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ABSTRACT

This paper examines the relationship between international trade and in-
come convergence among countries by focusing on groups of countries com-
prising major trade partners. The majority of these trade-based groups ex-
hibited significant convergence. Furthermore, a comparison of the trade-
based groups with different country groupings (randomly selected, or ac-
cording to other criteria) shows that the former were more likely to exhibit
convergence than the latter.




I. INTRODUCTION

Much has been written about the extent of income convergence, or lack of it, among
" countries. This paper differs from much of the mainstream convergence literature in two related
ways. While the primary focus here will be on trade’s relationship to the convergence process,
the methodology utilized to determine the existence and magnitude of convergence will not be
through the common cross-country growth regressions used by Baumol (1986), Dowrick and
Nguyen (1989), Barro (1991), Levine and Renelt (1992) and many others. Instead, convergence
is characterized here by the reduction in income differentials within specific groups of countries
over time.

Though there is evidence of a higher incidence of income convergence among some of
the wealthier countries (see for example: Baumol, 1986 and 1989; and Ben-David, 1994b), it
is not obvious why some subsets of these countries exhibit greater convergence than others,
while still other subsets of countries display no convergence tendencies whatsoever. This paper
analyzes this issue from the perspective of trade’s contribution to the process.

When the analysis is broadened to include a wider spectrum of countries, the convergence

evidence seems to dissipate entirely. Much of the impetus for the emergence of the endogenous

growth literature over the past decade is due to this apparent lack of income convergence among

countries. As Romer (1986)_, Lucas (1988), and others have observed, this raises some questions
as to the empirical validity of some of the major conclusions of the standard neoclassical growth
model. But as Barro (1991), Mankiw, Romer and Weil (1992), Levine and Renelt (1992) and
others point out,.oncev human capital, government policies, and other variables are accounted for,

there appears to be strong evidence of conditional convergence.




The primary methodology used to test for the existence of convergence in the above
studies was to regress growth rates on initial levels of income plus the additional factors that one
wished to control for. A negative relationship between the rates of growth and the initial
incomes was interpreted to imply convergence.

A different approach for analyzing the convergence process, and trade’s contribution to
that process, may be found in Ben-David (1993 and 1994a). Using annual dispersion measures
rather than cross-country regressions, those papers focus specifically on groups of countries that
formally liberalized trade and show how the timing of the convergence process is related to the
timing of the liberalization process.

The neoclassical growth model (Solow, 1956) predicts income convergence among similar
countries, even in the absence of trade. However, the free flow of goods may enhance this
process. Heckscher (1919) and Ohlin (1933) hypothesized that free trade will draw factor prices
towards equality. This was later formalized by Samuelson (1948 and 1949) as the factor price
equalization proposition (see also Helpman and Krugman, 1985) which provides théoretical
support for the idea that, under certain conditions, enhanced trade should lead to the equalization
of commodity prices and the ensuing equalization of factor prices. While factor prices are not
the same as total income, Ruffin (1987) shows that an equalization of the former can usually be
considered as a catalyst for the equalization of the latter. Other research points to the diffusion
of technology (Jovanovich and Lach, 1990) or knowledge (Grossman and Helpman, 1991) and
the contribution of increased trade in spurring difﬁjsion, and eventually, as Dollar, Wolff, and
Baumol (1988) point out, income convergence.

One point should be clarified. The results from this paper alone are insufficient to

discern between the hypothesis that countries that trade a great deal with one another tend to




converge, and the alternative hypothesis (usually associated with Linder. 1961) that similar
countries tend to trade more.

However, an analysis of the relationship between trade liberalization and income
convergence (in Ben-David, 1993 and 1994a), suggests that it is the former that produces the
latter, rather than the other way around. The trade reform programs examined in those papers
were performéd according to specific timetables that varied from group to group. Although no
intra-group income convergence was evident prior to the inception of the individual trade
reforms, significant convergencé, togethef with significant increases in the volume of trade,
began to occur simultaneously with the removal of the trade barriers. These findings — that
similar countries displayed no convergence tendencies prior to thé implementation of trade
liberalization and displayed significant convergence following the implementation of tradeb
liberalization — provide evidence that it is the removal of obstacles to trade, rather than just the
similarity suggested by the Linder hypothesis, which acts as a cat‘alyst for income convergence.

