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ABSTRACT

This paper develops a two period medal in which a dynamic external aconomy,
in the form of learning-by-dolng spillovers, provides the rationale for
infant industry assistance. The incentive sffects of permanent and
temporary assistancaea ara then examined by Introducing owner/manager effort
into the learning process. It iz shown, undar conditions of symmetric
information, that temporary assistance is optimal. Under conditioms of
asymmetric Iinformaticn, it is shown that a form of permanent assistapce [g
optimal 1f the policy waker can commit to a Parled 1 per unit ocutput
subsidy and a Period 2 lump-sum subaidy contingent on FPerled 2 outpu=.
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1. Introduction

There seems to be general agreement, at least in the academic literature, that some
form of dynamic external economy must exist for there to be a rationale for infant industry
assistance, [Kemp (1960}, Baldwin (1969), Krueger and Tuucer (1982), and Sucear {1937].
It is usually argued that this assistance should be temporary because of a technological
assumption that the Jynamic external ecomomy disappears once the industry matures,
[Corden (1974), p 256].

The dynamic exterual economy most oiten cansidered is Jearniug-by-doing within a
firtn which has spillover efflects to other firms and fudustries. Learning-by-doing is usually
madelled through a relationship whereby a firm's cucrent marginal cost is liower the greater
is its cumulative output prior to the currest pesiod [Spence (1981) and Fudeanburg and
Tirole (1983)). Tkis paper continues in this tradition but adds a new element. Specifically,
learning-by-doing only occurs if the firm’s owner/mauager expends some eflfort in the
learuing process.) Tt {s assumed that owner/inanager effort increases the probability that
learning will oceur, that is, a deterministic relationship between effort and learning does not
exist.? It is also assumed that the irm can only obtain learning-by-doing in the first period,
this eliminates problems of time consistency whick have been investigated in Matsuyama
{1990).7 Ou the snrface it might seem that this assumption is similar to the technological
assumption made in the traditional infant industry literature which vusured only temporary
assistance. Hawever, given the externality, there may be a role for permanent assistance as

this increases the long term profitability of the firm and fucreases the incentive for the firta

L This idea was alluded ta in Daldwia (1963), p. 799,
2 Wright (1990) models learnin -by-doing in this way, but Joes not consider the question of permaneot
3 4 1 q P
versus Lemporsry infeol indusiry assistaace.

1 Although sat wadelled, if the waeld price falls over Vime because of lraruing-by-doing abiraad and the
domesctic firta does ool obtain bearniog-by—Joing in the Rist peciod, then ils fulnre losses can be 30
lazge that it is optimal for the policy maker bo give po assistance ja the sccoad period and essentially
close the industry down. Rather than modelling foreign learning-by—loing, to siaplify the xnalysis
without losicg any insight, it is assumed that the dowestic dem can oaly obtain learniog in the firat

periad.



to obtain the socially optimal amount of learning. This might be especially so where the
effort of the owner/manager is unobservable to the policy maker,

Far a two period model, demand and cost conditions are outlined in Section 2. In
Section 3, it is assumed that there is symmetric information in that the policy maker can
observe owrer/manager effort. As a result, the policy maker can ditectly subsidise this
effort. It is shown that temporary assistance, in the form of Periad 1 per unit output and
effort subsidies, is optimal.

Iu Section 4, it is assumed that there is asymmetric information in that the policy maker
can not observe the effart of the owner/manager. Where the policy maker is restricted ta per
unit output subsidics, cuce again it is shown that temporary assistance is optimal. This is
despite the fact that Period 2 per unit output subsidies encourage the Arm to obtain learning.
Where the policy maker can commit to a Period 2 lump-sum payment contingent on Period
2 output as well as a Period 1 per unit output subsidy, it is shown that this particular form
of permanent assistance is optimal. In fact, this form of permanent assistauce duplicates

the symmetric information solutian. Section 5 provides some concluding remarks.
2. Demand and Cost Conditions

The domestic economy is assumed to be 2 small open economy. Therefore, damestic
firms are price takers at the world price, pv.

