Journal of Economic Integration
9(2), June 1994, 214-240

Learning about Enforcement: A Model of Dumping
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Abstract

We study the effects of uncertainty about the intensity of enforcement of
antidumping regulations. The desire to avoid penalties alters the foreign firm’s
behavior. In the first period of a two period model, domestic and foreign firms
have common beliefs that the government is a strong enforcer of antidumping
regulations. After observing whether a penalty has occurred, firms update their
subjective probabilities and adjust their behavior. In the first period firms act
strategically to manipulate the information received by the foreign firm. The
effect of this information on the choice variables depends on second order prop-
erties of the second period value function.

I. Introduction

Domestic firms often invoke antidumping laws in order to avoid competi-
tion from foreign firms. The importance of this form of protection has
increased recently, since, among other things, antidumping rulings contain
an element of uncertainty.! Uncertainty about the application of the law
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1. There is uncertainty not only about the determination of whether dumping has
occurred, but also as to the determination of material injury and the size of the penal-
ty {Boltuck, Francois and Kaplan [1992]). In this paper, we concentrate on the first
source of uncertainty, i.e., the fact that the detection of dumping is an imperfect tech-
nology.
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makes dumping accusations a useful tool for domestic firms because the
possibility of an antidumping ruling can be used as a threat that can be with-
drawn if a private agreement to reduce competition is reached.? According
to US legislation, dumping occurs when imports are sold at less than fair
trade value (Murray [1992]), where fair trade value can be defined in two
different ways.? By one definition, fair trade value is the price of similar mer-
chandise sold in foreign countries, while according to the alternative defini-
tion, fair trade value is the cost of production plus a fixed markup. Uncer-
tainty arises because there are errors involved in measuring the relevant
prices or in constructing artificial cost indexes for foreign firms. Hence, the
detection of dumping is at best an inexact science. Nevertheless it is clear
that, other things being equal, the higher the dumping margin (defined as
the difference between the domestic price and fair trade value), the higher
the probability of detecting dumping.

There is a further source of uncertainty in antidumping detection.* The
intensity with which the government pursues dumping investigations
depends on political considerations and in turn, the severity of government
enforcement affects the probability of detection. Since dumping findings
benefit domestic producers, domestic firms generally lobby for strong
enforcement of antidumping legislation. On the other hand, consumers,
downstream producers and foreign firms lobby for more lenient enforce-
ment. Antidumping legislation is pursued more or less intensely depending
on the strength of these various lobbies. Hence, it is difficult for foreign

2. Empirical evidence is found in the records of antidumping actions that are dropped
before the investigation is completed. Presumably, the domestic firms have reached
an agreement with the foreign competitor in order that the charges be dropped
(Prusa [1992]).

3 This is the issue of detecting dumping. According to the GATT antidumping code,
before antidumping duties can be imposed, material injury to a domestic firm must
be determined. The assessment of material injury is a matter which is closely related
to the detection of dumping, but one which we do not examine. Note that the larger
the dumping margin, the more probable that dumping causes material injury. Thus a
higher dumping margin makes it more likely that dumping and material injury are
established.

4. In the NAFTA agreement, one of the objectives of Canada was to try to reduce the
element of uncertainty stemming from US antidumping legislation.
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firms to know if the government they face is a strong or a weak enforcer of
antidumping legislation in their industry.

Because penalties reduce their profits, foreign firms design their actions
to reduce the probability that dumping is detected. The actions of the for-
eign firms depends on their beliefs about the strength of governmental
enforcement. The observation of previous penalties in the industry pro-
vides information about the intensity of enforcement. Indeed, this informa-
tion affects the beliefs of the foreign firm about the commitment to
antidumping legislation of the government. The observation of a penalty
indicates a higher likelihood that the government is a strong enforcer.
Likewise, if no penalty has been observed the likelihood of a weak govern-
ment increases.

The purpose of this paper is to examine a model in which there is uncer-
tainty, not only about the detection of dumping but also about the severity
with which the government agency enforces antidumping regulation. We
study how uncertainty about the strength of enforcement affects the strate-
gic behavior of both domestic and foreign firms. Since the purpose of this
paper is to study the effect of governmental policy on firms, we postulate
the behavior of the government and do not study its optimal policy.

In this paper it is assumed that there are two firms, a domestic and a for-
eign firm, each producing a homogenous good. The home market of the
foreign firm is assumed to be protected, while there is no protection in the
home country. The foreign firm produces for its own home market, in
which it is a monopolist, as well as for export to the domestic market. The
domestic firm, on the other hand, produces only for the domestic market.
The domestic market structure is assumed to be Cournot.® We assume that
the demand function is the same in both markets. In the absence of
antidumping legislation the foreign firm maximizes profits by selling at the
monopoly price in the home market and at the Cournot price abroad, i.e., it
dumps in the domestic market. We assume dumping is not always detected,
i.e., dumping legislation is imperfectly enforced. But when it is determined
that dumping has occurred, monetary penalties, which do not directly bene-

5. The main thrust of our results does not change if there is price competition and the
goods are imperfect substitutes.
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fit the domestic firm, are imposed on the foreign firm.® Finally, it is assumed
that the probability that dumping is detected is an increasing function of the
dumping margin, i.e., the difference between the foreign and the domestic
price. Hence, it is possible in our model that the foreign firm is penalized
even if it is not dumping.

