Optimal industrial targeting with unknown learning-

by-doing
Fling MNinannulac* Trary D T aung Nawvid B M Coanninatan
salds winUpoUUIos , 11dly e LOWIS, ravil . vi. Sdppiiguuil

Department of Economics, University of Florida, Gainesville, FL 32611, USA

Received November 1992, revised version received June 1994

Abstract

We examine a government’s optimal targeting policy when it has limited in-
formation about the learning curves of domestic producers. Popular arguments
suggest that in order to promote learning-by-doing, the government might want to
protect domestic producers from foreign competition by temporarily closing the
domestic market to foreign producers. We identify a set of conditions under which
such trade intervention is not optimal. Instead, domestic welfare is better fostered
either by no government intervention, or by providing subsidies to the most capable
domestic producers who are willing to set a particularly low domestic price for their
product.
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JEL classification: F12; F13

1. Introduction

Industrial targeting refers to the process of identifying firms (or industries)
that are believed to have significant growth potential, and then devoting
considerable resources to the development of these firms. The development
of targeted industries commonly takes the form of providing tax incentives
for capital investment, offering subsidies for research and development, and
granting firms in the industry temporary protection from import
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competition.' The literature on targeting (and ‘strategic trade policy’, more
generally)? suggests that government intervention can enhance domestic
welfare when markets are imperfectly competitive, when static scale
economies are present, or when production technologies exhibit learning-by-
doing, so that future production costs decline as current production
increases.’ These conclusions have generally been derived under the assump-
tion of perfect information, where the government is fully aware of all
relevant aspects of the environment. In reality, domestic producers often
have superior, private information about their present and future production
capabilities. Therefore, the optimal form of industrial targeting in the
presence of asymmetric knowledge about learning economies is important to
analyze, and is the subject of this research.’

Domestic firms may be tempted to exaggerate the extent of their learning
economies in order to secure production subsidies, import protection, or
other favorable treatment from their government. Thus, the government’s
targeting problem may be complicated by the presence of asymmetric
information. The government may have difficulty choosing the best firms or
industries to target, and the most appropriate mix of policy instruments to
employ.

' See Krugman and Obstfeld (1991, ch. 11) for a useful discussion of issues relating to
industrial policy. Carliner (1986) provides an excellent description of Japanese, U.S., and
French industrial policies. Also see the Congressional Budget Office (1985). Hufbauer et al.
(1986) explain how the U.S. government aided the Harley—Davidson Corporation by imposing
tariffs and import restrictions on heavyweight motorcycles between 1983 and 1988.

*See Helpman and Krugman (1989) for an interesting survey of the literature on strategic
trade policy.

*See, in particular, Brander and Spencer (1983, 1985).

“See, for example, Krugman (1984, 1986), Dixit and Kyle (1985), Dixit and Grossman
(1986), Cheng (1988), Dasgupta and Stiglitz (1988), and Mezzetti and Dinopoulos (1991),
among others.

* There is a growing literature that analyzes the optimal design of trade policy in the absence
of perfect information. (Feenstra et al., 1990, provide a recent survey.) The literature provides
mixed results concerning optimal trade policy. To illustrate, Mayer (1984) analyzes a setting
where goods must be consumed before consumers learn the quality of products. In this setting,
optimal trade policy can involve subsidies for infant exporters. Grossman and Horn (1988)
analyze a model involving both adverse selection and moral hazard in which consumers are not
perfectly informed about the quality of goods produced domestically. The authors find that
protection of the infant domestic industry reduces welfare, because it exacerbates the problem
of adverse selection and encourages excessive entry by low-quality producers. Bagwell and
Staiger (1989) explore the role export subsidies can play when domestic consumers are not
perfectly informed about the quality of goods produced abroad. They find that this information
asymmetry results in too little entry by domestic producers, but that export subsidies encourage
production by high-quality domestic producers. Dixit (1987, 1989) examines the design of trade
policy in markets where moral hazard and adverse selection problems prevail. He finds a
limited role for trade protection. Flam and Staiger (1991) find that tariffs may be socially
preferred to production subsidies when information asymmetries cause production distortions.
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To focus on the special concerns raised by asymmetric information, the
ensuing analysis abstracts from considerations of imperfect competition
among domestic firms and between domestic firms and foreign producers.
We examine the welfare-maximizing policy for the domestic government
when a monopolistic domestic producer faces a competitive fringe of foreign
suppliers.® The foreign suppliers are mature firms that have exhausted their
learning economies. The foreign fringe’s supply curve is infinitely elastic at
the fringe’s known, constant marginal cost of production, ¢. The domestic
producer, in contrast, has not exhausted its learning economies. In the first
of the two periods we consider, the domestic firm’s marginal cost of
production exceeds c. However, the domestic firm’s marginal cost can fall
below ¢ in the second period if its learning curve is sufficiently steep.
Welfare maximization entails production by the domestic firm only if its
learning curve is sufficiently steep.

