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ABSTRACT 

Can Comparative Advantage Explain the Growth of US Trade?* 

We present a dynamic comparative advantage model in which moderate 
reductions in import tariffs can generate sizable increases in trade volumes 
over time. A fall in import tariffs has two effects on the volume of trade. First, 
for given factor endowments, it raises the degree of specialization of 
countries, leading to a larger volume of trade in the short run. Second, it raises 
the factor price of each country's abundant production factor, leading to 
diverging paths of relative factor endowments across countries and a rising 
degree of specialization. A simulation exercise shows that a fall in import 
tariffs over time produces a disproportional increase in the trade share of 
output as in the data. Even when elasticities of substitution are not particularly 
high, moderate reductions in trade barriers lead to large trade volumes over 
time. 
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1 Introduction

One of the most remarkable economic phenomena of the last 40 years is the large

increase of the world�s trade volume. International economists tend to agree about

lower import tari¤s being the natural explanation to this fact, since the second half

of the 20th century has been a period of worldwide trade liberalization. Figure 1

illustrates this idea by plotting the time paths of the world�s average import tari¤

and the US GDP share of its trade volume with non-OPEC countries for the period

1960-1997.1 While the former has fallen by almost a 50% (from 0:16 to 0:09), the

latter has almost trebled (from 0:06 to 0:18). Econometric evidence by Baier and

Bergstrand [2] also supports the idea that the reduction of tari¤s is by far the most

important contributor to the rise of the trade share in GDP.2

On the theoretical side, however, linking the fall of import tari¤s to the rise of

world trade does not seem to be such a trivial exercise. As Yi [50] points out, any

attempt to explain the growth of the world trade on the basis of falling trade bar-

riers with any of the standard trade models available in the literature (comparative

advantage, increasing returns, Armington assumption) is challenged by the mag-

nitudes of these variables. Generating a three-fold increase in the volume of trade

relative to GDP with just a 7 percentage-point fall of the average tari¤ requires

unrealistically high elasticities of substitution between goods.3 Besides, the rela-

tionship between import tari¤s and trade volume is far from being linear, as the

standard models would suggest. Figure 2 plots the US trade share in GDP against

the world�s average tari¤. Notice the increase in the volume of trade from the mid-

70s to the early 90s despite the approximately constant tari¤ over the same period.

Alternative explanations to the growth of world trade have not been entirely suc-

cessful at accounting for the increasing trade volume. Yi [50], for example, explains

these puzzles on the basis of vertical specialization only occurring after trade costs

have reached a critical value. However, as Yi himself acknowledges, his calibration

1The world�s average import tari¤ is based on tari¤s (i.e. import duties over imports) from 35
countries, both developed and developing. See Clemens and Williamson [9]. We are grateful to Je¤
Williamson for kindly sharing these data. Data on volumes of trade come from the IMF�s DOTS
database.

2�New trade�theory links increased similarity of countries�incomes to higher trade shares (see
Helpman [22]), but the empirical evidence in Baier and Bergstrand [2] and Hummels and Levinsohn
[26] does not seem to lend strong support to this view. Bergoeing and Kehoe [3] calibrate a �new
trade� theory model in the spirit of Helpman and Krugman [23] and Markusen [33], obtaining
mixed results about the ability of the model to match the impressive growth of intra-OECD trade
in the second half of the 20th century.

3Yi [50] calculates that standard trade models need an elasticity of above 10 or 13 for observed
tari¤ reductions to generate an increase of the trade share in GDP proportional to what we see in
the data. Estimated and calibrated elasticities are usually between 2 and 3.
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exercise cannot account for an important share of the observed increase in world

trade.

This paper goes back to comparative advantage to address these issues. We

pro�t from an obvious yet important consideration that has been ignored so far in

this context, namely that both trade liberalization and the growth of trade have

got a time dimension. We produce a model based on standard workhorses in the

areas of international trade (the Heckscher-Ohlin model) and economic growth (the

Ramsey model). We argue that a disproportional increase in the volume of trade in

the face of a moderate reduction in trade barriers over time is quite a natural fact

once one allows for a dynamic response on the factor accumulation side, even when

elasticities of substitution are low.

In a nutshell, the argument goes as follows: a fall in trade barriers has two e¤ects

on the volume of trade. First, for given relative factor endowments, it raises the

degree of specialization of countries, leading to a larger volume of trade in the short

run. Second, in a Stolper-Samuelson-like manner, it raises (lowers) the factor price

of each country�s abundant (scarce) production factor more than proportionally,

leading to diverging paths of relative factor endowments across countries and a rising

degree of specialization over time. This creates an additional e¤ect on the future

volume of trade that adds to the static and dynamic e¤ects of future reductions in

trade barriers. From a qualitative point of view, the observed sequence of reductions

in trade barriers over time brings about a disproportional response of the trade share

in GDP. From a quantitative perspective, the dynamic response of the export share

in GDP to trade liberalization when we allow for factor accumulation is three times

larger than in the static trade model.

