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Abstract

The Import Substitution Process in Latin America was an attempt to enhance

GDP growth and productivity by rising trade barriers upon capital-intensive prod-

ucts. Our main goal is to analyze how an increase in import tariff on a particular

type of good affects the production choices and trade pattern of an economy. We

develop an extension of the dynamic Heckscher-Ohlin model – a combination

of a static two goods, two-factor Heckscher-Ohlin model and a two-sector growth

model – allowing for import tariff. We then calibrate the closed economy model to

the US. The results show that the economy will produce less of both consumption

and investment goods under autarky for low and high levels of capital stock per

worker. We also find that total GDP may be lower under free trade in comparison

to autarky.

KEYWORDS: Import Substitution, dynamic Heckscher-Ohlin model, trade policy,

growth
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1 Introduction

Many Latin American countries pursued a trade policy known as Import Substitu-

tion along the second half of the last century (Rodrigues, 2010). The Import Substitu-

tion process was an attempt to enhance GDP growth and productivity by stimulating

the emergence of a national industry. One of the main policy prescriptions was the

substantial rise of import tariffs upon high capital intensive products. A question

that follows is what are the macroeconomic effects of targeted policies such as Im-

port Substitution? More specifically, how does a rise in import tariff upon a particular

type of good affect the production choices and pattern of trade of an economy?

To answer theses questions we develop an extension of the dynamic Heckscher-

Ohlin model - a combination of static Heckscher-Ohlin model with two goods, two

factor and a two sector growth model - allowing for import tariff. The rationale un-

derlying the trade policy design is that the particular type of goods focused in this

policy come from high productive sector and are the main contributor to capital ac-

cumulation. If we were to assess the policy impacts we need a model with two sectors

to allow for targeted trade policy and in which these both features, high productiv-

ity and capital accumulation, are present. In our model we achieve that with two

non-tradeable final goods. One of them is for consumption only and the other is for

investment only, where we isolate the capital accumulation feature. We also have two

tradeable intermediate goods that are produced with factors, physical capital and la-

bor. The difference in capital intensity between them captures the high productivity

feature. Factor endowments are the determinant of production choices, pattern of

trade and consequently the incidence of the import tariff.

Given the initial stock of capital per worker of the economy, the import tariff and

the exogenous international price the model generates a factor-output map for both

final goods. This factor-output map can be understood as a policy function that,

for each stock of capital per worker, gives the amount produced of consumption and

investment goods taking into account the optimal choices of consumers and firms in

each sector. Contrasting the factor-output map under free trade (import tariff equal

to zero), autarky and intermediate cases (positive import tariff), we can determine

the effects of trade policy for each capital per worker. Hence, the trade policy effects
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in the transition can be evaluated even if the trade barriers do not affect the steady

state of the economy, as we assume here.

The dynamic of the model is not the focus of this exercise, although the factor-

output map describes the economy production behavior in the transition as well.

We should highlight, also, that our model does not feature the creation of a national

manufacturing due to the presence of externalities or some form of learning-by-

doing. If it were the case, we could, for example, asses the effects of a temporary

rise in import tariffs, which is not our goal. We just assume that two different pro-

duction technology for two differentiated intermediate goods is always available. In

equilibrium, may be profitable specialize in the production of only one intermedi-

ate good (or diversify producing both) depending on the capital per worker of the

economy.

We perform a quantitative exercise and calibrate the closed economy model to

the US. The results show that in the benchmark cases (closed economy versus free

trade) the economy will produce less consumption and investment goods under au-

tarky if the economy has low and high levels of capital stock per worker although for

intermediate values of capital-labor ratio closing the economy can generate higher

consumption and investment production. For intermediate cases of import tariff the

results remain quite similar to those of the benchmark case with consumption and

investment good production decreasing with tariff if capital per worker is low or high

enough while the opposite holds for intermediate levels of capital per worker.

The total GDP is not always higher under free trade. In fact, GDP is higher under

free trade than autarky for low levels of capital stock per worker but is smaller if capi-

tal stock per worker is high. Comparing the static effect of changes in import tariff on

GDP we show that an economy with a capital-labor ratio of 40% of the steady state

capital stock per worker would have approximately 16,71% of GDP gains if it reduces

tariffs from 75% to 5%.

The main contribution of this paper is to evaluate the effect of targeted trade pol-

icy on production choices and patterns of trade in a framework where trade occurs

due to factor endowment differences and the targeted type of good has an specific

role of producing future capital stock. As we will discuss in the next section, the

model is broadly consistent with the literature regarding the assumptions made and
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its results.

Related Literature

The literature on dynamic Heckscher-Ohlin models started with H. Oniki (1965)

with a model of two countries that produce and trade two commodities, consump-

tion goods and investment goods. In their model the pattern of specialization and

volume of trade depend upon the factor endowments of the country. Additionally,

since there are only two countries their choices of investment good production af-

fect terms of trade. By assumption savings rate are fixed so that steady state does

depend upon the initial factors endowment.

Chen (1992) add to the previous model endogenous savings and labor supply.

Although in the previous literature the determinant of long-run comparative advan-

tage is the countries’ savings rate, Chen (1992) shows that even if countries have the

same time discount factors (same preferences) the initial differences in factors pro-

portion will cause trade to continue even in the long run assuming that factor price

equalization theorem hold in the entire path.

Bond et al. (2011) allow non-homothetic preferences in the model and find that

if both goods are normal there is an unique autarkic stable steady state while if one

good is inferior multiple autarkic steady states can arise and also violations of static

Heckscher-Ohlin theorem in the steady state. Also, using the same framework, Bond

et al. (2013) show that if the labor intensive good is inferior there may be multiple

steady states in autarky and poverty traps. Open up to trade can pull the poorer

economy out of the trap and both countries can reach a higher steady state than

under autarky although it may pull the richer country into the trap.