It is assumed that prodnction takes place in two periods. Period 1 is the learning phase
and it is assumed that learning can only occur in this period. Periad 2 is the mature phase
where learniug has ceased. In Period 1, 2 single domestic firm'’s cost function is given by
c1(qu}, where g is Period 1 output, ¢,(g;) > 0, and cf(q1) > 0. That is, margiral cost is
increasing with output.4

As a result of learning-by-doing, in Period 2, a single firm’s cost fuaction is given by

ca{gz) = ei{az) = 2 flq} - 02, (2.1}

4 It is best to think of this increasing marginal cast arising from increases in factor prices as the industry
expands rather than arising from diseconomies of scale.

2

where gy is Pedod 2 ontput, f{g;) encapsulates the traditional formulation of the learning
curve with f{g;) > 0 and f7(q} < 0, and

9 { 1, with probability p{a); (2.2)

0, with  probability (1 — a(e)},
where 2 measures the effort expended hy the frm's owner/inanager to obtain learning, and
pila)y > 0, p"(a) < 0. p(a) = 0if e = 0, and pla} < 1 ¥ a. The conditions on p{a) capture
the idea that the highes is effort expended by the owner/manager in the learning process,
the higher is the probahility that learning will ocenr, I€8 = 1, then Period 2 marginal cost
is

hing) = i{g2) = fla1). (2.3)

It is assumed that learuing spills over from the industry being considered to other
industries in the Jdomestic aconomy and this externality provides the rationale for infant
industry protertion.® In the presence of learning-by-doing and the learning spillover, it is

assumed that only oue firm produces the product of interest in the domestic economy.®
3. Symmetric Information

The presence of the learning spillover weans that in the absence of gavernment palicy
weifare will not be maxdmised. As a result, both ontput and effart subsidies can be nzed
to increase weifare. In this section, it is assumed that the policy maker can abserve

awner/manager effort and so can directly snbsidise effort.
3.1. The Firm’s Problem

In Teriod Omue, given sy and wy, where ) is the Poriod 1 outpat subsidy and wy is

the Periad L effort subsidy, the firm maximises expacted profit by choosing @ and ¢;. In

5 Suecar (1987) argues that inter-industry learning spillavers are as imparlaaot as intra—industry

spillovers, especiaily for developing conntries.

This assnmption is the dynamic analogue of assuming natural monapely in the preesance of static
weounmies af acale which are large elative to the size of the market. 14 maximises the apportanity of
obtaining the learping.



Penwd Two, given 53, where 53 is the Period 2 output subsidy, aud given the resolution of
ancertainty and so the Period Two cost function, the Rem chooses ¢ to maximise profit.
As is usual, this problem is solved backwards to geacantee opriiwal decisions are made

at the sturt of each period.
3.1.1. Period Two

In Period 2, given the resolution of uncertainty and s, the finn maxinizes profit by
choosing ¢y, The Rrm's problem is

Problem 1:
LI.':.{-;X{HQ(Q[.Q‘Z,E:FW' sp)=pY-qu = {edla) — 8- flq) @} + 52 ) {3.1)
Assuming an interior solutiou, the first order condition for a maximuns is
P @) 8 fl) s = 0, (3.2)

Let the solution to this coudition be given by §o(q, &, p%, 5.) and let maximised profis
be given by [T.(q1,8, p¥, 52).7 Applying the implicit function theorsm yields the following
comparative static results

¢ & a0

B~ oflq)

>0 (3.3)

and
8 1

LS N
ds2  {g2)

3.1.2. 1’criod One

In Period 1, given sy and wy, the firn maximises expected profit by choosiug a and g,.

The ficm's problem is

The secoad order condition for a maximum is salisfies because of the convexity of the cost fuactioa.

