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1. Introduction

The infant industry argument for protection hasrbeethe literature since the
18th Century. The basic classical argument states when the private marginal
productivity of factors of production in the induat sector is below the social rate due to
some externality, factor allocation to that sectdower than optimal. If industrialization
eliminates the distortion, infant industry proteatimay be welfare-enhancing.

This paper focuses on the implications of the gavent’'s commitment power
for the design of tariff policy. The main new result is thatnder the conditions that the
earlier literature claimed would require infant urstry protection, the second best policy
may actually be to maintain import tariffs or expsubsidies forever, even after the
industrialized equilibrium is reached. Consumerdjowmaximize a concave utility
function, prefer to spread consumption losses chuse the tariff over the longest
possible time. As pre-announced tariffs that wil in effect after the steady state is

reached will also have an effect on pre-steadye spabduction decisions, then it is

1 Bardhan (1971) studies the optimal subsidy plam idynamic setting, when there are externalities in
production. This paper is different in four mainpests: (i) Bardhan models dynamic externalities
(cumulative volume of output enters the producfiomction), whereas in this paper they are staticthis
paper studies optimdtade policy to deal with the externality problem, which resuih a second best
equilibrium; (iii) it studies the optimal tariff ph under alternative assumptions about the alifitthe
government to precommit to future tariffs; and (i¥)Jncludes financial markets, so that the balante

payments does not need to be in equilibrium atra#s.
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possible extend the distortion beyond that timee, have lower tariffs at all times, instead
of higher tariffs before industrialization, and a¢ariffs thereafter.

In the other extreme case, when the governmentisowncement has no
credibility at all, the only time consistent polisya zero tariff in all periodsThe benefit
of the tariff, which is its effect on the productidecision, happens before the tariff is
actually levied, because producers decide how ntacimvest in the industrial sector
based on expected future earnings. The consumgiistortion the tariff causes, however,
is contemporaneous to it. Hence, a positive texiffot time consistent.

Only in the intermediate case, when the governncant commit to its future
economic policy for a limited number of periods,edoa sort of “infant industry
protection” turn out to be the second best policy.

The results of this paper can also be appliedrtee general situation when the
government could use subsidies, but not lump-swansters to pay for them. If the
government could only use income tax, for instartogould still face the same trade off:
introduce subsidies to deal with the externalitylgem and bear the distorting taxes, or

no subsidies and, therefore, no distorting taxes.

2Karp and Paul (1994) reaches, independently, #nsesconclusion that with no credibility the bestdi
consistent policy is zero tariffs in all periodsarsituation similar to the one presented in thigleh. There
are two main differences from that model. The foge is that there the source of externality ighie
moving cost - for some reason agents consider ggdarstead of marginal cost when deciding whetber t
move. The second difference is that the model doéinclude financial markets, so that consumerscta

reallocate their income intertemporaly.



Section 2 introduces the model. In subsection tBel production side of the
economy is described, and subsection 2.3 predemtsonsumption side of the economy.
In section 3 the optimal tariff schedule is anatyze full commitment, no commitment,

and limited commitment environments. Section 4 gmésthe conclusions.

2. Themodd

A country that is small in the international goodsd financial markets is
considered. The prices of goodie exogenous, and all economic agents may borrow o
lend freely at the exogenous interest rateach individual in this economy is a producer
and a consumer. Her decision problem is analyzédarsteps: as a producer she decides
how to allocate her labor endowment between sectord then, as a consumer, she
chooses how much of each good to consume eachdpé&iw simplicity, all economic
agents are assumed identical, i.e., they haveaiine per period labor endowmeint and
they face the same decision problems. The produstde of the economy will be studied

first.

2.1. Production

The basic framework of the production side of tker®my is based on Krugman
(1991). There is an economy with two sectors, afitice and industry. The only factor
used in the production of both goods is labor. @né of the agricultural outpuf

requires one unit of labor. The industrial sectghilits increasing returns to scale,



external to the firn3.For simplicity, the externality function is preset as being linear in
total labor allocated to the sector. An individuddo allocated units of her labor to the

industrial sector will produce output in that seaqual toN, where:

N = (o + AL*)L 1)
where o and f are constants, antl* aggregated labor in manufacturing. Note that,
because workers are identichF = nL, wheren is the total number of individuals.

Prices are normalized so that the prices of ajui@l and industrial goods are,
respectively,p, =1andp, = p. It is straightforward to see that if inequaliti&y hold
(and it will be assumed here that they do holdjetvell be multiple long-run equilibria

in this economy.
pa<1andp(a+ﬂf*)>1, for L* =nL )
When workers allocate all their time to the indiasized sector, the value of the
marginal product of labor in that sector will begler than that in the agricultural sector,
and workers will not want to change their allocatién analogous situation holds when

everyone works only in the agricultural sector. ird possibility arises when labor

allocation is such thap(a+ nﬂL):l. This will also be an equilibrium, but an unstable

one: any variation in the labor allocation will neathe economy go to one of the other
two equilibria. If there were no costs of adjustiteniabor, there would be another set of
equilibria where the economy alternates among @srio each of the three equilibria.

The only constraint is that the labor must movihatsame time to the same equilibrium.

