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ABSTRACT

This paper builds on earlier evidence showing that, while most countries
exhibit little evidence of unconditional income convergence, countries that
trade heavily with one another tend to exhibit a much higher incidence of
convergence. Two alternative explanations for the trade-related convergence
are explored here. The first alternative is that the trade-related income
convergence is due to a convergence in capital-labor ratios. Little support is
found for this explanation. The other alternative examined here is that of a

trade-related convergence in technologies. This alternative is corroborated by

a high incidence of convergence in total factor productivities among countries

that trade heavily with one another - an outcome that is not common between

these same countries when they are grouped randomly rather than on the
basis of trade.



I. INTRODUCTION

The relationship between trade and technology is a question that has been discussed for

quite a number of years. While the traditional trade literature tended to focus on this issue from

the perspective of the impact of technological progress on trade, recent advances in the

endogenous growth literature have shifted the emphasis towards trade's contribution to the

growth process.' This paper continues along the latter vein under the premise that openness to

trade induces competition that compels domestic firms to imitate and innovate, and in so doing,

to increase domestic knowledge stocks and propel growth.

The paper builds upon earlier studies by Ben-David which examined the predilection

towards convergence and the proclivity towards divergence of various countries, as well as the

link between trade relationships and the behavior of cross-country income gaps over time. In

light of the earlier findings, the contribution of this paper is in the identification of a channel

through which strong trade relationships might lead to income convergence. In particular, the

focus here is on capital-labor ratios and total factor productivities (which are assumed here to

proxy for the intangible we call technology) in an attempt at identifying which of these

components in the aggregate production function is most affected by trade — and subsequently

most influential in reducing the income gaps that exist between countries.

As Romer (1986) and Lucas (1988) observed in their seminal papers, income gaps

between most countries in the world show little evidence of falling over time. If anything, the

opposite seems to be the case. In the case of the more developed countries, however, Baumol

For recent discussions of the trade-technology relationship, see Rivera-Batiz and Romer (1991), Grossman and

Helpman (1995), and others.
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(1986), Dowrick and Nguyen (1989) and others have found evidence of income and TFP

convergence.

Just who is converging with whom? By grouping and regrouping 112 countries into

thousands of different sub-combinations, Ben-David (1994a) finds that there is a higher incidence

of convergence at both ends of the income spectrum. In contrast to the conventional wisdom,

the highest incidence of convergence is among the very poorest countries. There is also

evidence of convergence among the wealthier countries, but this is far from a robust finding.

In fact, a random sub-grouping of wealthy countries is more than likely not to exhibit significant
".•

convergence. So, if a high level of development is insufficient for deducing convergence, could

there be other defining characteristics of countries that converge?

One theoretical framework that has been associated with the equalization of incomes is

the Heckscher-Ohlin theory, and in particular, the factor-price equalization proposition

(Samuelson, 1948; Helpman and Krugman, 1985) which postulates that, when certain restrictions

apply, free trade should bring about an equalization of commodity and factor prices.

Alternatively, the neoclassical growth model (Solow, 1956) explains convergence in per capita

incomes without any reference to international trade. Under the assumption of identical and

exogenous technological progress across nations, unhindered capital flows from rich to poor

countries facilitate the convergence process by bringing about an equalization of capital-labor

ratios, and subsequently, of incomes as well.

But, as Lucas (1990) points out, the international flow of capital is much smaller than

theory predicts. In some of the more recent growth literature, which endogenizes the growth

process, trade facilitates the diffusion of knowledge (see for example: Grossman and Helpman,

1994; Eaton and Kortum, 1995). This conclusion is supported by the empirical findings of
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knowledge spillovers between trade partners in Coe, Helpman, and Hoffmaister (1995) and

Keller (1995), as well as Helliwell's (1992) finding of a positive relationship between trade and

technological progress.