4

Problem 2:

ma:c{HE(a,ql,p“’,31,32,1:;1] e I’m T gy 61(91) +d 0 + P(u) # ﬂl(l}

41
e {3.5)

+ [l - p(a)) ST (0) - via) 4+ wy - g,
where T,{1) and M.(0) denote waximised Period 2 profit where 8 = 1 and 0 respectively
and v(a) is the cost of owner/manager effort with v'{a) > 0 and v“{a) > 0. Assuming an
interior solution, after applying the envelope theorem and noting that ?%J;Eﬂ =0,

the first order conditicus for a maximum are

E
anc’)a(:_) = p'a) (T1y(1) - T,(0)) ~ v'(a) + wy = 0 (3.6}
aud
(.
Oql( 3 o it el s Bl e e (3.7)

It is nssumed that the second order conditions for a waximui are satished.
Let the solution to the first order conditions be given by §(p™, s;, 82,1, ) and
a{p®, sy, 57, w;) and lel maximised expected profit be given by T¥{(p”, sy, 82, 11).

Applying the implicit function theorem ylelds the followiing comparative static resnlts

96 _ —p"(3) {T(2) ~ 1p(0)) + "(d)

By = M b = » 0, X (3.8)
c%‘f - Ef(‘i)'fl,fjw >0, (3.9)

g (@) FE0ERL) - (—p7(a) (ML) - T(0)) + 2(8))
E = i s . s e ) (3.10}
B _ gl - i P o
08%11 _ p’(&)-f'g(}ill)--i-:(l) >, (3.12)

o - — s N fa Y —enlaY s Fis @Bﬂl
%: (= elli) + pla) f (l';;l) pla) - flin) - 5 )}0‘ i1
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whera {J| is the Jacobian determinant which by the second erder conditions for a maximum
is greater than zere,

These comparativa static results are what one wonld expect. An increase ln s, increases
41, in turn, this increases the marginal expected profit of @ and causes 4 to rise. An increase
in 87 also increases both ¢, and @ because it increases the marginal expected profit of 2
and g, Finally, an increase in wy increases &, in turo, this increases the marginal expected

profit of g and causes 4y to rise,
3.2. The Policy Maker's Problem

The policy makec's problem is to maximise welfare by choosing s1, 52, and wy, subject
to the constraint that if it iz optimal for the domestic firm o produce, then the domestic
firm must meke at least zero economic profit, It s assumed that the policy maker can
commit to 25 in Period 1, otherwise, after the learning-hy-doing has occurred it is optimal
for the policy maker to set 52 = (0 as a positive 53 redouees Period 2 pet profit. The
measure of wellare used is the snm of expected profit and the expected external benefit of
learning by doing minus the sum of all expected per unit subsidies, This welfare measure
ignores distribution considerations and also igneres consumer surplus because the price in
the domestic economy is fixed at the world price.

The constraint can be satisfied by making a Inmp sum payment to the firm. This
payment has na welfare significance becaues distribution considerations are being ignored,
As a result, this constraint will be ignered in the formal analysis of the policy maker's
problem as it has no operatinnal consequence ather than requiring a Inmp snm payment.

The policy maker's problem is

Problem 3:

max {(WF = HEC) 1 BE ~ 5 -4 — vy -rifs?-(p(ﬁ!)-@;{l)+ (1 — pla)) -@2(0})}, (3.14)

LI L
where B% denotes the expected external benefit and § and 4 are shortened version of

gi{p", 81,92, wy) and afp, sy, 52, wq) respectively, It is assumed that the external benefit

]

is an increasing function of the amonnt of learwing -by-doing obtainad in the indnstry of
conceru and is given by O = B(#- f{q,)}, where B'(:) > 0 and B{8- fiq))= 0304 = 0. As
a resnlt,

BE = pla) - B(fl4)}- {3.15)