In order to study the effects of information on the strategies of the firms,
we first consider a model in which there is only a single period. As the
penalty does not affect the profits of the domestic firm, the possibility that a
penalty may be imposed on the foreign firm does not alter the strategic
behavior of the domestic firm, which continues to behave as a classical
Cournot duopolist. The foreign firm, on the other hand, faced with the pos-
sibility of a penalty, changes its behavior in both markets in order to maxi-
mize expected profits. This involves reducing exports and expanding
domestic sales to reduce the dumping margin. The domestic firm does ben-
efit indirectly from the reduction in competition. If there is uncertainty
about the enforcement of antidumping legislation, the domestic firm affects
the probability that a penalty is imposed on the foreign firm and hence the
behavior of the foreign firm.

Consider now the same model in a two period setting, so that information-
al effects play a role. Suppose there are two possible types of government: a
strong or a weak enforcer of antidumping legislation. The second period
assessment by the foreign firm of the type of government it faces depends
on whether it suffered a penalty in the first period. In particular, the firm
believes it is more likely that the government is a strong enforcer of
antidumping legislation if dumping is detected than if dumping is not detect-
ed. In the second period the foreign firm can use the information of whether
or not a penalty was imposed to update its a priori assessment of the type of
government it faces. In this model the foreign firm experiments in order to
affect the information flow. Moreover, the updating of the information of the

6. Lump sum penalties are a simplification of real penalties that allows us to convey our
argument in a clearer way. Real penalties for dumping in the US involve surtaxes
equivalent to the estimated margin of dumping. These real world penalties directly
benefit the domestic competitor by raising the domestic price of the foreign rival.
Our assumption that penalties do not benefit directly the domestic firm serves to illu-
minate the strategic role of information.
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foreign firm provides a reason for experimentation by the domestic firm.
Experimentation has a role because the domestic firm can affect the proba-
bility of a penalty in the first period and therefore has an informational effect
through the update beliefs of the foreign firm.

This paper is closely related to the work on dumping of Fischer [1992].7
In Fischer there are no informational effects. The model has two periods
but the domestic firm benefits directly from the penalty imposed on the for-
eign firm. This establishes the connection between the two periods. Indeed,
a penalty in the first period in Fisher might require the foreign firm to pay a
surtax in the second period. This increases the second period profits of the
domestic firm. Hence the actions of the domestic firm are directed at
increasing the likelihood of a penalty, which affects the future behavior of
the foreign firm. In the present paper, the penalty does not directly benefit
the domestic firm. If this was the case in Fischer’s model, the behavior of
the domestic firm would not be affected. However, in the present paper,
these penalties change the foreign firm’s assessment of the probability that
the government is a strong enforcer. Hence, the domestic firm benefits indi-
rectly through this informational effect, taking account of its effect on the
probability of a penalty, which affects the behavior of the foreign firm. This
subtle effect is exploited by the domestic firm in the first period in order to
increase its profits.

There is a literature on the economics of information that is related to the
work of this paper. In fact in this paper all decisions, .e., the outputs of both
the domestic and the foreign firm, affect the amount of information con-
tained in the observation that the government has imposed a penalty. This
is true because it is assumed that increasing the margin of dumping increas-
es the probability of a penalty more for the stronger government than for

7. Other references to uncertainty as to domestic response and dumping are Bhagwati
and Srinivasan [1976] who analyze the case of an exporting country facing a possible
quota whose probability depends on the amount of exports. There is no strategic
behavior in this case, since the importing country plays a passive role. Another refer-
ence is Das [1990], who analyzes a case in which domestic firms and foreign firms
play a game of lobbying for protection by foreign and domestic firms. Protection in
this case is not endogenous to the actions of the firms, but rather it is endogenous to
their actions on the political market.
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the weaker government. Thus there is more information contained in penal-
ties that occur when the margin of dumping is high. Hence there is an
incentive for both firms to experiment, i.e., to deviate from their optimal
decision when there is no informational effect, in order to affect the infor-
mational content of government decisions.

Basically the literature has confined itself to the case of a single decision
maker (Grossman, Kihlstrom and Mirman [1977], Mirman, Samuelson and
Urbano [1992]). Recently, however, there have been several papers dealing
with the duopoly case (Mirman, Samuelson and Schlee [1992], Aghion,
Espinoza and Jullien [1990] and Harringtion [1991]). In the case of a single
decision maker, information is always valuable. The decision variable always
moves in the direction yielding more information. The only issue that arises
in this case is whether experimentation occurs and if the decision variable
increases or decreases as compared to the myopic decision (the case where
there is no informational effect). The situation is very different in the case
of a duopoly. The reason for this difference is that information is not always
valuable to a duopolist. In fact, it may well be that firms change their myopic
decisions in the direction that provides less information. This can be the
case because in equilibrium the rival can obtain an advantage from more
information. Moreover, it is possible that both firms can be made worse off
with more information, since the information could give both firms an
incentive to change output so that profits are reduced (Mirman, Samuelson
and Schlee [1991]).