3 Helpman and Krugman (1990) and Wong (1997) doctithenimportance of economies of scale.
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Dynamics are added to the system by introducimgescost for the labor to move
from one sector to the other. Labor will not readlte instantaneously, but will follow
some law of motion, governed by the adjustment coshbined with the externality.
Following Krugman (1991), the cost is taken to badyatic in the per period adjustment
size4

(Lr+1 — Lr )2 , (3)
2y
where y is a constant and.. is the amount of labor per worker allocated toustdy at
time 7.
Each worker chooses how to allocate her per gdebor endowment between

the two sectors maximizing the present value gbwiit

=01 . —
max Zg(mj [p(a + ﬂLT )LT + (L - Lr)_ (ur )2/27/]’ (4)
subjecttas. =L_, —L, (4.1)
O<u +L_ <L, (4.2)

4Mussa (1978) justifies this form of adjustment cbgtintroducing a moving industry which requires
resources to move labor from one sector to theraihd presents decreasing returns to scale. Heze, t
movement cost is motivated by "organizational costhen changing her labor allocation between #ne t
sectors, the worker needs to reorganize the tdskperforms in each sector, in order to adjust ttethe
new time constraints. There could be introducethanpng industry which requires resources to reoimga
the workers’ schedule and presents decreasingneetiar scale. Alternatively, it could be assumed tha
individuals allocate all thejper-periodlabor to only one sector, and some could chooseigoate between

sectors. That, however, would introduce an extracof externality to the model. (See footnote 4.)
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whereu_ is the control variable, antl — L, represents the amount of labor the worker

allocates in agriculture.
When making their labor allocation decision, waskdo not perceive the effect of
their decision on the productivity of labor in timdustrial sector, which, in turn, will

affect the income of every worker. Appendix A prasethe solution to the maximization

problem above. Let- denote the Lagrange multipliers for constraint2)4They will
assume the value zero when the constraints ardinding, and some positive value

otherwise. To solve the problem future value co-state variablg,, is introduced. The

A
expression——-—— represents the value today of one more unit afrlabthe industrial

ey
sector at timer, and corresponds to the multipliers for constraif@<). Along the

optimal path, the change in the co-state variabkgual to the difference between its rate

of return and the private value of one more uniabbr in the industrialized sector:

T+1 T T T3 (5)
where d_= p(a+npL.)-1 is the difference in labor productivity betweenre ttwo

sectors as perceived by the worker, i.e., withaking into account the externality.
Until an equilibrium is reached, labor will movieaay timet proportionally to the

value of the co-state variable:

T =}/ﬂ‘r+1' (6)
Depending on the initial labor allocation and th&rameters of the economy,

equilibrium conditions given by the two equatiorisrmtion above and the transversality



conditions, derived in appendix A, may lead theneroy either to the equilibrium with

specialization in industry, or the one with speaezation in agriculture. Equation (7)

presents the terminal condition for the co-stateéaée if the economy is heading to the
industrialized equilibrium, while equation (8) gs/éhe terminal condition if it is heading
to the agriculture one.

AN p(a+ n,BI?)—l
r

(7)

_ pa-1
r

A" 8)

It is straightforward to see that the labor movetresulting from a free market is
different from that chosen by a central plannecaose of the externality in production.
Workers underestimate the benefit from moving ithte industrial sector, because they
do not account for the effect of their movementto@ productivity of the sector, and
therefore on the income of every worker. The cénptanner's solution to the

maximization of income implies labor movement as fame function of the co-state

SSee appendix A for the derivation of equationsaf¥ (8). The terminal conditions here are diffefemtn
those derived in Benabou and Fukao (1993) for Kaugem model. The difference is due to their
interpretation of the Krugman model as having eadrker producing either the industrial or the
agricultural good (not both, as in the present Mjodée moving cost, then, depends on the totalbremof
workers changing sectors. When choosing whetherigoate or not, the worker does not take into antou
the effect of her decision on the adjustment cestthat it becomes another source of externalitthén

model.



variable as in equation (6), but the movement efdb-state variable is given by equation

(9) instead of (5):

Aea=A =12, —d], ©)
whered’ = p(a +2nAL_)-1 is the difference between the value of the matginaduct
of labor in the two sectors as perceived by thérakplanner. Note that the value for the
central planner of moving one more unit of labdiwimdustry at each perioddf) is
greater than the value for the workel §.

The central planner's terminal conditions for tleestate variable if the economy

is heading to the industrialized or agriculturaliéiria are given by equation (10).

N p(a+2nﬂf)—1

' (10)
_ Pa— 1

r

/IA

To help the comparison between the free marketcantral planner solutions to
the problem, a graphic interpretation of the dyrems presented.

Figure 1 shows the shape of the paths leadingedang run equilibria, derived
from the system of difference equations definedth®y first order conditions from the
workers' decision (equations (5) and (6)), andtémminal conditions (equations (7) and
(8)). The variables will follow discrete points afpthe paths. The continuous path is the

limit as the time interval between periods (whishiaken as being '1") goes to zero.
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The two roots of the system defined by equatiors @nd (6),

r—\/r2 — 41+ 1 )yNp

and u, =1+ 2 , are greater than 1;

2_
1 _1+r+\/r 42(1+r)7/ﬂNp

therefore the system will diverge from its only gitar point, represented by M in the
figures. Point M is a source, that is, all the eletaristics of the system originate from
that point, moving away from it. The labor boundamgnditions create two stable
equilibria: A and N. At N, the value of co-stateiable is positive (from (7)), that is, the
value today of one additional unit in the indudized sector at the time the economy is
specialized in its production is positive. Hendes workers would be willing to allocate
more of their labor endowment to that sector. Asythave no more labor available, they
do not move from that point. Point A is analogongh a negative value of the co-state

variable. These points are denoted "corner" saistio
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For an initial labor allocation, the value of the-state variablel | will determine
the path the economy will follow. In other wordsetvalue of one more unit of labor in
the industrial sector4,) will determine how much labor moves, and, togethigh the
current amount of labor in this sector, it will dehine how much its own value changes.
The shape of the path in the figure representslyhamics when the roots of the system
are reaf

For initial labor allocations to the right of poiM, the productivity in industry is
high enough so thatl, assumes a positive value, and the economy headbketo
industrialized equilibrium. The opposite is true foitial labor allocations to the left of
point M.