However, while there is evidence that trade affects growth, does trade also play a role

in the convergence of incomes? In an attempt to determine the causality of the relationship

between trade and income convergence, Ben-David (1993 and 1994b) examined several instances

of explicit trade liberalization that was carried out along specific timetables. In these studies,

it is shown that countries whose income differentials had remained more or less constant for over

half of a century began to exhibit convergence just as they began to liberalize trade. At the end

of each of the liberalization processes, income differentials continued to remain at their new,

low, levels for the remaining decades of the sample. The studies also show that these episodes

of convergence were not evident in benchmark comparisons of non-liberalizing countries.

One of the by-products of this research was the finding that trade liberalization is

conducive to income convergence only if the trade reform is being carried out by major trade

partners. With this in mind, Ben-David (1996) focused on exactly those countries at.the upper

end of the income spectrum of the earlier (1994a) study which exhibit some evidence of

convergence, though as noted above, this is the exception rather than the rule. The objective

of the 1996 study was to identify the primary trade partners of each of the top 25 countries (in

terms of levels of development) and to test for convergence within each of these trade-based

groups. While the majority of the trade-based groups exhibited income convergence, alternative

groupings (made randomly) from the same pool of countries showed no convergence tendencies

whatsoever.



The goal of the following sections is to expand on these findings and examine if the

convergence in the trade-based groups corresponded with convergence in capital-labor ratios,

or alternatively, whether it corresponded with convergence in total factor productivity levels.

Section two describes how the trade groups were constructed and details the methodology that

will be used to determine convergence. The relationship between trade and capital-labor ratios

is examined in section three. A simple model describing how knowledge spillovers facilitated

by trade can lead to convergence in output per worker is detailed in section four. This is then

followed by an empirical examination of the trade-technology relationship in section five.

Section six concludes.

THE SETUP AND THE CONVERGENCE MODEL

The trade-based groups examined here are the same groups created in Ben-David (1996)

according to the following criteria. Each group is formed for a specific "source" country on the

basis of that country's external trade. Source countries are all of the non-Communist and non-

primary-oil producing countries that had per capita incomes that were at least 25% of the U.S.

income in 1960, the first year of the sample. There are 25 countries that satisfy this criteria and

also list bilateral trade data continuously between the years 1960 and 1985, the final year of the

sample. IMF Direction of Trade statistics were used to determine which countries were the

primary recipients of each source country's exports, thereby creating a group of primary export

partners for each source country. Similarly, a group of primary import partners was also



formed for each source country.' The resultant export and import-based groups (25 of each:

one per source country) range in size from 3 to 9 countries per group. A detailed list of group

members may be found in appendix Table Al.

The common method for determining convergence is to calculate each country's average

growth rates over a period and to regress these on the respective country's initial levels of

income as well as on additional variables that one wishes to control for. The relatively small

number of countries in each group precludes the use of this test since the number of observations

would be extremely small. In addition, by utilizing only the initial and terminal data points for

each output series, the conventional convergence test wastes a considerable amount of

information. An alternative method is used in Ben-David (1993, 1994a and 1996) which follows

Hotelling's (1933) view that convergence should be characterized by the reduction in income

differentials over time.

The convergence model is as follows. Let xia be the value (in logs) of the variable of

interest of country i at time t and let .t", be the group's average at time t (where is the mean

of the xia's). Then the average rate of convergence for each group is found by calculating the

difference between each xi., and .f„ pooling the countries, and regressing these differences on

lagged differences, i.e.

2 Additional details on the construction of the export and import-based groups may be found in Ben-David (1996).
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(x
i,t 

X-t (X -1- Xt-1) (1)

As a result of the pooling, the dependant and independent variables have a zero mean over all

the countries and years, hence there is no intercept term in equation 1.3 Divergence is indicated

when the estimated sft. is above unity, while a sub-unity indicates convergence.