Due to the competitive structure of our model, the domestic government
can sometimes achieve the welfare-maximizing production pattern despite
its limited knowledge of the domestic firm’s capabilities. This ideal pro-
duction pattern will arise without any intervention in the marketplace
whenever domestic demand and the domestic firm’s technology are such that
for the highest degree of learning economies, the domestic firm would
produce without entirely displacing the foreign fringe in the absence of
government intervention. More generally, the domestic government can
increase domestic welfare by intervening in the domestic market. However,
the optimal form of intervention is not to close the domestic market to
foreign competition. The optimal targeting policy provides a subsidy to the
domestic producer that is larger the farther below ¢ the domestic firm sets its
second-period price. Perhaps surprisingly, this optimal policy provides a
subsidy to the domestic producer precisely when it would drive the foreign
fringe from the domestic market on its own, in the absence of government
intervention.

These findings are presented and explained in more detail in Section 4.
First, though, the model we analyze is described in Section 2. Two
benchmark settings are analyzed in Section 3: the no-intervention setting,

® Alternative industry structures and their implications are considered briefly in the conclud-
ing section. The market structure on which we focus is common in the literature. Investigations
of the equivalence between tariffs and quotas have commonly assumed a perfectly elastic
foreign product supply (see, for example, Bhagwati, 1969; Pelcovits, 1976; Sweeney et al.,
1977; and Helpman and Krugman, 1989, ch. 3). The developing literature on trade policy
under conditions of asymmetric information also commonly assumes a competitive supply of
imports. (See, for example, Mayer, 1984; Grossman and Horn, 1988; Dixit, 1989; and Flam
and Staiger, 1991.) This latter literature offers different conclusions regarding the optimal mix
of policy instrument for the domestic government (as explained in the preceding footnote), so
we view our analysis as a contribution to this ongoing inquiry.
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where the domestic government abstains from all forms of targeting; and the
full-information setting, where the government shares the domestic produc-
er’s knowledge of its learning curve. Concluding observations are offered in
Section 5. The proofs of all formal results are in the Appendix.

2. Elements of the model

There are two periods in the model, and two sources of production for the
domestic market: the domestic firm and a competitive fringe of foreign
producers. The foreign fringe is a group of mature producers with a known,
constant marginal cost of production, ¢, in both periods. The domestic firm
has less production experience, and therefore has higher first-period pro-
duction costs, C'(Q)>cQ, YQ >0. However, the experience gained by the
domestic producer in the first period will reduce its second-period pro-
duction costs, C*(-). The magnitude of the cost reduction depends on the
amount of the homogeneous good produced and sold by the domestic firm
in the first period, Q,, and on the degree of its learning economies, 6.
Higher first-period output leads to lower second-period costs at a decreasing
rate, so ngl(Q2|Ql,9)<0 and CélQl( -)> 0 for all strictly positive second-
period output levels, Q,. Higher realizations of the learning parameter, 6,
result in lower total and marginal costs of second-period production for the
domestic firm, ie. C;(Q,/0,,6)<0 and Cy,(-)<0, YQ,,Q,>0.
Furthermore, the higher is 8, the more rapidly second-period costs decline
as first-period output by the domestic firm increases, i.e. CZQN(' ) <0,
VQ,>0. The domestic firm’s cost function exhibits decreasing returns to
scale in both periods over the relevant range, i.e. C'(Q,)>0 and

2,0,(1)>07"

Total domestic demand for the product at price p is denoted Q(p). P(-)
denotes the corresponding inverse demand function” For simplicity, demand
is assumed to be identical in the two periods. Both the demand and the
inverse demand functions are continuously differentiable, with strictly

"The cost function of the domestic firm is also assumed to be thrice continuously
differentiable. Furthermore, Cﬁgl,(Qlel, 8)=0, szaz( +3=0 and Cia;ol( -)=0,
V0, 0,,6. _

® One can view C'(-) as the domestic firm’s variable cost function in period i, with the firm's
total costs given by K + C'(+). With positive fixed costs of production, K, increasing marginal
costs are consistent with the presumed monopoly structure in the domestic industry. Our main
qualitative conclusions would not change if these fixed costs were introduced, but we abstract
from them for expositional convenience.

? For simplicity, we assume the domestic firm never produces for the world market. This will
be the case, for example, if the domestic firm’s costs of transporting the good to the world
market are sufficiently large relative to the firm’s maximum potential cost reduction due to
learning economies.
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negative first derivatives. Furthermore, P(0)>c, which ensures nontrivial
demand for the product. All transactions occur at a single market-clearing
price in each period. Thus, unless fringe supply is restricted by the domestic
government, the domestic firm can only sell its output when the domestic
price is at or below c. If the domestic firm sells Q, units of output at price ¢
in period i, the corresponding level of sales by the fringe is Q'(Q)=
maximum{0, Q(c) - 0,}."° We assume that domestic demand is inelastic for
prices below ¢, so the domestic firm never finds it profitable to drive the
domestic price below c."

The domestic demand function and all cost functions are common
knowledge. The realization of the learning parameter is the sole source of
asymmetric information in the model. Only the domestic firm knows the
value of @ from the outset. The domestic government views # as a random
variable with density f(@) that has strictly positive support on the closed
interval [0, 8]. F(6) will denote the corresponding distribution function for
0.