After applying the envelopa theorem, the Rrst order conditions [or a maximum to this

problem are

(‘J”’E i’ | ~ 31.- 1 a.
o (p(&}- B SO =51 =gl P 2
s (3.16)
+ (p'(_a)-ﬂ(-) T (p'[&) &) - fi-z'fﬂ%))) e = o,
".Vt; 0‘4 15,
%5{“ = (p(&) PBC) S s - sy p(a) —%%) ;—ql
P 8d-(1 z i, (0
- 87 (p{a) 2 _%.5(_1_) + (1 s P(“}) £ _—';L;;l) {3-17]
3 3-
+ (,,f(,;). BE) =y -z (@) (62d1) - 4!“’”)) gl
and
aw e 5 3. 9 74
e CCRORCEESNES Wl s
) ) (3.18)
i
F A1) - BC) = un =82 - (@) {2(1) = § T =
;.(p. ) H() = wy — 8y (ﬂ( )y 1) ’?z(”)))) s

The intatition bohind each of these conditions is shwilar. Increases in s, 55, and
wy increase §; and . In turn, increases in §, and w have two counteracting effects on
cxpected welfare. The first is that expected welfare tends to rise becanse the expected
learning spillover increases and the secand is that expected welfare tends to fall because the
expected total subsidy payment rises, At the solution ta the first orler conditions, these
counteracting effects are balanced at the margin. Let the solution to I'reblem 3 be given

by 3y, 51, and .



Propasition 1@ The syrameteie informubion sululion: ta the policy raker’s problem ivolves
53 = 0. The optimal Perivd [ ontput subsidy is sat equal to the czpcr:tc:i rarrginnl extermalily
of watput, at the aptinal solulion, and the optinal Period 1 effort subsidy 13 set equal to the
erpected marginal cntermality of effort, at the aptivnal solution.

Proof: Reantanging {3.16) yields

aq‘qm_) _

(p(ﬁ) B’{-)‘f’(-)k .S]—S?'p(ﬁ)‘ (’Jgh

(p’(&) LB(Y =y - sa e (@A) (1) - .-;-3(0)))) -

B iy
Ty .
f1.10)

Substiteting this into (3.17) and rearranging gives
{3.20)

From the comparative static results
Jdi
D5,

Given 3 = 0, aud combining (3.18) aud (3.16) yields

50 32 = Q.

"(F’f(d)‘B(‘)*wl) : (a’;* T) =1, (a2

From the comparative statin results
da
Jduwy

Wy = pla) - B(), (3.24)

£0, (3.23)

which iriplies that

and
§p=pla)- ') S0) {1.25)

(Q.E.D.)

The intntition behind Proposition 1 is quite simple. There are three choice variables
for the policy maker, 51, $2, and wy, but only two target variables, ¢, and n. Therefore,
one of the cheiee variables is redundant and since s; and wy bave a more diract aifert o
the target variables than sy, the theory of disiortions [Corden (1974} and Bhagwati (1971)|
snegests that s be made redundant.

One implication of Propostion 1is that temporary assistance, in the form of Period 1
subsidics on output and cffort, is eptimal rather than permanent assistance, in the form of
output subsidies in both perioeds. This is despite the fact that a Peried 2 output subsidy
sives the firm an incentive to increase learaing, as can be seen from the comparative static
results.

Another implication of Proposition 1is that the sssumption regarding the pulicy maker
being able to comnit to a Period 2 subsidy in Period 1is not eperational, as 3 = 0 at the

solution to the policy makar's problem.
4,  Asymumetric Infermalion

In this seclion, it is assnmed that the policy maker is unable to ohserve the effort of the
owner/manager and as 2 result is nnable to directly subsidise efort. That is, wy is no lopgser
a choice variable for the policy maker. The policy maker can anly give per unit subsicies
on variables it can observe. Que question addressed in this section, is whether under these
information conditions it is still optimal to set 52 = 0, especially since the eomparative
static results imply that sy and ) have similar effects ou Period 1 vutput and aHort.