While traditional trade theory tends to emphasize that it is increased openness, and not
necessarily the actual volume of trade, that should lead to an equalization of incomes, the
evidence from that earlier work points to a very strong relationship between the two. Hence,
the premise here is that highv'le\}els bf‘ trade between countries are a good proxy for the degree
of openness between them.

The primary difference between this paper and the earlier liberalization-convergence

papers is in scope. Rather than being limited only to countries that created formal trade groups

with specific timetables for the elimination of trade barriers, the emphasis here will be on
providing a more general cxamination of the link between the magnitude of trade and the extent

of income convergence or divergence.




More specifically, the objective of this paper will be to focus on groups of countries
comprising major trade partners, compare them with different country groupings that are selected
randomly or otherwise, and determine the extent that the former exhibit more income
convergence than do the latter.

If trade plays a role in the convergence process, it should probably be evident among
countries thatvare the principal trade partners of one another. Thus, the first step will be to
determine each country’s primary trade partners, and in this manner, to create what will be
referred to as trade groups. This is done in section two. After the convergence model is
detailed in section three, the next step will be to examine the behavior of income differentials
within these groups (section four). Sections five through eight examine the robustness and

sensitivity of these results from a number of different perspectives. Section nine concludes.

II. CREATION OF THE TRADE GROUPS

Trade groups were created for individual source countries that were selected as follows.
Real per capita incomes in 1960, the initial year of this study, were used to rank all countries
from richest (the U.S.) to poorest (Tanzania).! Countries that are primarily oil producers and
formerly Communist countries were omitted from the sample. Also omitted were the poorest
countries. These were defined as those countries that had 1960 per capita incomes that were
below an ad hoc cutoff point of 25% of the U.S. per capita income level that year. This left

25 countries above the 25% cutoff point. For each of one of these source countries, a group

of major trade partners was created. .

! Data Source: Summers and Heston (1988)




How does one define who is a major trade partner of whom and how should the trade
groups be formed? The usual practice in analyzing trade’s impact on the growth process is to
combine imports and exports and examine their joint effect. This is done here as well, with
major export and import partners forming each source country’s trade groups. However, to the
extent that the major export and import partners are not the same, it is also interesting to see if
any differencés exist between groups formed solely on the basis of exports and groups formed
solely on the basis of imports.

To keep the examination within manageable proportions, the goal is to implement some
general criteria that limits the size of ihe trade groups to under 10 countries. The composition
of the export-based trade groups is determined according to the following criteria. Supposel that
country i is one of the 25 source countries. If i exported more than 4% of its total exports in
1985 (the final year of the sample) to any éountry J, then country j will be part of i’s trade group
("poor" countries with incomes below the 25% income threshold are allowed to be group
members).2 Why use 4% rather than, say, 5% or 10%? When the criteria is 10% for example,
then in the majority of cases, there are either no trade partners that satisfy th21t criterion, or at
best there is only one country. Reducing tﬂe cutoff to 5% led to only marginal improvements

| in group size. The groups resulting from the 4% threshold ranged in size ffom a minimum of

three countries per group to a maximum of nine. These are roughly similar to the size of the

trade liberalization groups that were analyzed' in Ben-David '(1993 and 1994a), but without the

binding restrictions that these groups formally declare and adhere to trade agreements.

2 From Ben-David (1994b), it is clear that the inclusion of poorer countries reduces the likelihood of finding
convergence within the group.




Trade groups were also formed on the basis of imports, with any country j that is the
source of over 4% of source country i’s imports being included in i’s import-based trade group.
For the most part, the export-based groups tehded to be quite similar to the import-based groups.
For completeness, the union of the two groups was also examined. Tabie Al in the Appendix
lists the countries comprising each of the trade groups. Table A2 provides a legend of the name

abbreviations.