Defining z1 = .ft, then equation (1) becomes a unit root test of the variable Z, hence

the augmented-Dickey-Fuller (ADF) form of the equation will be estimated, which in this case

is

E c dz -f +
j=1

(2)

where ,f4t = zo-zo_1 . As Quah (1994) points out, in the event of pooling, as is the case

here, the t-statistic behaves as if it were normal asymptotically. Indeed, Levin and Lin (1992)

calculate critical t-values for such pooled equations which exclude drift and trend and find that

these are nearly identical to the standard t-values.

Estimations of equation (2) for per capita incomes in Ben-David (1996) indicate a

preponderance of sub-unity O's in the export and import-based groups. All but one of the 25

(P's in the export groups was sub-unity (14 of these were significantly so at the 5% level) and

22 of the 25 import groups' 4"s were sub-unity (17 of these were significantly so at the 5%

level). In contrast, when these same countries that comprise the trade groups were grouped

randomly, rather than on the basis of trade, there were more divergence outcomes than

convergence ones.

3 See Ben-David (1996).
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So what is the source of this trade-related convergence? If one assumes that output per

worker (y) is a monotonically increasing function of physical capital per worker (k), then could

the convergence in the y's be coming from a convergence in the k's? That is the focus of the

following section.

III. CAPITAL-LABOR RATIOS AND TRADE

Rather than use real GDP per capita, as was the case in Ben-David (1996), the emphasis

here will be on real GDP per worker (Y/L) which is more closely related to the dependant

variable in the neoclassical growth model. The source of this data is Summers and Heston

(1995), who use purchasing power parities (which facilitate cross-country comparisons) rather

than exchange rates. Data on real aggregate capital stocks (K), denoted in constant domestic

currency, comes from the World Bank and is described by Nehru and Dhareshwar (1993). To

convert this data into internationally comparable capital per worker (K/L) using Summers and

Heston's purchasing power parities, the aggregate capital stocks are multiplied by the ratio of

real GDP per worker from Summers and Heston to real aggregate GDP denoted in domestic

currency from The World Bank (1994).

Presumably, if output production can be described by

y = A kfl (3)

then the implication that the y's are a function of the k's should be borne out by the data as well.

And, in fact, the cross-country correlation coefficient between the log of per capita outputs and

the log of capital-labor ratios in the first and last years of the sample is 0.95 in both instances.
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Before proceeding to an analysis of k convergence within the trade groups, it is

interesting to note the incidence of k convergence in general between the countries.' This will

provide a reference point from which it will be possible to determine the uniqueness of the trade

group results.

Since the average number of countries in the trade-based groups is six, suppose that

groups consisting of six countries are created from the pool of 25 source countries plus 6

additional major trade partners.' There are 736,281, or 31!/(6!25!), different possibilities for

grouping the 31 countries into groups of 6. To keep the analysis within reasonable proportions,

5000 different random groupings of the countries were performed and each group's was

estimated using equation (2). This was done for both the k's and the y's. In the case of the

capital-labor ratios, 20% of the Ok's are significantly below unity — indicating convergence —

at the 5% level. In the case of the y's, 21% of the Oy's are significantly below unity at the 5%

level.

How closely do the trade group estimations resemble these proportions? Table 1 lists the

results of the estimations for both the export-based and the import-based groups. The source

countries of each group are listed in the left column of each panel. The column to the right of

the source countries lists the number of countries in each group. The next two columns display

the estimated convergence coefficients of the y's and their respective t-statistics for testing the

null that 4) equals unity (the groups are sorted by these t-statistics).

Cohen (1995), for example, finds that while per capita incomes are not converging worldwide, there does appear

to be evidence of a global convergence in capital stocks.

5 Most of the primary trade partners tend to be countries that are also source countries. In some instances however,

there are additional, non-source, countries that are also primary trade partners. Altogether, the pool of countries

includes 32 countries (including the 25 source countries). Since there are no capital stock data for the Congo, which

is a primary partner in South Africa's trade group, the focus in this paper will be on the 31 remaining countries.
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One of the first findings here is that the use of output per worker considerably sharpens

the earlier convergence results from Ben-David (1996) which were based on output per capita.