Now the central planner’s solution is comparedh® free market dynamics. The
L,., — L, =0 schedule is the same in the two cases, sincest owincide withA =0 in
both cases. But the value of one more unit of labdhe industrial sector is greater for
the central planner for each allocation of labdrergfore the,,, — 4, =0 line for the

central planner is located up and to the left camgb#o the market one.

6Krugman (1991) presents an interesting interpitatif the dynamics when the roots of the system are

imaginary in a continuous time analog of the presesdel.
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Figure2

In figure 2, jP and j, for j=A, N, represent the equilibmiipoints where the
economy specializes in sector j resulting from the cernglahner and free market
dynamics, respectively.

The marginal product of labor in industry for the centrahpé includes the
effect of labor movement on the productivity of every kevy which is not taken into
account by the individual worker. Therefore for eaclotahllocation the value of the
marginal product of labor in industry is higher for thentcal planner than for the
workers. If the initial labor allocation lay between points @ &nin figure 2, then this
difference would be decisive to determine which longequilibrium was to be reached.
The central planner would lead the economy to the indusg&dhlequilibrium, whereas
the free market would specialize in agriculture.

For initial labor allocation between points B and C, thersadlittle labor in

industry that even the central planner considers not woaving into that sector. Both
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the central planner and the free market would go to th#ilmium with specialization in
agriculture, however the central planner would do scsiiwer rate.

Finally, if the initial labor allocation were to the right adipt D, central planner
and the free market would head to the industrialized equitib The central planner
would move at a faster rate due to his higher valuatidgheofmarginal product of labor in
industry for each labor allocation.

The first best economic policy to implement the centralr@da solution is to
introduce a production subsidy financed by lump-swangfers from the consumers. The
value of the subsidy at each point in time should beotie that makes the producer
follow the central planner's equilibrium path, given the initidlolaallocation. The
subsidy would make the workers' perception of the valighifting labor between sectors
equal to that of the central planner, and it would have na efifect in the rest of the
economy.

This paper considers the situation in which trade pgliare the only instruments
available to the policy makers. An import tariff and expgurbsidy would mimic the
effect of the production subsidy from the producerénp of view, but it would also
affect the consumption decision, causing utility diminishéigtortions. Therefore, to
derive the optimal trade policy, it is necessary to studeffects on the welfare of the

economy as a whole, not only on its production side.

2.3. Consumption

The government will set some import tariff/fexport subsidyeslule, taking as

given the production and consumption decisions of thevitheals. Workers and
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consumers face the priga(1+v_) for the industrial good, whene, is the value of the ad

valorem import tariff/export subsidy imposed at timeWorkers choose how to allocate
their labor between the two sectors, and with the inctirag receive they decide how
much to consume of each good. Each worker is takdre tmentical, as they face the
same decision problem, and therefore make the sameaotdsciThey are taken to be
identical consumers as well, by assuming they have the gtilityefunction. Due to the
symmetry of the problem, maximizing welfare is equivatertnaximizing utility for the

representative consumer, which is represented by:

1
=0 (1+ 9)7

[alogCTN + bIogCTA] (14)

whereC/ is the consumption of gogchat timez, and @ is the discount rate.

The consumer has free access to the internationalcfalamarket at the world
interest rater . In each period the increment to her asset holdings etheisterest on
the assets held at the beginning of the period, plus tieeetice between her total income
and her total expenditures, plus any transfer recdieed, or given to, the government.
By assumption, no assets are held at the start of thal iperiod. Hence, consumers

maximize utility subject to the following constraints:

_f = p_ N _ A
f =rf_+1°-p(l+v, )C’-C*+R ,and (15)

T

2 2
where total income received from productionl = p(1+ vT)N, +A —%, f_is

the amount of assets the consumer holds at theo$tperiod 7, and R_ is the lump sum
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transfer from the government at each period. Theegonent's balanced budget requires
thatZ(lH)’i[pvi(CiN -N;)- R]: 0.
i=0

The following Hamiltonian is used to solve thelgem:

H = (alogC! +blogC?1+6) " +

(16)
+ yr+l|:rfr + Irp - p(1+ Vr )CTN _C:\ + Rr]

wherey_, is the co-state variable, which is interpretedh@svalue today of having one

+1

more unit of asset at time+1.

The first order conditions for the maximizatioroab are:

a

o YeaPd+V,)=0, (17.2)

C%— Y =0, (17.b)

Yeu =Y. = [%)y , and (17.c)

fo—f =rf, +1P—p(l+v,)C' -C+R_, (17.d)

wherey,,; = VT+1(1+ 9)’ is the future value co-sate variable.
Equation (17.c) shows that the valueyofwill change over time if, and only if,

the interest rate is different from the rate ofedimpreference. As having this variable
changing over time would not add any insight toahalysisy = 6 is assumed from now

on. This assumption implies perfect consumptionamag in both goods.
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Furthermore, the transversality condition stalted &s time goes to infinity either
the present value of one more unit of future a@bet co-state variable) goes to zero, or

no assets are being held:

: y

lim f =0. 1
70 (1+ 0)7 ( 8)
Now the model is complete: the decision problencaisumers and producers is

solved, and the best tariff schedule can be derived

3. Optimal Tariff

Three different environments will be considerdut first is when the government
is able to commit to its tariff schedule for théute, the second is the opposite case, when
the government cannot commit to any future taaiffc, finally, the third situation is when
the government has limited commitment, i.e., it cammit only for a certain number of
periods. In each case the indirect utility functibat the policy maker maximizes when
setting tariffs, which is the indirect utility fuhon for the representative individual, is

derived.