III. THE CONVERGENCE MODEL

It is now possible to examine the behavior of each group’s income differentials over time
and ascertain whether there is any noticeable evidence of convergence within them. The
conventional, cross-country regression method for determining convergence has recently come

under some criticism by Quah (1993a and 1993b) and Friedman (1992) for regression to the

mean problems that bias the results. Quah shows that this bias is similar to Galton’s fallacy.

Friedman advocates Hotelling’s (1933) view that convergence is indicated by a diminution of the
income variance among countries over time. Several of the more recent studies on convergence
have in fact avoided cross-country regressions altogether and relied instead on time series
information for determining the existence, or lack thereof, of convergence (see for example:
Bernard and Durlauf, 1993; Ben-David, 1993 and 1994b). Baumol and Wolff (1988) and Barro
and Sala-i-Martin (1991) supplemented their cross-country convergence results with some time
series evidence as well.

A further problem that renders the cross-country approach inapplicable for this study is
that it requires many more countries than exist in the three to nine member trade groups that are

the primary focus of the convergence analysis here. The number of observations in the common




cross-country convergence regressions equals the number of countries in the group being analyzed,
so groups whose members number in the single digits would not produce very powerful results.

The convergence measure adopted here is based on the following relationship
1) Oi= ¥ = @G Yn) + €,

where y;, is the log of country i’s real per capita income at time ¢ and y, is the average of the
group’s log per capita incomes at time ¢.

A ¢<1 indicates the existence of income convergence within the group, while a ¢>1
indicates divergence. Once calculated, the estimated ¢ provides an indication of the rate of
convergence within the given group. The half-life of the convergence process, or the number of
years that it takes for the income gap to be cut in half is given by Ln(.5)/Ln(¢).3

The countries within each group are pooled together for the estimation of equation 1 and
the convergence coefficient (d?) is calculated for each group. Pooling alleviates the need for the

inclusion of a constant in the expression since, by construction, such a constant would equal zero.*

3 This is derived in Ben-David (1993).

* The reason that the constant is zero is due to the following. Let z,=y,-y and x, =y, -y, . If

z,=a+ ¢x,+€, ,then & =7+ ¢x . But
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and the analysis is similar for X , hence d =0 .




The augmerited-Dickey—Fuller (ADF) form of equation 1 is

k
Ly = P2, * ECjAZi,t—j T
i

where <z, =y,-y, and A4z, =z,-z,, . Inlieu of an intercept and trend, the applicable
critical ¢-values for the estimations of this equation are the standard z-values (see Fuller, 1976,
page 373). As Quah (1994) has shown, it is possible to use the standard ¢-statistic for testing
the unit root null since, in the presence of pooling, the z-statistic will have an asymptotically
normal distribution. This is corroborated in Levin and Lin (1992) who calculate critical ¢-values
for small samples and find that in the case of pooled data without an intercept or trend, the
critical values are nearly identical to the standard z-values.

The number of lags, k, is determined by choosing an upper bound of k,,,, and estimating
the equation. If the last lag is not found to be significant at the 10% level, then £ is reduced by
one and the procedure is repeated. Given the tradeoff between the desirability of choosing a
high k,,,, versus the constraint of only 26 years of data, an ad hoc initiél upper bound value of

k. .. = 4 is chosen.

While there are clearly more sophisticated methods available for estimating convergence
(see for example Quah, 1993a, 1993b, and Bernard and Durlauf, 1993) the primary
" attractiveness of this measure lies in its simplicity, its applicability to relatively small groups of

countries, and its usefulness for conducting relatively quick and simple convergence comparisons

across a multitude of groups that include different country compositions.




IV. RESULTS

Results of the equation 2 estimation for each of the trade groups are reported in Table 1.
The export-based groups appear on the left-hand side of the table, the import-based group are
in the middle, and the union of the two groups is on the right side of the table. In each of the
three cases, the source country of each group is listed first, followed by the number of countries
in each trade group and the group’s estimated convergence coefficient, é.