Another paper that studies the relationship between dumping and infor-
mation is Eaton and Mirman [1991].% There is no experimentation in Eaton-
Mirman but rather, dumping is done in order to signaljam, that is, in order
to obscure information. The difference in the way information affects deci-
sions in Eaton-Mirman and the present paper is that in Eaton-Mirman some
decisions are not observable while in this paper all decisions are observ-
able. If decisions are observable, there would be no informational effect in
Eation-Mirman.

In our model (as well as in more general models of information), the

8. See also Hartigan [1993], who discusses how dumping can be used to convey cost
signals.
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choice of an output decision corresponds to an experiment in the sense of
Blackwell [1951]. If information is valuable, a more informative experiment
raises expected profits in the next period while a less informative experi-
ment decreases expected profits in the next period. In the second period
(when there is no effect from information) the profits of both firms depend
on the beliefs of the foreign firm. The effect of information on the behavior
of both firms depends on the convexity or concavity of the profit function as
a function of the beliefs of the foreign firm. In this model, increases in out-
put in the domestic market is always a more informative experiment. This is
so since after a penalty is observed the posterior that the government is a
strong enforcer increases in the amount of output. The probability that the
government is a weak enforcer decreases as output increases. Note also
that the expected posterior is always equal to the prior. In this case, if the
profit function is convex, information is valuable. Hence, looking from the
perspective of the first period, increasing output yields higher expected
profits for the domestic firm since when the value function is convesy, the
probability of a strong enforcer gets more weight than the probability of a
weak enforcer in the assessment of the foreign firm. Thus the domestic firm
is better off with more information. Less information is better when the
value function is concave. Hence the effect of information is to increase out-
put when information is valuable and to decrease output when information
is detrimental.

The next section sets up the model. The following section examines the
strategic role of information and proves the main results. The final section
presents an example in which firms always desire more information.

Il. The Model

There are two time periods, two firms and two countries. Each country
represents a market. At the beginning of each period firm  sells quantities
4; 1,7 =1, 2 of a homogeneous good in market H (Home market) in period
J. The foreign firm also sells g; at a price " in its own domestic market F in
period j. At the end of each period a monitoring agency in the home market
determines if dumping has occurred and if so, a penalty is imposed on the
foreign firm.
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The inverse demand function is the same in both market:

p=0(), p<0 p"<0, @

where g is the total amount sold in the market. The price in market H is p
and the price in market F is p". There are no transport costs and marginal
costs are zero. In the absence of protection, the foreign firm would sell at
different prices in the two markets because it is a monopolist in its own
domestic market and a duopolist in the home market. It is natural to expect
in this situation that dumping occurs. The problem is that the detection of
dumping by the monitoring agency is uncertain. Since it is easier to observe
dumping as the dumping margin increases, it is assumed that the probabili-
ty of detection is an increasing function of the dumping margin (¢ - p). Fur-
thermore, we assume that there are two types of governments. The first
type is a strong enforcer of antidumping legislation, while the second type
takes a more relaxed attitude to dumping. This implies that there are two
possible probabilities of protection. These probabilities are: m, correspond-
ing to a government that is a strong enforcer of antidumping legislation, and
m, which corresponds to a government that is a lax enforcer of antidumping
legislation. Formally, we can write the probabilities of detection as

m (p* - p), if government is a strong enforcer,

and )
m (p* — p), if government is a weak enforcer,

withm’ m' > 0. m@* - p) > m@®* - p), V@' — p)eR. We assume that the
functions 7, m are twice differentiable and that m' >m i.e. the probability
of protection increases faster for the strong enforcer than for the weak
enforcer as the dumping margin increases. Neither firm knows whether the
government is a strong or a weak enforcer of antidumping legislation. The
firms have common prior beliefs about the type of government they face.
The decisions of the foreign firm depend directly on the strength of the
antidumping response by the domestic government. We assume that the
firms have a prior probability p, that the government is a strong enforcer,
i.e., py= Prob{m = m}. All actions are observed by both firms. Hence the
posterior beliefs of both firms about the type of government are the same. If
dumping is detected, a fine M > 0 is imposed on the foreign firm. The penal-
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ty does not benefit the domestic firm and it is independent of the dumping
margin.’