Our assumption that specialization is driven by cross-country di¤erences in rel-

ative factor endowments is motivated by the empirical evidence: a recent stream of

research has highlighted the relevance of factor endowments for specialization and

trade. See, among other references, Davis and Weinstein [12], [13], [14], Romalis

[43], and Schott [44]. Notably, Davis and Weinstein [13] show that, against pop-

ular belief, factor endowments are quantitatively important even for North-North

trade. At the same time, this does not rule out other reasons for trade, such as

technological di¤erences, increasing returns, or vertical specialization. Any of these

elements could be combined with our stylized Heckscher-Ohlin model to provide a

more realistic view of international trade.

In fact, some of these elements may add to the mechanism we highlight, since

our theory rests on the more general principle that an increase in specialization may

reinforce the factors that lead countries to specialize initially. In our case, this is

2



achieved through the combination of factor price divergence in response to trade

liberalization (a feature of the Heckscher-Ohlin model) and factor accumulation as

a function of factor prices (i.e., the Ramsey model), which leads to the divergence of

factor endowment ratios. A Ricardian model with learning-by-doing driven technical

progress as in Lucas [30], for example, is likely to generate dynamic responses to

trade liberalization qualitatively similar to the ones our model produces. In this case,

specialization would enhance technical progress in the exporting industries, hence

reinforcing comparative advantage and the incentives to trade relative to import

tari¤s.

A sketch of the Heckscher-Ohlin model with many goods and trade costs that

we use can be found in Mundell [37]; Dornbusch et al. [17] provide an elegant for-

malization of the continuum of goods; Romalis [43] introduces trade costs into the

model. The combination of the neoclassical growth and Heckscher-Ohlin models

has got a long history in economic theory: Findlay [18], Oniki and Uzawa [39], and

Stiglitz [46], for example, are classics in this literature. Some recent references com-

paring neoclassical growth under autarky and free trade are Ventura [48], Atkeson

and Kehoe [1] and Cuñat and Ma¤ezzoli [11]. In comparison with these models,

we depart from the rather unrealistic autarky/free trade dichotomy by introducing

a trade friction that can change over time. This key feature enables us to uncover

some new insights on the e¤ects of trade integration when the latter takes place over

a long time span.

In more general terms, this paper adds to the literature that explores the role of

trade frictions in determining patterns of trade. The role of FDI in explaining the

link between trade and trade barriers, for example, has been studied by Horstman

and Makusen [25], Brainard [5], [6], Markusen and Venables [34], and Helpman,

Melitz and Yeaple [24]. The interaction between trade barriers and increasing re-

turns has also yielded a large literature; e.g., see Fujita, Krugman and Venables [19]

and references therein. Finally, our paper is also related to a growing literature that

studies how the presence of trade frictions in�uences a number of macroeconomic

issues, either on the nominal or the real side. See, for example, Obstfeld and Rogo¤

[38] and Ravn and Mazzenga [40].

The rest of the paper is structured as follows: Section 2 presents our analytical

setup, which is used in Section 3 to analyze the link between trade integration and

relative factor endowment divergence, and the e¤ects of the fall of trade costs over

time on the export share in GDP. Section 4 concludes.
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2 The Model4

This section presents the dynamic trade model we use for studying the long-run

e¤ects of trade liberalization and technical change. The dynamic component is a

standard Ramsey model, into which we integrate a Heckscher-Ohlin comparative

advantage framework.

2.1 Consumption and Capital Accumulation

Assume the world has two countries, Home and Foreign, denoted by j = H;F . Each

country is populated by a continuum of identical and in�nitely lived households, each

of measure zero, that can be aggregated into a single country-level representative

household. There are two internationally immobile factors, capital K and labor L.

For simplicity, we assume that the labor endowment does not respond to changes

in factor prices. Each country produces a nontraded �nal good, which is used for

both consumption C and investment I. The representative households�preferences

over consumption streams can be summarized by the following intertemporal utility

function:5

Ujt =
1X
s=t

�s�t
C
1� 1

�

js � 1
1� 1

�

; (1)

where � is the subjective intertemporal discount factor and � the elasticity of in-

tertemporal substitution. The representative households maximize equation (1) sub-

ject to the following intratemporal budget constraint

Pjt (Cjt + Ijt) = wjtLjt + rjtKjt + Tjt; (2)

where P is the price of the �nal good, r and w are factor prices, and T denotes

government transfers, to be discussed below. Factor prices are taken as given by

the representative household. The capital stocks evolve according to the following

accumulation equation:

Kjt+1 = (1� �)Kjt + Ijt: (3)

The �rst order conditions

�C
� 1
�

jt+1

�
rjt+1
Pjt+1

+ 1� �
�
= C

� 1
�

jt ; (4)

Kjt+1 =
wjt
Pjt
Lj +

�
rjt
Pjt

+ 1� �
�
Kjt +

Tjt
Pjt

� Cjt; (5)

4A detailed Technical Appendix is available from the authors upon request.
5In general, we denote aggregate variables with capital letters.
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and the usual transversality conditions are necessary and su¢ cient for the represen-

tative household�s problem. A recursive competitive equilibrium for this economy

is characterized by equations (4)-(5) and the equations that characterize the static

trade equilibrium.