3.1. Full Commitment

When the government is able to fully commit tot#sff plan, it will decide in the
initial period on a tariff schedule for the wholetdre, maximizing the indirect utility
function over that period of time, i.e., foreveitsk this indirect utility function will be

derived.
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Equation (19) is derived from equation (17.d) #mel fact that no assets are held

at the initial time:

f= >0 [p - plrv)c! ~cA+R). 19

Using the government's budget constraint and gutisy equations (17.a) and

(17.b) into equation (19) yields:

N

f,=Z(1+r)"[|ip—aLf+R} (20)

The value of the co-state variable is obtainedsiystituting f . from equation
(20) into the transversality condition, and usihg government’s budget constraint. The
result is:

_ S
PVI,’

y (21)

a

where S, = i(1+ r)fi L+v

+b} can be interpreted as a measure of the presarg vél

0

the consumption distortion caused by the taf¥l, = > (1+r)"I; is the present value
i=0

of income, andl; = pN, + A —M?A/Z is the income from production without the effect
of the tariff.

The indirect utility function in equation (22) derived by substituting the value of
y into equations (17.a) and (17.b) to calculate ltheels of consumption, and then

substituting these into the utility function:
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22
)()

. (1+e)a+Db)
Vo(L,,v,)=K +T(

logPVI, -logS,)-a> (1+6)" log(l+v,
i=0

whereK is a constant term.

Note that equation (22) represents the indirabtyufunction for the whole stream
of consumption from period zero to infinity.

Before proceeding with the maximization of equat{@2), the effect of tariffs on
the present value of income needs to be studiegl pi¢sent value of income is a function
of the labor allocatiorL and the value of the co-state varialdlen each period. An
expression for each period labor allocation willdegived.

As shown in appendix A, the value of moving onerenanit into industry in

periodr is:

© d_V
A= — 23
T+1 i;1(1+ r)|77 ’ ( )

where d” = p(L+V, e +nAL, )-1 is the difference in marginal labor productivity the

two sectors as perceived by the worker, incorpogatie effect of the tariff.
Using the result above, each period’s labor mover{feom equation (6)) may be

rewritten as a function of future tariffs and laladibcations.:

) le
L,-L = — 24
T+1 T }/igl(l-l- r)|,r ( )
which yields:
L. =L0+;/Z{Z - Hl}forlsf<T. (25)
=1 i
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From (25), the path of future tariffs affects laladiocation today. At timel an

equilibrium is reached, such that:

IR d’ 3 L if theupperboundaryis reached (26)
(@+r

L..=L,+ e
Trs — 70 72 Z ) 0 if thelowerboundanyjsreached

=1 i=j
fors>0
The system of equations represented in equati®nh@s a unique solution for a

set of tariff schedules. The government will chotteeone that maximizes welfare.

Given the values of the initial and final laboloahtions, L, andL;, and the value
of T, the system of equations represented in equadnoan be solved to get the entire
labor allocation stream as a function of the targ€hedule. The indirect utility function

can be written as a function of the tariff schedaidy.”

VO(Lr ’Vr ) :V(Lr ({Vi };O )’ VT) (27)
To set the conditions for the welfare maximiziagiff plan, all we need is the
tariff schedule that makes the derivative of theirect utility function equal zero, i.e.,

that satisfies:

(1+06)a+b)oPVi, {1— (1+6)a+b)
oPVI,  ov, | 6S+v))

T

a 28
}(1+va1+r)’vr20 (28)

whereV’ is the optimal tariff at timer, and PVI, and S, represent the value for those

variables when the optimal tariff plan is followed.

7 Note, again, that equation (27) represents thieeicidutility function for the stream of consumptiérom

period zero to infinity.
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The left hand side of equation (28) represent®ffezt of the tariff on the present
value of income. Producers’ decisions determinepitesent value of income, but those
decisions are not optimal from the central plarsneoint of view because the producers
do not consider the effect of their decision on pheductivity of industry (review the
difference between equations (5) and (9)). A pasitralue for the tariff will bring the
producers’ decisions closer to the central plasneaolution, thereby increasing the
present value of income.

The right hand side represents the loss in utiiyught about by the tariff due to
the consumption distortion. It depends not onlytrencurrent tariff, but also on the whole
stream of tariffs through the ter®). This means that if, for some reason, only thiéf tar

at some particular time t affected tR¥/1,, (i.e., if the I.h.s. were different from zero pnl

in period t), nevertheless the optimal tariff woblel different from zero at all times. Due
to the concavity of the utility function, consumersuld prefer to spread the consumption
distortion over the time, instead of having it centtated in only one period.

The solution to the problem as stated above yitidsutility maximizing tariff
schedule given that the labor frontier is to becinea inT periods. The problem can then
solved for all possible values @f, and the welfare maximizing tariff schedule is tme
with a value forT that achieves the highest utility. Proposition tates two main

characteristics of the optimal tariff schedule.