The sequence of events and the flow of information is this model are
described as follows. In the first period both firms decide on their outputs.
These outputs determine the price in each market. All prices and outputs
are observed by both firms. After observing the price in both markets, the
government either does of does not impose a fine on the foreign firm.1° The
probabilities of the penalties are given by (2). After the firms observe the
reaction of government, both firms update their beliefs on which type of
governmental enforcement the foreign firm faces. With these updated (pos-
terior) beliefs, the markets open in the second period. The only connection
between the periods is the learning by the foreign firm, which takes place
after the government’s action is observed. This learning is summarized in
the posterior beliefs. In order to study this two period problem, it is neces-
sary to study the second period profits as a function of the updated beliefs.
These updated beliefs depend on the decisions of the firms as well as the
decision of the government.

The Second Period: In the second period firms choose quantities to maxi-
mize the expected value of profits without regard to future learning because
this is the last period, so information has no further value (the second peri-
od problem can also be thought of as the myopic solution since no experi-
mentation is entailed for both firms). We assume that the second period (or
myopic) problem has a unique solution. Let p, be the updated (at the begin-
ning of period 2) probability that the government is a strong enforcer.
Let

mAI':pfﬁ +(1_Pi)lﬂ.»i=0, 1: (3)

9. This assumption has no effect on the qualitative results and simplifies their interpre-
tation.

10. There are two possible explanations for the fact that m is a probability that depends
continuously on the dumping margin, rather than a function taking the values 0 (if
the margin is zero) or 1 (if the margin is positive). The first is that the political pres-
sures for antidumping enforcement increase in the dumping margin. The second
explanation is that the government observes a noisy signal of the dumping margin,
because it does not observe all prices correctly. Nevertheless, the higher the dump-
ing margin, the easier it is to detect that dumping is actually occurring.
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be the expected probability of a penalty in period #, given that the firms have
beliefs p; that the type of government is strong. The problem for the foreign
firm, given the output g;, of the domestic firm, is

T (@) = MaX gy, g 2@z + 000+ 0’ @) 03— B3 0)M (@)
The first order conditions (or the reaction functions) for the foreign are:
OT'/ 34y =P'Gp+ b +M19' M =0 ®)
ONT"/3g3=p*'q"+ b5 ~M1p"M=0 ®)

The linkage between the domestic and foreign markets occurs through the
probability of protection, which is a function of the dumping margin
3~ p,. The dumping margin, in turn, depends on all outputs gy2, g, and q;
through the demand function. The effect of a threat of a penalty is that for
each ¢, the foreign firm changes its sales in both markets in order to
reduce the dumping margin. In comparison to the case in which there is no
antidumping legislation, the foreign firm reduces its exports and increases
its domestic sales (in its own market) to lower the probability of a fine. In
doing so it raise prices in H and reduces prices in F, lowering the dumping
margin and thus, the probability of a penalty.
The second period profit for the domestic firm is given by:

hﬂm]‘ (@15 +d32)412 @
12

The first order condition (or the reaction function) for the domestic firm is:
P G, + (G, +4,)=0 ®)

Expression (8) shows that the possibility of a penalty has no effect on the
output choice of the domestic firm (See Figure 1). Nevertheless, the proba-
bility of a penalty creates an incentive for the foreign firm to decrease its
exports in orders to reduce the probability of the penalty, thus increasing
the profits of the domestic firm. This is the conclusion of Fischer [1991] for
the case in which the probability of protection is endogenous, the type of
government is known and the domestic firm obtains no benefits from the
penalty on the foreign firm.
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Figure 1

: Effect of Uncertain Penalties in Fischer (1992)
Z |

U}
Note that the simultaneous solution of the reaction functions (5), (6) and
(8), assumed to be unique, determines the equilibrium outputs ¢35, g5, ¢5".
In particular, the dumping margin depends on . and p, and thus on the
variables g5, g, ¢5". It is important to note that these equilibrium values all
depend on the posterior p1- Moreover, the equilibrium profits for both firms
depend on p,. Hence let

V(o) =TT'(a!(py) =
and

V(p) =T1(45,(p,). 45° (p))) (10)

be the value functions for the domestic and the foreign firm, respectively.
The value functions (9) and (10) represent the profits in a Cournot-Nash
equilibrium as a function of the posterior beliefs, The value function of the
domestic firm depends on p,, because p, determines the extent to which the
probability of a penalty shifts the foreign firm’s reaction function and there-
fore reduces its exports. Since in the second period there are no informa-
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tional considerations, these are the only effects of protection. However, in
the first period, informational considerations play a crucial role.

In the first period of the model analyzed in Fischer, the domestic firm acts
strategically because it receives future benefits from a penalty imposed on
the foreign firm. By acting strategically, the domestic firm changes the
probability that dumping is detected and thus the probability of receiving
the benefits derived from the penalty. The reasoning in this paper is more
subtle, since a penalty does not benefit the domestic firm directly. In our
model, a penalty during the first period changes the common assessment of
the type of government and therefor changes the second period behavior of
the foreign firm. The domestic firm takes advantage of this behavior by
choosing outputs appropriately. In order to capture this informational
effect, the second order properties of the value function must be studied.

