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Abstract

In the 25th anniversary issue of the Brookings Papers on Economic Activity, Paul
Krugman [Krugman, P., 1995. Growing world trade: Causes and consequences. Brookings
Papers on Economic Activity (1), 327–377] stated that the answer to the fundamental
question ‘‘Why has world trade grown?’’ remains surprisingly disputed. He noted that
journalistic discussion tends to view the growth of world trade as due to technology-led
declines in transportation costs, while economists argue that policy-led multilateral and
bilateral trade liberalization has spurred this growth. A third potential explanation raised by
Elhanan Helpman [Helpman, E., 1987. Imperfect competition and international trade:
Evidence from fourteen industrial countries. Journal of the Japanese and International
Economies 1 (1) 62–81] and Hummels and Levinsohn (1995) [Hummels, D., Levinsohn, J.,
1995. Monopolistic competition and international trade: Reconsidering the evidence.
Quarterly Journal of Economics 110 (3) 799–836] is increased similarity of countries’
incomes. The purpose of this study is to disentangle from one another (and from income
growth) the relative effects of transport-cost reductions, tariff liberalization, and income
convergence on the growth of world trade among several OECD countries between the late
1950s and the late 1980s. In the context of the model, the empirical results suggest that
income growth explains about 67%, tariff-rate reductions about 25%, transport-cost declines
about 8%, and income convergence virtually none of the average world trade growth of our
post World War II sample.  2001 Elsevier Science B.V. All rights reserved.
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1. Introduction

In the 25th anniversary issue of the Brookings Papers on Economic Activity,
which focused on international economic issues, Krugman (1995) asked two very
fundamental questions: Why has world trade grown, and what are the conse-
quences of that growth? Both topics, he claimed, are surprisingly disputed.
Regarding the first question, he noted that:

Most journalistic discussion of the growth of world trade seems to view
growing integration as driven by a technological imperative – to believe that
improvements in transportation and communication technology constitute an
irresistible force dissolving national boundaries. International economists,
however, tend to view much, though not all, of the growth of trade as having
essentially political causes, seeing its great expansion after World War II
largely as a result of the removal of the protectionist measures that had
constricted world markets since 1913 (p. 328).

With one of the leading international economists of our time raising this
disputed issue to the fore, an empirical examination of the predominant sources of
postwar growth of world trade seems warranted.

In the spirit of Krugman’s article, Feenstra (1998) suggests four possible factors
to explain the growth of world trade. Like Krugman, he notes the two sources that
‘come to mind immediately’ are trade liberalization and falling transportation
costs. A third possible explanation is that trade has grown because economies have
converged in economic size, as suggested in Helpman (1987) and Hummels and
Levinsohn (1995). A fourth possibility is increased outsourcing; as the production
process ‘disintegrates’ internationally and multinational firms become more
vertically specialized, intermediate goods cross borders multiple times increasing
world trade relative to output.

The primary purpose of this study is to disentangle from one another the relative
empirical contributions of transport-cost reductions, trade liberalization, income
convergence, and income growth to the expansion of world trade in the post WWII

1period. We hope to provide a benchmark for the cross-sectional determinants of

1The possible role of increased vertical specialization is beyond the scope of this paper as the
theoretical foundation for our empirical work is a standard trade model in final goods. See Hummels et
al. (1998) and Feenstra (1998) on the role of increased vertical specialization.
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2trade growth. The methodology employs the gravity equation, which Bayoumi
and Eichengreen (1997) termed the ‘workhorse for empirical studies of the pattern
of trade’ (p. 142) and Rauch (1999) noted is the ‘standard empirical framework
used to predict how countries match up in international trade’ (p. 10).

In the context of Krugman’s quote, the conclusion for the impatient reader is an
interesting one: while neither side can take full credit, economists have the edge!
In the context of our theoretical model, tariff-rate reductions have had roughly
three times the impact upon the growth of world trade as transport-cost declines,
other factors held constant. The remainder of this paper is as follows. Section 2
describes the empirical methodology used and the analytical justification for its
use. Section 3 discusses econometric issues. Section 4 describes the data. Section 5
provides the empirical results on the relative economic impacts of transport-cost
declines, tariff reductions, income convergence, and income growth on the
enlargement of world trade among OECD countries based upon a reduced-form
equation from a standard general equilibrium model of international trade in final
goods and using bilateral trade flows. Section 6 concludes.

2. Methodological issues

As noted by Eichengreen and Irwin (1995), ‘a standard framework for
investigating the pattern of trade is the gravity model, which relates the value of
bilateral flows to national income, population, distance, and contiguity’ (p. 8). The
empirical success of the gravity model for explaining and predicting cross-
sectional international trade pattern levels is well documented and has a rich
history beginning with Nobel laureate Jan Tinbergen (1962); see Baldwin (1994);
Oguledo and MacPhee (1994); Frankel (1997, Ch. 4), and Deardorff (1998) for

3useful surveys. The gravity equation is a log-linear cross-sectional specification,
relating the nominal bilateral trade flow from exporter i to importer j in any year
(PX ) to the exporting and importing countries’ nominal gross domestic productsij

(GDP and GDP , respectively), distance between their economic centers (D ), andi j ij

2This is not, of course, the first paper to examine empirically the sources of post-WWII trade growth.
Rose (1991) examines numerous factors in a reduced-form regression to explain trade growth among
14 countries. For the small economies, he finds that changing industrial structure and tariffs, but not
transport costs, have contributed to the growth of trade (relative to output). However, Rose uncovers no
significant trade growth determinants for large economies. Rose’s empirical findings are not addressed
though in the context of an explicit general equilibrium model. Also, Bayoumi and Eichengreen (1997)
examine the effects of the creation of preferential trade agreements on the growth in bilateral trade
flows.

3Work by Tinbergen developed from early foundations established in Walter Isard (1954a,b).



4 S.L. Baier, J.H. Bergstrand / Journal of International Economics 53 (2001) 1 –27

typically an array of dummy variables reflecting the presence or absence of a
preferential trading agreement (PTA ) or of a common land border (A ). Theij ij

basic gravity equation has the econometric specification:

b 1 b 2 b 3 b 4(PTAij ) b 5(Aij )PX 5 b (GDP ) (GDP ) (D ) e e ´ (1)ij 0 i j ij ij

where e is the natural logarithm base and ´ is a log-normally distributed errorij

term.
Empirical investigations in international trade using the gravity equation

typically note that formal theoretical foundations for the model have been provided
in Anderson (1979), Krugman (1979), Helpman and Krugman (1985), and

4Bergstrand (1985, 1989, 1990), and are now well established. In these studies, the
gravity equation is derived theoretically as a reduced form from a general
equilibrium model of international trade in final goods. Exporter and importer
GDPs can be interpreted in these models as the production and absorption
capacities of the exporting and importing countries, respectively. Bilateral distance
between the two countries is generally associated with transportation costs; more

5distance suggests greater transit costs.
These papers are usually offered as theoretical substitutes; choose your preferred

set of assumptions and model. We provide a brief discussion to show that these
theoretical foundations are complementary, each a special case of a more general
model. We use this framework to motivate a simple novel econometric spe-
cification to estimate the relative contributions of income growth, income
convergence, trade liberalization, and transport-cost declines for explaining the
growth of world trade.