Proposition 1: Under full commitment, >0Vz >0, andV;,, =V; Vs>0, whereT is

the time at which the labor boundary is reached.
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. . PVI _
Proof: First we will show thatT0 >0V >0. The only difference between the central

T

planner’s and the market’s solution to the maxinmeaof the present value of income is

their perception of the value of the differencelabor productivity between the two

sectors. That value in the central planner’s soiytd” in equation (9), is greater than

the one perceived by the worked, in equation (5). A positive tariff no greater than

nﬂnLﬂrL— approaches the difference perceived by the warkder tariff,d’ in equation
a+npL,

(23), to the one perceived by the central planaad therefore resulting in a greater

. . PV . . e
present value of income. Given thaat/—°> 0V >0, equation (28) is satisfied if and

T

onlyif v. >0Vz>0.

JPVI
For =0, y =0, and equation (28) is satisfied if and only if
0
. 1+6 b . .
1+v, :%(?er). The expressmn% would equal 1 if the tariff were zero

0
at all periods, and would be greater than 1 foitpestariffs in any period. Given that

(1+6)a+b)

V., >0V7>0,thenS, < , and therefore it must be the case that . 0

As for the second statement of proposition 1, AppeB proves that:

TPV _(y, s OPVIG

Vs>0,
0’)VT+S aVT (29)
Therefore, for the optimal tariff after the ladmyundary is reached, equation (25)
can be rewritten as :
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(1+6)a+b) oPVI, _ {1_ (1+0)a+b)

a 30
OPVI,  ov, 083(1+v}+3)}(1 vs=0. (30)

Ve L)

For the r.h.s. to be positive it is necessary ma;;r;‘(gl)(a+b))>0, which is
+VT+S

(1+6)a+Db)
0,

equivalent tal+v; ¢ > , and the condition is satisfied if and onlyjf > 0.

Equation (30) must hold for all. .., and the other variables in the equation are eoist

Vv s> 0, except forv; . Therefore, the tariff must be constant over gesod of time.

Moreover, the left hand side of the equation isstamt and strictly greater than zero, so
that the tariff must be positive for the right haside to be also positive.
Q.E.D.

Proposition 1 states that the optimal import texport subsidy will be always
positive, moreover it will be constant after thedaboundary is reachéd.

Tariffs should be positive forever due to the amaty of the deadweight
consumption loss caused by it, so that the bestypisl to spread the consumption losses
over the longest possible time. In the present mades possible to have lower tariffs
over a long horizon, instead of higher tariffs dgrithe transition, and zero tariffs
thereafter, because all future tariffs affect piittuin decisions today .

Another way to explain this result is the follogirA small tariff after the steady

state is reached at some finite timevould have a positive first order welfare effeaied

8This result refers to the tariff schedule that mézes welfare. If one seeks for a tariff schedbkat just

ensures industrialization, many others would dgdhbe including an infant industry protection.
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to its first order effect on labor migration befdhe steady state, and only a second order
consumption cost. Therefore, zero tariffs afterdteady state cannot be optimal.

The result that the optimal tariff will be condtaiter the boundary is reached
relies on the fact that tariffs from that momentwitl not affect the present value of

income, PVI, by affecting present or future labor allocatiobscause labor will remain

A
static at the frontier (i.es——=0Vr> 0andVvs> 0). They affect the present value of

T+s

income only through labor allocation decisions pt@mreaching the boundary. Therefore
the effect of tariffs in different periods aftemi v= will be equal except for the different
discount applied to each one, i.e., the resultgmagon (29). The effect of tariffs levied
after timeT on the consumption distortion, on the other havid,also be equal except
for the discount rate applied to each period. Asdptimal tariff is the one that equalizes
the marginal gain and the marginal distortion cdusg it, it will be constant after the
boundary is reached.

If this were not a "corner" solution, this reswibuld not hold, i.e., tariffs at the

equilibrium point would be able to affect the pmsit of the economy so that

A
f;ﬁOVrk OandVvs> 0. Tariffs would still be positive at equilibrium,ub they

T+s

would not necessarily be constant.

3.2. No Commitment

When the government is not able to commit to dftachedule for the whole
future, it chooses, at each moment in time, th# that will maximize welfare from that

moment on. The optimal tariff plan under full conatmént is not time-consistent.
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Equation (23) shows that at any periothe decision on how much labor to move into
industry for the next period depends only future tariffs. On the other hand, the
consumption distortion created by the tariff is teonporaneous to it. Therefore, the
government will have an incentive to announce #néf tconsistent with the desired rate
of labor adjustment, but by the time of its implentation the labor movement would
already have taken place, and the best thing tealdd be to set zero tariffs. Proposition

2 presents the time consistent solution.
Proposition 2: With no commitment’. = 0Vz > 0.

Proof: First the optimal tariffs schedule after the lalmundary is reached will be

derived. The indirect utility function the governmevill be facing at timer is:®

Vi(L,,v,) = K—ng

S - ai(1+ 0)"" log1+v,), (31)

where S; = 2(1+ r” [ﬁ+b].

The only variable in this new indirect utility faton is the tariff. There is no
labor movement after the boundary is reached, lamefore tariff changes will not affect
the present value of income from that moment one Tihst order conditions for

maximization are:

_(1+9(a+b) a B (32)
[1 05, (1+ v}+s)}(1+ v, e 0 70

9see the derivation of this equation in appendix C.
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The first term of the product above must equab ziewr the condition to be
satisfied. The value of the tariff is the only \adlie in this term, which means that the

value of the tariff that satisfies the conditiorthe same over time, i.e4, =V, Vs>0.

1+ 6)bv;
Hence, using the assumption that r , the tariff must satisf;se(l—)*; =0, which will
+V;

be true if and only if; = 0. Thus, the tariff will be set equal to zero whbaa boundary
of labor supply is reached, regardless the previaui$ schedule.