In all these models growth is exogenous and happens through physical capital

accumulation. Hu et al. (2009) study a two country dynamic Heckscher-Ohlin model

in which growth is a result of physical and human capital accumulation and show

that balanced growth is possible in this setting.

In order to explain the increased dispersion in the world income distribution and

its bi-modal or “twin-peaked” configuration Beaudry and Collard (2006) extend the

N-country dynamic Heckscher-Ohlin model to include labor market imperfections.

They find that in the presence of hold up problem (extraction of firms rent by work-
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ers in high capital intensive firms) open up to trade may cause the widen of world

income distribution through reallocation of rent paying jobs across countries.

So far in all these models either the final consumption and investment goods are

traded or two intermediate goods are traded and combined to produce a unique

non-traded final good of the economy. Mostly important, for all these models, capital

flows are not allowed and consumer’s problem are modeled as an infinitely lived con-

sumer’s problem. Jin (2012) develop a two-country dynamic Heckscher-Ohlin model

with more than two intermediate goods combined to produce a composite final good

in an overlapping generation framework to asses how shocks and structural changes

affect commodity trade and capital flows. The main find is that labor productivity

shocks or permanent increases in the labor force may induce capital outflow, that is

capital flows toward high capital intensive countries rather than economies where it

is scarce.

The version of the N-country dynamic Heckscher-Ohlin model studied by Ven-

tura (1997) has some assumptions that guarantee that a weak form of the factor price

equalization theorem hold, that is, countries will diversify over the entire equilib-

rium path. He finds that if the rate of return to investment are equalized differences

in growth rates are only due to differences in investment rates. Also, if countries

diversify over the entire path the elasticity of substitution between traded goods de-

termine whether countries may converge or diverge.

Most of the literature derive conditions for factor price equalization theorem to

hold rather than impose it. This is an important issue as pointed out by Bajona and

Kehoe (2010) once convergence findings under factor price equalization may be re-

versed and countries’ income levels may diverge if it does not hold for some country

at any given period.

Other important common assumption in such model is that countries are small

open economies hence can not affect terms of trade. For example, Atkeson and Ke-

hoe (2000) study the impact of the timing of beginning accelerated growth on conver-

gence using one model with small open economies trading with a rest of the world,

which is already in steady state. In addition, prices are determined by the rest of the

world endogenous price in autarky and remain constant along the equilibrium path.

They find that if the small open economy capital per worker lie outside the rest of the
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world’s diversification cone at the beginning, then it will converge to the boundary of

this set 1. Otherwise the country will stay inside the rest of the world’s diversification

cone in steady state. This is exactly the result found by Ferreira and Trejos (2006).

Bajona and Kehoe (2006) contrasts the dynamic Heckscher-Ohlin model with infinitely-

lived consumers versus overlapping generations. They highlight that the equilibrium

properties of the model depend crucially on the assumptions regard capital flow and

demographic environment. For example, they find that if international borrowing

and lending are not allowed and we are in the overlapping generations model any

steady state in which factor price equalization hold is autarkic and there will be no

trade. In infinitely lived framework, factor price equalization always hold and trade

is positive except in a restrictive case.

We extend the model in Ferreira and Trejos (2006) to allow for two non-tradeable

final goods. One of them is specific for consumption and the other for investment.

This modification allows us to investigate the impact of changes in trade policy when

government designs targeted policies. The main difference of our model is the intro-

duction of trade policy in this setting as simple as possible to evaluate the potential

impacts on production, total GDP and in the patterns of specialization. We do not

pursue any convergence analysis although the model allows us to look for the entire

production choices for any capital stock of the economy. The reason for that is the

endogenous mapping of factor endowments and outputs generated by the model.

Our approach is in line with most of the literature. Following Atkeson and Kehoe

(2000), we assume small open economy and find that in steady state the economy

will be in the diversification cone of the rest of the world. The demographics are

given by overlapping generations framework and borrowing and lending is not al-

lowed. Therefore, as predicted by Bajona and Kehoe (2006), the steady state of the

model is an autarkic one with no trade. Finally, we do not impose factor price equal-

ization to hold and the diversification cone is well defined in our model.

The paper proceeds as follows. Section 2 presents the model, its steady state and

quantification. Section 3 shows the main results. Section 4 concludes.

1That is, the set of capital per worker with which countries diversify production of traded goods
rather then specialize.
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2 Model

The demographics and preferences of the model are described by a canonical two

period OLG model. An individual in generation t chooses consumption and savings

in t when young and consumption in t+1 when old. Individuals only work in the first

period and spend all their savings in the second. We assume a separable utility with

instantaneous utility u(ct) = log ct and discount rate β.

Our economy is a small price-taking economy. We assume that the rest of the

world is a big country in steady state and trade is not able to affect its price. Thus

its autarkic relative prices will be the international relative prices. Also there is no

international borrowing or lending and all markets are competitive.

The production side of the economy is described as follows. There are two final

good sectors: one produces consumption goods, YC and the other produces invest-

ment goods, YI . Both are non-tradeable. The production functions are given by:

YC = fC(aC , bC) = aγCC b1−γCC (1)

YI = f I(aI , bI) = aγII b
1−γI
I (2)

where aj, bj are the amounts of intermediate goods A and B used in the production of

the final goods j = C, I. Without loss of generality we assume that the consumption

good is intensive in the intermediate good A, that is, γc > γI .

There are two tradeable intermediate goodsA,B that use non-tradeable physical

capital and labor with production functions given by:

A = φA(KA, LA) = Kαa
A L1−αa

A (3)

B = φB(KB, LB) = Kαb
B L

1−αb
B (4)

Additionally, we assume that intermediate good A is labor intensive, that is, αa < αb.