Three cases will Le considered. The frst is where the palicy maker can commit to a
Period 2 output subsidy tn Period L. The second is whoere no sueh cammitment is possible

9



aml the third is where the policy waker can commit to a Period 2 luwp-sum subsidy which

is contingent on Period 2 eutput,
1.1. Committment to Period 2 Output Subsidy

In this section, it is assuined that the policy maker can commit to a Period 3 oubpit

subsidy in Pericd L.
4.1.1. The Firm’s Problem.

The firm's prablam is identical to Problem 2 of Section 3 except the term asggeiared
with ) does nat appear in the ohjective fnuction. Let the salutjon to the frm’s PTOElem Le
given by qa(qq, &, p*, s2), §i{p", 31, 3), and a(p¥, sy, 53), aud lot maximised Periad 2 profit
awl expected profit be respectively given by [;(gy,8, p®, s2) and HE{™ 5, 42),

The comparative static results are qualitatively the same as (3.8) to (3.13) in Sactjon

3, except they are calculated at @, ¢, TT,{1), T;(0), and TT%. The intuition for thess rasults

is the saine as in Section 3.
14.1.2. The Policy Maker's Problem

The policy maker's problem is identical lo Problem 3 of Section 3, except th, 1orm
associated with wy does not apprar ia the ahjective function and wy is 0o longer 3 aice
variable. The first order couditions for a maxinoim are qualitatively the same as (3.15) i,

{3.17) in Section 3, except they are calcalated at 7;(1), £2(0), 41, and a.

Proposition 2: The asynunelric infurmation selution to the policy maker's problen, yere
)

the policy maker can cormanit tn e Pertod 2 oulput substdy in Peviod 1, involves 3; = 0. The

optunal Dersod 1 oulput subsidy fs set greater than the ezpected marginal ertertiglity of

output at the vptinmal solution.

10

Proof: Combining the first order conditions of the policy matar’s problem vields a quali.

tatively similar condition ta (3.20) in Section 3. Namely,

a
Pt (B =2 (200 - R(0}}) (R - —aq—’—) = s (P00} (B(1) = BON) ). (4.1)
e
From the comparative static results
" aa gy
da G Fe
ORI A = 2
(D.-:q aq & (+2)
v oy

50 51 = 0.
Given &, = 0, the fdrst order condition assaciated with s; becamnes

Qﬂ.+,,’(aj.;}(.).g_{l. =0, (4.3}

(p(3)- BCY )= s1) - £

as,

2%~ g0 (pi@) B()- f11) - s1) < 0. This implies that

o TP TR
Now s and p'{a)- B(-) a1

oz opld)- B3 fLL (4.4)

(Q.E.IN.)

As aresult, § is sat greater than the size of the externality associated with gy in order
to get a closer to its desired lovel.

It may seem surprising that one of the choice variables available to the policy maker
is5 set egqual te zero when only twa choice variables are available. However, the intmition
for 3 = 0 comes {ram there being a st order benefit, hut only a second arder cost from
decreasing sy, where s9 > 0. A decrease in g; decreases g2{1), 42(0), g1, and ¢ which results

in a first order benafit of

afjl s afh[l] s aa _
3y - ;3';; + 37 (P(“] : 53 + (1 - P(('-]) . Esj)l , (4.5)
and a secoud order oet cost of
e ’ RN dn (L - : dz
(f’(“) By - s o ) B + (.ﬂ (2} (f?() ~ sz (1) - QZ(U)))) P (4.6}

As §2 = O, there is no need to censider the case where the policy maker can not commit
to a Period 2 per unit output snbsidy.