Taking one step back, the optimal tariff to beset period before the boundary is
reached is derived. At tim& —1 workers decide how much labor to move into industr
based on the value of; , (see equation (6)), which in turn will be given éguation
(23), and only tariffs after tim& —1 enter this equation. It is then clear that theigaf
the tariff at timeT —1 will not affect labor allocation in that or in afyture period, and
hence will not affect income either. Therefore, toadition for maximization of welfare

from period'sT —1 perspective will be analogous to equation (32):

[1_ (1+0)(a+b) ] a_ g (33)
0S; (1+ VH) (1+ VH)
. a a 1+r .
whereS; | = v T b(%j , given the result above that, =0 Vs> 0.
T-1

Again, equation (31) will be satisfied if, and wifl v, , =0. Going backwards in
time the same situation arises: at each periodbdst trade policy from that period's
perspective is a zero tariff.

Q.E.D.
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The optimal tariff plan in this no commitment cagelds a third best outcome.
The government lacks the policy instrument thaldonake possible the achievement of
the first best outcome: subsidies. The use of 'fmef) or diverging from the pre-
announced policy, works as an additional instrunterty to improve on the second best
outcome. However, the agents predict this temptatamd act accordingly: they make
their decisions expecting zero tariffs in the fetufhe only time consistent plan is the

one with zero tariffs forever.

3.3. Limited Commitment

Instead of the two extreme cases discussed alhamay be more realistic to think
of the government as having the ability to commiatpolicy for a limited period of time.
In a democracy, the government changes periodidalan try to create rules that make
it difficult for the next government to change jitslicies, but it cannot fully commit to an
economic policy after its term in office is over.

| thus ask which would be the best time consistextte policy under the current
model if the government can commit to its policy smme number of periods, where
h> 0. The dynamics work as follows: at the start ofithieal period the government sets
a tariffs schedule foh periods, before the end of th& period, but after labor allocation
decisions are made in peridd-1, it sets the tariffs for the next periods, and so on.

Proposition 3 summarizes the optimal tariff schedat this situation.

Proposition 3: If the government is able to commit to its polhan for h periods, so
that eachh periods it announces the policy for the niexperiods, then tariffs will

be strictly positive for every period until the tgseriod of theh period interval
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that includes the time the economy reaches thegttate, and tariffs will be zero
thereafter. Moreover, the longer the commitmerdrivdl h, the higher the optimal

tariff before the interval that includes the timbéem the steady state is reached.

Formally, v. >0 for z<kh, and vV, =0 for z>kh, wherek is the highest
positive integer such tha&—1<t/h. Moreover,v. >V, whereV. is the optimal

tariff if the commitment interval i& periods, and’”, if the interval ish' periods,

for h'< h, = <minfkh,k'h'}, andmaxkh,k'h'}< T .

Proof: To prove proposition 3 the same strategy as in theetnamitment” case will be
used: work backwards in time in the model. Given tie long run equilibrium is
reached at timd, the indirect utility function which the governntemill maximize every

h periods to choose the tariff schedule for ithperiod interval is0

(1+6)(a+b) S 4 ~
= (logPVI, ~logs ) ~aX(1+0)" lod1+v,  (34)

i=t

Vt(L v,): K +

T E
where PVI, = > (1+1) "1, + —, with 1F the (constant) value of the per

= r(1+r)

period income at one of the long run equilibi$,= 2(1+ r)’“’”(ﬁ+b} ,andK is

i=t
a constant.

The first order conditions for maximization are:

10Equation (34) is derived similarly to equation (34} some timet future utility is maximized, taken as

given stocks accumulated until that time, and, ha&le given the tariffs after time+h .
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(1+0)a+b) JPVI,
OPVI; ov,

:[1_ (1+ 6’)(a+b)} a

0S (1+V.) |(1+v))(2+r)""

(35)

Vr,t<r<t+h

Fork >T/h the I.h.s. of equation (35) is equal to zero. €fae, using the same
argument as in the previous section= 0 for 7> kh, k>T/h. Fork —1<T/h the l.h.s.
of equation (35) will be positive, hence positiaeifts will be required for the equation to
be satisfied. Finally, the largdr, more elements will be included in the l.h.s. sum,
therefore the larger will be the tariff each peramer the interval to satisfy equation (35).

Q.E.D.

An important result in this proposition is thaetgreater the number of periods
over which a government can make commitments, teater the tariff in each period
should be. The limiting cases are the ones destiitbgropositions 1 and 2: with no
commitment tariffs are always zero, and with fuhamitment tariffs are positive forever.

The welfare resulting from the limited commitmeihe consistent policy is
higher than the no commitment oHeBecause of the possibility of some commitment to
future policy, the government can use, at leadigilyy trade policy to diminish the loss
from the externality problem. But the result shobkl still worse compared to the full

commitment case, when trade policy can be expluidto deal with the externality.

11 The fact that the government chooses positivéfidan the limited commitment case, when zero faii
also a possible choice, reveals that welfare is lowter under limited commitment than under no

commitment.
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4, Conclusion

This paper develops a model in which there are $ectors: agriculture and
industry. The industrial sector presents positixeemalities in production, and there are
adjustment costs to changing production from oretosdo the other. The model shows
that, although the equilibrium with specializationthe industrial good is strictly better
than the equilibrium with specialization in agricuk, the initial labor allocation may
have so little labor in industry that the presealue of income is maximized with the
economy following the path to the agricultural ddpuium. The externality in the
production of the industrial good distorts the mipees for workers to shift labor into that
sector. There is a labor allocation range over Wwhie central planner would take the
economy to the industrial equilibrium, while the nket on its own would head toward
agriculture. Thus, economic policy could not onlgka workers shift their labor at a rate
that raises the present value of income, but caldd lead the economy to a different
equilibrium than the one it would go to on its owile paper analyses how trade policy
should be used in this setting.