Physical capital’s law of motion is given by:

Kt+1 = πI,tSt (5)

We assume that the rate of capital depreciation equals one.
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Population growth:

Lt+1 = (1 + µ)tL0 (6)

In the following, πj accounts for the price of final good j = C, I. q is the domestic

relative price of intermediate goodA and p is its international relative price that may

differ from the domestic due to the presence of tariffs. Respectively, r and w are the

rental rate of capital and wage rate. There is an import tariff, τ , that may represent

protectionist policies as well as others barriers to trade. All prices are set in terms of

good B.

An individual of generation t face a standard OLG problem:

Max
c1,t,c2,t+1,st

u(c1,t) + βu(c2,t+1)

s. t. πC,tc1,t + πI,tst ≤ wt

πC,t+1c2,t+1 ≤ rt+1πI,tst

(7)

Since all markets are competitive both final and intermediate goods producers

choose factors in order to maximize their profits in each period t. Firm’s problems

are given by

Max
aj ,bj

πja
γj
j b

1−γj
j − qaj − bj, j = C, I (8)

Max
KA,LA

qKαa
A L1−αa

A − rKA − wLA (9)

Max
KB ,LB

Kαb
B L

1−αb
B − rKB − wLB (10)

Competitive markets imply that the zero profit conditions hold in all sectors. Hence,

πja
γj
j b

1−γj
j − qaj − bj = 0, j = C, I

qKαa
A L1−αa

A − rKA − wLA ≤ 0, = 0 if A > 0

Kαb
B L

1−αb
B − rKB − wLB ≤ 0, = 0 if B > 0

We assume that there is no arbitrage opportunity, that is, the domestic relative

price equals the international relative price with tariff. Since there is no borrowing

or lending the export of one good translates into the import of the other. Hence,
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domestic relative price satisfy:

q =


p

(1+τ)
, if aC + aI < A

p(1 + τ), if bC + bI < B
(11)

As we will see this condition creates a range for the domestic relative price for

which the economy optimally chooses do not trade at all, even if trade is allowed.

Finally, factor markets clear and we have balanced current account in all periods

2:

KA +KB ≤ K

LA + LB ≤ L (12)

pA+B = p(aC + aI) + (bC + bI) (13)

The equilibrium is defined as follows:

Competitive equilibrium: consists of allocations of intermediate goods {aj,t, bj,t}∞t=0;j=C,I ,

factors {Ki,t, Li,t}∞t=0,i=A,B, consumption bundles {C1,t, C2,t}∞t=0 and paths of final and

intermediate good prices, rental rate of capital and wage rate {πC,t, πI,t, qt, rt, wt}∞t=0

such that, given prices {πC,t, πI,t, qt, rt, wt}∞t=0, the allocations {aj,t, bj,t}∞t=0;j=C,I and {Ki,t, Li,t}∞t=0,i=A,B

satisfy the profit maximization problems (8) - (10), the consumption bundles, {C1,t, C2,t}∞t=0,

solve the consumer’s problem (7), the aggregate capital stock {Kt}∞t=0 satisfy the law

of motion (5) given initial capital stock , K0; and prices are such that the arbitrage,

market clearing and current account conditions (11) - (13) hold.

Solving for the equilibrium we obtain the following first order conditions which

we present along with the market clearing conditions: (We dropped the subscript t

for easy of the notation.)

K ′ = πIS =
β

1 + β
wL (14)

2It is important to emphasize that physical capital will be endogenous in this model in all periods
except for t = 0. The initial capital stock will restrict the consumption-savings choice through labor
income (the marginal product of labor) so that the capital stock will not adjust to its steady state value
immediately.
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(1− αa)
αa

kA =
(1− αb)
αb

kB =
w

r
(15)

q(1− αa)kαaA = (1− αb)kαbB = w (16)

(1− γC)

γC

(
aC
bC

)
=

(1− γI)
γI

(
aI
bI

)
=

1

q
(17)

πC(1− γC)

(
aC
bC

)γC
= πI(1− γI)

(
aI
bI

)γI
= 1 (18)

λkA + (1− λ)kB = k (19)

θ

(
aC
bC

)
+ (1− θ)

(
aI
bI

)
=
A

B
(20)

where St = stLt is total savings, ki ≡ Ki
Li
, i = A,B, λ ≡ LA

L
, θ ≡ bC

B
.

From the consumer’s problem we obtain equation (14) which convey a feature of

the OLG model: the consumers save a constant fraction of its labor income. Equa-

tions (15) to (18) come from firms maximization problems and they characterize the

optimal input choices. Equation (19) rewrites the market clearing condition and sim-

plifies the model solution. In autarky we haveA = aC+aI andB = bC+bI from which

equation (20) follows.

Equations (14) to (20) define the optimal inputs and consumption choices and

price levels in equilibrium. They allow us to characterize the factor-output map that

embedded these optimal choices. In order to derive the factor-output map we first

solve for the equilibrium of the autarkic economy. This equilibrium is characterized

by the domestic relative price of good A as a function of stock of capital per worker,

q(k). This endogenous relative price for the closed economy will be the candidate for

the open economy equilibrium. It turns out that, for the open economy, this equilib-

rium price defines three types of intervals of capital per worker: one in which there

is no trade (and the economy produce both intermediate goods); one in which there

is trade and diversification; and, one one in which there is trade and specialization
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(the economy produce only one intermediate good).

First, let’s consider an autarkic economy. In this case equation (20) holds. Since

the final goods are non tradeable we have S = YI . Substituting (16) and (18) into

equation (14) we get

θ =
1− λ− σ(1− αb)(1− γI)

1− λ
(21)

where σ ≡ β
1+β

.