2.2 Static Trade Equilibrium

Assume all markets are competitive. The �nal good is produced with a continuum

of intermediates z 2 [0; 1], with the following Cobb-Douglas production function:

Yj = � exp

�Z 1

0

lnxj (z) dz

�
; (6)

where xj (z) denotes the quantity of intermediate good z used in the production of

the �nal good Yj in country j, and � is a positive constant.6 Demand for intermediate

goods is given by xj (z) =
PjYj
pj(z)

, where Pj is the aggregate price index

Pj = �
�1 exp

�Z 1

0

ln pj (z) dz

�
: (7)

Intermediate goods are produced using capital and labor with the following Cobb-

Douglas technologies:

yj (z) = �jkj (z)
z lj (z)

1�z ; (8)

where yj (z) denotes the quantity of intermediate good z produced in country j;

�j denotes country-speci�c factor e¢ ciency levels;
7 and kj (z) and lj (z) denote, re-

spectively, the capital and labor allocated to the production of intermediate good z

in country j. Capital-labor intensities are increasing in z. Technologies are identi-

cal across countries, but for the exogenous factor augmenting coe¢ cients �j. The

assumption of unitary elasticities is meant to show how our model�s dynamic di-

mension can lead to large long-run trade volumes even when we �cripple�the static

model�s ability to do so.8

In contrast with the �nal good, intermediate goods can be traded. Trade in

intermediates, however, is not frictionless: we assume that governments levy an ad

valorem tari¤ m > 0 on imports. The tari¤ is assumed to be equal across goods

6� is just used for normalization purposes and plays no major role in the model.
7Given our �Cobb-Douglas� speci�cation, the factor e¢ ciency levels �j can be interpreted as

Hicks-neutral technology parameters assumed to be equal across sectors. We favor an alternative
interpretation, inspired by Tre�er [47], which considers �j as the e¢ ciency level of capital and
labour in each country.

8The assumption that each sector�s capital share equals its index (� (z) = z) is admittedly
strong, but very helpful to solve the model.
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and countries. We assume that governments transfer tari¤ revenue T to domestic

consumers in a lump-sum fashion.

Let us assume KH=LH > KF=LF , so that Home (Foreign) has a comparative

advantage in capital-intensive (labor-intensive) goods. In general, the model�s equi-

librium is characterized by a range of very capital-intensive goods and a range of

very labor-intensive goods produced exclusively by Home and Foreign, respectively;

a range of nontraded goods produced by both countries; and factor prices such that

wH=rH > wF=rF . We choose pF (0) = 1 as the numeraire. Given �j, Kj, Lj, and

� � 1+m, the unknowns of the model are wj, rj, Pj, and zj. The two cut-o¤ values
zH , zF , 0 � zH < zF � 1, divide the range [0; 1] in the three ranges mentioned above
(see Figure 3):

1. For z 2 [0; zH), z is produced exclusively by Foreign, and exported to Home.
Therefore pH (z) = �pF (z), and pF (z) = ��1F Z (z) r

z
Fw

1�z
F , where Z(z) =

z�z (1� z)z�1. Market clearing implies yH(z) = 0, and pF (z) yF (z) = PHYH
�

+

PFYF .

2. For z 2 [zH ; zF ], z is produced in both Home and Foreign, and nontraded.
Therefore pj (z) = ��1j Z (z) r

z
jw

1�z
j . Market clearing implies pj (z) yj(z) =

PjYj.

3. For z 2 (zF ; 1], z is produced exclusively by Home, and exported to Foreign.
Therefore pH (z) = ��1H Z (z) r

z
Hw

1�z
H , and pF (z) = �pH (z). Market clearing

implies pH(z)yH(z) = PHYH + PFYF
�
, and yF (z) = 0.

We can solve for the unknowns from the de�nition of Pj and the following system

of equations:9

1. Factor market clearing conditions:Z 1

0

@��1j Z (z) r
z
jw

1�z
j

@w
yj (z) dz = Lj; (9)Z 1

0

@��1j Z (z) r
z
jw

1�z
j

@r
yj (z) dz = Kj: (10)

2. Marginal commodity conditions:

��1j Z (zj) r
z
jw

1�z
j = ���1�jZ (zj) r

z
�jw

1�z
�j : (11)

9By Walras Law, one of these conditions is redundant.
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Given factor prices, the marginal commodity conditions imply there is a range

of commodities that are not worth shipping from one country to another de-

spite comparative advantage. This is due to the price wedge the trade cost

introduces between countries.