11



4.2. The Poliey Maker's Period One Problein With Countingent Lump-Sum

Subsidies

Lu this sectivn, it is asswmed that the policy ruaker can commit in Period 1 to o Period
2 lunp-sam subsidy whick is coatingent on Periad 2 output of §:{1). This is a variatiocn on
a mechanism first suggested by Loeb and Magat (1979} and essencially involves changing

the domestic firm’s objective function so that it cojncides with that of the policy maker ¥

Praposition 3: [n the presence of asymmetric imformation, if a Period 2 fump-sum
subsidy equul to B(f(gl(jl, ii}])’)) 1 paid o the firm contingent on Period 2 output being
d2(1} and an output subsidy of 3, is paid in Perdod 1, then the symonetric information
solution s atiaimable,

Proof: [u Period 2, cthe probability of output being §,(13 is #(a). Therefare, in Periad 1, the
domestic fir receives B(f(«},(é, ; u':l))) with probability p{a). The fitm's Period 1 problem

becoines

If.‘}f({ng(”,'h.;*w,sl-a:' w) =pY @ —aln) + s+ pla) - (L)

e . (4.7)
+ (1= p(@) - 12(0) = ofa) + pla) - B{F ({30, m))).
Assuming wn interlor solution, the first order conditions for & waximus are
E‘iHE(} / r A '
e = P19 (1) = M(0)) - () + pla) - B(£(@(5:,80)) = 0 (18)
and
&Hb('.] wr e 7] =~
b ¥ aig) + st pla) Fla)-q(1) = 0. (£.9)

If wy and §, are substituted inta first arder conditions (3.6) and (3.7), then conditivns

(+.8) and (4.9 are identical 1o (3.6) and (3.7) at &[5, ;) and §(§, ) (Q.E.D

3 Tek el Magat examine a decentalised method for utdlity regulation in the presence of asynunetric
Infucinativa which consists of the monopslist chousing price and the regulatuc then paying she monop-
olist a lump suin equal ta consumer surplus at this price. That is, the funp—suin subsidy s contingent
an the price (and so output) of the monopolisi.

12

The haplication of Proposition 3 is that a form of permanent assistance (subsidies being
given in both the learning aud mature periods) is able to achieve the symumetric information
solution even where the policy maker can not observe the effort of the owner/manager.
However, this permanent assistance is of a very special type in that it invoives a Period
2 lump-sum subsidy which is contingent on Period 2 ontpat, This is consistent with the
hidden action (moral hazard) literature where payments are based on observable vasiables
[Laffont and Tircle {1986}]. In the coutext of this paper, the shservable variable is Period

2 putput.?

5. Conclusion

This paper has explicitly considered the incentive effects of permanent compared to
temporary infant indusery assistance. To do this a two period model was developed in
which & dynamic external economy, in the form of learning- by doing spillovers, provided
the rationale for assistance. The incentive effects of this assistance were examined by
introducing owner/manager effort into the learning process.

It was shown that under conditions of symwetric inforimation, where the policy maker
could observe awnerfmanager eifort, that terporary assistauce, in the form of first period
per unit output and effort subsidies, was optimal.

Under conditions of asymmetric information, where the policy maker conld not observe
owner/manager effort and was restricted to per unit output subsidies, it was shown that
temporary assistance, in the form of a first period per uait output sabsidy, was optimal.
Where the policy maker could cammit to a Period 2 lunp-suw subsidy contingent on
Period 2 output as well as a Period 1 per unit output subsidy, it was shown that this form
of permanent assistanve was optimal. In fact, this form of assistance can duplicate the

symuietric information solution. This lase result suggests more care is needed in designing

¥ Ifthe secrnd period cost function wus abservable, then the lump-sum subsidy could be made contingent
au the vost fanticn being cy(yz) = e1{42) — _f(gil(il,wl)} <y

13



infant industry assistance, in the presence of asymmetric information, becanse, to the
authors knowledge, no infant jndustry assistance package coutains contingent lump--sum
subsidies,

More research needs ta he done in this area and some natural extensions to this paper

“include examing the effect of risk aversion as well as the effert of separation of ownership

and cantral.

14
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