Substituting the firs order conditions (16) and (17) and the production functions

(3) and (4) into equation (20), one can derive

θ =

(
1− γC
γC − γI

)[
(1− αb)
(1− αa)

λ

1− λ
(1− γI)− γI

]
(22)

From equations (22) and (23) we have

λ̂ =
(1− αa)[γC − σ(1− αb)(γC − γI)]

[1− αb + γC(αb − αa)]
(23)

Note that λ̂ is a function of parameters only.

The amount of physical capital per worker used in the production of each inter-

mediate good is obtained from the first order conditions (15) and (16) and are given

by

kA =

(
α̃3

q

) 1
αa−αb

(24)

kB =

(
α̃4

q

) 1
αa−αb

(25)

where α̃3 ≡
(
αb
αa

)αb (
1−αb
1−αa

)1−αb
and α̃4 ≡

(
αb
αa

)αa (
1−αb
1−αa

)1−αa
.

The equations (23)-(25) together with the market clearing condition (19) give us

the domestic relative price of intermediate good A as a function of physical capital

per worker, which is given. Therefore,

q =

[
λ̂α̃3

1
αa−αb + (1− λ̂)α̃4

1
αa−αb

k

]αa−αb
(26)

Since we are assuming that intermediate good A is labor intensive we know that q(k)
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is an increasing function of k. This is important because it defines the pattern of

trade and specialization when the economy is open.

Equations (25) and (26) combined give

kB =
α̃4

1
αa−αb

[λ̂α̃3

1
αa−αb + (1− λ̂)α̃4

1
αa−αb ]

k (27)

Now, substituting the previous equation into the production function of interme-

diate good B, equation (4), we obtain

B =
(1− λ̂)α̃4

αb
αa−αb

[λ̂α̃3

1
αa−αb + (1− λ̂)α̃4

1
αa−αb ]αb

KαbL1−αb (28)

We can rewrite equations (1) and (2) as

YC =

(
aC
bC

)γC
θB (29)

YI =

(
aI
bI

)γI
(1− θ)B (30)

Then substituting first order condition (17), equations (21) and (28) in the previ-

ous equations we obtain the factor-output mapping of the consumption and invest-

ment good, given by

YC = ΩC
4K

γCαa+(1−γC)αbL1−[γCαa+(1−γC)αb] (31)

YI = ΩI
4K

γIαa+(1−γI)αbL1−[γIαa+(1−γI)αb] (32)

where

ΩC
4 ≡

(
γC

1−γC

)γC [1−λ̂−σ(1−αb)(1−γI)]α̃4

αb
αa−αb

[λ̂α̃3

1
αa−αb +(1−λ̂)α̃4

1
αa−αb ]γCαa+(1−γC )αb

ΩI
4 ≡ γγII (1− γI)1−γI σ(1−αb)α̃4

αb
αa−αb

[λ̂α̃3

1
αa−αb +(1−λ̂)α̃4

1
αa−αb ]γIαa+(1−γI )αb

So far, we have described the equilibrium properties of the model in a closed

economy setting and derived the factor-output mapping for both final goods. As

we have seen, in an autarkic economy q = q(k), that is, q is a function of k (increas-

ing since αa < αb). What happens if the economy is open? In this case, the country

choice of whether trade or not and regarding the pattern of specialization will de-
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pend upon the country’s stock of capital per worker.

If the economy is open, the presence of an import tariff creates a range of prices

in which is not profitable to import any of the intermediate goods, hence the country

chooses to produce all of intermediate good A and B. In other words, there is no trade

if and only if

p/(1 + τ) ≤ q(k) ≤ p(1 + τ) (33)

For this range of prices, the endogenous domestic relative price of good A is such that

the internal production of both intermediate goods is cheaper than import some of

any of them paying the tariff. Since q = q(k) is increasing, one can find an interval

of capital per worker, [x1, x2], in which the economy is closed where x1 is defined by

q(x1) = p/(1 + τ) and, analogously, x2 is defined by q(x2) = p(1 + τ). From (26), it

follows that

x1 = [λ̂α̃3

1
αa−αb + (1− λ̂)α̃4

1
αa−αb ]

(
1 + τ

p

) 1
αa−αb

(34)

x2 = [λ̂α̃3

1
αa−αb + (1− λ̂)α̃4

1
αa−αb ]

(
1

p(1 + τ)

) 1
αa−αb

(35)

In this capital per worker interval the factor-output mapping is the same as in the

closed economy case.

Now, we want to derive the factor-output mapping for the economy outside this

interval. If k < x1 we know that q(k) ≤ p/(1 + τ) so that firms will find profitable

to produce both intermediate goods, import some good B and export some good A.

Thus, by non arbitrage, we have q = p/(1 + τ). From equations (24) and (25), define:

s1 ≡ kA =

[
α̃3

(1 + τ)

p

] 1
αa−αb

(36)

s2 ≡ kB =

[
α̃4

(1 + τ)

p

] 1
αa−αb

(37)

Note that the physical capital per worker in each sector is independent of total phys-

ical capital per worker of the economy whenever k ∈ [s1, x1]. From market clearing

condition, equation (19), we can see that s1 < x1 < s2 and that when capital per

worker changes what changes in the country is the fraction of labor allocated in each

sector. Therefore equations (36) and (37) allow us to find the production functions
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of the consumption and investment goods for the interval [s1, x1] which are given by