The most striking result of this paper is the presented in proposition 1, which
states that if the government can make crediblefinite commitments, the best trade
policy is to keep protection forever, even afteg tbng run equilibrium is reached, and
even if the equilibrium reached is the agricultwaé! The intuition behind this result is
the following. Although trade policy can improvecéntives on the production side of the
economy, it also causes welfare diminishing digiog on the consumption side. The

optimal import tariff/export subsidy finds the bdsilance between the two effects. As
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our infinitely lived agents have strictly concavélity functions, they would like to
smooth their consumption. Therefore, instead ofdigariffs during the transition to the
steady state and zero tariffs after it is reackiss pest policy here would be lower tariffs
during the transition and constant positive tardfer equilibrium is reached. In this way
the proper incentives to the workers would be mtedli but the “consumption cost”
would be spread over time.

Proposition 2 highlights the importance of precatnment. It shows that if the
government has no commitment capability the tawffl always be zero, i.e., the
government will not be able to use trade policgdbieve a higher income level.

The result from proposition 3 seems to be moréstea It states that when the
government has limited commitment to its futureigpotariffs will be lower than those
with full commitment, and they will eventually bern, after equilibrium is reached. The
result is still worse for our economy, comparedthe case the government has full
credibility.

An interesting development of these results i itisitutions that give credibility
to a government's long term policy plan could béfave-improving. Take, for instance,
protectionist lobbying. Given that it may be a doéel guarantor of protection over some
period of time, its presence may be welfare-imprgvif the government does not have
much policy credibility. A word of caution is nesasy here: if the lobbying is not
believed to be effective over the medium term,ibutble to raise trade barriers, then the
worst result of all arises. Workers will make thkibor allocation decisions given that
they expect no protection in the future, so tha (bnexpected) protection does not

improve labor allocation, but still causes consuorptlistortions.
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What about a developing country that inherits éradrriers on industrial goods,
and is on its way to the industrialized equilibrieitfi the government is to restructure its
trade policy, the first best alternative is to cb®amport tariffs/export subsidies so as to
maximize the indirect utility function, as in sexti3.1. Given that the government can
commit to its policy for some number of periods this would imply positive tariffs,
even for some time after complete industrializatibtowever, one has to take into
account the effect of changing current trade pabicythe government’s credibility vis-a-

vis the new tariff plan it announces. A result lix®position 2 may arise.

Appendix A

In this appendix the producer's problem is solwedich is the maximization of
the present value of income (equation (4)) sul@¢he constraint on the movement of
the state variable (equation (4.1)), and the pepgeconstraints on the state variables

(equation (4.2)). Equation (4.2) yields two possibhses: the lower boundary is binding,
in which case the constraint@(L,U) =-Uu, - L, <0; or the upper boundary is binding,
in which case it is5(L,u)=u_+L_—L <0.

The following Hamiltonian is used to solve thegwoer's maximization problem:

H(L’u'ﬂ”z-):[drl_r +E_u72/2}/:kl+r)7‘[ +Z+1ur (Al)

where d_ = p(a+nﬂLT)—1, and 1_, is the co-state variable, representing the value

today of one more unit of labor in the industriet®r at timer.
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The first order conditions necessary and suffigfdior maximization are:

(@) the control variabley,) at each period must be chosen to maximize thetifum

H(L,u,4,7), subject to constrainG(L,u) or G(L,u), depending on which one is

binding;

(b) the state and co-state variables must change tower according to the following
equations:

/,l_'TJrl_/?_'T :_Hz(L

T’ur’/,i_’TJrl’T) (A2)
L.-L =H:(L.,u, 2.7

T+1? )

whereH"(L,,u_, 4 ,,,7) is the value of the Hamiltonian after is optimally chosen.

There are two different sets of conditions fortp@), depending on which
constraint is binding, i.e., whether the economyil weach the agricultural or
industrialized equilibrium in the long run.

If the economy is heading to the agricultural &hdum, the Lagrangian
I=H(LuA4,7)+&G(Lu) is used, whered,,=4.,(1+r)", and the following

condition from part (a) is derived:

121he following conditions are sufficient, as well mscessarybecause the Hamiltonian maximized with
respect to the control variable is a concave fonctif the state variable. (See Intrilligator (1971866, fn.

5)
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u . :
—=—2,.,-(14r)"¢ <0, -u, >0 with complementary slackness, (A3)
Y

u+L >0, 5 >0 with complementary slackness.

And if the economy is heading to the industriadizguilibrium, the Lagrangian

used is3 = H(L,u,4,7)+ & G(L,u), and the conditions:

u ~
—7’ +A.,—(1+r)"é <0, u >0 with complementary slackness, (A4)
u+L -L>0, 5 >0 with complementary slackness.

Finally, the equations for part (b) are:

ﬂ’ﬁrl - (1+ r)ﬂ’r = _dr (A5)

L.-L=u (A6)
The transversality conditions also need to besfati. These conditions state that
as time goes to infinity either the value of movioge more unit of labor into a sector is
zero, or there is no labor in that sector. Equat{fid) presents the transversality

conditions for the industrialized and agricultugglilibria, respectively.