2.1. Theories without tariffs, transportation costs, and distribution costs

Anderson (1979) provided a formal theoretical foundation for the gravity
equation based upon the properties of expenditure systems. Assuming that each
country specializes completely in the production of its own good, there is one good
for each country and assume its price is normalized to unity. Assuming identical
homothetic preferences, the volume of trade from country i to country j (X ) canij

be represented by:

X 5u Y (2a)ij i j

4Baldwin (1994) noted that, ‘The gravity model used to have a poor reputation among reputable
economists. Starting with Wang and Winters (1991), it has come back into fashion. One problem that
lowered its respectability was its oft-asserted lack of theoretical foundations. In contrast to popular
belief, it does have such foundations . . .’ (p. 82).

5As many authors have noted, the ‘costs’ of distance may extend well beyond freight charges,
including cultural dissimilarities and other barriers measured with difficulty (cf., Anderson and
Marcouiller, 1999). Thus, while distance has always been an important variable in gravity equations,
authors have never been sure exactly what ‘costs’ distance represents.
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or

u 5 X /Y (2b)i ij j

where u denotes the fraction of income spent on country i’s product (the fractioni

identical across importers) and Y denotes real GDP in importing country j. Sincej

production of every country i must equal the volume of exports and domestic
consumption of the good, then:

N N N

Y 5O X 5O u Y 5u O Y (3a)S Di ij i j i j
j51 j51 j51

or

N
W

u 5 Y / OY 5 Y /Y (3b)S Di i j i
j51

W Nwhere Y 5 o Y is world real GDP, which is constant across country pairs.j51 j

Substituting Eq. (3b) into Eq. (2a) yields:

N
WX 5 Y Y / O Y 5 Y Y /Y . (4)S Dij i j j i j

j51

This simple gravity equation relies only upon the (adding-up) constraints of an
expenditure system combined with identical homothetic preferences and the
specialization of each country in one good.

A limitation of this model is that product differentiation is constrained
arbitrarily by the number of countries. The models of Krugman (1979, 1980) and
Helpman and Krugman (1985) relax this strong restriction by offering instead a
market structure. Using the Dixit and Stiglitz (1977) framework, they assume
monopolistically competitive firms producing slightly differentiated final goods
under increasing returns to scale in production. In the absence of transportation
costs and tariff barriers, the Helpman-Krugman model leads to a simple gravity
equation identical to Eq. (4), but where the number of goods produced differs
across countries of different economic size and depends endogenously upon the

6level of fixed costs in production, the taste for variety, and factor endowments.

6Monopolistic competition is not the only market structure compatible with a gravity model. For
instance, Feenstra et al. (1998) derive a gravity equation from a reciprocal-dumping model of trade
with homogeneous goods and Deardorff (1998) derives a gravity equation from a model with perfectly
competitive markets (see footnote 8). However, Evenett and Keller (1998) show empirically that the
monopolistic competition / increasing-returns-to-scale based theories of trade ‘are an important reason
why the gravity equation fits trade flows among industrialized countries well’ (p. 2).
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A limitation of both models, however, is the absence of natural (i.e., geographic)
and artificial (i.e., policy-induced) impediments to trade, such as transportation
costs and tariff barriers, respectively.

2.2. Theories with tariff barriers, transportation costs, and distribution costs

In reality, of course, economies are dispersed geographically in an asymmetric
fashion, governments impose tariff and nontariff barriers asymmetrically, and
firms face costs in distributing, marketing, and tailoring products to each country.
Anderson (1979) and Bergstrand (1985) introduced bilateral trade barriers, such as

7tariffs and transportation costs, explicitly in their respective gravity models. In
both cases, bilateral trade flows are influenced by the absolute level of bilateral
transaction costs and the level of bilateral transaction costs relative to an income-
weighted average of the exporter’s bilateral costs to all markets (including the

8home market), as discussed in Deardorff (1998) and Bergstrand (1998).
Bergstrand (1985) differs from Anderson (1979) by also allowing potentially

for the costs of distributing, marketing, and tailoring each country’s product to
9each national market. These potential distribution costs are captured formally by a

constant-elasticity-of-transformation function that allows each country’s producer
to treat export supplies to each market as imperfect substitutes; Bergstrand finds
empirical support for a finite elasticity of transformation of output among export
markets. As in Anderson though, each country produces one (arbitrarily) differen-
tiated good. Bergstrand (1989,1990) extends his earlier model to incorporate
Dixit-Stiglitz preferences, monopolistically-competitive markets, and increasing
returns to scale in production and nests this in a two-industry, two-factor,
Heckscher-Ohlin context.

7Krugman (1980) and Helpman and Krugman (1985, Ch. 10) discuss transport costs using ‘iceberg’
technology, but do not solve for a gravity equation.

8Deardorff (1998) discusses a theoretical foundation for the gravity equation considering a similar
decomposition: frictionless trade and impeded trade. With frictionless trade, the gravity model can be
motivated even in the context of a Heckscher-Ohlin world with homogeneous goods and perfect
competition. With impediments, his theory requires complete specialization (as in the other theories)
and ‘every good is produced by a different country’; hence, each good is identified with the country
that produces it and then ‘enter them into a utility function as imperfect substitutes’ (pp. 17–18).

9One can interpret these as nation-by-nation ‘specific factors.’ Rauch (1999) and Rauch and Feenstra
(1999) discuss such costs in the context of ‘networks’ in international trade. Engel and Rogers (1998)
found recently that the degree of relative price dispersion across locations suggested that ‘consumer
markets are, to a great degree, national markets,’ arguing that distribution efforts are ‘organized
nationally’ (p. 18).
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2.3. The theoretical framework

The gravity equation to be estimated is based upon a synthesis and generaliza-
tion of these theories. Within this framework, the relative importance of expendi-
ture constraints emphasized by Anderson, market structure emphasized by
Helpman and Krugman, and distribution costs emphasized by Bergstrand becomes
transparent.

2.3.1. Consumers and bilateral import demand
In each country, the representative consumer maximizes a constant-elasticity-of-

substitution (CES) utility function subject to a budget constraint where prices of
the imported products reflect ‘iceberg’ transportation costs and ad valorem tariffs.
The constrained utility maximization yields the import demand function of country
j for the product of the representative firm in country i (x ):ij

C C 2sx 5 (I /P )( p /P ) (5)ij j j ij j

where I is nominal income in j, s is the elasticity of substitution in consumptionj
C N ni 12s 1 / (12s )(s .1), P is the standard Dixit-Stiglitz price index, (o o p ) , andj i51 k51 ijk

p is the landed price in country j of the product of firm k in country i inclusiveijk

of tariffs. Assuming identical producers k in country i (k 5 1, . . . , n ), p 5 p (1 1i ij ij

t ) where p is the c.i.f. price expressed in terms of the numeraire ( p 51) and tij ij jj ij
10is the ad valorem tariff rate. Eq. (5) also represents the domestic demand

function when i 5 j, for which t 5 0.ij

2.3.2. Firms
The representative firm in country i maximizes profits subject to two technology

constraints. First, the production of goods has fixed (a) and constant marginal (f)
costs given by the linear cost function:

l 5 a 1 fy (6)i i

where l denotes labor used by the representative firm in country i and y denotesi i

output of the firm.
Second, the potential presence of costs in distributing the product to each

market causes the representative firm to treat each potential market’s supply as an