Of the 25 export-based groups, 22 (or 88% of the groups) exhibit significant convergence at the

5% level (compared to just 14 in the earlier study). In the case of the import-based groups, 21

of the 25 groups exhibit significant convergence at the 5 % level (compared to 17 in the earlier

study).6

What about the capital-labor ratios? As both panels of the table indicate, there is very

little evidence of convergence in the k's, with just 3 of the export-based groups — 4 of the

import-based groups — exhibiting significant (at the 5% level) convergence. In other words, the

likelihood of finding convergence in k's within a trade-based group is no greater than the

likelihood of finding convergence within a random grouping of countries. Thus, if the trade-

related convergence in outputs is not a result of convergence in the capital-labor ratios, it

becomes necessary to examine an alternative source of convergence.

IV. KNOWLEDGE FLOWS AND TRADE

Since the above section indicates no particular propensity towards convergence in the k's,

and if the production function is of the type specified in equation (3), then the source of the

convergence must be in the technology factor A. The question then is, why should trade lead

to a convergence in technologies?

Ben-David (1996) shows ,that the sensitivity of the convergence results to the inclusion or exclusion of individual

countries (such as the United States, Germany, Japan and the United Kingdom) in the different trade-based groups

does not appreciably alter the final outcomes.
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Ben-David and Loewy (1995) develop a theoretical framework that follows Romer (1986)

by abstracting from physical capital and focusing on the importance of knowledge in

production.' While the majority of recent modeling frameworks focus on the microeconomic

channels through which international trade induces competition, the objective in the model

described below is more limited. Given the aggregate nature of the trade data involved, the goal

is to describe a simple aggregative model that uses bilateral trade volumes (which served as the

basis for the construction of the trade groups) as a conduit for the dissemination of ideas and

shows how this process can be an equilibrating force between countries.

Following Grossman and Helpman (1991 and 1995), the premise here is that trade is a

channel for knowledge spillovers. Rather than focusing on the contribution of trade to steady

state growth, which has generally been the primary emphasis in the recent growth-related.,

literature, the BL model is simplified here so as to maintain the focus on trade's contribution to

the process of income convergence between countries.

It is assumed that each of J countries produces a distinct good, with country i producing

good i. Output growth results from the accumulation of knowledge, while capital is constant

and normalized to equal unity. The production function is linear homogeneous in labor, hence

output per worker in country i may be expressed as

y i(t) = H i(t)e (4)

where H1(t) is the aggregate stock of knowledge in country i at time t.

Accumulation of knowledge in country i is given by

In contrast with Romer however, the BL model focuses on the aggregate stock of knowledge in the economy while
Romer distinguishes between this aggregate stock and firm-specific knowledge.
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E1(t) = 0[11 i(t) + E v ii(t) H j(t)1 (5)

where 0 represents the productivity parameter common to all countries and vu is the ratio of

country i's total exports to country j divided by country i's aggregate output, or

Li(t) Cii(t)
v ii(t) -  i(o y

i *j

where cii represents country j's real per capita consumption of country i's goods and L, is the

size of the labor force in country i at time t.

Thus, domestic knowledge accumulation is dependent not only on the stock of domestic

knowledge, but also on the, stock of knowledge in the country's trade partners, as well as on the

extent of trade that exists between the countries. The vu term incorporates Grossman and

Helpman's notion that knowledge spillovers increase with the volume of trade.

Consumer preferences in country i are given by

e(pt L i(0)E a yln c ii(t) dt
=

(6)

where n is the rate of population growth (initial population levels in each country will be

normalized to equal unity), p is the rate of time preference, and 0< au< 1 ensures trade in the

model ( E au = 1 ). Country i's income is used to finance the consumption of both domestic

and foreign goods, in other words
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p1(t)
 c..(0 = H1(t)ei

l=1 Pi(0

where pi(t) is the time t price of good i (good 1 is the numeraire good) and assuming that there

are no restrictions on trade. While trade need not be bilaterally balanced, the absence of

international capital flows in the model implies that each country's overall trade must be

balanced, i . e .