Attention is focused on the case where the domestic government wishes to
maximize the expected present discounted value of domestic welfare, which
consists of the surplus of domestic consumers and the profit of the domestic
producer.'”” The gross value domestic consumers derive from consuming Q
units of the product is denoted U(Q). U(-) is an increasing, strictly concave
function of its argument. Domestic welfare in each period is simply the
difference between U(-) and the sum of: (i) the production costs incurred
by the domestic producer; and (ii) payments to foreign producers.”

3. Benchmark solutions

In this section two benchmark cases are analyzed. Subsection 3.1 discusses
the outcome that would arise if the domestic government adopted a laissez-
faire ‘no intervention’ policy, allowing the domestic producer to make its

' Thus, ‘ties’ are broken in favor of the domestic firm, so domestic consumers purchase the
output of the domestic producer before that of the fringe when both outputs are sold at the
same price. Otherwise, consumers buy from the producer charging the lowest price.

"' Qur central conclusions are not altered by this simplifying assumption. With elastic
demand, the domestic firm might reduce price below ¢, but would not reduce price to the level
of its marginal cost of production. The existence of a discrepancy between price and marginal
cost is the key reason for government intervention in the model analyzed here.

'* The case where there are welfare losses associated with raising taxes to subsidize domestic
producers will also be considered.

" While our formal analysis proceeds in the setting where there is only one firm and one
industry, other interpretations are possible. The domestic economy might encompass a
continuum of industries, each with a representative firm characterized by 6. The government’s
task in this setting would be to determine which of the otherwise-identical industries should be
targeted for government assistance, and how that assistance should be supplied.
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own profit-maximizing production decisions. Subsection 3.2 examines the
policy the domestic government would pursue if it shared the domestic
firm’s perfect knowledge of its learning parameter, 6.

3.1. The no-intervention benchmark

Absent government intervention, the domestic firm would simply choose
how much output to produce in both periods, taking as given the fringe’s
unbounded supply of output at price c. Since domestic demand is inelastic
for prices below ¢, the domestic firm with learning parameter 6 would
choose output levels to

g}f“é‘z“(Qp 0,6)=c0Q, - cl(Q,)+ ﬁ{r:Q2 - CZ(Q2|Q1, 9)}, (3.1)

where Q; is the domestic firm’s output in period i=1,2, and B is the
relevant discount factor for all parties.
The necessary conditions for a solution to (3.1) include

c—-C"(Q}) - BCh (Q7]0Y,8)<0 3.2)
and
c-Co (0707, 6)=<0, (3.3)

where the superscript ‘N’ denotes the solution in this ‘no-intervention’
setting. The third term in (3.2) reflects the reduction in the domestic firm’s
second-period production costs from increasing first-period output. These
learning economies are assumed to be sufficiently pronounced for the larger
realizations of 6 (i.e. for those above a critical level, denoted 8}) that the
domestic firm, acting on its own in this setting where government interven-
tion does not occur, would generate more than its opportunity profit level
(which is normalized to zero) by producing strictly positive output levels in
periods 1 and 2. (We assume the domestic firm is able to finance any loss it
incurs in the first period.) With smaller learning economies (¢ <67), the
domestic firm could not make positive bproﬁts_by producing in this no-
intervention setting. It is assumed that 8} € (6, §)."

Two distinct second-period production patterns can arise in this no-
intervention setting. The profit-maximizing domestic producer with learning
parameter 6 will supply the entire second-period market demand at price ¢
[i.e. it will supply Q(c)] when the firm’s second-period marginal cost curve

' The superscript ‘N’ refers to the no-intervention setting. The subscript ‘1’ denotes the first
(smallest) realization of @ for which the domestic firm will supply a strictly positive level of
output.
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$ Q(p)

Co,C 1. 8))

0 Qle) output

Fig. 1. Market dominance.

lies below that of the fringe for all output levels less than Q(c¢). This
situation is illustrated in Fig. 1, and will be referred to as the case of market
dominance for the domestic firm.

In contrast, when the second-period marginal cost of the domestic firm
with learning parameter 8’ rises above ¢ for output levels below Q(c), the
profit-maximizing domestic producer will not supply the entire market
demand at price c. It will supply the Q, units illustrated in Fig. 2, leaving
the fringe to supply Q(c) — Q2 units of output. This case will be called the
case of market sharing.

The distinction between the cases of market dominance and market
sharing is crucial. As will be shown in Section 4, a role for government
intervention always emerges when demand and cost functions in the

1 Qm Co,C 1.6

0 62 Qo) output
Fig. 2. Market sharing.
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domestic industry are such that the market-dominance case prevails. When
industry conditions give rise to the market-sharing case, a corresponding
role for the government may not emerge.

In both the market-dominance and the market-sharing settings, certain
consequences of the domestic firm’s profit-maximizing behavior are readily
derived. These consequences are recorded in Lemma 1. The lemma refers to
Q(6), which is the profit-maximizing output level for the domestic firm in
period i when its learning parameter is # and it operates in the no-
intervention setting. 7" (@) denotes the corresponding present discounted
value of profits for the domestic firm.