10Alternatively, the ad valorem tariff rate may be applied to the f.o.b. value of each good. Both
methods have been used in the literature, cf., Frankel (1997) and Frankel et al. (1998). The approach
used here follows the European Union approach, attaching tariff rates to c.i.f. values, while the United
States uses f.o.b. values.
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imperfect substitute, captured formally by the constant-elasticity-of-transformation
(CET) function:

N g / (11g )
(11g ) /gy 5 O y (7)F Gi ij

j51

where y is output supplied to country j by the representative firm in i and g is theij
11elasticity of transformation of production (g .0). Assuming iceberg transport

costs, a fraction d of the goods ‘falls into the ocean’ so that only x 5 (1 2 d )yij ij ij ij

arrives and is sold in country j (assume d 50). It will be convenient to assumeii

that a ; d /(1 2 d ), so that (1 2 d ) ; 1/ h1 1 [d /(1 2 d )]j ; 1/(1 1 a ).ij ij ij ij ij ij ij

While Eq. (6) is standard to this class of models, only a few studies have
employed Eq. (7), in particular, Geraci and Prewo (1982); Bergstrand (1985,
1989); de Melo and Tarr (1992); Gould (1994), and Weyerbrock (1999). The
motivation for this additional condition is simply that output of the representative
firm in a differentiated-product industry is not likely be substituted costlessly
between foreign markets, due to the costs of distributing, marketing, and tailoring
a product to any foreign market. Rauch and Feenstra (1999) argue that differen-
tiated-product industries tend to need networks to help match the ‘multifarious
characteristics of buyers and sellers’ (p. 4). As a study by the European
Commission (1989) noted, a survey of successful exporters found that half of them
tailored their products to destination markets. Most trade models ignore these
costs, assuming production is perfectly substitutable between home and export
markets and among export markets (i.e., a linear transformation function as in
Anderson and in Helpman and Krugman). At the other extreme, Deardorff and
Stern (1986, 1990) in the Michigan World Trade Model assume that production for
home and export markets is completely separate, resulting ‘from locational
requirements or from the need to tailor products to national markets’; they assume
‘certain fixed factors of production that cannot easily be transferred between the
sectors’ (1990, p. 19).

The CET function provides an analytically and empirically tractable means of
letting the data determine the degree of transformability, or substitutability, of
production among markets. Estimates of g can range theoretically from 0 to `. If g

equals infinity, output is perfectly substitutable across home and foreign markets
as in most trade models; Eq. (7) reduces then to the simple expenditure constraint
in Anderson (1979), as in Eq. (3a). Conversely, if g equals 0, production is not
substitutable across home and foreign markets, or among export markets, as in
Deardorff and Stern (1986, 1990). In fact, our empirical evidence discussed later
implies that g is positive but finite, suggesting that exports are imperfectly
substitutable across markets. By incorporating the CET function, our econometric

11See Powell and Gruen (1968) on the theoretical foundations for the CET function.
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model can estimate how much world trade growth has been diminished by the
12resources absorbed in allocating production among various markets.

2.3.3. Equilibrium, bilateral export supply, and full employment
Two conditions characterize equilibrium in this class of models. First, profit

maximization ensures that prices are a markup over marginal costs:

FP 5 [s /(s 2 1)]fW (8)i i

where fW is the marginal production cost of the representative firm, W is thei i
F F Nwage rate, and P is a CET index of the firm’s prices, i.e., P 5 [o [ p /(1 1i i j51 ij

11g 1 / (11g )a )] ] . Second, under monopolistic competition firms earn zero profitsij

which implies:

N g / (11g )
(11g ) /gy 5 O y 5 (a /w)(s 2 1) ; c (9)F Gi ij

j51

Hence, as is typical to these models, the firm’s output is determined parametrically
by the cost and utility functions.

Unlike other models in this class where exporters are assumed to face zero
nationally-specific distribution costs, the presence of a potentially finite elasticity
of transformation of output among destination markets allows this model to be
solved for the bilateral export supply functions of the representative firm.

2(g 11) gCombining, from the firm’s first-order conditions, x 5 (1 1 a ) ( p /p ) xij ij ij ii ii

with x 5 y /(1 1 a ), Eq. (9), and some algebra yields:ij ij ij

F g 2(g 11)x 5 c( p /P ) (1 1 a ) (10)ij ij i ij

where the domestic supply function follows analogously for j 5 i (assume a 5 0).ii

The assumption of full employment of labor in each country ensures that the
size of the factor endowment (L ) determines the number of varieties (n )i i

produced, as is common to this class of models. Combining Eqs. (6) and (7) with
2(g 11) gx 5 (1 1 a ) ( p /p ) x yields:ij ij ij ii ii

ni

21L 5O l 5 asn or n 5 (as) L (11)i ik i i i
k51

12Some recent empirical studies in international trade have emphasized implicitly the costs of
distribution to bring buyers and sellers of differentiated products together better. Gould (1994), Head
and Ries (1998), and Dunlevy and Hutchinson (1999) provide evidence that stocks of immigrants
enhance the export opportunities of the immigrants’ home countries by providing exporters with
knowledge about the host country. Rauch (1999) provides evidence that business networks enhance
trade more in differentiated product industries than in homogeneous product industries.
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2.3.4. The gravity equation
The solution for a gravity equation from this model is obtained by setting Eq.

(5) equal to Eq. (10) for all pairs (i, j) including i 5 j and noting that there are ni

producers in each country i (i.e., Eq. (11)). This yields the real bilateral trade flow
relationship:

2g / (g 1s ) g / (g 1s ) 2s (g 11) / (g 1s ) 2sg / (g 1s )X 5 n x 5 c Y Y 1 1 a 1 1 ts d s dij i ij i j ij ij

F C 2s F C g / (g 1s )
3 (P /P ) (P /P ) (12)f gi j j j

where X is the quantity of imports of country j from country i, Y is aggregateij i
Foutput of exporter i, and Y is aggregate output of importer j (where Y 5 I /P 5j j j j

n y ). If distribution costs are zero as typically assumed, then g 5` and thej j

coefficient of Y above equals 1 as in Anderson (1979) and Helpman and Krugmanj
13(1985).

Since country i’s aggregate output is a CET function of its bilateral exports
(including sales to itself), one can alternatively derive the gravity equation in the
form:

2s 2s (g 11) /g 2s F C 2s F C g / (g 1s )Y Y u (1 1 a ) (1 1 t ) (P /P ) (P /P )i j j ij ij i j j j
] ]]]]]]]]]]]]]]]]X 5ij W N (g 1s ) / (g 11)Y 2sF C F C (g 11) / (g 1s )2s12s3 O u 1 1 a 1 1 t P /P P /P 4f s d s dgS s d s d Dj ij ij i j j j

j51

(13)

W Wwhich is the analogue to Eq. (4), where Y is a constant and u 5 Y /Y . In thej j

context of this model, a particular exporter i that is either more (less) distant from
Fimporters or facing a higher (lower) tariff rate will have a lower (higher) P ini

Fgeneral equilibrium. An exporter with a larger economic size will have a higher Pi

in general equilibrium, as in Krugman (1980). Consequently, it can be shown
N 12s 2s F C 2s F C (g 11) / (g 1s ) (g 1s ) / (g 11)that (o [u (1 1 a ) (1 1 t ) (P /P ) (P /P )] ) 5j51 j ij ij i j j j

W
c /Y , which is a constant in Eq. (13).