L(t)p(t)c1(t)= E p i(t) L(t) c ji(t) V i .

When taken in the global context,-equation (5) constitutes a dynamic system of equations

that can be described in vector notation by fl=fill. As is shown in BL, fl is a matrix of

constants, hence the solution to this system of equations is

111(t) =Et.. "X.
J e

=1
(7)

where the Ai's are the eigenvalues of ft, the xi's are their associated eigenvectors, and the

are constants determined by the initial conditions.

Suppose that aii=aii=a, then in the two country case we get v12= v21 =v=a which is

constant. Hence, the solution in (7) can be written as

H1(t) = H1(0) e 0(1 +v)t H2(0) e -v)t

H2(t) = .11 1(0) e ° (1 +v)t - H 2(0) e ° (1 -v)t
(8)

where HIP and H2(0) are the initial values of knowledge stocks in the two countries. Letting

Ri be the log of H and be the average of and 112, then
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JH (0) e6(1")t + H (0) e°(1-v)t
(t) (t) = 0.5log  1 2

e0(1")t H2peeo-v)t
(9)

Given the relationship between y and H expressed in equation (4), then the behavior of the gap

reflects the behavior of the gap which, in this form, constitutes the basis of

convergence equation (1).

Note that the y in this model may be interpreted as the technology factor A in equation

(3) since it abstracts from the physical capital stock. Since both the numerator and the

denominator on the right-hand-side of (9) tend to H1(0)e°(1+v)t as t goes to infinity, then the

implication is that the gap on the left-hand side goes to zero and that the technologies should

converge over time.

V. TECHNOLOGY CONVERGENCE

To estimate the rate of convergence in technologies, it is possible to calculate the total

factor productivities (TFP), or A in equation (3), for each of the countries. Following Coe,

Helpman and Hoffmaister (1995), the parameter 13 is chosen to be 0.4. Since most economists

tend to place the value of ti between 0.3 and 0.4, the following estimations were run for 13 =0.3

as well.

As before, a benchmark reference point for TFP convergence among all of the countries

in the sample will be useful for determining the uniqueness of the results from the trade groups.

Hence, 5000 random groupings from the entire set of 31 countries are drawn and equation (2)

13



is estimated for each of the groups. When (3=0.4, then 17% of the groups exhibit significant

convergence at the 5% level. This percentage increases slightly to 20% when (3 is set at 0.3.

As is indicated in Table 2, when (3=0.4, then 15 of the 25 export-based groups (13 of

the import-based groups) exhibit significant convergence at the 5% level. When fl is lowered

to 0.3, 23 of the 25 export-based groups and 20 of the import-based groups exhibit TFP

convergence.

VI. CONCLUSION

Countries in randomly created groups tend to display very little evidence of income

convergence between them. On the other hand, when international trade is used as the basis for

grouping countries, there tends to be a relatively high incidence of income convergence among

the heavy traders. This result is verified here and is shown to be even stronger when output per

worker, is used, rather than output per capita.

The primary focus of this paper however, is to determine whether it is a convergence in

capital-labor ratios that is behind the trade-related income convergence, or whether the primary

source of the income convergence comes from a convergence in technologies. Capital-labor

ratios in the trade-based groups display no particular convergence tendencies above what can be

expected from a random drawing of countries.