First we consider the effects of an increase in p; on the value function of
the domestic firm,

. =p'4,9,>0 (11)

This follows from the envelope theorem when the sign of g5, = 4y (py) is
negative. However, under the assumption 7' > m', g5, is negative since this
assumption ensures that the reaction curve moves outward as p, increases.
The intuition for (11) is that the foreign firm cuts back exports if its posteri-
or probability of a strong government increases. This raises domestic
prices, increasing the profits of the domestic firm. (See Figure 2). Clearly,
the domestic firm would prefer that the foreign firm believe that the proba-
bility that the government is a strong enforcer is high. Another application
on the envelope theorem leads to an expression for the changes in the value
function of the foreign firm:

dV N —_p 7 [ S P ey
dp =P 992 +(m p'a,p+(1-p)m'p qlz)M+(m—m)M< 0, (12)
1

11. In general the value function may not be differentiable. We will assume that it is dif-
ferentiable in our analysis. The example at the end of the paper studies a problem
where the value function is differentiable.
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Figure 2
Shifts in the Second Period Equilibrium
')

.
—

4

here g,,>0, is again implied by the assumption 7' > m'. Notice that there are
three channels in the second period through which an increase in the
assessment of p, affects foreign firm profits: (i) the negative effect induced
by the domestic firm increasing output in response to the foreign firm’s cut-
back; (ii) the effect of the increase in the domestic firm’s output on the
probability of a penalty under the two types of government and (iii) the
direct effect of the increased probability of a strong enforcer on the profits
of the firm. These points appear in Fischer [1991]. However, as shown
below, the first order approach used in Fischer [1992] is not enough to sign
the effect of information on first period outputs. We need the second order
approach to determine the effect of information.

The First Period: The problem facing the domestic firm is (we assume
that future profits are not discounted to simplify the notation)

Max p(qy; +ay5)a, + 7,V (0" (a4, 401, 0))
e a3, +5)8,, +my (P1 011,921, 9, (13)

+(1- ’;lo)V(pll(qH, 42, Q;))
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The last two terms on the RHS of (13) represent the expected value of sec-
ond period profits to the domestic firm. The second term is the value to the
firm if dumping is detected in the first period, weighted by the expected
probability of enforcement. This expected probability depends on the a pri-
ori beliefs that the government is a strong enforcer as well as on the
observed market variables. The third expression corresponds to the case
where dumping is not detected.

In the first period each firms’ decisions depend on the effect of their out-
put choices on second period profits through the change in the posterior
probability. Suppose that a penalty is observed at the end of the first period.
Then the undated probability that the type of the government is strong is:

h_ P

p =—— 14
L poi +(1-py)m )

whereas if the penalty is not observed, the updated probability that the gov-
ernment is strong is:

p— LS (15)
po(1-m)+(1—py) (1-m)

Here the superindex stands for high and low government responsiveness,
respectively. In this situation there are two possibilities, or two “signals”:
penalty or no penalty. Denoting no penalty by s, and penalty by s,, the
assumption # > m implies that pf > p}. Thus in a very simple way, the pos-
terior probability is monotonic in the signal. This property is just a manifes-
tation of what is generally called the Monotone Likelihood Ratio Property
(MLRP). Note that through (2), it is possible to write these updated proba-
bilities as functions of first period outputs: pf = pf (g1, 421, q,). Moreover, we
have the important relation,

po =mop? +(1-1iy)p, =Ep, (16)

When a firm observes a penalty, it does not know whether the type of the
government is strong. Firms can only deduce that it is more probable that
the type of government is strong. Therefore, the updated value for p is inde-
pendent of the actual (but unobserved) type of the government.

The first order conditions for the domestic firm can be written as:
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h 1
M g+ L V'(pf’)+(1—r?t)3AV’(P.‘)

Py, 9q,, 9 %)
V(P! - V(P! )]‘Bji -
q
where
om i —
% =—(pym’ +(1-p,)m")p{ >0 (18)

Notice that in (17), the first two terms correspond to the first order condi-
tions in a single period duopoly without regard to information, i.e. it corre-
sponds to the myopic solution when there are no informational considera-
tions. The last three terms in (17) represent the effect of information. In
particular, the last term is analogous to the term that drives the strategic
effects in Fischer. It can be interpreted as the expected change in profits
due to the change in the expected probability of protection. The two middle
terms are new to this formulation. The third term corresponds to the
change in the second period assessment of the probability of a strong gov-
ernment and its effect on the value if dumping is detected, weighed by the
probability of detection. Finally, the fourth term corresponds to the change
in the second period assessment of the probability of a strong government
and its effect on the value if dumping is not detected, weighed by the proba-
bility of no detection. If these middle terms have the same sign as the last
term, then the effects discussed in Fischer are amplified in this new setting.
On the other hand, if these terms have the opposite sign of the last term,
the strategic changes to domestic firm output can be smaller than those
described in Fischer. The effects may even be reversed.

lll. The Strategic Role of Information

In the following we distinguish between two types of myopic responses. A
myopic response of type 1 occurs if firms do not take account of the possibil-
ity of a penalty, as in the myopic firms described by Fisher. A myopic re-
sponse of type 2 occurs if the firms are aware of the possibility of a penalty
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and react accordingly, but do not realize that their actions can affect their
future assessments of the type of government.