3. Numeraire:

pF (0) = 1 = �
�1
F wF : (12)

If (KH=LH) = (KF=LF ) is �too small�relative to � , countries will not trade and

the equilibrium will be like under autarky, with zH = 0 and zF = 1. In this case,

from the factor and good market clearing conditions,

waj
raj
=
Kj

Lj
; (13)

where the index a distinguishes autarky equilibrium prices from trade equilibrium

prices. For the autarky equilibrium to be sustainable, it must be true that at autarky

prices transport costs make it pointless to ship goods across countries. That is, the

marginal commodity conditions implied by equation (11) must not hold for z 2 (0; 1):

��1F r
a
F � ���1H r

a
H ; (14)

��1H w
a
H � ���1F w

a
F : (15)

Thus, if (waH=r
a
H) = (w

a
F=r

a
F ) = (KH=LH) = (KF=LF ) � � 2, autarky will take place.

If, on the other hand, (KH=LH) = (KF=LF ) > � 2, autarky will not be sustainable

and countries will trade.

2.3 Steady State

Under the assumption that countries trade, we can combine the marginal commodity

conditions with the expressions for the price levels to obtain, after some tedious

manipulation,
rH=PH
rF=PF

=
�H
�F
�
z2H�z2F+2(zF�1)

zF�zH : (16)

It is easy to see that z
2
H�z2F+2(zF�1)

zF�zH < 0. Thus, for KH=LH > KF=LF and �H = �F ,

rH=PH < rF=PF . Given the assumption that � and � are equal across countries, the

steady state is characterized by the same interest rate for both of them: rj=Pj =

r=P � 1
�
� 1 + �. Hence, the model cannot yield a steady state in which countries

trade, if technologies are identical across countries. Since we want to depart from

the autarky-vs-free trade thought experiment, let us impose enough structure so

7



as to have an initial steady state with some trade. Assume �H > �F .
10 Then

rH=PH = rF=PF if

�
z2H�z2F+2(zF�1)

zF�zH =
�F
�H
: (17)

Thus, provided �H > �F , we may �nd a steady state in which countries trade.
11 The

system of equilibrium equations and the condition rH=PH = rF=PF can be solved

numerically for KH , KF , zH , and zF . A similar procedure enables us to solve for

the �j�s that generate a particular steady-state distribution of capital stocks such

that KH=LH > �
2KF=LF .

2.4 Solution Procedure

The recursive structure of our problem guarantees that the solution can be repre-

sented as a couple of time-invariant policy functions expressing the optimal level of

consumption in each country as a function of the two state variables, KH and KF .

These policy functions have to satisfy the following functional equations:

�Cj (K
0
H ; K

0
F )
� 1
�
�
r0j=P

0
j + 1� �

�
= Cj (KH ; KF )

� 1
� ; (18)

whereK 0
j = [(wj=Pj)Lj + (1� � + rj=Pj)Kj + Tj=Pj � Cj (KH ; KF )]. wj=Pj, rj=Pj

and Tj=Pj are obtained by numerically solving the appropriate equilibrium condi-

tions.12 The policy functions must generate stationary time series in order to satisfy

the transversality conditions. To solve equation (18) numerically, we apply the Or-

thogonal Collocation projection method described in Judd [27].

We choose parameter values that yield an initial steady state in which Home�s

trade share in GDP and the import tari¤ m approximate, respectively, the US

trade share (0:06) and the world average import tari¤ (0:17). Following Cooley

and Prescott [10], we set � = 1, � = 0:96 and � = 0:048 - standard values in the

10A large literature on cross-country comparison of TFP levels, summarized in Caselli [7], pro-
vides empirical evidence that supporting the existence of international di¤erences in TFP levels.
11Note that we introduce cross-country di¤erences in TFP levels only to guarantee the existence

of international trade in steady state: the actual trade �ows are generated by the induced di¤erences
in relative factor endowments. Hence, if TFP levels were equal across countries, trade could
nonetheless emerge during converge towards the steady state. There are other ways to generate
di¤erent steady-state capital-labor ratios. E.g., one can assume that the investment good may have
a di¤erent price relative to the consumption good across countries. In terms of the intratemporal
budget constraint,

Pjt
�
Cjt + jIjt

�
= wjtLjt + rjtKjt;

where  > 0. Cross-country di¤erences in  may be justi�ed in terms of taxation, institutions, etc.
Another possibility is to assume di¤erences in discount factors, as in Stiglitz [46].
12It is easy to show that tari¤ revenue is given by TH = m

� zHPHYH and TF =
m
� (1� zF )PFYF .
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quantitative macroeconomics literature which implicitly assume that the unit time

period is a year. We assume LH + LF = 2. We choose � = 0:15, which implies an

autarky steady-state world capital stock �K = 2 when �j = 1. We �x � 0 = 1:17

and numerically solve for the �j�s that yield a trade share in GDP equal to 0:06

for Home. The resulting coe¢ cients are �H = 1:09 and �F = 0:93, which imply
�KH + �KF = 2, and

�
�KH=LH

�
=
�
�KF=LF

�
= 1:88 > � 20. (We choose a symmetric

situation such that �KH = LF and �KF = LH .)