YC = ΩC
2K + ΩC

3 L (38)

YI = ΩI
3L (39)

where

ΩC
2 ≡

(
p

1+τ

)−γC γ
γC
C (1−γC)1−γC

1+γCτ

(
s
αb
2 −ps

αa
1

s2−s1

)
ΩC

3 ≡
(

p
1+τ

)−γC γ
γC
C (1−γC)1−γC

1+γCτ

[
psαa1 s2−s

αb
2 s1

s2−s1 − (1 + γIτ)
(

p
1+τ

)
σ(1− αa)sαa1

]
ΩI

3 ≡
(

p
1+τ

)1−γI γγII (1− γI)1−γIσ(1− αa)sαa1

In the case that k < s1 we will have LB = KB = B = 0 and LA = L,KA = K,

that is, the economy will specialize in the production of good A, the labor intensive

intermediate good. To see that, from market clearing condition (19), since kA = s1

and kB = s2 (whenever q = p/(1 + τ)), it is easy to show that

LB =
K − s1L
s2 − s1

, KB = s2
K − s1L
s2 − s1

(40)

Therefore, k < s1 would imply negative values for LB and KB. It follows that, for the

interval k < s1, the production functions of each final good is given by

YC = ΩC
1K

αaL1−αa (41)

YI = ΩI
1K

αaL1−αa (42)

where

ΩC
1 ≡

(
p

1 + τ

)1−γC γγCC (1− γC)1−γC

1 + γCτ
[1− σ(1− αa) + τ(1− σγI(1− αa))]

ΩI
1 ≡

(
p

1 + τ

)1−γI
γγII (1− γI)1−γIσ(1− αa)

The rationale for the remaining intervals is analogous. If k > x2 then q(k) ≥

p(1+τ) so that the economy will diversify (produce both intermediate goods), import

some good A and export some good B. By non arbitrage, we will have q = p(1 + τ).
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Again, from equations (24) and (25), we define

z1 ≡ kA =

[
α̃3

p(1 + τ)

] 1
αa−αb

(43)

z2 ≡ kB =

[
α̃4

p(1 + τ)

] 1
αa−αb

(44)

with z1 < x2 < z2. Whenever k ∈ [x2, z2], kA and kB will be given by z1 and z2, respec-

tively, and the production functions of each final good will be given by

YC = ΩC
5K + ΩC

6 L (45)

YI = ΩI
6L (46)

where

ΩC
5 ≡ p−γC (1 + τ)1−γC

γ
γC
C (1−γC)1−γC
1+τ(1−γc)

(
z
αb
2 −pz

αa
1

z2−z1

)
ΩC

6 ≡ p−γC (1 + τ)1−γC
γ
γC
C (1−γC)1−γC
1+τ(1−γc)

[
pzαa1 z2−z

αb
2 z1

z2−z1 − (1 + τ(1− γI))pσ(1− αa)zαa1
]

ΩI
6 ≡ (p(1 + τ))1−γIγγII (1− γI)1−γIσ(1− αa)zαa1

Finally, if k > z2 thenLA = KA = A = 0 andLB = L,KB = K, that is, the economy

will specialize in the production of B, the capital intensive intermediate good. To see

that, from market clearing condition (19), since kA = z1 and kB = z2, it is easy to show

that

LA =
z2L−K
z2 − z1

, KA = z1
z2L−K
z2 − z1

, (47)

In this case we would have negative values for LA and KA. Therefore, with complete

specialization in the production of the intermediate good B, one can derive the fol-

lowing production functions of the final goods

YC = ΩC
7K

αbL1−αb (48)

YI = ΩI
7K

αbL1−αb (49)
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where

ΩC
7 ≡ [p(1 + τ)]−γC

γγCC (1− γC)1−γC

1 + τ(1− γC)
[1− σ(1− αb) + τ(1− σ(1− αb)(1− γI))]

ΩI
7 ≡ [p(1 + τ)]−γIγγII (1− γI)1−γIσ(1− αb)

To summarize, we have

YC =



ΩC
1K

αaL1−αa , if k ≤ s1,

ΩC
2K + ΩC

3 L, if k ∈ (s1, x1],

ΩC
4K

γCαa+(1−γC)αbL1−[γCαa+(1−γC)αb], if k ∈ [x1, x2],

ΩC
5K + ΩC

6 L, if k ∈ [x2, z2),

ΩC
7K

αbL1−αb , if k ≥ z2,

(50)

YI =



ΩI
1K

αaL1−αa , if k ≤ s1,

ΩI
3L, if k ∈ (s1, x1],

ΩI
4K

γIαa+(1−γI)αbL1−[γIαa+(1−γI)αb], if k ∈ [x1, x2],

ΩI
6L, if k ∈ [x2, z2),

ΩI
7K

αbL1−αb , if k ≥ z2,

(51)

We can think of theses factor-output maps as been the policy functions of the entire

economy. For each total capital per worker we know exactly what the production

decisions of each final good are.

a Steady State

In this model, the presence of a tariff generates a distortion in the production

choices that gives rise to a broken mapping between the outputs and factors, as we

have shown. For this reason, multiple steady states can arise. Each interval is associ-

ated to one stable steady state equilibrium.

If k < s1 the economy totally specializes in the production of intermediate good

A. Thus, from FOC (14) and (16) we obtain the following steady state:

k∗ =

[
σ

1 + µ

(
p

1 + τ

)
(1− αa)

] 1
1−αa

(52)
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It is easy to show the equilibrium stability from the difference equation.

If k < x1 the economy is diversified and the law of motion of the economy is given

by

kt+1 =
σ

1 + µ

(
p

1 + τ

)
(1− αa)sαa1 , ∀t (53)

It turns out that the stable steady state is given by the above equation, since s1 is

constant

In the case k ∈ [x1, x2] the economy is closed and by FOC (14) and (16) we get

k∗ =

[
(1− αb)

σ

1 + µ

] 1
1−αb

[
α̃4

1
αa−αb

(λ̂α̃3

1
αa−αb + (1− λ̂)α̃4

1
αa−αb )

] αb
1−αb

(54)

If k > x2 the economy will be again diversified although import some of good A.