The results in Table 1 indicate that most of the individual trade groups exhibited income
convergence. In the case of the export-based trade groups, 24 of the 25 groups had a sub-unity
6, with 16 of these outcomes significant at the 10% level at least.” All ‘but 3 of the 25 import-
based groups had a sub-unity é and 17 of these outcomes were significant at the 10% level. The
union of the export-based groups with the import-based groups produced similar results
indicating convergence in a majority of the groups. The average convergence coefficient for

each of the three types of trade groups was also significantly less than unity (at the 1% level).

V. COMPARISON WITH ALTERNATIVE COUNTRY GROUPINGS

One question that might be asked is whether these results are indicative of trade-related
convergence, or whether any random grouping of these same countries might p'roduce similar
results. To test this conjecture, it is possible to group the 25 source countries into their many
different possible subgroupings, estimate their convergence coefficients, and see how likely it

is to find results of the type found in Table 1. Since the import and export-based groups ranged

s South Africa’s results should be treated with caution since the makeup of its trade groups is quite heavily
influenced by the fact that the country was subject to considerable economic sanctions that included trade embargoes
from other industrialized countries.




Table 1:

Trade Group's Convergence Coefficients

(sorted by r-statistics)

Source
Country

Export-Based Groups’

Halt
] -stat 3 Lite

" Source
Country

Import-Based Groups

¢ 1-stat

>~

Half
Life

Source
Country

Union

of Im- and Ex-Based Groups’

Half

é

1-stat

Life

CAN
AUSTR
GER

ICE
JAPAN
FRA

NZ

ITAL
SWIS
BELLU
NETH
SPA
AUSTL .
SWED
UK

FIN

IRE

DEN
CHIL
NOR
ARGN
us
URUG
MEX 4
SATR 7

>

AN 0 N NNl e

>

0.935
0.974
0).976
0.957
0.984
0.978
0.966
0.979
0.979
0.981

{0981

0.983
0.973
0.979
0.992
0.980
0.994
().985
0.993
0.988
0.996
0.996
0.998
0.99%
1.00S

-4 571 ***
-3.760) k%
S3.T13 ke
-3.505 t**
-3.470
-3.236
-3.057
-2.8R83
-2.883
-2.643
-2.642
2413
22,300 **x
1.990 **
1.796 *
1.745 *
-1.359
1.237
1.117
-1.037
-0.909
-0.731
-0.404
-0.327
1.782 *

0
26
29
16
43
21

CAN
NOR
SWED
FIN
ICE
GER
JAPAN
DEN
SWIS
AUSTR
AUSTL
NZ
FRA
UK
ITAL
BELLU
NETH
SPA
IRE

us
URUG
MEX
SAFR 6
ARGN ]

CHIL 6.

0.935
0.959
0.959
0.955
0).958
0.973
0.959
0.969
0.978
0.975
0.966
0.966
0.981
0.979
0.983
0.979
0.979
0.993
0.994
0.996
0.998
0.999
1.003
1.003
1.006

4571 e
-4.452 #ex
-4.452 #v+
4380 *++
-4.024 +4+
3.520 %+
-3.496 *+*
-3.249 *++
-3.236 ***
-3.233
-3.209
-3.209
-2.643
-2.613
-2.300
-2.078
2.078
-1.339
-1.295
0.731
-0.445
-0.208
0.553
0.883
0.903

1o Py = = = &

—— = ) -

10
17
17
1S
16
25
16
22
31
28
20
20
306
33

CAN
NOR
SWED
FIN
JAPAN
ICE
GER
AUSTR
DEN
FRA
Swis
NZ
AUSTL
ITAL
BELLU
NETH
UK
IRE
SPA

us
URUG
MEX
ARGN
CHIL
SAER

0.935
0.960
0.960
0.959
0.982
0.958
0.972
0.974
0.969
0.978
0.978
0.966
0.966
0.979
0.981
0.981
0.992
0.994
0.993
0.996
0.998
0.998
1.003
1.006
1.00S

4571 #ae

©.4.447 *¥*

-4.447 ***
4318 e
-4.100 *+*
4,024 *xx
23,934 %
23,760 ***
-3.249 *x*
-3.236 ***
-3.230 *#+
-3.209 ***
23,209 **+
-3.010 ***
22,643 *+
22,643 ++
-1.525
-1.359
-1.341
-0.731
-0.404
-0.327
0.880
1.127
2211 *+

10
17
17
16
37
16
24
26
- 22
3N
21
20

2

Mean:

0.982

<0143 ***

Mean:

0.978

-6.079 **+

0.979

-5.817 ##*

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

*+ Significantly ditferent from one at the 1% level.
*+ Significant ditferent from one at the 5% level.
* Significant different from one at the 10% level.