Lemma 1. At the solution to (3.1):
(i) 01'(0)>0, V6>67;
(i) 03'(0)=0, Vo>07;
and

0 forg <6} ,

[}
@ 7O\ [ cio¥@)|0Ne). o toro>al.

Property (i) of Lemma 1 states that the firm will produce more output in
the first period the greater the degree of its learning economies. The higher
is 0, the greater the reduction in second-period costs for any increment in
first-period output. This expanded value of first-period output explains its
increased magnitude. With lower second-period production costs, the
domestic firm that is not already serving the entire second-period market (in
the market-sharing case) will expand its output, as noted in property (ii) of
Lemma 1. Property (iii) of the lemma describes the rate at which the
domestic firm’s profits increase with the degree of its learning economies in
the no-intervention setting. Second-period profits increase with 6 because of
the lower production costs that accompany a higher learning parameter.
[Recall C2(-)<0.]

In summary, in this benchmark setting of no government intervention, the
domestic firm will not produce if its learning parameter is below 6} . For
higher values of the learning parameter, the domestic firm will sell strictly
positive amounts of output at price ¢ in both periods, and earn profits that
increase with 6. In the case of market dominance, if the domestic firm
produces at all, it will supply the entire second-period market demand. Both
the domestic firm and the fringe may serve the domestic market in the
second period in the case of market sharing.
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3.2. The full-information benchmark

Now consider the policy the domestic government would pursue if it could
operate in the full-information setting, where the government shares the
domestic firm’s knowledge of its learning parameter, 6. The government
would select non-negative output levels for both the domestic firm and the
foreign fringe to maximize

W(Q,, Q,, 01, Q216)=U(Q, + Q1) - C(Q,) ~ ¢Q]

+BlU(Q, + Q3) - C*(Q,]Q,,6) — cQ}].
(3.4)

The domestic welfare function in (3.4) reflects the fact that each unit of
consumption of the output produced by the foreign fringe costs domestic
consumers ¢. W( ) is assumed to be jointly concave in aggregate output in
the first period and aggregate output in the second period.

Let QF(8) denote the values of Q, (i=1,2) that maximize (3.4). The
important features of these optimal production levels by the domestic firm in
the full-information setting are recorded in Lemmas 2 and 3. Lemma 2
refers to

oY =sup{6 [0, 8]IC3 (QX(©)IQY®), 0)=c).

83 is the largest value of the learning parameter for which the foreign fringe
will supply output to the domestic market in the second period in the
no-intervention setting (see Fig. 3). For values of 8 that exceed @}, the
second-period marginal cost of the domestic producer in the no-intervention
setting is less than ¢ for all output levels below Q(c). The lower marginal
cost ensures the domestic producer will serve all second-period demand.

Both Domestic Only the
Only Foreign Firms and Foreign Domestic Firm
Produce Firms Produce Produces
Fas AN
’ N / ANV 4 N\
1 1 | | |
N N N )
] 8y [ 8, 8

Domestic Production
would Increase Welfare
(in Market Dominance

Case)

Fig. 3. Second-period production in a no-intervention setting.
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Lemma 2. In the market-sharing case:

(i) Qre)=0r®) voeE(o,0)] fori=1,2;
and

(i) QX©®)>0QN®) Voe(0),0] fori=1,2.

In the market-sharing case there are two distinct regions where pro-
duction levels in the no-intervention setting coincide with those in the
full-information setting. For the smallest realizations of 6, the domestic firm
will choose not to operate in the no-intervention setting, and this is precisely
the production pattern that maximizes domestic welfare (i.e. ore)=
Q(0)=0, ¥6 € (8, 6}]). Furthermore, there will be an additional range of
0’s where the domestic firm operating in the no-intervention setting will
supply strictly positive output levels that are precisely the levels the
government would dictate in the full-information setting (i.c. Q)=
QN®)>0,v0 € (6 v, 81; ]) The coincidence of interests arises here because
foreign competition forces the profit-maximizing domestic firm to sell at a
price equal to its marginal cost of production in the second period, which is
the optimal production pattern from the social perspective. Notice that if
65 =6, so that even for the highest degree of learning economies the
domestic firm does not entirely displace the foreign fringe in the second
period, the production patterns in the full-information setting will be
precisely those that arise in the no-intervention setting. Hence, when 6 =6
in the market-sharing case, the ideal outcome from the social perspective
will arise when the government does not intervene in the domestic market.

If ) <@ in the market-sharing case, though, a role for government
intervention may arise. Here, for the larger degrees of learning economies,
66, 8}, the second-period price in the domestic market will exceed the
domestic firm’s marginal cost. Consequently, the profit-maximizing firm will
produce less than the socially preferred output level.

