+T))
* ¢kzisz(T)(w2c+k-1_ (w1t+k-1)/(1+r)) AN

+ (CZ(T) + .5d)/(1+71)

where th {w ,w }. These functions are well defined if the

w W .
1t’ 2t 1t+1’ 2t+1’

infinite sums converge.

When these functions are well defined, sales for each firm can be

written as functions of last period prices, current and future wages, and the

ad valorem tariff rate as follows.

* t _ t _ t
yit(pt_l.w ,T) = [(1+t)p2t(pt_1,w ,T) pit(pt-l’w ,T)l7/d + .5 (19)
» t .t t
th(pt-llw ’T) =1 ylt(pt_l,w ,T)

Because the definitions of these sequences are complex, it is
impractical to determine analytically if the sequences converge. Therefore,
in the results reported in the next section, the sequences are calculated

\

numerically and their limits are approximated by the values of the sequences

when successive iterations do not significantly change their value.

21



Numerical simulations indicate that if B<1, then all sequences converge and
the infinite sum in the Nash equilibrium pricing equations converges.
Therefore, the numerical results indicate the existence of well-defined,
time-invariant Nash equilibrium pricing functions for this dynamic game for a
wide range of economy parameter values.

II1.3.1: Welfare and Optimal Tariffs

Constant Wages

Consider, first the case in which 61t=61'and 62t=92 Vt implying constant
wages in each country. In this case, prices and market shares will be
constant. Hence, adjustment costs are never actually paid in this economy.
However, as will be shown below, the presence of adjustment costs changes the
Nash equilibrium prices in the dynamic game between the domestic and foreign
producer. This result can be explained as follows. In this dynamic
environment, a firm’s optimal response to its competitors price incorporates
both the effects of the competitors price on current market share and the
effects on the change in market share from the previous period. The latter
effect arises because of the presence of adjustment costs. Therefore, one
should not expect best response functions to be the same in the dynamic case
when adjustment costs are not paid (oc>0,yjt=yJ Vt) as they are in the static
case (a=0). These differences give rise to different Nash equilibria and
different policy conclusions in the presence of dynamics.

Equilibria Prices and Quantities

Under Ad Valorem Tariffs:

Under an ad valorem tariff imposed at rate t which is expected to last
forev?r, the following Nash equilibrium prices and quantities in the
constant wage case as functions of the ad valorem tariff rate arise. Define

the following (finite) sums:
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o]
BS (1) = z B
J k=1

jk(T)

Then,

pl(t) = 1
1 - Al(r) - Az(t)

.5d

(1+t)p2(t)= 1
1 - Al(T) - Az(r)

+ .5d

for j=1, 2.

(20)

¢(W1“(1+T)W2)[AI(T)BSZ(T) + BSl(T)(l—Aa(T)]

+ ¢w1(1-A2(t)) - ¢w2(1+T)A1(1)

+ CI(T)(I—AZ(T)) - Al(r)Cz(r)

¢((1+T)w2—w1)[AZ(T)le(T) + BSZ(T)(l-Al(T)]

+ ¢(1+r)w2(1-A1(r)) - ¢w1A2(r)

+ Cz(r)(l—Al(T)) - Az(r)ci(T)

y1(T) = [(1+r)p2(r) - pi(t)]/d + .5

yz(r) = 1—y1(T)

Under Free Trade:

The free trade prices and market shares when the foreign firm enters can

be derived by setting 7=0 in equation (20).

Let pi, p:, y:, y: denote

equilibrium prices and quantities under free trade.

Under Autarky:

If the economy is operating in autarky because the foreign firm does not

deem it profitable to enter then,

1

since the monopolist’s market share never

changes, it can be shown that he will price just as in the static case:

a—
p, =V .5d
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=1 (21)

[\VI

Aggregate Domestic Welfare

In the constant wage case, aggregate domestic welfare will be constant

and will equal

4 z z z z
Wi(t) = w +v-.25d +w (1-¢y]) + (.5dy] - p )y, (22)

for z=v,f,a. Where p:, y: , and y: are defined in equations (19)-(20) above
for z=v,f,a.