In contrast with the capital-labor results, grouping countries according to their primary

trade partners appears to produce substantial evidence of technological convergence among the

countries. To the extent that output per 'worker in these trade-based groups has also converged

14



to a much greater extent than is evident in random country groupings, it would appear that the

mechanism through which trade leads to convergence is via the technology route.
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Table 1: Trade Group's Convergence Coefficients

(sorted by output t-statistics)

Export-Based Groups'

Source
Country Size

Output Per Worker

'.c& t-stat

Capital Per Worker

3 t-stat

1 NZ 5

,

0.956 -7.05 ** 0.996 -0.92
2 CAN 3 0.945 -5.19 ** 0.995 -1.01
3 AUSTL 4 0.945 -5.01 ** 0.995 -0.96
4 GERM 9 0.963 -4.64 ** 0.993 -1.80
5 US _ 6 0.966 -4.14 ** 0.997 -0.97
6 IRE 7 0.975 -4.06 ** 0.996 -1.35
7 JAP 3 0.977 -4.01 ** 0.985 -4.95 **
8 FRA 8 0.964 -3.99 ** 0.995 -1.22
9 AUSTR 6 0.965 -3.86 ** 0.993 -1.47
10 UK 8 0.975 -3.85 ** 0.993 -1.98 *
11 ICE 5 0.967 -3.72 ** 0.996 -1.02
12 ITAL 6 0.966 -3.53 ** 0.994 -1.23
13 SWIS 6 0.966 -3.53 ** 0.994 -1.23
14 BELLU 7 0.968 -3.48 ** 0.995 -1.14
15 NETH 7 0.968 -3.48 ** 0.995 -1.14
16 MEX 4 0.966 -3.29 ** 0.995 -1.08
17 SPA 7 0.973 -3.19 ** 0.991 -2.15 *
18 SWED 9 0.975 -3.07 ** 0.998 -0.59
19 FIN 7 0.973 -2.90 ** 0.999 -0.21
20 NOR 7 0.976 -2.56 ** 0.998 -0.61
21 DEN 7 0.978 -2.29 * 0.999 -0.41
22 ARGN 5 0.986 -2.25 * 0.998 -0.74
23 CHIL 8 0.991 -1.53 1.000 -0.07
24 URUG 6 0.994 -0.91 1.003 0.92
25 SA 6 1.002 0.91 1.000 -0.03

Import-Based Groups'

Source '
Country Size

Output Per Worker I

3 t-stat

Capital Per Worker

if) t-stat

1 GERM 8 0.966 -5.94 ** 0.991 -1.90
2 UK 9 0.967 -5.74 ** 0.991 -2.05 **
3 ICE 9 0.963 -5.41 ** 0.996 -1.49
4 FIN 6 0.962 -5.35 ** 0.997 -0.95
5 SWED 9 0.968 -5.22 ** 0.996 -1.27
6 NOR 9 0.968 -5.22 ** 0.996 -1.27
7 CAN 3 0.945 -5.19 ** 0.995 -1.01
8 JAP 3 0.936 -5.15 ** 0.993 -1.21
9 AUSTL 6 0.964 -5.10 ** 0.996 -1.08
10 NZ 6 0.964 -5.10 ** 0.996 -1.08
11 AUSTR 4 0.938 -4.77 ** 0.926 -5.13 **
12 DEN 9 0.972 -4.48 ** 0.996 -1.44
13 US 6 0.966 -4.14 ** 0.997 -0.97
14 SWIS 8 0.964 -3.99 ** 0.995 -1.22
15 MEX 3 0.959 -3.58 ** 0.996 -0.88
16 FRA 7 0.968 -3.48 ** 0.995 -1.14
17 ITAL 6 0.970 -3.25 ** 0.994 -1.22
18 IRE 5 0.980 -2.70 ** 0.994 -2.04 *
19 BELLU 6 0.976 -2.57 ** 0.998 -0.54
20 NETH 6 0.976 -2.57 ** 0.998 -0.54
21 SPA 7 0.978 -2.54 ** 0.992 -2.01 *
22 SA 6 0.992 -1.63 0.997 -0.92
23 ARGN 8 0.997 -0.90 0.996 -1.23
24 URUG 5 0.994 -0.85 1.003 0.86
25 CHIL 6 1.006 0.67 1.000 0.04

The list of countries in each group may be found in Appendix Table Al. A legend of the abbreviations is in Table A2.