The law of motion of the economy is given by

kt+1 =
σ

1 + µ
(1− αb)zαb2 , ∀t (55)

It turns out that the stable steady state is given by the above equation, since z2 is

constant.

Finally, in the case that k > z2, the economy totally specializes in the production

of intermediate good B and import all its need of intermediate good A. The stable

steady state of the economy is the following

k∗ =

[
σ

1 + µ
(1− αb)

] 1
1−αb

(56)

It is worth noting that whether the model has multiple steady states or not will

depend upon the parameters. In the sense that, given the parameter values, if the

steady state capital per worker value is in an interval different from that where it is

calculated than this interval will not have a steady state. For example, given the pa-

rameters, if the steady state capital per worker calculated for the first interval, equa-

tion (52), end up been in the third interval then there will be no steady state in the

first interval.

Additionally, it is important to highlight that assuming (as we do here) that our

closed economy has the same parameters as the rest of the world will lead to no
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difference between the steady state capital per worker whether the economy is open

or closed, for the parameter values used here. Thus, the entire effect of tariff would

appear only in the transition. However, if we believe that the small open economy

parameters are different from the rest of the world, then the presence of tariffs would

affect the steady state as well as the transition.

b Model diagram and quantification

In order to clarify the economic features underlying the final good production

functions across intervals we present below a diagram of the model. As discussed

earlier, the import tariff gives rise to an interval, [x1, x2], where trade is not profitable,

hence the economy does not trade but diversify, producing positive quantities of

both intermediate goods. In this interval the production function of both final goods

are Cobb-Douglas.

If k ∈ [s1, x1] the price of intermediate good B under autarky is higher than the im-

port price with tariff ( 1
q(k)

> (1+τ)
p

), then it is profitable to import some intermediate

good B and export good A although both intermediate goods are produced. The lin-

ear production function in this case is a corollary of the factor price equalization the-

orem which states that in a trade model under some assumptions the factor prices

will be equalized even if there is no factor movements. Since factor’s price are equal-

ized and constant the capital-labor ratio allocated in each intermediate good sector

will be constant even if total capital stock per worker increase. As total capital-labor

ratio increases the fraction of worker employed in each sector that will change.

When k < s1 the economy totally specializes in the production of intermediate

good A and import all good B needed for final good production. The reason is that

for the international relative price of good A, p
1+τ

, the firms in sector A would choose

kA = s1. Since this exceed the amount of capital available the economy allocate

all capital stock per worker in sector A. The final good production is Cobb-Douglas

because the economy use only the intermediate good A production function. The

rationale is analogue for the remaining intervals.
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k
s1 x1 x2 z2

Diagram: Equilibrium production function’s intervals.

Open Economy Closed Economy Open Economy

Specialize

Produce A

Cobb-Douglas
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Linear

Diversify
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A and B

Cobb-Douglas

Diversify

Produce
A and B

Linear

Specialize

Produce B

Cobb-Douglas

In Figure 1 it is drawn an example of endogenous consumption good mapping

with 5% import tariff. All the intervals are emphasized with dotted vertical lines.

As we can see, the endogenous mapping is well behaved (which is a result of our

production function choices) in a sense that is continuous and strictly increasing in

capital per worker.

Figure 1: Diagram example
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We perform a numeric exercise in order to evaluate the quantitative and quali-

tative predictions of the model. Due to the simplicity of the functional forms, the
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model allows us to find the expressions for all endogenous variables and we only

need to specify the factor intensities in the Cobb-Douglas functions, αa,αb,γC and

γI , the preference discount rate β, the population growth rate µ and the exogenous

international relative price p.

The capital intensities in both intermediate good production functions are ob-

tained from Ferreira and Trejos (2011). They use values of capital intensities disag-

gregated by industry in U.S. from 1948 to 2005 classified between high and low capi-

tal by Acemoglu and Guerrieri (2008) and averaged it, finding αa = 0.268, αb = 0.504.

Population growth rate is obtained from Acemoglu and Guerrieri (2008). They

found 1.8% as the average annual population growth rate from NIPA data. We assume

that one period in OLG model is equivalent to 35 years (half life expectancy). The

equivalent population growth rate is set to be µ = 0.8671.

The preference discount rate was calibrated to match the United State ratio of

total savings and labor compensation, mean over 1950-2005, 3 in first order condition

of the consumer’s problem, equation (14). This gives us β = 0.4113.

In order to discipline the model we used the labor share allocated in the labor

intensive sector from U.S. data along with equation (23). With this equation even

changing investment good intensity parameter from 0 to 1, the consumption good

intensity parameter vary only between 0.33 and 0.54. It turns out that both consump-

tion and investment good endogenous mapping do not change significantly within

this parameters range. Thus, to satisfy the assumption γC > γI we set γI = 0.4 and

find γC = 0.4578.

Finally, since we are assuming that our economy is a small open economy that

trade with a big country for which the international trade is a small fraction of the

total transactions (and, consequently trade does not affect its prices) the autarkic

relative price of good A of the big country will be the international relative price.

Therefore, we pick for p the autarkic endogenous relative price of good A of the big

economy when capital stock per worker is its steady state value (that is, k = kss).

3The same period used by Acemoglu and Guerrieri (2008).
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3 Results

a Benchmark trade policy cases

In this section we present the main results of the model. The final goods produc-

tion function are depicted in figures 2 and 3 below for two benchmark import tariff

values, free trade (τ = 0) and closed economy (τ = ∞). Some points are worth not-

ing. First, the economy does not always produce more consumption goods under

free trade than in a closed setting. Second, as capital per worker increases, the dif-

ference in production of the consumption good between free trade and autarky in-

creases. For small enough capital-labor ratio the free trade production is also higher

than the closed case. Third, as can be seen in figures 3, an analogue pattern applies to

investment good production function, although, in this case, the capital per worker

interval in which free trade production is smaller than autarkic production is higher

than the consumption one. In part, this is due to the capital per worker diversifi-

cation interval, the flat part of the free trade investment good production function.