Let P be the tariff rate such that the foreign firm’s price equals its
unit cost at that rate under the duopoly prices given by equation (20). Let
7° be the ad valorem tariff rate such that the foreign firm’s market share
equals zero under the duopoly pricing functions given by equation (20).
Therefore these two tariff rates are implicitly defined by the following

equations:

¢(w2(1+tp)-w1)[Az(rp)(B81(tp)+1)+BSZ(TP)(1—A1(Tp))] + (23)

cz(rp)(1-A1(rp)) - Cl(rp)Az(Tp) + .5d(1—A1(rp)-A2(rp)) =0

¢(w2(1+t°)-w1)[1+le(t°)+BSz(r°)] + Cz(r°) - C1(1°) (23)

- .5d(1~A1(r°)—A2(t°)) =0

If =2t°

or rZT°, then the foreign firm will not sell in the domestic market
and the domestic economy will revert to autarky.

As demonstrated in section II, in the static case, Tp=r°, which implies
that the welfare function is continuous at the prohibitive rate. However, in

the dynamic case, these tariff rates will not generally be equal. Therefore,

when dynamic elements are introduced into the firms’ maximization problenms,

-~
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the domestic welfare function may be a discontinuous function of the tariff
rate with the discontinuity at the prohibitive tariff rate P<<°.

Figure 2 illustrates the possible forms of aggregate domestic welfare as
a function of the tariff rate when the firms face positive adjustment costs.
In Figures 2.A and 2.B, the optimal policy is to set the tariff rate at its

P as defined by equation (23), and revert to autarky. In

prohibitive level, T
Figures 2.C and 2.D, it is optimal to set tariffs at some positive level
which still allows foreign imports. In Figure 2.C, it is optimal to set the
tariff rate just below its prohibitive level, allow foreign entry, but give
the foreign firm negligible profits. This policy is optimal as the foreign
sales satisfy consumers’ demand for variety while allowing maximum rent
shifting away from the foreign producer to the domestic one. In Figure 2.D,
it is optimal to set tariffs well below their prohibitive rate. As will be
demonstrated below, which situation results will depend on economy
parameters.

Figure 3 provides further explanation of the discontinuity in the
welfare function when adjustment costs are present. The diagram depicts
prices and market shares as functions of the tariff rate in markets with and
without adjustment costs. (The autarky price charged by the domestic firm,
p:=4.5, is not depicted in Figure 3.A so as to make the scaling between the
two figures comparable.) As Figure 3.A demonstrates, both firms set lower
prices in the dynamic environment than in the static one. This implies that
the tariff rate which sets price equal to unit cost for the foreign firm, P,
will be lower in the presence of adjustment costs. It also implies that
adjus?ment costs have less of an impact on the foreign firm’s market share

than on its price level since both firms set lower prices. That is, as the

diagram illustrates, the foreign price function shifts down by more than the
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foreign market share function when adjustment costs are added. Therefore,
the foreign firm’s price will equal its unit cost at a lower tariff rate than
the rate at which its market share equals zero. These effects produce the

P and t° and generate the discontinuity in the welfare

. wedge between T
function.

Figure 4 1illustrates the effect of positive adjustment costs on
aggregate domestic welfare. For relatively low wages in the domestic
country, Figures 4.A and 4.B illustrate that autarky is the optimal policy in
both the static case and in the presence of positive adjustment costs. For
higher relative wages, tariff restricted trade is optimal. The diagram
illustrates that both the prohibitive tariff rate and the optimal tariff rate
are lower in the presence of adjustment costs.

Figure 5 presents an interesting case. In the absence of adjustment
costs, tariff restricted trade is optimal. With positive adjustment costs,
however, it is optimal to revert to autarky and to set the tariff rate at the
prohibitive level. This illustrates that the presence of dynamic elements in
the firms’ objectives can lead to different policy prescriptions even when
adjustment costs are never actually paid as in the constant wage case
examined here.