Eq. (13) is a generalized version of Eq. (4) that allows transport costs and tariff
barriers to be non-zero, prices to be non-unity, and the elasticity of transformation
to be non-infinity. In the special case when the elasticity of transformation (g ) is
set equal to infinity and prices are set equal to unity, Eq. (13) reduces to Eqs. (16)
and (18) in Anderson (1979) and Deardorff (1998), respectively. Moreover, when

13The complex bracketed relative price term has the following interpretation. The first part reflects
F Cterms of trade effects: for instance, P /P may be high for some country pairs due to a larger market ini j

i, tending to reduce demand in j for i’s products. The second part reflects an income effect: for
F Cinstance, P /P may be high for country j due to lower tariffs in j, tending to raise real income andj j

imports (as tariff revenue is not redistributed to consumers in our model).
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a 5 t 5 0 as well, Eq. (13) reduces further to Eq. (4), the frictionless gravityij ij

equation.
Eqs. (12) and (13) help to highlight the importance of output-expenditure

constraints emphasized by Anderson, market structure emphasized by Helpman
and Krugman, and distribution costs emphasized by Bergstrand. The model above
incorporates the output-expenditure constraints emphasized in Anderson (1979),
but allows potentially for costly transformation of output across markets, as
suggested in Bergstrand (1985). We provide empirical evidence later that exports
are not perfectly substitutable across markets. Furthermore, we allow for relative
price levels to depart from unity, as documented by Summers and Heston (1991)
and others. In the context of this class of models with economies of scale,
monopolistic competition, asymmetric country sizes, and positive transport costs,
relative price and wage levels will not likely be unity; consequently, the common
assumption of setting all prices to unity is not innocuous. The model thus
incorporates explicitly into the gravity equation the notion emphasized in Krugman
(1980) that larger markets will tend to have relatively higher price and wage rate
levels.

3. Econometric issues

The purpose of the econometric model is to evaluate empirically the absolute
and relative roles of real income growth, real income convergence, tariff
reductions, and falling transportation costs in explaining the growth of world trade
between the late 1950s and the late 1980s. Gravity Eqs. (12) and (13) were
derived to describe in the context of a general equilibrium model long-run
determinants of bilateral trade flow levels. If one assumes that the elasticities of
substitution in consumption (s) and of transformation of production (g ) are stable
over this period, then the growth of trade can be described by changes in the RHS
variables in Eqs. (12) and (13).

We note two estimation issues. First, at the level of aggregation being
investigated, the quantity of goods exported from i to j (X ) is unobservable. Inij

fact, gravity equations are usually estimated across countries using nominal
bilateral trade flow values (and nominal GDPs) for which data exist, because the
gravity model has been used traditionally to explain the level of trade. Since we
are interested in the growth of real trade flows, it is appropriate to deflate nominal
trade flows by a price index. Since bilateral trade flow price deflators are
unavailable, we employ nominal trade flows adjusted for changes in the firm’s

Fprice index (P ). As in Bayoumi and Eichengreen (1997), we use the exporter’si

GDP deflator; since the exporter’s income variable is deflated by the GDP deflator,
the model suggests this is the appropriate deflator for the trade flows. Second, the
relative roles of real income growth versus real income convergence are not
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14readily transparent from Eqs. (12) and (13). The appendix details the algebra
used to yield a form of Eq. (12) specified below that is more conducive to
potential econometric evaluation of the rates of real income growth, real income
convergence, and declining tariff rates and transport costs in explaining real trade
flow growth:

cif 2(g 11) / (g 1s ) 2 (12s )(g 11) / (g 1s )X 5 c Y 1 Y s s 1 1 as d s ds dij i j i j ij

(12s ) / (g 1s ) F C F C 21 /s 2s (g 11) / (g 1s )2s (g 11) / (g 1s )? 1 1 t Y P /P P /Pfs ds d gs dij j i j j j

(14)
cifwhere X denotes the real trade flow (the nominal c.i.f. value of the trade flowij

divided by the exporter’s deflator), Y (Y ) denotes real GDP of country i( j), andi j

s (s ) denotes i’s( j’s) share of the two countries real incomes (e.g., s 5 Y / [Y 1i j i i i

Y ]).j

Similar to Bayoumi and Eichengreen (1997), we study the growth of world
trade by examining the first-difference logarithmic form of Eq. (14):

cif
D log X 5 b 1 2D log Y 1 Y 1 D log s ss d s dij 0 i j i j

1 (1 2 s)(g 1 1) /(g 1 s) D log 1 1 af g s dij

1 2 s(g 1 1) /(g 1 s) D log 1 1 tf g s dij

1 (1 2 s) /(g 1 s) D log Yf g s dj
F C F C 21 /s

1 2 s(g 1 1) /(g 1 s) D log [P /P ][P /P ] (15)f g s di j j j

where log denotes the natural logarithm. The potential gains in estimating Eq. (15)
are fivefold.

First, all variables are in real terms, which are the factors of interest for growth.
Second, the effect of bilateral income growth is captured by variation in the term

15(Y 1 Y ); world income growth is captured in the constant. Third, the effect ofi j

income convergence is captured by variation in s s . In the context of this model,i j

the convergence of incomes of country pairs augments trade flow growth. Income
convergence is monotonically positively related to s s , which can vary theoret-i j

ically from 0 to 0.25. Fourth, the effects of transport-cost and tariff-rate changes
are captured by the gross c.i.f.-f.o.b. factor (11a ) and gross tariff rate (11t ),ij ij

14 2Note that Y Y 5 (Y 1 Y ) (s s ). In the context of this class of models, the trade flow is proportionali j i j i j

to the product of the country incomes. Even though these terms are equivalent, we choose to include
the latter because the coefficient estimates on the components of (Y 1 Y ) and (s s ) reflect explicitly thei j i j

relative roles of income growth and income convergence, respectively.
15In the context of this model, b 52[(g 11) /(g 1s)][D log c]52[(g 11) /(g 1s)][D log0

W W W W(a /f)(s 2 1)] 5 2 [(g 1 1) /(g 1 s)][D log (as) 1 D log (Y /L )]. Even though c, Y , and L are
constant across country pairs within any year, these constants may be different between two periods. b0

is likely to be negative, reflecting (although not equal to) the growth in world per capita real GDP due
to technological change.
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respectively. Fifth, the coefficient estimate of Y indicates whether or not thej

elasticity of transformation of output across markets is finite; if g 5` as
commonly assumed, Y ’s coefficient estimate will be 0.j

Since some of the growth of trade may have resulted from the initial period
(1958–60) not being one of ‘general equilibrium,’ we estimate the model
including additionally the natural logarithm of the initial period’s trade flow level,

16log PX . Hence, the econometric model to be estimated is:ij,1958–60

cif
D log X 5 b 1 b D log Y 1 Y 1 b D log s ss d s dij 0 1 i j 2 i j

1 b D log 1 1 a 1 b D log 1 1 t 1 b D log Ys d s d s d3 ij 4 ij 5 j

F C F C 21 /s
1 b D log [P /P ][P /P ]s d6 i j j j

1 b log PX 1 ´ (16)s d7 ij,1958260 ij

where ´ is a normally distributed random error. Given the theoretical model,ij

linear constraints can be evaluated for coefficient estimates of b and b and1 2

nonlinear constraints for coefficient estimates of b , b , b , and b .3 4 5 6
F CAs the next section of the paper will discuss, data for all variables except P /Pi j

F C Cand P /P are readily available. Since P is a Dixit-Stiglitz price index of landedj j j

prices in country j of products from all N markets (including j), the presence of
CP is problematic econometrically because the variable is a function of one of thej