The flat part comes from the assumption that individuals only work in the first pe-

riod. Consequently, total savings depend uniquely on labor income, which in turn,

implies that investment good production function does not depend on capital per

worker in this interval. Forth, there is a capital per worker cutoff value from which

GDP will be higher (lower) under free trade if the economy is below (above) it.

The main reason for this pattern is as follows. First consider the case of an open

economy with low capital stock per worker. From the model we know that for low

levels of capital stock per worker the economy endogenously chooses produce inter-

mediate good A for export and import some of intermediate good B at the interna-

tional relative price4. When the economy is closed it no longer can pay the interna-

tional relative price of good B but, instead, it pays the domestic relative price which

is higher. Since the investment good is B-intensive the economy decreases the in-

vestment good production which is costly and increases the consumption good pro-

duction that is intensive in good A.

A similar argument holds for high levels of capital stock per worker. Again from

4For sufficiently low capital stock per worker the economy totally specialize in A, producing none
of good B.
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Figure 2: Consumption good benchmark
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Figure 3: Investment good benchmark
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the model, we know that the autarkic domestic relative price is an increasing func-

tion of the capital per worker as long as intermediate good A production function

is labor intensive (i. e., αa < αb). For this reason, if the economy have high level of

capital stock per worker, the domestic relative price of good A, q(k), will be higher
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than the international relative price p. Since, in this case, the economy export inter-

mediate good B and import some good A under free trade, then closing the economy

would increase the price paid for good A leading the economy decrease the produc-

tion of the consumption good which is A-intensive and increase the investment good

production. It is worth noting that if capital per worker is sufficiently high, then close

the economy would increase good A price in a such way that substituting good B for

good A in the investment good production would actually decrease the production

due to comparative advantages. Here the economy no longer can benefit from spe-

cialization which cause both production to drop relatively to open economy case.

Figure 4: GDP benchmark
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Even in the presence of the substitution between the production of the consump-

tion and investment good under free trade and closed economy we could expect that

the GDP would be definitely higher under free trade than under autarky due to the

distortion caused by the import tariff. This does not occur here and the reason is that

the consumption and investment good prices are increasing functions of the domes-

tic relative price of good A, q 5. When capital stock per worker is low the economy pro-

duce less consumption and investment goods in a closed economy than under free

5This follows from the first order conditions.
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trade as seen before. Additionally, as we move from free trade to autarky the price

of good A decrease along with the consumption and investment good prices. Thus,

the total GDP, that is, the weighted sum of consumption and investment produc-

tion where the weights are their respective prices decrease relatively the free trade

setting. An analogue argument holds for high level capital stock per worker, which

implies that total GDP will be higher in autarky than under free trade, an unexpected

result.

b Intermediate cases of trade policy

In this section we go further and analyze the impact of intermediate cases of trade

policy instead of focus on the extreme cases of autarky and free trade. In other words,

we study the impact of different import tariff values on consumption and investment

good endogenous production functions.

First, we start with the consumption good production function for given import

tariff levels. Figure 5 shows the consumption good production function for each in-

terval. As explained earlier in the first and the last intervals the economy specializes

in the production of good A and B, respectively. In the linear intervals the econ-

omy diversify production and positive quantities of both intermediate goods are pro-

duced. Finally in the third interval the economy does no trade at all.

When capital stock per worker is high, that is, capital-labor ratio is in the last in-

terval, as import tariff increases the consumption good production declines. Recall

that in this interval the import tariff is upon the intermediate good A whose con-

sumption good is intensive. The mechanism is the same as before: higher tariffs

imply higher prices of intermediate good A, higher costs of production of consump-

tion good, thus a decrease in consumption good production for a given capital stock

per worker.

An important feature of the model is that as the import tariff increases the capital

stock per worker interval where the economy does not trade at all (third interval)

increases as well. In terms of the model, this means that the capital-labor ratios s1

and x1 that define the first two intervals are decreasing in the import tariff while x2

and z2 that define the last two intervals are increasing. This explain the shift in the

linear interval of the function.
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Figure 5: Factor-output map by import tariff
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Figure 6: Factor-output map by import tariff (local zoom)
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Figure 6 shows the same function of the previous figure but with a local zoom in

the first three intervals. When capital per worker is low (capital-labor ratio is in the

first cobb-douglas interval) the economy specializes in the production of intermedi-

ate good A and as tariff increases the price of good B increase. The distortion caused
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by the tariff lead to the substitution of good B for good A in the consumption good

production, which in turn, reduce consumption good due to diminishing returns rel-

ative to the free trade case. Intuitively, the tariff is encouraging the economy toward

less consumption.

Figure 7: Factor-output map by import tariff
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The investment good production function exhibit the same underlying pattern of

specialization and diversification of the economy across intervals as does the con-

sumption good production function.

Figure 7 shows the factor-output map for the investment good. If capital stock

per worker is high (capital per worker is in the last interval), the economy specializes

in the the production of good B and respond the increase in tariff, which translate

to increases in intermediate good A price, substituting good A for good B in invest-

ment good production. Consequently, producing less investment good production

because the tariff affect the production gains that come from comparative advan-

tage, in that the economy have to reallocate resources to produce the consumption

good which the economy is less productive.

For low capital per worker values (i. e., in the first cobb-douglas interval) as im-

port tariff increases the production of investment good decreases, this can be seen in

Figure 8 which shows a local zoom for the first three intervals. The channel through
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Figure 8: Factor-output map by import tariff (local zoom)
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which this happen is again the increased price of good B that follows the higher im-

port tariff and cause higher costs of investment good production.