3 Results

3.1 Trade Liberalization and Factor Accumulation

To study the e¤ects of a reduction in trade barriers, we assume the world is in the

steady state described above, and let � fall to � 1 = 1:16 suddenly and permanently.

Figure 4 displays the time paths of real per-capita income, consumption, investment,

and capital for both countries, as percentage deviations from the original steady

state. (The �rst ten years correspond to the original steady state.) On impact,

income per capita increases by 0:03 percentage points at Home and by 0:04 points in

Foreign.13 This e¤ect is due to the static gains from trade integration, which reduces

the price wedge between countries. Countries can now exploit their comparative

advantages better for given factor endowments. That is, both Home and Foreign

�nd it optimal to reduce the range of goods they produce and exchange a wider

range of commodities. This enables both of them to �consume�more intermediate

goods and thus produce more of the �nal good.

The static e¤ect is quite small in comparison with the long-run e¤ect, since the

dynamics leads to a remarkable process of long-run divergence in capital-labor ratios.

To understand the mechanics of the exercise, let us look at the time path of factor

prices in terms of the �nal good in Figure 5. Notice that right after the fall in �

interest rates diverge, rising in country H and falling in country F . This raises the

incentive to delay consumption and accumulate capital in country H, whereas the

opposite happens in country F . This is what causes the initial upward (downward)

jump of investment, and the initial downward (upward) jump of consumption in

country H (country F ).14

Why do the interest rates of countries H and F change in di¤erent directions

13The static e¤ect is so small that it cannot be read o¤ Figure 4.
14The cross-country interest rate di¤erential is very small, (never greater than 0:08 percentage

points): the presence of moderate transaction costs might therefore be enough to prevent interna-
tional capital �ows.
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after a fall in �? Home ceases to produce the most labor-intensive goods it used to

produce, since they become cheaper to import from Foreign. This implies capital and

labor need to be reallocated from labor-intensive towards capital-intensive goods. In

this case, full employment requires the use of lower capital-labor intensities, which

imply a higher marginal productivity of capital, and thus a higher rH . A symmetric

argument leads to a lower rF . Figure 6 shows that the range of non-traded goods

shrinks immediately after the fall in � : zF falls, i.e. country F ceases to produce

its most capital-intensive goods, and zH rises, i.e. country H stops producing its

most labor-intensive goods.15 Notice that both countries�shares of trade in income,

VH = 2zH=� and VF = 2 (1� zF ) =� , increase.
Notice that the initial reaction of factor prices to trade liberalization is more

than proportional relative to the reduction in � . Let us consider country H: after

a fall in � , the prices of the most capital intensive goods produced by country H

rise relative to the prices of the most labor intensive goods it produces. This can

be understood as due to higher world demand for the former and a lower level of

protection for the latter. Competitive cost conditions imply that the change in the

price of each good produced by a country is an average of changes in the countries�

factor prices. Thus, country H�s return to capital (wage) must rise (fall) by more

than pH (z), z 2 (zF ; 1].16 A symmetric argument can be made for country F .
The di¤erent reaction of interest rates implies that investment increases in coun-

try H and decreases in country F . Home (Foreign) raises (reduces) its capital-labor

ratio and drives the interest rate back to its steady-state level over time. This leads

to an increasing di¤erence in their capital-labor ratios, and reinforces their respec-

tive patterns of comparative advantage, reducing the range of nontraded goods even

more, and raising the share of trade in GDP. In fact, the dynamic response of the

two countries�trade volumes is much larger than the static one. For example, 50

years after the fall in � , the increase in the trade share is more than double as large

as the short-run (static) increase.

It is worth noting that both countries gain from trade integration in terms of

welfare. A comparison of their utility levels with and without the fall in the import

tari¤ shows that both countries achieve a higher level of utility in the new scenario.

Although the long-run income per capita level of Foreign falls, the fact that it

can attain a higher level of consumption in the �rst periods after the change in �

compensates for the discounted long-run losses in consumption. On the other hand,

15Kehoe and Ruhl [32] show that actual episodes of trade liberalizations increased trade along
both the intensive (more trade in the same goods) and the extensive margins (trade in new goods).
This empirical evidence is in line with our model�s predictions.
16This argument is similar in spirit to the Stolper-Samuelson Theorem.
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Home experiences an initial fall in consumption, but is more than compensated by

the discounted future gains.