F Fmodel’s parameters to be estimated (s). Similarly, P and P are Dixit-Stiglitzi j

indexes and are functions of another model parameter (g ). One possible solution is
to estimate (16) using nonlinear least squares with values of the p s; however,ijk

cross-country data on the p s do not exist.ijk

While we do not expect to capture the effects of these variables well, we attempt
at least to capture some of the variation in the countries’ relative price levels,

F CP /P . Since the theoretical model separates nominal GDPs into real GDPs (Y ,Y )i j i j

and price levels, the natural choice for the proxies are the two countries’ GDP
F Cdeflators. We create a proxy for the relative price variable, P /P , employing thei j

ratio of the countries’ deflators (adjusted for the exchange rate), maintaining a low
expectation that the coefficient estimates of b will accord with the theory. There6

F Cis no reasonable proxy for P /P ; however, if tariff revenue is redistributed toj j

households, the role of this factor diminishes. Moreover, changes in this ratio from
the late 1950s to the late 1980s likely had little effect empirically on the growth of

16Since the initial period’s trade flow enters as a log level cross-sectionally, it is meaningless to
adjust the initial period’s nominal trade flow levels by the exporter’s deflator (an index). The model was
also estimated without the initial period’s log-level trade flow; the empirical results are qualitatively
and quantitatively similar and are omitted here only due to space constraints of the journal.
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F C F C Fcountry j’s real income (P Y /P ). Finally, the mis-measurement of (P /P )(P /j j j i j j
C 21 /sP ) is likely to bias its coefficient estimate toward zero.j

4. Data issues

Bayoumi and Eichengreen (1997) note that a common concern in some previous
estimates of international trade gravity equations is the pooling of data for
industrial and developing countries. The concern arises because the relationship
‘between trade and economic characteristics may vary between the two groups of
countries’ (p. 143). For this reason and tariff data limitations (see below), our cross
section includes bilateral trade flows and economic characteristics among 16
OECD countries (listed in Table 1). Systematically-measured bilateral trade flow
data from the International Monetary Fund (IMF, 1958/62) begins in 1958 (see
Direction of Trade, Annual 1958 –62 ). Bilateral trade flow data from the OECD
begins earlier, but excludes Japan, Australia and Finland (as the OEEC, the
precursor to the OECD, was smaller in the early and mid 1950s). Consequently,
we used the IMF’s Direction of Trade bilateral trade flow import-measured data
for the years 1958–1960, averaged over the three years. To avoid the consolidation
of East and West Germany and the phased-in introduction of the Canada-U.S. Free
Trade Agreement but to recognize fully-phased-in Tokyo Round tariff reductions,
OECD (1992) bilateral trade data for the years 1986–1988, averaged over the

Table 1
aGross CIF-FOB factors for 16 OECD countries

Country 1958–1960 1986–1988

Canada 1.0321 1.0250
United States 1.1148 1.0442
Japan 1.2005 1.0681
Belgium-Luxembourg 1.0700 1.0310
Denmark 1.0581 1.0464

bFrance 1.1461 1.0336
(W.) Germany 1.0702 1.0261
Italy 1.0993 1.0690
Netherlands 1.0600 1.0560
United Kingdom 1.1272 1.0438
Austria 1.0260 1.0470
Norway 1.0279 1.0270
Sweden 1.0710 1.0230
Switzerland 1.0140 1.0100
Australia 1.1258 1.0872
Finland 1.0702 1.0450

a Source: IMF International Financial Statistics (1995).
b For France, 1958–60 data was unavailable; 1960–62 data was used.
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17three years, were used. OECD data for 1986–88 matched with corresponding
IMF data, but the former were measured in thousands rather than millions of U.S.
dollars.

In the context of Eq. (16), the effect of transportation-cost reductions on trade
growth is reflected in the change in the gross cif-fob factor and the effect of
policy-induced trade liberalization is reflected in the change in the gross tariff rate.
Regarding c.i.f.-f.o.b. factors, the IMF’s Direction of Trade statistics and the
OECD’s Trade Series C-Foreign Trade by Commodities both provide f.o.b.-valued
export data and c.i.f.-valued import data on bilateral trade flows. In a perfectly
measured world, all the f.o.b.-valued exports, say, from Canada to Belgium-
Luxembourg would arrive in Belgium-Luxembourg so that the ratio of Belgium-
Luxembourg’s c.i.f.-valued imports from Canada to Canada’s f.o.b.-valued exports
to Belgium-Luxembourg would reveal the gross bilateral c.i.f.-f.o.b. transport-cost
factor. In reality, not all of Canada’s exports to Belgium-Luxembourg are imported
by Belgium-Luxembourg. For instance, in 1986–88 the average annual f.o.b. value
of Canada’s exports to Belgium-Luxembourg was US$705.7 million while the
average annual c.i.f. value of Belgium-Luxembourg’s imports from Canada was
US$470.2 million – only two-thirds of the value of the trade flow exported from
Canada to Belgium-Luxembourg. This problem arose for several trade flows,
suggesting that c.i.f.-f.o.b. factors for bilateral flows were not reliable estimates of
bilateral transportation costs.

However, the IMF’s International Financial Statistics (1995) provide estimates
of countries’ multilateral gross c.i.f.-f.o.b. factors (i.e., the ratio of c.i.f.-valued
imports to f.o.b.-valued imports). The use of multilateral c.i.f.-f.o.b. factor changes
assumes that declines over the (approximately) 30-year period in an importing
country’s transportation and insurance costs were proportionate among the

18suppliers. Table 1 shows each country’s gross (multilateral) c.i.f.-f.o.b. factor in
1958–60 and 1986–88. The average c.i.f.-f.o.b. factor was 8.21% in 1958–60 and
declined 48% to 4.27% by 1986–88.

Some constraints were faced also estimating gross tariff-rate reductions. Ideally,
we want to have bilateral measures of changes in ad valorem tariff rates (or their
equivalents) as suggested by Eq. (16). The only source of such measures is data
prepared for Prewo (1978). Prewo calculated annual bilateral average tariff rates
for 18 OECD countries (the 16 countries listed in Table 1 and Portugal and Spain)
for years 1958 through 1974, the last year being one in which Kennedy Round
tariff reductions had been fully phased in but Tokyo Round tariff reductions had
not yet been implemented. Deardorff and Stern (1986, 1990) provide measures of
pre- and post-Tokyo Round average (multilateral) tariff rates for 18 OECD
countries (the 16 listed in Table 1 and Ireland and New Zealand). Using the

17The data cutoff of 1988 also precludes the influence of the rapid decline in communication costs in
the 1990s, for which measurement is difficult.

18Moreover, use of these data assumes the composition of imports changes little over time.
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changes in average multilateral tariff rates from Deardorff and Stern (1986, 1990),
we extended the Prewo (1978) average bilateral tariff rate data to 1987 (the year in
which Tokyo Round tariff reductions had been fully phased in). This extension of
bilateral tariff rates was not severely restricted by the use of the multilateral
average tariff changes because, by 1987, 12 of the 16 countries in our sample had
a free trade arrangement with each other (i.e., EC, EFTA, or the EC–EFTA

19pact). Consequently, for 1986–1988 more than 132 of 240 bilateral trade
relations had a zero tariff rate (or gross tariff rate of unity). The average bilateral
tariff rate in the sample was 11.2% in 1958–1960 and declined 81% to 2.1% in
1986–1988; the low average tariff rate in the latter period, of course, reflects the

20large share of bilateral free trade arrangements.
The remaining income and price variables needed to estimate Eq. (16) were

obtained from the IMF International Financial Statistics (1995). Nominal and real
GDP values and exchange rates for 1958–1960 and 1986–1988 were readily
available. Bilateral exchange rates were measured using annual average values
(IFS series rf) to express relative prices and real GDPs in terms of a common
currency.