Lemma: Suppose 7 m' — m' < 0. Then dpl/ gy, > 0 and dpi/dgy, < 0. On the
other hand, if i '(1 - m) —m/(1 - ) < O then dp}/dqy, < 0 and 9pi/dq;,> 0.

Proof: To show that dp/dg,, and dp}/dg,;, move in opposite directions, first
consider the expressions

3Pl _ p'py(1—py) (Arm'—i'm)

Iy A?
3 _ py(l—py) P (1-m) - (L))
41 (1-A)*

where A =p, +(1-p,)(1-m)>0.

Note that a condition for the two expressions (19) to be positive is that

mm'-mm'< 0

_ = (20)
m'(1-m)-m'(1-m)<0

However, these two conditions cannot hold: the first condition in (20) is
equivalent to

l<m/m<m'/m'
while the second condition imply that
m'/m'<(1-m)/(1-m)<1
h 1
ap,

Hence, the assumption 7 m'-mm'< 0 implies that P >0 and —-<0.
944 a4y,

o _ ap! P,
Conversely if #'(1-m)-m'(1-m)<0, then —1<0and —>0.
a4, dqy,
Q.E.D.
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Similar results can be shown for g; since

Ip;  1,'po(1-py) (i'm—iwm)

4, A’

and i)
ap} 8, po(1=p) [(A=70)m'~(1 - m)i’]
8q' (1 _A)Z =

1

Note that, from (16), the mean of the posterior always equals the prior.
Hence changes in the decision variables imply an experiment in the sense
of Blackwell. In fact, a more informative experiment implies that p/ increas-
es and p; decreases as output changes. If the value function is convex, the
domestic firm wants to make the difference between these two values as
large as possible. The reason is that when V is convex, the domestic firm
gains more by increasing p{ than it loses by decreasing p! i.e., information
is valuable. A less informative experiment implies that p} and p} move clos-
er together. .

Since, by assumption, # > m, the condition mm' — mm'< 0 implies that
the difference between 7 and m is increasing in the dumping margin i.e., a
strong government becomes increasingly better than a weak government at
detecting dumping (see Figure 3). Conversely, when # ‘(1 - m) — m' (1- )
< 0, the probability of a penalty under the two types of government moves
closer as the dumping margin increases. If the value function is convex, the
domestic firm wants to create more information on the type of government
(i.e., wants to separate p| from p). When mm’' — m#’ < 0, this requires an
increase in output so that the domestic price falls and the dumping margin
increases. We show this in the following proposition.

In fact, the effect of information on the optimal decision can best be seen
from the first period optimization problems (13) for the domestic firm and
(18) for the foreign firm. The first period optimization problem is a two peri-
od problem and the information gleaned after observing the first period
variables is used in the second period. The second period problem does not
have an informational effect since there are no future periods. As mentioned
above, the case in which information plays no role shall be referred to as
the myopic solution. To study the role of information, it is necessary to



Ronald D. Fischer and Leonard J. Mirman 231

Figure 3
Dmm'- mm'<0Oand ) m'(1-m)-m'(1-m) <0

m(p*-p)

0*-9) 69

study the second order derivatives of ¥V and V", since the first order
approach as used in Fischer is inconclusive. In particular, in equation (16)
and (24)-(25) all the first order derivatives are signed but p! and p} move in
opposite direction, i.e., either a more or less informative experiment is cre-
ated. The second order properties of V and V" allows us to compare these
magnitudes and to sign the comparative statics (see Figure 4).

It is the second order properties of the value function that determine the
effect of information on the optimal decision. The first period decision for
either firm involves an experiment in the sense of Blackwell. If the value
function is convex, information is valuable and the optimal decision of the
firm is to adjust (as compared to a myopic case) output in the direction that
yields more information. If the value function is concave, information is
detrimental and the output decision is adjusted in the direction that yields
less information. In either case the effect of the optimal decision is to
increase second period expected utility. It is not possible to determine the
convexity or concavity of V for general market demand functions. In the
next section we shall study the problem in the context of an example that
can be solved explicitly.
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Figure 4
The Strategic Effect of Information

B
-

q

Proposition 1: If V is convex (concave) and mm' — mm' < 0, then for every
quantity of exports of the foreign firm, the best response of the domestic firm is
to sell more (less) than in the myopic case.