In the model, divergence in factor endowment ratios is accompanied by income

per capita divergence, which seems to be at odds with recent empirical evidence on

the e¤ects of trade liberalization on economic growth by Dollar and Kraay [15].17

Two remarks are opportune here. First, trade liberalization generates income con-

vergence in the short run (on impact) due to the countries�di¤erent sizes: the static

gains from trade liberalization are larger in the smaller country, which experiences

larger changes in prices. Second, the result on long-run income and consumption

divergence depends crucially on the assumption that one of the two factors is not

accumulable. A similar model with two accumulable factors (say two types of cap-

ital) would predict diverging relative factor endowments and growing volumes of

trade over time, but not necessarily cross-country income per capita divergence.

Trade liberalization would produce a factor price di¤erential in favor of each coun-

try�s relatively abundant factor. Within each country, therefore, investment would

be reallocated towards the abundant factor, exacerbating cross-country relative fac-

tor endowment di¤erences. Whether such a model predicts income convergence or

divergence depends, among other things, on the relative sizes of countries (which

a¤ects the response of factor prices to trade liberalization) and the relative costs of

the two types of investment goods.

3.2 A Fall in Import Tari¤s over Time

Yi [50] argues that the growth of the trade share in GDP is hard to explain by

standard trade models on the basis of falling trade barriers, since these have not

decreased that much over the same time period. The discussion in the previous

section suggests that a large increase in the volume of trade in the face of a protracted

reduction in trade barriers is quite a natural fact once one takes into account the

dynamic response on the factor accumulation side. In our model, a fall in trade costs

raises the volume of trade immediately, but also leads to diverging paths of relative

factor endowments through its e¤ect on factor prices. This creates an additional

e¤ect on the future volume of trade, that adds to the static e¤ect of subsequent

reductions in trade barriers.

We perform a simulation exercise with our dynamic trade model to illustrate this

17We must note here that the empirical evidence on the trade-growth link is far from being con-
clusive. See, for example, the discussion of Dollar and Kraay [15] in Rodrik [42], the critical review
of this literature by Rodríguez and Rodrik [41], or the more general discussion in Milanovic [35].
One can even �nd empirical papers that claim a negative relationship between trade liberalization
and income convergence, such as Slaughter [45].
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argument. We feed the time path of the world average import tari¤ into our model,

and compare the predicted time paths for the Home�s trade share in GDP with that

of the US. For this purpose, however, we �rst have to decide whether the fall in the

trade cost over time is unexpected or anticipated. This is a matter of relevance,

given that permanent changes in the trade cost lead to changes in steady states. We

assume that trade liberalization is a decision about the future path of � , which is

made at time 0 and is known by economic agents. The process that determines the

time path of � after trade liberalization is agreed is assumed to be

� t+1 = (1� �) �� + �� t + et+1; (19)

where �� denotes the long-run value for � , and e is an error term.18 Given the observed

time path for � , we use nonlinear least squares to estimate � (�̂ = 0:96) and ��

(�� = 1:08). The model �ts remarkably well: all coe¢ cients are highly signi�cant.19

These estimates and equation (19) enable us to obtain the �expected� time path

�̂ . Any di¤erences between the expected and observed time paths are treated as

unexpected changes in the trade cost.20

This assumption is admittedly extreme: it requires a lot of farsightedness. There-

fore, we compare the corresponding results with simulations based on less stringent

assumptions. In particular, we provide two alternative scenarios: one in which the

capital endowments do not respond at all to changes in � - in other words, we con-

sider a sequence of static HO models - and one in which the variations in � are

treated as unexpected permanent changes, so that after each decrease the repre-

sentative households expect � to remain constant from that point onwards. Hence,

we are actually solving our model under two extreme assumptions about the infor-

mation set available to our representative agents: in the �rst case, we assume that

from the very beginning of the transition the agents were able to forecast the future

path of � (but for some unexpected shocks); in the second case, we assume that our

18A gradual fall in � seems to correspond to historical experience better. Governments tend to
liberalize slowly over time, due probably to political reasons.
19The p-values for the standard t-tests, calculated using the Newey-West HAC estimator of the

residuals�variance-covariance matrix, are almost zero. The adjusted R2 is 0:88. The Jarque-Brera
test generates a p-value equal to 0:11: the null hypothesis of normal distributed residuals cannot
be rejected. Furthermore, the Breusch-Godfrey serial correlation LM test (two lags included)
generates a p-value equal to 0:58 so that also the null hypothesis of serial uncorrelation cannot
be rejected. Finally, the White F -test for heteroschedasticity (cross terms included) generates a
p-value equal to 0:45: also the null hypothesis of homoschedasticity cannot be rejected.
20More formally, we treat � as an exogenous state variable that evolves according to (19), and

solve the model under a certainty equivalence assumption. The representative agents know the law
of motion that governs the evolution of � , and forecast the future value of � from �̂ 0 = (1� �) ��+�� ;
the errors e = �̂ � � are treated as unexpected permanent shocks to � .
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agents are unable to draw any inference about the future path of � by observing its

current dynamics. It is left to the reader to take a stance on which approach (or

convex combination of the two) is empirically more sensible.