The same is true whenever the domestic firm produces in the market-
dominance case. Recall that in this case, whenever the domestic firm
produces it serves the entire second-period domestic demand, because its
marginal cost lies everywhere below ¢ in the relevant range. With price in
excess of marginal cost, less than the socially preferred output level is
produced in the no-intervention setting. Because even the marginal domes-
tic producer (i.e. the one with learning parameter 8'') supplies less than the
socially preferred output level, it follows that there is a range, 6§ € (6,07 ),
in which the domestic firm will not produce in the no-intervention setting,
although the domestic government would dictate that the firm produce in
the full-information setting (see Fig. 3). If 8 >0, there will be a range of
learning parameters where no output is both the profit-maximizing decision
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of the domestic firm in the no-intervention setting and the welfare-maximiz-
ing decision by the domestic government in the full-information setting.
These observations are summarized in Lemma 3.

Lemma 3. In the market-dominance case:

() QFO)=0®), YoE[s,6)] fori=1,2,
and
i) QF®)>0Y®0), Voc(oy,60] fori=1,2.

Lemmas 2 and 3 explain how the domestic government would alter the
market outcome if it knew the learning capabilities of the domestic
producer. Intuitively, the domestic government would instruct the domestic
firm to expand its output whenever it would otherwise produce an output
level for which domestic marginal cost is below ¢. Otherwise no government
intervention will arise.

4. Optimal government policy under asymmetric information

The domestic government’s task can become more complicated when it
does not know the realization of . In this setting the government will design
a policy to maximize the expected discounted value of domestic welfare. A
policy consists of a schedule of output levels by the domestic firm in periods
1 and 2, {Q,(*), Q,()}, corresponding production levels by the foreign
fringe, {Q:( ), Q- }}, and an associated transfer payment from consumers
to the domestic producer, T(-). The domestic firm can choose its most
preferred {Q,(*), Q,(+), Q%(+), Q%(-), T(+)} option from the schedule
offered by the government. In addition to T(-), the domestic firm receives
the revenues from its sales.

The revelation principle (e.g. Myerson, 1979) ensures there is no loss of
generality in indexing the options made available to the domestic firm on its
report of 6, and examining government policies that induce truthful
reporting of # by the domestic firm. Formally, the domestic government’s
problem, [GP], is

Q,).01).7¢)

max [ (U(0,0)+0!(®)) - C'(Q,6)) - <0%(0)

+ BlU(Q,(0) + Q5(8)) — C*(Q,(0) ,(8), 8) — cQ%(8)]
—aT(6)} dF(8)

subject to, V6,0’ € [Q, 0]:
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w(0)=m(0]6)=0 (4.1)
and

w(@)=m(6']6), 4.2)
where

m(0']6) = P(Q,(8") + Q1(6"))Q,(8") — C(Q,(6") + T(8")
+B[P(Q,(0") + 05(8"))Q,(8") — C*(0,(8")Q.(8"), )],

4.3)
and
Qi(0)=0, if Q(P(Q,(0)))=<Q,0),
while
Qi(0)=0,06) - Q(P(Q,(6) + Qi(8))), if Q(P(Q,(6))>Q,(®).
4.49)

The individual rationality constraints (4.1) in [GP] ensure the domestic
firm earns at least its opportunity profit. The incentive compatibility
constraints (4.2) ensure the domestic firm will report its learning parameter
truthfully. The objective function in [GP] reflects the government’s concern
with expected discounted welfare in the domestic market. It also allows for
social costs associated with distortionary taxes that may have to be imposed
to generate the revenues required to subsidize domestic production. Higher
values of the parameter a =0 in [GP] reflect greater social losses from these
distortionary taxes.'’ The case of & = 0 reflects the benchmark setting where
taxes (e.g. lump-sum taxes) are not distortionary, so the government’s
objective is to maximize total expected surplus. The focus here will be on
the case of @ =0, but other cases will also be considered. The objective
function in [GP] also incorporates the minimum possible payment of ¢ per
unit to the foreign fringe for any output it supplies. From (4.4), the fringe
will only supply output to the domestic market if total market demand,
Q(-), exceeds domestic supply, Q.,(-), at the associated market-clearing
price.

Because potential second-period production costs are lower the higher is
8, the domestic firm’s profits are nondecreasing in 8 at the solution to [GP].

**See Laffont and Tirole (1986). Alternatively, e >0 could reflect greater government
concern with the welfare of consumers than with the welfare of the domestic producer, perhaps
for political reasons. Under this interpretation, prices diverge from marginal costs to limit the
rents of the domestic producer, but not to generate higher profit margins in order to limit the
taxes that must be imposed to finance the firm’s operations.
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The rate at which the firm’s profits increase with 6 is recorded in Lemma 4.
The lemma refers to 67, which is the smallest realization of 8 € 8, 8] for
which strictly positive output is induced from the domestic firm."

Lemma 4. At the solution to [GP]:"

0 Vo €[8,67),and

m0)=\ _g ch(gz(gng,(e),a)de, Ve €(67,6].