For later reference, Table 2 reports the mean, standard deviation, and coefficient
of variation of the logarithmic difference (i.e., growth rate) of each of the variables
and the log-level of the initial period’s trade flow.

Table 2
aStatistics for the growth rates and log-level of selected variables

Variable Mean (%) Stand. Dev. (%) Coeff. of variation

First-difference log of:
cifNominal Trade Flow (PX ) 327.1 86.7 0.27ij

FExporter’s GDP Deflator (P ) 179.5 30.5 0.17i
cifReal Trade Flow (X ) 147.6 76.0 0.51ij

Average Real GDP (Y 1 Y ) 105.0 24.3 0.23i j

Product of Real GDP Shares (s s ) 23.3 21.6 26.55i j

Importer’s Real GDP (Y ) 103.3 23.9 0.23j

Gross c.i.f. / f.o.b. factor (1 1 a ) 23.6 3.7 21.03ij

Gross Tariff Rate (1 1 t ) 28.5 4.1 20.48ij
F CRelative Price Level (P /P ) 0.0 44.6 nai j

Log-level of:
Nominal Trade Flow (PX ) 1108.3 159.5 0.14ij,1958–60

a Sources: See text; ‘na’ denotes not applicable.

19We used the 1958–1960 average of the bilateral tariff rates in Prewo (1978). The Tokyo Round
tariff reductions were phased in fully by 1987. The rates calculated for 1987 are used for the
1986–1988 variable.

20Regrettably, no such comparable measures exist of nontariff barriers, in order to consider their
possible effect.
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5. Empirical results

The empirical results are reported in four parts. In the first section, we report
estimates of a simple regression of trade flow growth on the changes in the gross
c.i.f.-f.o.b. factor and gross tariff rate – a specification suggested by intuition
rather than an explicit general equilibrium model. Second, we estimate the
first-difference logarithmic version of Eq. (4) to determine whether the basic
‘frictionless’ gravity equation holds. Third, we estimate Eq. (16) to evaluate
empirically the absolute and relative effects of real income growth, real income
convergence, falling transport costs, and declining tariffs on the growth of world
trade. Fourth, we re-estimate Eq. (16) imposing restrictions implied by the theory
that are not rejected statistically, use these coefficients to estimate the elasticities
of substitution in consumption and of transformation of production among national
markets, and then compare these elasticity estimates to others in the literature.

5.1. Preliminary results

Before reporting the results of estimating Eq. (16), we present some preliminary
regression findings of a specification suggested by intuition discussed in the
introduction. It is worth noting that an ordinary least squares (OLS) regression of
changes in real bilateral trade flows from 1958–60 to 1986–88 on a constant and
changes in the gross c.i.f.-f.o.b. factors and gross tariff rates over this period
yields:

cif
D log X 51.09 2 4.41 D log(1 1 a ) 2 2.71 D log(1 1 t )ij ij ij

(9.65) (23.38) (22.29) (17)
2 2R 5 0.080, Adjusted R 5 0.072, SEE 5 0.733, N 5 240

where SEE is the standard error of the regression and t-statistics are in
parentheses.

Three results emerge from this regression. First, the reduction over these 28
years in transportation costs and in tariff rates had the expected effects, both
factors contributing to the growth of world trade (148 percentage points on
average in this sample). However, these factors only explain 7% of the growth of

2trade (adjusted R 50.07), which is not surprising given the absence of income
growth as an explanatory variable. Second, both factors had economically and
statistically significant effects on world trade growth; also, since both measures are
calculated comparably, a 1% reduction in tariff rates had a smaller impact on trade
growth than did a 1% reduction in the transport-cost factor. Third, the average
tariff reduction in our sample explains 23 percentage points of the 148 percentage
point growth of world trade (approximately 16%) while the average transport-cost
decline explains only 16 percentage points (approximately 11%). Although the
coefficient estimate of tariffs is below that of transport costs, the average
logarithmic change of gross tariffs (28.5 percentage points for our sample) is
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1
]almost 2 times higher than that of transport costs (23.6 percentage points for our2

21sample).

5.2. Results from the ‘frictionless’ model

As Section 2 discusses, the frictionless Anderson and Helpman-Krugman
models suggest Eq. (4) holds. We estimated the first-difference logarithmic version
of Eq. (4):

cif W
D log X 5 2 D log Y 1 b D log Y 1 D log Y 1 ´ (18)s dij 1 i j ij

where, in the context of their models, b 51 and the constant should approximate1

the negative of the growth of world real GDP. Estimation of Eq. (18), without
restricting b to 1, yields:1

cif
D log X 5 2 1.19 1 1.29 (D log Y 1 D log Y )ij i j

(24.54) (10.29) (19)
2 2R 5 0.308, Adjusted R 5 0.305, SEE 5 0.634, N 5 240

This frictionless model explains 31% of the growth of world trade (adjusted
2R 50.31), more than the previous specification. The frictionless gravity model

implies that the single coefficient estimate for both countries’ income growth
should not differ significantly from unity. This linear restriction cannot be rejected
at the 1% significance level [F(1,238)55.40]. Moreover, the constant is negative
and significant, consistent with theory; the intercept estimate of 21.19 suggests
world output growth of 119%, close to the actual 103% world income growth of
this sample.

We also estimated the frictionless model separating explicitly the effects of
income growth and income convergence. The resulting regression was:

cif
D log X 5 2 0.67 12.06 D log(Y 1 Y ) 10.35D log(s s )ij i j i j

(22.14) (6.73) (1.03) (20)
2 2R 5 0.332, Adjusted R 5 0.326, SEE 5 0.624, N 5 240

The income growth and income convergence variables’ coefficient estimates have
the expected signs. However, the joint hypothesis that the income growth

21Since any free trade agreement between a country pair would be captured by a gross bilateral tariff
rate of unity, it seemed redundant to include a separate dummy variable to reflect the introduction of a
preferential trading arrangement (PTA). However, one might argue that greater trade might be induced
by the creation of a PTA beyond the effects of zero tariffs. To anticipate this concern, we added a
dummy variable to the specification in (17) that had a value of 1 if a PTA was introduced between
1958 and 1988 (i.e., both countries became members of the EC or EFTA, or one EC and one EFTA),
and zero otherwise. In this specification, the coefficient estimate of this dummy variable was negative,
but trivially small (20.18), and was statistically insignificant at the 1% level (t-statistic equal to 1.69).
Thus, the trade-creating benefits were apparently captured by the bilateral tariff rate, as expected.



S.L. Baier, J.H. Bergstrand / Journal of International Economics 53 (2001) 1 –27 19

coefficient estimate is 2 and the income convergence coefficient estimate is 1 can
be rejected at the 1% significance level [F(2,237)57.01].