To perform our experiment, we assume that the world is in the steady state

associated with � 0 = 1:17 and
�
�KH=LH

�
=
�
�KF=LF

�
= 1:88, which implies a trade

share in GDP equal to 0:06 for Home, and that at time 0 a trade liberalization

agreement is reached, whereby the future time path of � is determined according to

equation (19). Figure 7 plots the actual (solid line) and predicted (dotted line) time

paths of the US trade share in GDP. Our simulation approximates the actual time

path for the US trade share very accurately. The predicted export share rises over

time due to both the change in the long-run value �� and to the variation in � t. The

fall in �� implies a change in the steady states of countries, and therefore triggers a

process of long-run relative factor endowment divergence. The successive reductions

in � t cause a sequence of increases in the trade share (through both the static and

dynamic mechanisms discussed in the previous section) that build upon the e¤ect

generated by the change in steady states. Notice that during the period 1975-1990,

the volume of trade rises in spite of � being roughly constant. This is due to the

divergence in relative factor endowments triggered by the liberalization process.

To show the extent to which the trade share in GDP is responding to the dynam-

ics triggered by trade integration, Figure 7 also reports the predicted trade share in

GDP when we keep factor endowments constant at their initial levels (dotted line).

In this case, the response of the trade share to the fall in the trade cost is much

weaker: the trade share in GDP rises by 0:04, whereas in the factor accumulation

case it rises by almost three times as much. Figure 7 also reports the trade share

predicted by the dynamic model under the assumption that the whole time path of

� is unexpected (dash-dotted line), i.e. when � = 1 in equation (19). Its qualitative

behavior is quite similar to that obtained under �̂ = 0:96. The predicted time path

of the export share generated with � = 1 also displays an increasing trend. The

mechanism here is less powerful than above, given that the reduction in �� is not

anticipated by agents. However, the cumulative e¤ect of the successive reductions

in � t still applies.

Figure 8 revisits the relationship between the import tari¤ and the trade vol-

ume we explored in Figure 2, which we copy in the top-left panel of 8. The other

three panels plot the results of our three simulations. Notice that the static model

(bottom-right panel) displays a linear relationship between the import tari¤ and the

trade share. Our dynamic model reproduces instead the pattern observed in the

data. Again, the simulation under the assumption that the whole time path of the
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import tari¤ is known from the very beginning (top-right panel) produces a larger

response than the simulation in which agents are assumed to learn slowly about the

time path of the tari¤ (bottom-left panel).

3.2.1 Robustness

The e¤ect of trade liberalization on trade volumes depends on the reaction of factor

prices to changes in � , as well as on the dynamic responses triggered by these changes.

In what follows we discuss how departures from our benchmark model above a¤ect

the theory�s predictions.

The elasticity of intertemporal substitution Any change in parameters

that a¤ect the pace of capital accumulation, like the elasticity of intertemporal sub-

stitution �, or the subjective discount factor �, would in�uence the trade volume

dynamics through the evolution of relative capital-labor ratios. Figure 9, for in-

stance, compares the observed US trade share with two simulated trade shares for

the North under alternative values for �. (We assume the perfect foresight scenario

discussed above, and keep all other parameter values constant.)

Not surprisingly, a higher elasticity of intertemporal substitution (� = 1:5) en-

hances the model�s dynamic response to changes in � ; the opposite happens when

the elasticity is low (� = 0:5). Our baseline parameterization, following Cooley

and Prescott [10], sets � to unity. This assumption is in line with a long stand-

ing tradition in quantitative macroeconomics, going back to Kydland and Prescott

[28], Weil [49], and Lucas [30]. Recent empirical evidence by Mulligan [36] seems to

corroborate this view.21

The elasticity of substitution between intermediate goods Our choice

of unitary elasticities in equation (6) was meant to make the case that one need

not assume large elasticities of substitution to make a conventional model yield

large increases in trade volumes after trade liberalization episodes, provided the

dynamics are taken into account. Needless to say, a higher elasticity of substitution

here would reduce the e¤ect of a fall in � on factor price divergence, as smaller

price e¤ects would generate the changes in quantities required to reestablish market

equilibrium. This would in turn reduce the dynamic response of the volume of trade.