Following standard techniques, the expression for profit identified in
Lemma 4 can be substituted into the objective function in [GP], using (4.3)
to express T(f) as a function of w(#). Integration by parts and pointwise
optimization then provides:'®

Proposition 1. At the solution to [GP]:
(i) P(Q,0)+Q1(8)) =C"(Q,0)) +BCp (2,(6)]0,(6).6)

[ R 1-F(6
_I%[Ql(ﬂ)P'(Qn(ﬂ)+Q1(6))+’BC"Q‘(')_)_@H§*)—] ’
voelo?,6]; )
(i) PQ:(0)+ 0L0)) = C5,(0:0)| 0,(0).0)
) 1—-F(e
“Tra [Qz(o IP'(Q,(0) + 03(6)) + sz(')_?@%] ’
voclo.l: -

and
(i) P(Q,(0) + Q(0) —c+aP'(Q,0)+Q[(6)<0;
Qi(6)[P(Q.(8) + QL(9)) — c + aP'(Q,(0) + QL(6)] =0,
Voo, 6] fori=1,2. (4.7)

'*The superscript ‘G’ denotes the solution to [GP]. The subscript ‘1’ denotes the first
(smallest) realization of 8 for which strictly positive output is induced from the domestic firm.

" When a =0, taxes are not distortionary and so distributional concerns are effectively
absent. Consequently, the profit schedule identified here is not the unique solution to {GP].
However, it is a solution to [GP], and it is the unique solution when a > 0.

'""This approach (due to Baron and Myerson, 1982) imposes only the local incentive
compatibility constraints in (4.2). Given the maintained assumptions, however, all of the
incentive compatibility constraints will be satisfied at the identified solution to [GP]. (See the
proof of Proposition 1.)
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In the case of primary interest where taxes are not distortionary (i.e.
where a =0), the government will induce the same output levels that it
would dictate in the full-information setting. Notice from (4.6) and (4.7) that
price and minimal marginal production cost will be equated in period 2. In
period 1, output of the domestic firm is expanded to the point where
consumer willingness to pay is equal to the sum of the firm’s marginal cost of
production and the marginal second-period cost reduction from additional
output [see (4.5)]. In the case of market sharing, these output levels are
precisely the levels the domestic firm would choose in the no-intervention
setting for 6 €07}, 6}]. [Compare (4.5) with (3.2), and compare (4.6) with
(3.3).] Output will be smaller in the no-intervention setting for 8 € (0}, 8]
because the profit-maximizing domestic firm does not expand output
sufficiently to cause the market price to fall below c. The expanded domestic
output in the solution to [GP] for 8 € (6}, 8] results in higher profits for the
domestic firm. [Compare Lemma 4 with property (iii) in Lemma 1, and
recall that C., <O.] These conclusions are recorded formally as:

Corollary 1. Suppose a = 0. Then in the case of market sharing, the solution
to |GP] has:

i) Q/0)=070)=07®)=0, Voe[s,6]];

(i) Q/0)=07®)=0Q'©®)>0, VoeE(o},05];

(i) Q,60)=07®0)>0)©®)>0, Vvoe(6},6];
and

(iv) 7(0)=="0), Vo€[o,0)], while #(6)>=N®)
ve (0}, 0]"

Two central features of the optimal intervention policy in the case of
market sharing are evident from Corollary 1. First, the market participation
decision of the domestic firm is not altered. If a domestic firm would not
produce on its own in the absence of government intervention, then it will
also not produce under the optimal intervention policy. In essence, domestic
firms that could not compete on their own are not subsidized or otherwise
encouraged to compete by the domestic government. Second, output
expansion is induced from and associated production subsidies are paid to
the domestic firm only if it can successfully drive the foreign suppliers from
the domestic market and, in fact, would do so operating on its own in the

' The same conclusions reported here (and in Corollary 2) arise if the firm’s opportunity
profit level is taken to be #"(@) rather than 0, reflecting an ability of the domestic firm to
‘insist’ on no government intervention.
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absence of government intervention. In this sense, optimal government
intervention takes the form of subsidizing only the most capable and
successful of domestic producers.

Transfer payments to the domestic producer are explicitly linked to its
production level. Larger payments are made the further below ¢ the
domestic firm drives second-period price by expanding output’’ The
transfer payments are calculated so that the accompanying output expansion
is profitable to the domestic firm only if its degree of learning economies is
sufficiently large. In this manner, the government ensures output expansion
is only induced when it is in the social interest.”

In the case where 8 =8, so that the domestic firm shares the market with
the foreign fringe even for the most pronounced degree of learning
economies, the welfare-maximizing government policy involves no interven-
tion. The presence of the competitive fringe causes the profit-maximizing
domestic producer to undertake the welfare-maximizing production plan.

Additional government intervention will be optimal in the market-domi-
nance case. Recall from Lemma 2 that in this case the domestic firm does
not produce in the no-intervention setting for 6 €(8;,60}) even though
strictly positive production by the domestic firm with a learning parameter in
this range is called for in the full-information setting. Furthermore, the
domestic firm that does produce in the no-intervention setting produces too
little output for all 8 € ﬁ)?, 3]. Therefore, in the market-dominance case,
welfare-maximizing government policy may subsidize production by a
domestic producer that would not produce in the absence of government
intervention. It also induces the domestic producer to produce enough
output to drive the market price below ¢ in the second period. The higher
transfer payments promised for expanded output lead to higher profits for
the domestic firm. These observations are summarized in Corollary 2.