Proof: The proof depends on the sign of the term

h 1 b
® = 2L v/(p) + (1- i) Py (o) + V() - V(o1 22

(22)

If this term is positive (negative), the reaction curve shifts out (in), because
p"+ 2¢,,p' < 0. The domestic firm increases sales if ® is positive. Differenti-
ating (16) we have

a h a 1 A
Lty L (1) L | = o
(Pl =Py ) a4, a4, a4,

This expression can be substituted in @ to obtain
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8 1

O=(1-my)—|V’ (p))-
a‘hl

ap" V(p")-V(p!
+,;,0_p; Vf(pf)_M |
a4y, (Pl _Pl) '

Vph)-V(p})
(p; —p))

By the previous lemma we know that the condition 7 m'- mm'<0 implies
that ap / dg,, >0 and apl / 3g,; <0. The convexity (concavity) of V im-
plies that the first term in brackets in @ is negative (positive) and that the
second term in brackets is positive (negative), ensuring the @ is positive
(negative). Since @ is positive (negative), the domestic firm increases
(decreases) output for each level of output of the other firm. Q.E.D

The problem facing the foreign firm is:

Ma)_{} P(q, + 99, + P;(‘?; )q; + ’?‘V*(P:’ (Qm‘hl’q; ) 23)

LR ]|

+(l= r?l)V‘(p: (G115 G q;))_ M

For the foreign firm, the first order conditions are:

an‘ ' A 8 i Ex ~ : * I
=D gyt ptm A 4 (pfl)"'(l_mo)_jp! 14 (P:

anI a'9'21

21

) (24)
+[V'oh -V (o) - M]‘9:—
and ) ) 1
%—P;'q;ﬁpﬁmogz} V' (ph)+ (- gzliv"m:)
+[V‘(pr)—V‘(p:)—M]%=0
hore 0 _ 9Pt __p"3p! Opl _dpl __p dpi diy _dity

aQH a‘?zl P’ a‘?;’ a‘?u 9q,, P' 341” dg,, dg,
ity 20,
aq,
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Proposition 2: IfV" is concave and mm' — mm'< 0, then the best response of
the foreign firm to any quantity sold by the domestic firm is the reduce exports
as compared to the myopic case of type 2.

Proof: Let
Q=g Ly (o) + (1= 1ity) L2V (1) + [V (o)~ V' (o) - M] 2
a‘?z] a‘b] 3‘121

We need to show that Q is negative. The proof is similar to the proof of
proposition 1. Q.E.D

The general principle is simple: since its value function is concave, the
foreign firm tries to reduce the amount of information available. It achieves
this reduction by cutting down exports and increasing sales in its own
domestic market.

Note that the difference between @ and Q lies in the term —Md,/dg,, < 0.
This term appears in Fischer [1992], and leads to the myopic response of
type 2 (which captures the desire to avoid a penalty, but does not consider
the strategic aspects of information). The existence of this term implies that
even for V" which are slightly convex, the foreign firm reduces exports as
compared to a myopic firm of type 1. For larger degrees of convexity, the
reaction function of the foreign firm does shift out, even compared to the
myopic firm of type 1. Under the conditions of Proposition 2, the foreign
firm increases sales in its own domestic market.

It is interesting to observe that there are two ways in which the shifts of
the reaction curves could go in the opposite direction. One possibility is that
the condition #'(1 — m) — m'(1-m) < 0 holds. In this case more information
is obtained by reducing total quantities sold in the domestic market. Thus
the domestic firm reduces sales, while the foreign firm may (if the term
—Moime/ dqy, does not overpower the information part) increase the exports
of the foreign firm. In this case we would have the strange result that facing
dumping accusations, the foreign firm increases exports in order to reduce
the price of the good it is being accused of dumping, while the domestic
firm acts in order to raise the price and make dumping accusations more
unlikely. The explanation lies in that by doing so, the domestic firm increas-
es the amount of information (the separation between p} and p}), while the
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foreign firms reacts in the opposite way.'?

The second way in which the shifts could go in the opposite direction is
when the V is concave and V" is convex. In this case, the shifts go in the
opposite direction because the domestic firm prefers to reduce the amount
of information available to its rival, while the foreign firm prefers to increase
the amount of information.

Finally, we are interested in the effects of these shifts of the reaction func-
tions on the equilibrium outcomes. Given that p” < 0 implies downward slop-
ing reaction curves, the next proposition follows immediately.

Proposition 3: Suppose V is convex, V" is concave and mm'— mm'< 0. Then
first period exports of the foreign firm are smaller, while first period sales by the
domestic firm are larger than in the myopic case of type 2.

The other cases, when the reaction curves shifts in other directions, have
equilibrium effects that are more difficult to determine.

Existence: The existence of a solution requires the uniqueness of the sec-
ond stage equilibrium. Concavity of the second period profit function fol-
lows from p” < 0 for the domestic firm. For the foreign firm, it is necessary

. - 5 1T o*n’ .
to impose the additional condition that ——<0and —<0. Since
a‘?22 342

costs are zero, it is always profitable to produce a small amount g,,. Finally,
we require that the gy, corresponding to g, = 0 is larger than the monopoly
quantity for the domestic firm. These conditions ensure existence and in
this case they also ensure uniqueness of the second period solution.

IV. An Example

To be more concrete on the shifts in the equilibrium induced by the pos-
sibility of penalties and information, consider an example with linear
demands and linear probability of protection. In order to provide more flexi-
bility we will assume that the goods are imperfect substitutes.