However, this would be compensated by an increase in the size of the static e¤ect, as

21Mulligan [36] uses the US after-tax return on capital instead of the usual return on commercial
papers, and estimates � equal to 1.13, with a 95-percent con�dence interval ranging form 0.6 to
1.7. Another strand of the empirical literature, originating in Hall [21], typically �nds a low (close
to zero) value for the elasticity. Guvenen [20] is a recent attempt to reconcile the two approaches.
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shown by Yi [50]. Thus, regarding the size of the elasticity of substitution between

goods, the static and dynamic responses to trade liberalization are substitutes: the

higher the elasticity, the larger the importance of the static e¤ect relative to the

dynamic e¤ect

The elasticity of substitution between capital and labor Similarly, a

sectoral elasticity of substitution between capital and labor larger (smaller) than

one would mitigate (enhance) the response of factor prices to trade liberalization:

production factors would be better (worse) substitutes and the excesses of factor

demand and supply generated by a fall in � would thus be easy (di¢ cult) to clear

with small factor price changes. The empirical evidence on factor substitution elas-

ticities suggests they are in the neighborhood of 1 (see Lucas [29] and Berndt [4])

or below 1 (see Chirinko, Fazzari and Meyer [8]).

Capital mobility Given that the mechanics of our model relies on the reaction

of capital accumulation to the divergence in rental rates generated by trade liberal-

ization, allowing for international �nancial �ows would speed up the cross-country

divergence in relative capital endowments: trade liberalization would increases the

rental rate on capital in the capital abundant country and decreases it in the capital

scarce country, encouraging the migration of capital towards the former. However, as

already noted in footnote 14, p. 9, the cross-country rental rate di¤erential induced

by a fall in the import tari¤ seems extremely small.

Take as an example this Section�s perfect foresight model. Figure 10 plots the

resulting rental rate di¤erential, which remains below 0:6 percentage points. In a

world characterized by small adjustment costs or frictions to international capital

�ows, it is unlikely that trade liberalizations per se would generate quantitatively

relevant international capital �ows.

Trade barriers Needless to say, our measure of � is rather crude, since we

ignore other types of policy-induced trade barriers and trade frictions (such as trans-

port costs). However, additional simulations (not reported in the paper) show that

the model produces similar tari¤ elasticities of the trade share regardless of the

initial level of the tari¤. For calibration purposes, this means that the model can

produce results similar to the ones we report for di¤erent levels of � , provided the

proportional change in � is similar. One only has to recalibrate �F and �H so as to

generate the correct initial trade volume.
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4 Concluding Remarks

The standard static trade model cannot produce a large e¤ect of trade liberaliza-

tion on the volume of trade without unrealistically high elasticities of substitution.

However, a dynamic version of the same model (with unitary elasticities) is enough

to achieve this goal. Our model is very stylized in a number of ways (just two

countries, only one accumulable factor, no technical di¤erences across countries, no

technical progress, no intra-industry trade,...), and encourages extensions in sev-

eral directions to better understand the growth of world trade and the dynamics of

particular countries.
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Figure 1: Average import tari¤and US GDP share of volume of trade. (Time paths)

1.08 1.1 1.12 1.14 1.16 1.18
0.06

0.08

0.1

0.12

0.14

0.16

0.18
US trade volume vs. tariffs

Tr
ad

e/
G

D
P

Average tariff

606162636465
6667

68 69
7071

72

73

74

7576 77

78

79

80
81

82

83

84
85 86

87

88
899091
92

93

94

9596

97

Figure 2: Average import tari¤ and US GDP share of volume of trade.
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Figure 3: Equilibrium trade pattern
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22



0 50 100 150 200
0.06

0.04

0.02

0

0.02

0.04
Interest rate

D
ev

ia
tio

n 
%

0 50 100 150 200
0.4

0.2

0

0.2

0.4

0.6
Wage rate

%
 d

ev
ia

tio
n

0 50 100 150 200
0

0.02

0.04

0.06

0.08

D
iff

. (
r N

r
S

)%

Years
0 50 100 150 200

40.8

41

41.2

41.4

41.6

41.8

42

42.2

D
iff

. (
w N

w
S
)/w

S
%

Years

Home
Foreign

Figure 5: Factor prices (deviations and di¤erentials).

0 50 100 150 200
6

7

8

9

10

11

12
Total trade share %

Le
ve

l

0 50 100 150 200
0

0.2

0.4

0.6

0.8

1
Specialization pattern

Le
ve

l

0 50 100 150 200
0

1

2

3

4

5

D
ev

ia
tio

n

Years
0 50 100 150 200

0.03

0.02

0.01

0

0.01

0.02

D
ev

ia
tio

n

Years

Home
Foreign

zF
zH

Figure 6: Trade shares and specialization (levels and deviations).

23



1960 1965 1970 1975 1980 1985 1990 1995
0.06

0.08

0.1

0.12

0.14

0.16

0.18
Trade volume (US vs. RoW no OPEC)

T
ra

de
/G

D
P

Years

US data
Expected
Unexpected
Static
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Figure 8: Trade integration and the US trade share. (2)
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Figure 9: The elasticity of intertemporal substitution
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Figure 10: Interest rate di¤erentials
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