Time-Varying Wages

In this section, an economy is examined in which wages, and therefore
market shares, are not constant and in which adjustment costs are actually
paid. Consider the following policy experiment. Suppose the domestic
economy is‘ operating under free trade and the government is considering
impos%ng a constant ad valorem tariff on imports at time to which will be in
place indefinitely. Depending on the realization of relative wages and the

size of the tariff, the economy may be operating in autarky in some (or all)

~
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~periods in the future. Let S(t) be the set of periods in which the economy
will be in autarky in the future given the wages at time to and the tariff
rate under consideration. That is, S(t) is defined as follows:

S(t) = {s: HZs(r)SO, szto).

The government’s objective function is the discounted sum of future

aggregate domestic welfare:

_ (t-to) (t-to),,v
W(t) ) B W ) B WY (x)
tE€S (T) tes (T)
where W' = w + v - .25d +w (1-¢) and
t 1 1t

w:('c) = w + V- .25+ wn(l—cpy:t('c)) + (.de:t(r)- p;t('r))y;t('t).

Prices énd quantities under the tariff, p;t(T), y:t(T)’ and y;t(r), are given
by equations (18) and (19).

In the constant wage case, it was shown that when a>0 the tariff rate
which sets the foreign firm’s profits equal to zero may differ from the rate
which gives the foreign firm zero market share under duopoly pricing. The
divergence in these rates and the difference between domestic aggregate
welfare under autarky and under free trade and implies that W(t) may be a
discontinuous function of the tariff rate in the dynamic case with
discontinuities at multiple tariff rates. These effects are illustrated in
the following computational experiment.

Let the distribution of the technology parameters to non-traded goods

production in each country be given by the following Markov process:

9Jt = pejt_1 + ejt v j=1,2,

\

where e~logN(§J(1~p),02), iid across time and across countries. This

distribution was chosen as it generates positive, stationary technology
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parameters. Recall that in an interior solution, wJ = vj,vt.

t ejt'
Figure 6 depicts W(t) for different means of domestic wages aﬁd for
different 1levels of adjustment costs. The figure represents domestic
aggregate welfare for a particular realization of the technology process.
The figures illustrate that, for relatively high tariffs, aggregate domestic
welfare is a discontinuous function of the tariff rate in the presence of
adjustment costs. The general conclusions of the constant wage case are
still evident in this case. The presence of dynamic elements affects the
optimal tariff 1level with lower optimal tariffs associated with higher
ad justment costs.
IV. CONCLUSIONS

This paper has examined the effects of an unilateral tariff on prices,
quantities, and welfare 1in the presence of dynamic elements facing
imperfectly competitive firms. In the environment studied here, firms
selling differentiated products interact strategically in a price setting
game. It was shown that the presence of adjustment costs to changing sales
volume significantly affected the relationship between tariff rates and
aggregate domestic welfare even when sales are constant and no adjustment
costs are actually paid.

Introducing these dynamic elements into firms objective functions leads
to very different best response functions and Nash equilibria than in the
static game. When the potential for positive adjustment costs exists, a
wedge is driven between the tariff rate which gives the foreign firm zero
profits and the rate which gives the foreign firm zero market share. This
wedge does not arise in the static case. The difference in these rates leads

to a discontinuity in the aggregate domestic welfare function as a function

of the tariff rate. This property implies that for some levels of relative
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wages across countries, it may be optimal to set the tariff rate just below
the level which gives the foreign firm zero profits. This policy allows
foreign entry with the foreign firm earning negligible profits and satisfies
consumers’ desire for variety while providing maximum rent-shifting.

The level of optimal tariffs is affected by the size of adjustment costs
with lower optimal tariffs associated with higher adjustment costs. of
particular interest is the possibility that autarky is optimal under positive
adjustment costs while tariff restricted trade is optimal in the absence of
such costs.

A purpose of this paper was to answer the question of whether or not
dynamic elements in a game between imperfectly competitive firms would affect
the relationship between tariffs and prices, quantities, and welfare. The
dynamics introduced were of the simplest possible form which could allow one
to address this question. An obvious next step is to introduce more
interesting forms of dynamics such as investment technologies or research and
development considerations. In such environments questions regarding the
effects of tariffs on investment and R&D in imperfectly competitive markets

could be addressed.
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NOTES

1. See, for example, Eaton and Grossman(1986), Brander and Spencer(1985),

Horstmann and Markusen(1985), Venables(1985), and Dixit(1984).