12. Since the model takes the form of a game, it is well known that information can be
beneficial or detrimental depending upon the circumstances. For the model present-
ed in this paper, Mirman, Samuelson and Schlee [1993] provide a more detailed
explanation of the result.
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Let domestic demand be given by

pl=9—¢ql—'ﬁ2! fOI'gOOdl (26)
P, =0-0g,— xb,, for good 2, |x|>1

(where ¥ < 0 for substitutes) and foreign demand by
p*'= o — fg", in the market.

For our purposes, it is easier to work with prices as a function of quantities.
We obtain

p1=a-bq,-dg,
p2=a-bg,—dq,

where a=6/(1+ ), b=¢/(1 - x*) and d = x¢/(1 - 1°).
The probability of detection is given by either
m=A+ B@p-p)
or _ _
m=A+B(p-p*),where A>Aand B>B.

This specification of probabilities may lead to some difficulties in interpreta-
tion. When there is no dumping, there still may be sanctions. This is not
unrealistic, since in real economies domestic firms often push for sanctions
for anti-competitive reasons and antidumping penalties may be imposed
when there is no dumping.”®

The second period value function of the domestic firm is

Vip)= I\:Iﬁa;{c[a—qu +dgy)4, (28)
with first order condition
a-2bq,—dgy =0 (p,=a-bq,,—dgy, =bq,,) (29)

13. In American antidumping legislation, negative dumping margins are not considered,
ie., if (0" - p) <0, it is registered as zero. Since several price observations are made
and averaged, but only positive values are kept, it is possible that there is a penalty
when on average there is no dumping (Boltuck, Francois and Kaplan [1991], Murray
[1991]).
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Let a hat (») over a variable denote its expected value. The second period
value function for the foreign firm is

V'p,)= E;d;;;{l[a — bgyy — A1, )ap, + 10t - ﬁq;]qz (30)

—[A+B(p" - p)IM.

The first order condition for the foreign firm are:

02y —day~BOM =0 (a—bay—day,~bBM =baz) (1)

o~2Pq; - BBM =0 (a~Ba; +PBM = pBa,)

» ) — . (32)
= (a+ﬂBM)/2ﬁ=q;:>q; (p,)=M(B-B)/2and g, =0.

Using (29) and (31) to solve for the equilibrium values,

) (2b—-d)a +dbBM 0= (2b— d)a+25°BM
w-& 4% - d°

S)

and
4., =|B - BIMbd / (4b° - d*)>0,
a5, =-21B - BIMb? / (46" - d*) <0, g, =43, =0.

Hence
A 2
b(a(2b—d)—BMbd)

4b* - d*

Using the expressions in parenthesis in (31) and (32),

V=bq32=

V' =bq? +pa;’ - Bdg, M —AM -B(a-a)
Therefore

V'=2bq,,q{, >0
and

V" =2bq" +2ba,.41, = 2b3d*M*(B - B)* / (4b* - d*)>0
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Notice that the value function of the domestic firm in this example is always
convex. This implies that the domestic firm’s objective in the first period is
to manipulate output in the direction of a more informative experiment. This
always leads the domestic firm to increase sales and thus adds to the effect
of a penalty described in Fischer [1992]. As was mentioned above, when the
value function is convex, the domestic firm gains when it can better discrim-
inate between p{ and p] i.e., from more information.
For the foreign firm, simplification leads to

V" =2bq}, q,, + 2Bg; g, — (B - B)Mdy,, — BdMg;,

~(A-AM~-(B-B) (x—a)M
and

V'"'=2b(g3)" + 2(q,' - 2d(B - B)Mg,,

The first term in the expression for Vﬂcorresponds to the change in mar-
ginal profits in the domestic market induced by the changes in quantities
sold in that market.\It is negative because the foreign firm exports less and
the increase in the domestic firm’s sales reduces domestic prices. The sec-
ond term corresponds to the effects of increases in foreign market sales,
which lower prices (by Bg;) but increase marginal revenues. The last term
corresponds to the change in the marginal probability of a fine induced by
the change in the quantities sold by the domestic firm.

Simplifying the expression for V”using the equilibrium values of g,, and
q;, we get

4°  _ bd* B

(46 -d*? (4b’-d?) 4
=160 + B(4b% — d?)* — 4d°b(4b? - d?)

sign(V"™") =

Note that the value function for the foreign firm can be convex or concave.
In the case of the example, with linear demand and enforcement policies,
the value function of the foreign firm is always convex. For more general
specifications, however, this value function can be concave. An example in
which the value functions is concave appears in Mirman, Samuelson and
Schlee [1992]. When V" is convex, the foreign firm wishes to increase the
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information on the probability of a penalty. This requires that the foreign
firm increase exports for each level of home firm sales. In doing this, the
foreign firm risks a higher probability of a penalty in the first period, but
obtains better information as to the type of the government, which it may
use in the second period. This means that the effects described in Fischer
[1992] are reduced.
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