Export groups include all countries that receive over 4% of the source countries total exports.
Import groups include all countries that are the origin of over 4% of source countries total imports.
The column heading, #. represents the number of countries in each group.




in size from three countries to nine countries, the various randofn subgroupings Will also range
in size from three to nine countries.

In the case of subgroups with 3 countries, it is faossible to create 2300 different subgroups
from the 25 original source countries (i.e. 25!/(3!22!) subgroups). As the number of countries
within each subgroup increases to nine, so does the number of different possible ways to group
the countries. There are 12,650 possible subgroups of four, 53,130 possibilities of five, and up
to 2,042,975 different possible subgroups consisting of nine countries.

For the smallest group size of 3, each of the possible subgroups was estimated, while for
the larger groups, 5000 random draws of each group size were estimated. The cumulative
distributions of the ¢’s are graphed in Figure 1. Below the figure, in Table 2, are some of the
critical values obtained from these distributions. The larger the group size, the smaller the
variability of the #’s. For example, the range of convergence coefficients for groups of nine
ranged from 0.925 to 1.035, compared to a range between 0.672 and 1.103 for groups consisting

of only three countries. As is evident from Figure 1, a random grouping (of any group size)

is more likely to produce a $>1, i.e. a divergence outcome.

The results in Table 2 make it easier to determine how commonplace the convergence
results really are. For example, New Zealand’s import-based trade group consists of 6 countries
and it had an estimated ¢ of 0.966. From Table 2, it can be seen that the likelihood of drawing
a randomly constructed group of six countries out of the original 25 and getting a d3 of 0.966
is less than 5%. In a similar fashion it is possible to compare the results of the other trade
groups to those of the complete distributions and determine the uniqueness of each.

One additional poiﬁt should be addressed here. While the trade groups tended to

comprise primarily the countries that were among the 25 source countries, there were additional




Distribution of Convergence Coefficients (¢'s)
The 25 Source Countries in Groups Consisting 3 to 9 Countries Per Group

Cumulative Frequency

[ 102 | 104
1.01 1.03
Convergence Coefficients (¢'s)

Figure 1

Table 2: ‘ Critical Values of ¢’s

Groupings of the 25 Source Countries
(3 to 9 Countries Per Group)

Group Size

3 4b 5b 6b 7!7

1% 0.875 0.913 0.947
5% 0.922 0.950 0.970
10% 0.949  0.966 0.981
20% 0.970 0.982 0.994
30% 0.983 0.993 1.000
40% 0.994 0.999 1.004
50% 1.002 1.005 1.006

NOBS 2300 5000 5000

* All the possible groupings.
" 5,000 random groupings.




countries that were -also fbund to be major trade partners in some of the instances. These
included 7 additional countries with lower per capita incomes than those of the 25 source
countries. Hence distributions from the larger pool of 32 countries were also calculated and
these appear in Table 3.

Table 4 provides a summary of the probabilities of finding each of the trade group
outcomes in a random draw of countries. Two probabilities are provided for each trade group.

The first outcome is from the pool of 25 source countries while the second probability is from

the larger pool of all 32 countries that appear in one or more of the trade groups.

Over half of the trade groups have ¢’s that are below 10% of the possible outcomes,
given the size of the respective trade group. These results are even stronger when they are
compared to the drawings from the pool of 32 countries, where 18 (17) of the 25 export (import)
based trade groups have ®’s below 10% of the possible outcomes. All but one of the export-
based trade groups (and just one of the impoﬁ-based groups) has a é that is less than 50% o.f

the possible outcomes.