** Significantly different from one at the 1% level.
* Significant different from one at the 5% level.
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Table 2: Convergence in Total Factor Productivities

(sorted by a=0.4 t-statistics)

Export-Based Groups

(a=0.4) TFP (a=0.3)TIT
Source
Country Size ci) t-stat ii. t-stat

1 FIN 7 0.955 -3.16 ** 0.943 -3.81 **
2 SWED 9 0.966 -3.04 ** 0.957 -3.59 **
3 NZ 5 0.954 -2.92 ** 0.936 -4.58 **
4 AUSTL 4 0.957 -2.66 ** 0.939 -4.27 **
5 GERM 9 0.965 -2.64 ** 0.945 -4.20 **
6 MEX 4 0.941 -2.56 * 0.941 -3.48 **
7 AUSTR 6 0.959 -2.47 *. 0.939 -3.70 **
8 JAP 3 . 0.963 -2.41 * 0.971 -3.16 **
9 FRA 8 0.966 -2.39 * 0.941 -3.92 **
10 SWIS 6 0.963 -2.26 * 0.936 -3.72 **
11 ITAL 6 0.963 -2.26 * 0.936 -3.72 **
12 URUG 6 0.973 -2.26 * 0.978 -2.20 *
13 ARGN 5 0.974 -2.24 * 0.977 -2.46 *
14 DEN 7 0.967 -2.18 * 0.946 -3.07 **
15 ICE 5 0.960 -2.07 * 0.948 -3.41 **
16 NOR 7 0.975 -1.84 0.956 -2.80 **
17 CHIL 8 0.983 -1.60 0.985 -1.65
18 UK 8 0.979 -1.56 0.966 -3.01 **
19 SPA 7 0.974 -1.46 0.948 -3.08 **
20 BELLU 7 0.977 -1.35 0.945 -2.99 **
21 NETH 7 0.977 -1.35 0.945 -2.99 **
22 US 6 0.988 -1.09 0.973 -2.68 **
23 IRE 7 0.987 -0.99 0.973 -2.33 *
24 CAN 3 0.994 -0.61 0.981 -2.02 *
25 SA 6 1.007 1.59 1.006 1.65

** Significantly different from one at the 1% level.
* Significant different from one at the 5% level.

Import-Based Groups

Source
Country

'
Size

(a=0.4)

t-stat

TFP (a=0.3)

.g) t-stat

TIT

(1)

1 AUSTL 6 0.924 -4.68 ** 0.929 -4.89 **
2 FRA 7 0.907 -3.58 ** 0.913 -4.74 **
3 NETH 6 0.964 -3.45 ** 0.959 -4.38 **
4 IRE 5 0.964 -3.45 ** 0.959 -4.38 **
5 AUSTR 4 0.959 -3.22 ** 0.953 -4.29 **
6 SPA 7 0.970 -3.00 ** 0.963 -4.18 **
7 BELLU 6 0.964 -2.85 ** 0.954 -4.20 **
8 ICE 9 0.960 -2.78 ** 0.945 -4.34 **
9 GERM 8 0.960 -2.78 ** 0.945 -4.34 **
10 US 6 0.966 -2.39 * 0.941 -3.92 **
11 NZ 6 0.976 -2.33 * 0.966 -3.85 **
12 CAN 3 0.967 -2.15 * 0.954 -4.67 **
13 FIN 6 0.979 -1.96 * 0.963 -4.11 **
14 URUG 5 0.975 -1.95 0.978 -2.05 *
15 JAP 3 0.977 -1.35 0.945 -2.99 **
16 ITAL 6 0.972 -1.31 0.964 -1.98 *
17 DEN 9 0.976 -1.30 0.942 -3.00 **
18 NOR 9 0.982 -1.13 0.969 -2.32 *
19 SWED 9 0.988 -1.09 0.973 -2.68 **
20 UK 9 0.994 -0.61 0.981 -2.02 *
21 SA 6 0.997 -0.57 0.997 -0.71
22 CHIL 6 1.002 0.22 0.996 -0.52
23 SWIS 8 1.013 0.73 0.978 -0.98
24 MEX 3 1.013 0.73 0.978 -0.98
25