5.3. Results from the unrestricted model with tariffs, transport costs, and
distribution costs

Estimation of Eq. (16) including the logarithm of the initial period’s trade flow
yields:

cif
D log X 50.05 12.37D log(Y 1 Y ) 10.60D log(s s )ij i j i j

(0.09) (6.29) (1.74)

2 3.19 D log(1 1 a ) 2 4.49 D log(1 1 t ) 2 0.68 D log Yij ij j
(22.71) (24.48) (22.83)

F C
2 0.25 D log(P /P ) 2 0.08 log PXi j ij,1958–60

(22.69) (22.62)

2 2R 5 0.400, Adjusted R 5 0.388, SEE 5 0.584, N 5 240 (21)

5.3.1. Summary of the regression results
2Specification (21) has greater explanatory power (adjusted R 50.39) than either

the simple frictionless trade model or the preliminary regression. All coefficient
estimates have signs consistent with the theoretical model. The coefficient estimate
for income growth has a value close to 2 and the coefficient estimate for income
convergence has a value close to 1, as expected; results of statistical tests for these
values are provided later. The coefficient estimates for transportation costs and
tariff rates have negative signs and the estimate for the transport-cost factor is
smaller (in absolute value) than that for tariffs, as expected given Eq. (15). The
coefficient estimate for importer’s real GDP is negative as expected and statistical-
ly significantly different from zero, indicating that the elasticity of transformation
of output across national markets may be finite. The coefficient estimate for the
growth rate of the relative price level is negative and statistically significant as
expected. Not surprisingly, the coefficient estimate is close to zero, since the
relative price level is likely mis-measured. Finally, the coefficient estimate for the
initial trade flow has a significant negative effect with a plausible magnitude.

5.3.2. Explaining the mean growth of world trade
The results indicate that income growth, tariff rate reductions, and transport-cost

declines all contributed nontrivially to the real growth of world trade. Using the
results from specification (21), we estimate the contribution of each of these three
factors for explaining the 148 percentage points mean growth of trade. First,
income growth explains about 100 percentage points of this growth (or 67% of the
total). This result is quite plausible since most estimates for OECD countries over
the same period find that the share of merchandise trade in GDP increased about



20 S.L. Baier, J.H. Bergstrand / Journal of International Economics 53 (2001) 1 –27

222% annually. Second, tariff-rate reductions explain 38 percentage points (or
roughly 26%) of the growth of trade. This is obtained from the product of the
mean logarithmic change of the tariff variable, 28.5 percentage points, and its
coefficient estimate, 24.49. Third, transport-cost reductions explain 12 percentage
points (or roughly 8%) of the growth. The mean logarithmic change of the gross
c.i.f. / f.o.b. factor was 23.6 percentage points and its coefficient estimate was
23.19.

However, income convergence explains virtually none of the mean growth of
trade in our sample. Importantly, note that the relationship between trade and
income convergence raised in Helpman (1987) does hold; that is, the coefficient
estimate for s s is not significantly different from unity, as expected. But thei j

degree of income convergence measured is trivial in our sample. In fact, as Table
2 reveals the degree of income similarity in our sample of the richest industrialized
countries fell by 3% over the 28-year period; in a broader sample of all OECD
countries, we found an increase in income similarity of 4%. For our sample, the
index of income convergence contributed a trivial 22 percentage points to world
trade growth; this is the product of the mean growth rate of the index of similarity
of real GDPs (23.3 percentage points) and the coefficient of 0.60. Together, these
four factors explain all 148 percentage points of the growth in world trade of this

23sample, since the mean logarithmic change in the relative price variable is zero.
In the context of Krugman’s quote earlier, the international economists seem to

22The estimate of 100 percentage points is determined by three factors. First, mean growth of the
sum of the countries’ real incomes, D log (Y 1 Y ), was 1.05 (or 105 percentage points); multiplyingi j

this by its coefficient of 2.37 yields a contribution of 2.49. Second, if g is finite, mean growth in
importer income (1.03) will have a dampening effect on trade growth by a factor of 20.68, the
importer’s income coefficient. The product of 1.03 and 20.68 yields 20.70; subtracting 0.70 from
2.49 yields 1.79. Third, as noted in footnote 15, the constant is related to the negative of the logarithmic
change in world per capita real GDP in the context of the model (excluding the lagged log-level of the
trade flow). However, the constant contributes only 0.05, inconsistent with the growth of world per
capita real GDP (0.80 in our sample). The reason is the presence of the lagged log-level trade flow. As
Table 2 indicates, this variable had little variation compared with the growth rates; note the coefficient
of variation of 0.14. Consequently, it is nearly perfectly collinear with the constant (a partial correlation
coefficient of 0.99), which can bias the intercept’s value. (In the comparable specification without the
log-level trade flow, the constant was 21.04.) Combining the intercept estimate (0.05) with the effect
from the lagged trade flow (20.84520.08311.08) yields 20.79; this suggests growth of world per
capita real GDP growth of 0.79, close to the actual value for this sample of 0.80. Subtracting 0.79 from
1.79 yields 1.00, or 100 percentage points, as the estimate of the overall effect of income growth on
trade growth.

23Since every pair of countries enters twice (each country as exporter and as importer), the mean
logarithmic change in the relative price level is zero by construction. Using each pair of countries once,
the mean growth rate of the relative price level provides an estimate of the average long-run departure
from relative purchasing power parity. The absolute value of the mean logarithmic change of the
relative price level using each pair once (N5120) was a trivial 8.5 percentage points, consistent with
other empirical evidence for industrialized countries that relative purchasing power parity holds on
average between similar economies in the long run (cf., Frankel and Rose, 1996).
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have been right! Using these estimates, trade liberalization appears to have
contributed about 75% of the (approximately) 2% average annual growth of world
merchandise trade as a share of income in the postwar period compared with
transport-cost declines, which have contributed only 25% of the growth in trade

24relative to income.

5.4. Estimating the values of the elasticities of substitution and transformation

Table 3 provides a summary of the F-statistics and results for the various linear
and nonlinear restrictions imposed on Eq. (16) by theoretical Eq. (15). To
summarize, the restrictions imposed by the theory – with the exception of one –
could not be rejected. The restriction systematically rejected whenever included
was that on the coefficient estimate for the relative price level [b 52s(g 11) /6

Table 3
Hypothesis test results for restrictions imposed by the theoretical model

aNull hypothesis F-statistic F-critical Accept or reject

1. b 0.97 6.75 Accept1

2. b 1.39 6.75 Accept2

3. b , b 5.55 4.70 Reject1 2

4. b , b , b 0.32 6.75 Accept3 4 5

5. b , b , b , b 0.56 4.70 Accept1 3 4 5

6. b , b , b , b 0.87 4.70 Accept2 3 4 5

7. b , b , b , b , b 3.81 3.87 Accept1 2 3 4 5

8. b , b , b 30.63 6.75 Reject3 4 6

9. b , b , b , b 15.42 4.70 Reject1 3 4 6

10. b , b , b , b 16.36 4.70 Reject2 3 4 6

11. b , b , b , b , b 13.35 3.87 Reject1 2 3 4 6

12. b , b , b 9.74 6.75 Reject3 5 6

13. b , b , b , b 8.05 4.70 Reject1 3 5 6

14. b , b , b , b 4.70 4.70 Reject2 3 5 6

15. b , b , b , b , b 9.55 3.87 Reject1 2 3 5 6

16. b , b , b 22.71 6.75 Reject4 5 6

17. b , b , b , b 11.93 4.70 Reject1 4 5 6

18. b , b , b , b 10.03 4.70 Reject2 4 5 6

19. b , b , b , b , b 8.15 3.87 Reject1 2 4 5 6

20. b , b , b , b 19.16 4.70 Reject3 4 5 6

21. b , b , b , b , b 11.98 3.87 Reject1 3 4 5 6

22. b , b , b , b , b 14.01 3.87 Reject2 3 4 5 6

23. b , b , b , b , b , b 11.96 3.40 Reject1 2 3 4 5 6

a ‘Accept’ denotes we could not reject the null hypothesis at the 1% significance level.