. ﬂ“ﬂrl
lim -L, =0 or
= (1+7) (A7)

im e (T L) =
I ey (D L) =0

Equations (A3)-(A7) completely determine the solutto the problem. Using

equations (A3) and (A4), labor movement will follow

+1 LT = 7//17+1! (A8)

33



when the labor frontier is not binding

When one of the frontiers is reached, the conteslable is set to zero due to
equation (A6),u, =0, and either(1+r)"& > -4, or (1+r)°& >4, depending on

whether the lower or upper boundary is reachegects/ely.

From equation (A5), and using the transversabtyditions:

0 d
= . A9
7+1 i:r+1(1+ r)l—r ( )

The value of the co-state variable when the ecgnerat the long run equilibrium

is derived using equation (A9):

A€ =

dk
- for k=N,A (A10)

whered" = p(a +npL) -1 andd” = pa - 1.

Appendix B

In this appendix the validity of equation (26) Wile proved. The value of

equation (B1) will be derived.

VI S PVl A, L APVl &
P _ z 1z L z P % (B1)
a’T+s i=1 éLi d/TJrs i=1 0%1 dITJrs
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First the focus will be on the second term ofghe in equation (B1). Combining

equations (4.1) and (6) yields, = ¥4, ,, and substituting this into equation (4), it is

straightforward to check thaﬁt% is the same for al; ,, s>0:
VI
e (82)
Using equation (A9) from appendix A:
o o
d/ﬂj p(a+n,BLT)(1+r) ST (14 r)” s A for1<i<T (B3)
T+s T

whereL; is the (constant) value of labor at one of theylam equilibria.

Now turning to the first term of the sum in eqoati(B1). Equation (22) can be

rewritten as:

L. —7/2(1+r {TZ o/ }:Lowf(ur {i

j=1 -T 1+r)

} (B4)

forl< r<T.

Equation (B4) represents a systemlcfl linear equations, which can be written

in matrix form asAL = b:

311.(V1) ai,T—l.(VT—l) L.1 bl({V, }f) (B5)

aT_L.l(Vl) aT—l,T—:I.(VT—l) L'I:—l br—l({‘vi }f )
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0

whereb =L, + Ki({vk} )+7/ (1+r 'Z = K, is a function of tariffs previous to

k:T

L ]/pﬂll [Il ) o 7pﬂv (mm{ul ]
periodT, & =1 (1+r) 2, (1+7) ’andaiij (1+r) ;(1“)

For this system of equations to have a solutioatrisn A has to be non-singular.
The system was constructed imposing the conditiah & specific long run equilibrium
will be reached at period. If matrix A turns out to be singular for any thschedule, it
means the equilibrium is not achievable in thatetimme from the initial position.
Limiting the values foiT as suggested in section 3.1 overcomes this problem

Using Cramer’s rule to solve for the value of ekadjor allocation, we have:

(B6)

L =

where D(A) represents the determinant of matéix and Af is a matrix obtained from\

by replacing itsz" column by the vectob .

a
We want to know the value of the derivative— ¥s> 0. The denominator of

T+s

the function that determinek_ (equation (B6)) does not depend on the value ef th

tariffs after timeT . Therefore:

a, 1 o)
O’VTJrs - D(A) d/ (B7)

T+s

D(Af’) can be expanded using th& column, yielding:

DA )= (-1 b,D(A, )+ -+ (=1 b, ,D(A, )
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where A_ is a matrix obtained frorrzi\T5 by excluding rowi and columnz from it.

Now equation (B7) can be rewritten as:

(A, (B8)

T+s

We know that:

= — B9
T+s (l+ r)T+S d/-l- ( )
Combining equations (B8) and (B9), we finally get:
a. =(1+r)° 4. B10
d/T+s - d/T ( )
Substituting equation (B3) and (B10) into (B1) tireof is finished:
T 01_ T
PVl =ZOPV' (1+r1)° == +Z—dDV' (1+r)° === (2+r)"° (B11)
a/TJrS i=1 O’L| a/T i=1 12 a/T T
Appendix C

The problem for the policy maker after the long equilibrium is reached is to
maximize the indirect utility function from that m@nt on. First the function must be
derived for this time frame.

In periodT consumers will maximize:
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i a0 +16,), lalogC! +blogc?| (C1)
=T

subject to the following budget constraints, obsgythat the quantity of assets held at

the beginning of period is exogenously given from that period's point iefau

f =rf_ +1°—p+v.)CN-C*+R, 2T

-

fT
f =217 - pl+v)C) -G +R] €2

The first order conditions for the maximizationoab are analogous to those
derived previously, i.e., equations (17.a-d); amel transversality condition in equation
(18) can be rewritten as:

- y
lim f
= (14 9)

T+ = 0 (C3)

Using equation (17.d) and the initial value fi, it follows that:

fT+r = (1+ r)T 1:T + Z(1+ r)T_i [I 'IP+i - p(1+ VT+i )C'II'\IH - C-II-A‘H + RT+i ] (C4)

i=0
Using the government's budget constraint, andtgutasg equations (17.a) and

(17.b) into equation (C4), the transversality ctindiyields:

__ S
Vi (C9)

a
(1+ VT+i )

where S :i(lﬂ)[ +b} . pr= y @+r)[1,-pch -cM] and

PV, =S @)l
i=0
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Substituting equation (C5) into (17.a) and (174M)d then substituting these
optimal consumption decisions into the utility ftina, give the following indirect utility

function from timeT on:

_ (1+ e)éa +Db) o

Vo (L,,v,) =K~ gS; —ai(1+ 0)"" lod1+v,), (C6)

whereK is a constant term.

Note thatPVI; is now included in the constant term due to the tiaat the labor

E (1+|')
r

allocation is constant from periofl on. PVl = | , where | % is the per period

income at the equilibrium point.
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