, 
ARGN 8 1.010 0.93 1.009 0.91



Table Al: List of Countries in Trade Groups
(legend in Table A2)

Source
Country Countries in Group

Ex

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

port-Based

CAN
NZ
AUSTL
ICE
GER
SPA
JAPAN
FRA
AUSTR
SWIS
ITAL
BELLU
NETH
US
CHIL
UK
SWED
ARGN
FIN
IRE
MEX
DEN
NOR
URUG
SAFR

Groups

JAPAN VS
AUSTL JAPAN UK US
JAPAN NZ US
GER JAPAN 'UK US
AUSTR BELLU FRA ITAL NETH SWIS UK US
FRA GER ITAL NETH UK US
SKOR US
BELLU GER ITAL NETH SWIS UK US
GER ITAL SWIS UK US
FRA GER ITAL UK US
FRA GER SWIS UK US
FRA GER ITAL NETH UK US
BELLU FRA . GER ITAL UK US
CAN GER . JAP MEX UK
AUSTR BRAZ GER ITAL JAPAN UK US
BELLU FRA GER IRE ITAL NETH US
DEN FIN FRA GER NETH NOR UK US
BRAZ JAPAN NETH US
DEN GER NOR SWED UK US
BELLU FRA GER NETH UK US
JAPAN SPA US
FRA GER NOR SWED UK US
FRA GER NETH SWED UK US
ARGN BRAZ GER UK US
CONG ETHI GHAN JAPAN UK US

fin

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

port-Based

CAN
DEN
JAP
FIN
GER
NOR
SWED
NZ
AUSTL
UK
ICE
AUSTR
SWIS
FRA
ITAL
NETH
BELLU
US
SPA
IRE
MEX
URUG
SAFR
CHIL
ARGN

Groups

JAPAN US
FRA GER JAPAN NETH NOR SWED UK US
AUSTL US
GER JAPAN SWED UK US
BELLU FRA ITAL JAPAN NETH UK US
DEN FIN FRA GER JAPAN SWED UK US
DEN FIN FRA GER JAPAN NOR UK US
AUSTL GER JAPAN UK US
GER JAPAN NZ UK US
BELLU FRA GER ITAL JAPAN NETH NOR US
DEN GER JAPAN NETH NOR SWE UK US
GER ITAL SWIS
BELLU FRA GER ITAL NETH UK US
BELLU GER ITAL NETH UK US
FRA GER NETH UK US
BELLU FRA GER UK US
FRA GER NETH UK US
CAN . GER JAPAN MEX UK
FRA GER ITAL MEX UK US
FRA GER UK US
JAPAN US
ARGN BRAZ GER US
FRA GER JAPAN UK US
BRAZ GER GUYA JAPAN US
BOLI BRAZ FRA GER ITAL JAP US



TABLE Al: Legend of Countries

Code

 ,

Country

1 ARGN Argentina
2 AUSTL Australia
3 AUSTR Austria
4 BELLU Belgium-Luxembourg
5 BOLI Bolivia
6 BRAZ Brazil
7 CAN Canada
8 CHIL Chile
9 DEN Denmark
10 ETHI Ethiopia
11 FIN Finland
12 FRA France
13 GER Germany
14 GHAN Ghana
15 GUYA Guyana
16 ICE Iceland
17 IRE Ireland
18 ITAL Italy
19 JAPAN Japan
20 MEX Mexico
21 NETH Netherlands
22 NOR Norway
23 NZ New Zealand
24 SAFR South Africa
25 SKOR South Korea
26 SPA Spain
27 SWED Sweden
28 SWIS Switzerland
29 UK United Kingdom
30 URUG Uruguay
31 US United States
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