*In essence, production subsidies are being recommended during the ‘mature’ phase of
competition, as in Fudenberg and Tirole’s (1983) duopoly model with learning-by-doing.
Dasgupta and Stiglitz (1988) make a related point in a setting where there is no asymmetric
information about the domestic firm’s learning potential. The authors explain the value of
enforceable contracts under which the firm promises to deliver second-period output to
consumers at reduced prices in return for higher first-period payments.

' 1t will be important for the domestic government to avoid the possibility that a domestic
firm might initially promise to drive second-period price below c, collect the associated subsidy
for doing so, and subsequently renege on its promise. The government can avoid this possibility
by paying the subsidy, T'(-), only after second-period output is observed. Alternatively, the
portion of T'(+) that provides exactly zero first-period profits to the firm can be paid at the end
of the first period (to ease possible financing constraints) without creating incentives for the
domestic firm to produce when it is socially inefficient for it to do so.
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Corollary 2. Suppose a=0. Then in the case of market dominance, the
solution to [GP) has:

() 0.6)=0!®)=07©)=0, Voe[o,67];
(i) Q/6)=07(®)>0r©)=0, Voe(6s,07);
(i) Q,(0)=070)>Q'(0)>0, Voe(o7,0];
and
(v) =(@0)=="(0),v0[6,6)], while =(6)>="(6), Vo€E(0y,0]

Notice that the government’s unrestricted ability to link transfer payments
to production levels is important here. This ability enables the government
to fashion sharp differences in the profitability of output—subsidy patterns
according to the domestic firm’s private information. If the government
were restricted to more blunt policy instruments such as linear subsidies (i.e.
a fixed subsidy per unit of output), it could not implement these sharp
differences so readily. Consequently, the welfare improvements available
from government intervention in the domestic market would be more
limited.

The focus to this point has been on the case where a =0. When a is
strictly positive, the taxes imposed to raise the funds used to subsidize the
domestic producer are distortionary, and so are costly to society. Two major
changes arise when taxes are costly. These changes are evident from
(4.5)-(4.7). The first change reflects a move away from marginal cost prices
toward Ramsey prices. Prices are raised above marginal cost (via output
reductions) to generate additional profit contributions for the domestic firm
directly from its sales. Increased profit margins on sales reduce the need to
employ distortionary taxes to raise the funds required to induce the
domestic producer to operate. The second. change also involves output
reductions for the domestic firm in both periods. These output reductions
serve to limit the rents of the domestic producer. Recall that the domestic
firm’s rents rise with 6 because a higher degree of learning economies
reduees second-period production costs, ceteris paribus. Furthermore, since

8( ) <0, the second- penod cost advantage associated with a higher
degree of learning economies is more pronounced the greater the first-
period output. Consequently, by reducing first-period output, the cost
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advantage and thus the rents of the domestic producer are reduced, thereby
reducing requisite subsidies and associated costly taxes. A smaller first-
period output, in turn, increases second-period costs, which leads to reduced
second-period output.

5. Conclusions

This research has employed standard techniques from the literature on
contracting under asymmetric information to examine the optimal design of
industrial targeting policy when domestic firms have private knowledge of
their learning economies. A simple market structure was examined in order
to isolate the effects due to asymmetric information. We found that in the
presence of a competitive foreign fringe, market intervention by the
domestic government enhances welfare only when the learning economies of
the domestic firm are particularly strong, and so the firm is particularly
capable of competing on its own without government assistance. When
government intervention is welfare-enhancing, it takes the form of a subsidy
that is greater the lower is the second-period price set by the domestic
producer.

Clearly, the optimal targeting policy derived here differs from targeting
policy described in the popular press. This latter policy involves temporary
import exclusions, whereby the domestic government forbids imports in the
first period but opens the domestic market to unfettered foreign competition
in the second period. There are two important drawbacks to this policy
relative to the optimal policy derived above. First, the absence of foreign
competition in the first period can encourage first-period production by the
domestic firm even though its degree of learning economies is so slight that
it will not be able to compete successfully against the foreign fringe in the
second period. Total domestic welfare would be higher in this case if
consumers were allowed to purchase the product at unit price ¢ from the
foreign fringe in both periods. Thus, closing the domestic market to foreign
competition can encourage production by ‘inefficient” domestic producers.