2. See, for example, Flam and Helpman(1987), Gros(1987), and

Venables (1987, 1982).
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APPENDIX

The coefficients and constant terms in the time-invariant Nash
equilibrium pricing functions as functions of last period’s prices and
current and future wages under an ad valorem tariff structure are presented.

Let o'=a and a?Ea(1+t), let o'=1 and 025(1+T), and let n=1,2 and m=1, 2,

m#n. Define the following sequences recursively.

yA
R
2153d+a1+a2
Viz2: 2 =2 -dB(y - 9% )
: 1 T YT %,
Al , A%
1) i)
n = n_ m
A11 = (1/21)(2a )
n _ n_ m m n _ . n.m
Viz2: A11 = [1/21][2a a + Bla Yy ~ 71_1)]
viz1
vjz2: A" = A" [A" A"
1] 1J-1 1+3-11 1+4j-11
1 2
1Jk’ T1jk
n = - n
B111 = (1/21)(d + o)
\ n _ n _ _ n
viz2: B] = (1/Z)(dgy; - d - «)
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viz2: o » m - on
v2sk=i: B[ = (8/Z)) [ (2d + o« - dBy, )¢, .

n n
“(d v ot - dBY 8

viz1:
vjz2:

n n n m n
v3-Jjsk=1i: Bljk Alj-l(Bl+j-11k+j-1 * Bl+j-11k+j-1) * Bu-m

Vizl: n n n m
Vjz2: Bljl—] = A”_1(1 + B1+j-111 * B1+j-111)
c2

1)

Q
n
o

. n _ m m n
viz2: C} = (B/2)) [ (2d + o - dBy] AT

n n m
+(d + « dB'a'i_l)Kl_1

n n m ) + n

= A C C
1] 1§31 1+3-11 1+3-11 13-1

<
.
[\

N
I
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- N

>1. n = n,|_,H,N n m _ n _ah _ ,m 2
viz1: 71 (1/¢ )[ 21\“(A11 + Au) (a'7d) (1 Au Au)]
n i-1 3 n
+ _ n m
(1767) Z B 2Ai—jj+1(Ai-jj+1 + Al-jj+1)

J=1

n n m n "
-(a™/ + - -
(o d)(Ai-j*IJ Ai_ﬁu A1-_1_I+1 AI—JJ"'l)

n(cm_cn)_cn(An+Am)

= (1/0M)]| A
i1 i1 i1 i1l i1 i1

- .5dAT, - (&"/d)(1- A7 - AT )2

i-1 - -
+(1/ n J n m _ N
(1/ )J; B AL, (€ T )
_ Cn n m - m
i-JJ+1(A1-JJ+1 * AI-JJH) 'SdAl-JJ*'l
n n m n m
-(a"/d + - -
(« )(Ai-j+lj Ai-—j+1j Ai—jj+1 Al-jj+1)
Cn _ o m _ n
( i-j+1) 1-j+1) Ci-jj+1 Ci-jj+1
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1 2
¢ik' ¢lk
n _ n n n m _gM n m
¢11 = (1/07) 'A11(1 M B111 * B111) B111(A11 + A11)
n n m n m
* (ai/a)(1 + B ? B111)(1 Ay A11)
n — n [ n n m - n n m
vi=2 ¢11 = (1/¢ ) -Ail(l + Bii,l Bil,i) Bil,l(All + Ail)
n n m n m
_+ (a’7a)(1 + B11,1 * Bx1,1)(1 Ay A11)
n i n n m n n m
+ (B/o7) Ax-12(Bi—1z,-1+ Bi-zz,-1) B1-12,-1“1-12 *
-"7d)(1 + B" B" - B" - B" )
11,1 11,1 1-12,-1 1-12,-1
. (An + Am - An - m )
i 11 11 1-12 1-12
121 j, n i n n m
+jZZ(B 7 A By gy, oyt By, -y
- B" (A" + A" )
1i-33+1,) 1-3j+1 i-j33+1
-(a"/d) B" + B" 1
i-j+1j3,1-] i-j+1j,1-]
- B n - m
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