In the same line of the benchmark cases, there is a capital per worker cutoff value

from which GDP is lower as tariff increases relatively the free trade case for capital

per worker values below this cutoff. The opposite is true for values above.

The reason again is that the final good prices move in the same direction as the

domestic relative price of good A. For low levels of capital per worker increases in

tariff decreases consumption and investment good productions, as we have seen be-

fore, along with the price of good A. Hence, GDP decrease. A symmetric argument

hold for capital per worker above the cutoff.

It is worth noting that GDP decreases as capital per worker increases in the first

interval of diversification (the linear part of the factor-output map). This fall can be

explained by the decrease in the consumption good production in this interval. In-

tuitively, the presence of tariff in the case of diversification can even reduce GDP as

capital per worker increases.
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Figure 9: Factor-output map: GDP
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Figure 10: Factor-output map: GDP (local zoom)
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c Trade policy and GDP

We now assess the static effect of tariff on GDP. In the following Figure 11 we show

how much higher GDP would be with an import tariff of 5% than other values as a

function of k/kss, that is, the capital stock per worker normalized by the steady-state
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capital stock per worker. For example, an economy with a capital-labor ratio of 40%

of the steady state capital stock per worker (here calibrated to be the U.S. steady state

capital stock per worker) would have 16,71% of GDP gains if it reduces tariffs from

75% to 5%.

From the model we know that once capital-labor ratio is in the third interval the

economy optimally chooses do not trade. Thus, in this interval import tariff does not

affect the final goods production choices, therefore does not affect total GDP. If the

normalized capital stock per worker is high enough (that is, capital-labor ratio is in

the third interval) then there is no gain at all in reduce tariffs only because in both

import tariff values (τ = 0.05 versus the comparison tariff) the economy is in the

third interval and chooses do not trade.

Figure 11: GDP ratio as a function of k/kss
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The static effect of tariff on GDP remains similar to the model with only one sector

Ferreira and Trejos (2006). The main difference are the magnitude of the total output

gains that are significantly higher in this model and existence of a peak. A potential

explanation is that when we have two final goods the substitution between them

is possible. Once import tariff declines from 75% to 5% the price of intermediate

good B decrease whereas the economy produces more consumption and investment

good. Additionally, the prices of both final goods increase with the decline of tariff
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levels as a general equilibrium effect, thus resulting in an increase in total GDP. What

is important here is that the economy does a better use of the productivity of each

final good sector as import tariff decrease relatively the one sector model.

The model predicts that how farther is the economy from its steady state capi-

tal stock per worker (capital-labor ratio next to zero) the higher would be the gains

from tariff reduction for all initial tariff values (25%, 50%, 75% and 100%). Also, the

model predicts a normalized capital stock per worker cutoff value from which the

gains from reducing the import tariff are equal whatever the initial import tariff. The

reason is that once the normalized capita-labor ratio is in the third interval (where,

in this case, is the steady state capital-labor ratio) different tariffs no longer translate

into different levels of final good production for those tariff values (25%, 50%, 75%

and 100%), although for 5% tariff value the same capital stock per worker is probably

in the first or second interval where lower tariffs imply higher GDP (recall that the

capital-labor ratios that define these intervals, s1 and x1 are decreasing in the import

tariff).

Figure 12: GDP as a function of k/kss
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The reason for the peak in the static effect of tariff is shown below. Figure 12,

shows GDP as a function of the normalized capital per worker. As can be seen as

capital per worker increase in the linear part of the GDP function, the GDP decreases.
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Thus as normalized capital stock per worker increases the gain from tariff reduction

increases significantly. Note that this figure is quite similar to the local zoom because

the steady state capital per worker is unique and belongs to the third interval (given

our parameter choices).

4 Concluding remarks

In this paper we extend Ferreira and Trejos (2006) dynamic Heckscher-Ohlin model

with trade policy by adding one final good that is exclusive for producing future cap-

ital stock of the economy. This allow us to study the impact of targeted trade policy

on production choices and patterns of trade. The model developed is in line with the

previous literature regarding the simplifying assumptions and also its results.

The results show that an increase in import tariff lead to a decrease in consump-

tion and investment good production for low and high levels of capital per worker,

although the economy does not always produce more consumption and investment

goods under free trade than in a closed setting. In other words, if tariff is upon capital

intensive intermediate good whose investment good is intensive, the economy will

produce less consumption and investment good (that is, less future capital stock)

even if the economy is poor.

Additionally, total GDP is not always higher under free trade than autarky. In fact,

there is a capital stock per worker cutoff from which total GDP is higher under free

trade when capital stock per worker is low and the opposite is true for high levels of

capital stock per worker. The quantification exercise shows that the gains from tar-

iff reductions are significant and around 16,71% of GDP gains if tariff changes from

75% to 5%, a reduction experienced for many Latin American countries in their trade

opening reforms.

The results suggest that even if tariffs do not affect steady state capital per worker,

as we assume here, we may have adverse effects in the equilibrium transition path. If

we could associate the Latin American countries (at the Import Substitution process

period) with the low capital per worker economies that impose import tariffs on cap-

ital intensive intermediate good the results suggest lower consumption and capital

accumulation in the transition.
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In addition, although GDP could be higher under autarky for high levels of capital,

present and future consumption (given by the investment good production) will be

lower. Hence, from the welfare point of view, measured by consumption, we may not

have the expected result of the policy.

For future research we may pursue an welfare analysis investigating how are the

generations in the transition path. We could investigate whether the results change if

we allow steady state varying with the presence of import tariff. Also, how the results

would change if we drop the small open economy assumption, that is, if the economy

could affect terms of trade.
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