The second drawback to this policy of temporary import exclusion is that
it encourages a higher first-period price for the product. Absent the
discipline of the foreign fringe, the domestic producer will set prices to
maximize its discounted profits. Even ‘efficient’ domestic producers with
large learning economies may set first-period prices above c, resulting in
inefficiently small output levels in both the first and the second period.
Thus, temporarily shielding domestic producers from foreign competition
can be an unwise policy in the presence of asymmetric information about
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learning economies. No intervention can constitute a superior policy, and
will do so under the conditions we have identified.”***

In closing, it is important to emphasize that the central conclusions
derived here follow from the assumptions of the model. In particular, the
elastic supply of the foreign producers plays a key role. The competitive
foreign fringe can force the domestic producer to equate second-period price
and marginal cost, thereby eliminating one potential reason for intervention
by the domestic government. Furthermore, because the competitive fringe’s
supply decision does not vary with changes in the supply function of the
domestic producer, some strategic reasons for intervention by the domestic
government are ruled out. An alternative setting might have the domestic
producer and foreign supplier competing as Cournot duopolists, for exam-
ple. In such a setting, domestic welfare might increase if government
assistance to the domestic producer served to reduce the output supplied by
the foreign producer. (See Brander and Spencer, 1983.) Similar considera-
tions might emerge if the model included a foreign government that could
influence the supply decisions of foreign producers.

Acknowledgements

We are grateful to the National Science Foundation for financial support.
We also wish to thank anonymous referees and seminar participants at the
University of Osaka, the 1993 Southeastern International Economics Meet-
ings, and the 1994 American Economic Association Meetings for very useful
suggestions.

**Dasgupta and Stiglitz (1988) present conditions under which the policy of temporary
import exclusion can be socially preferred to the policy of no intervention by the domestic
government. Their comparison of ‘second-best’ policies presumes the domestic government
cannot contract with domestic producers for lower second-period prices in return for first-
period subsidies, as it can in our model. In practice, policies akin to such contracts seem to have
been implemented in Japan, for example. As Yamamura (1986) reports, the Japanese Ministry
of International Trade and Industry initially helped finance investment and growth by a number
of large producers of televisions and semiconductors, and later encouraged expanded output
levels and competition among the producers. Although we do not explicitly allow for
competition among domestic producers in our model, such managed competition, in practice,
can be the vehicle by which low second-period prices and expanded output are secured by the
domestic government, following first-period production subsidies.

** Hufbauer et al. (1986) report that the temporary protection afforded Harley-Davidson
between 1983 and 1988 resulted in a 15 percent increase in the domestic price of heavyweight
motorcycles, and a net decrease in sales to U.S. consumers of 25,000 units. While the protection
may have saved as many as 700 jobs in the United States in 1984, the associated cost to U.S.
consumers was approximately $150,000 per job. These findings might lead one to question
whether the adopted trade policy was advisable, and whether alternative policies (e.g.
production subsidies) might have been preferable.
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Appendix

Proof of Lemma 1. For 8 >80, (3.2) and (3.3) hold as equalities. There-
fore,

QY'(0) = —BCh 4()/[C() + BCH 0, (1)]>0,
and
03'(0) = —Cpe(:)/Che,()>0.
From (3.1),
7'(0) =[c— C"'(8)) — BCH,(Q7 16)107(0)
+ Blc— Cp (QY |07, 0)]03(60) — BCHQ: 1 Q7. 6) . (AD)

From (3.2) and (3.3), each of the two terms in square brackets in (Al) is
zero. Therefore, since " (8)') = 0, property (iii) of the Lemma follows from
integrating (Al1). O

Proof of Lemma 2. The conclusions of the lemma are a direct ‘consequence
of the concavity of W(-) and the fact that Cj (Q3(0)|Q7(6), 6)=c,
V6 E[6, 65] and C3 () <c, VO E (63, a]. The excess of price over the
second-period margma] cost of the domestic firm is the source of the
divergence between welfare- and profit maximizing production levels. [J

Proof of Lemma 3. Since C%, (Q2 @eMHoYe), e))<c, contmuuy en-
sures there exists a nontrivial range of 8’s (6 € (60 , 0%)) for which Q7 (8) =
0 and Q(#)>0. The deviation between the market price and the marginal
cost of the domestic firm ensures Q*(6)> QY (8), V6 €6}, 9]. O

Proof of Lemma 4. From (4.3) and the revelation principle,

0’6 -
) =""C1D|  _ pCi0,0)10,0).0)>0, Voc[of7].

(A2)

The inequality in (A2) holds because C >(-)<0. The lemma then follows
from integration of (A2). O

Proof of Proposition 1. Using Lemma 1 and integration by parts,

Lr(e)dfte)—~ﬁfc,(g 0)10,6),0) g 24F6) . (A3
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After substituting (A3) into the objective function in [GP], pointwise
optimization with respect to Q,(8), Q,(0), and Qi(8) provide (4.5), (4.6),
and (4.7), respectively.

Expressions (4.1) and (4.2) are satisfied at the identified solution if
m(6']6) is a concave function of 8’ for all 6. Using (A2) and (4.3), this
concavity is ensured if at the solution identified by (4.5)-(4.7):

Cio,()Q1(0)+ Cip (1)Q5(8)<0, VoE(0,0] (A4)

The inequality in (A4) will hold if Q;(0)=0 and Q,(#) =0 at the solution
identified by (4.5)-(4.7). It is straightforward to verify that these
inequalities hold under the maintained assumptions. O

Corollaries 1 and 2 follow immediately from Proposition 1, so their proofs
are omitted.
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