24One might argue that we have ignored important dynamic effects of tariff-rate and transport-cost
declines on world trade growth. However, in an earlier version of this paper, we show that the dynamic
effects of tariff-rate and transport-cost declines only contributed about 2 percentage points and 3
percentage points, respectively, to the growth of world trade.
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(g 1s)]; this restriction is boldfaced in Table 3. However, as previously discussed,
the use of exporter and importer GDP deflators as proxies for the two theoretical
Dixit-Stiglitz prices indexes and the likely associated mis-measurement could
explain this result.

Given the results of the hypothesis tests, we re-estimated Eq. (16) imposing the
‘accepted’ linear and nonlinear constraints for coefficients b , b , b , b , and b .1 2 3 4 5

This yielded:

cif
D log X 50.54 1 2D log Y 1 Y 1 1D log s ss d s dij i j i j

(1.40)

2 3.46D log 1 1 a 2 4.10D log 1 1 t 2 0.36D log Ys d s dij ij j

F C
2 0.21 D log P /P 2 0.11 log PXs di j ij,1958–60

(22.29) (24.26)

2 2R 5 0.399, Adjusted R 5 0.389, SEE 5 0.594, N 5 240 (22)

Restricted regression (22)’s coefficient estimates are similar to those for unre-
stricted regression (21) with a minor increase (in absolute value) in the coefficient
estimate for the transport-cost factor relative to that for the tariff rate. Moreover,

2the adjusted R of the restricted regression slightly exceeded that of the
unrestricted regression. The decomposition of the growth of world trade for
restricted regression (22) consequently is similar to that for unrestricted regression
(21). Of the 148 percentage points mean growth of trade, 103 percentage points
are accounted for by income growth (versus 100 points for the unrestricted
regression), 35 percentage points by the tariff rate (vs. 38), 13 percentage points by
the transport-cost factor (vs. 12), and 23 percentage points by income conver-
gence (vs. 22). Tariff reductions still explain almost three times as much trade
growth as transport-cost declines.

Unlike regression (21), restricted regression (22) allows the construction of
point estimates and confidence intervals for the elasticities of substitution in
consumption (s) and of transformation of production among national markets (g ).
Using regression (22), the point estimate of s is 6.43 with a 90% confidence
interval of 2.44 to 10.42. These estimates are well in line with other estimates from
recent trade analyses of the elasticity of substitution among imports, cf., Harrigan
(1993), Feenstra (1994), and Head and Ries (1999). These estimates are also in
the range used in recent studies of the regionalization of trade policy using
monopolistically-competitive market structures, cf., Krugman (1991), Frankel
(1997), and Frankel et al. (1995, 1996, 1998); for instance, Krugman (1991) used
a range of 2 to 10.

By contrast, many previous trade analyses typically assume that the elasticity of
transformation in production among markets (g ) is either infinity (e.g., Helpman
and Krugman, 1985) or zero (e.g., Deardorff and Stern, 1986, 1990). Using
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specification (22), the point estimate of g is 8.56 with a 90% confidence interval
of 1.37 to 15.75. These estimates suggest that exports are imperfectly substitutable
across national markets, closer to the construct in Deardorff and Stern (1986,
1990). The implication that exports are not perfect substitutes is consistent with
the conclusions of Engel and Rogers (1998), who noted that the degree of relative
price dispersion observed suggested that consumer markets are national markets
and that distribution efforts are ‘organized nationally,’ as well as empirical
evidence of Gould (1994), Head and Ries (1998), and Rauch (1999). Without any
benchmark for comparison, future research into estimating this transformation
elasticity seems warranted.

6. Conclusions

In ‘Growing World Trade,’ Krugman (1995) noted that the answer to the
question, ‘Why has world trade grown?’ remains ‘surprisingly disputed.’ Journal-
ists have argued that technology-led declines in transportation costs have been the
major source, while international economists tend to argue that policy-induced
trade liberalization has been the critical factor. Feenstra (1998) notes that these
two sources ‘come to mind immediately,’ and he argues that increased conver-
gence in economic size and greater vertical specialization and outsourcing may
have contributed as well.

This paper has attempted to provide an empirical benchmark for this issue.
Using a standard theoretical general equilibrium model of international trade in
final goods and the empirical workhorse for studying trade flow volumes, we
estimated the relative contributions of income growth, income convergence, tariff
reductions, and transport-cost declines in explaining the mean growth in real
bilateral trade flows among a group of 16 OECD countries for which data was
available. In this sample, the mean logarithmic growth of trade was 148 percentage
points. We found that approximately 67–69% of this growth could be explained by
real GDP growth, 23–26% by tariff-rate reductions and preferential trade
agreements, 8–9% by transport-cost declines, and virtually none by real GDP
convergence. Thus, the relative contribution of trade liberalization was three times
that of transport costs, giving economists the edge in the debate articulated by
Krugman.

Finally, the model explains approximately 40% of the variation in trade flow
growth in the sample. Although income growth and convergence, tariff-rate
decreases, and transport-cost declines are represented, increased vertical speciali-
zation and outsourcing of intermediate production was beyond the scope of this
particular final-goods model. Future research might incorporate this aspect into the
framework used here to try to explain some of the remaining variation in the
sample left unexplained.
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Appendix A

This appendix details the solution for a gravity equation from this model for real
bilateral trade flows, using nominal bilateral trade flows scaled by the exporter’s
price level. First, setting Eq. (5) equal to Eq. (10) for all pairs (i, j) including i 5 j
and noting that there are n producers in each country i (i.e., Eq. (11)) yields thei

bilateral trade flow relationship in nominal terms:

2(g 11) / (g 1s ) (g 11) / (g 1s )PX 5 n p x 5 c Y Yij i ij ij i j

(12s )(g 11) / (g 1s ) 2s (g 11) / (g 1s )? 1 1 a 1 1 ts d s dij ij

F g(12s ) / (g 1s ) C s (g 11) / (g 1s ) F C (g 11) / (g 1s )
? (P ) (P ) (P /P ) (A.1)f gi j j j

where PX is the value of imports of country j from country i.ij

Second, to convert the nominal trade flow into a real trade flow, divide each side
Fby P :i

cif F 2(g 11) / (g 1s ) (12s ) / (g 1s )X 5 PX /P 5 c (Y Y )Yij ij i i j j

(12s )(g 11) / (g 1s ) 2s (g 11) / (g 1s )? 1 1 a 1 1 ts d s dij ij

F C F C 21 /s 2s (g 11) / (g 1s )
? (P /P )(P /P ) (A.2)f gi j j j

cifwhere X is the real c.i.f. imports of country j from country i.i
2Finally, since Y Y 5 (Y 1 Y ) s s , where s 5 Y /(Y 1 Y ) and s 5 1 2 s , wei j i j i j i i i j j i
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2substitute (Y 1 Y ) ? (s s ) for Y Y in Eq. (A.2) above to yield Eq. (14) in thei j i j i j

text.
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