VI. EXCLUSION OF PARTNERS

While it would appear that grouping countries according to their tradev affiliations
produces significant convergence that is rarely replicated by random draws, could it be that all
of this convergence within groups might be towards one country that is common to all, or nearly
all, of the groups? The United States, which is a major trade partner of each of the other 24
countries is a prime candidate for this type of a bias. Its removal from each of the groups would

then reduce the convergence bias, if one exists.




Table 3: Critical Values of ¢’s

Groupings of the 32 Major Trade Partners
(3 to 9 Countries Per Group)

Group Size

32 4b Sb 6b 7b

1% 0.895 0.931
5% 0.950 0.970
10% 0.970 0.979
20% 0.983 0.991
30% 0.993 0.998
40% 1.000 1.001
50% 1.004 1.004

NOBS 4960 5000

“ All the possible groupings.
" 5,000 random groupings.




Table 4: Convergence Coefficients and Probabilities from ¢ Distributions -

(countries sorted by probabilities)

The probabilities of getting each group’s ¢ from random grouping of countries
are based on the critical values in Tables 2 and 3.

Export-Based Groups Import-Based Groups

Probabilities Probabilities

Source Group All 25  All 32 | Source Group All 25 All 32

a

Country Size ¢ Source  Traders | Country Size é Source  Traders

0.958 1% 1%
0.959 1% 1%
0.959 1% 1%
0.955 5% 1%
0.966 5% 1%
0.966 5% 1%
0.969 . 5% 1%
0.973 5% 1%
0.978 5% 1%
0.979 5% 1%
0.935 10% 5%
0.979 10% 5%
0.979 10% 5%
0.981 10% 5%
0.983 20% ° 5%
0.959 20% 10%
0.975 20% 10%
0.993 20% 20%
0.996 30% 20%
0.994 30% 30%
1.003 30% 40%
0.998 40% 30%
1.003 40% 50%
0.999 50% 40%
1.006 50%

0.976 5% 1% ICE
0.978 5% 1% NOR
0.979 5% 1% SWED
0.957 5% 5% FIN
0.966 10% 5% AUSTL
0.935 10% 5% NZ
0.974 10% 5% DEN
0.979 10% 5% GER
0.979 10% 5% SWIS
0.980 10% 5% UK
0.981 10% 5% CAN
0.981 10% 5% NETH
0.983 10% 5% BELLU
0.985 10% 5% FRA
0.973 20% 10% ITAL
0.988 20% 10% JAPAN
0.992 20% 10% AUSTR
0.993 20% 10% SPA
0.994 20% 20% Us
0.996 30% 20% IRE
0.996 30% 30% ARGN
0.998 30% 30% URUG
0.984 40% 30% SAFR
0.998 40% 30% MEX
1.005 50% CHIL

GER
FRA
SWED
ICE

NZ
CAN
AUSTR
ITAL
SWIS
FIN
NETH
BELLU
SPA
DEN
AUSTL
NOR
UK
CHIL
IRE

Us
ARGN
URUG
JAPAN
MEX
SAFR

1
2
3
4
5
6
7
8
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The estimatedy convergence coefficients for the export-based trade groups, minus the
U.S., appear on the left-hand side of Table 5a, while the results for the import-based groups
appear on the left-hand side of Téble 5b. 21 (20) of the 24 export (24 import) groups still have
¢’s below unity.

Like before, the overall ¢ distributions were calculated for the all combinations of the
source countries, minus the United States, as well as all 31 (again minus the U.S.) of the major
traders. The critical values from these distributions appear in Appendix Table A3. While the
exclusion of the United States weakens the results, the majority of the trade group outcomes fall
below 20% of the random outcomes and all but two of the export groups (three of the import
groups) have convergence coefficients thét are smaller than .the majority of the possible
convergence coefficients.

In addition to the U.S., which appeared in every group, there were three other countries,

the U.K., Germany, and Japan that also appeared as major trade partners in a number of the

groups. The results from the exclusion of these countries are also reported in Tables 5a and 5b

while the relevant critical values may be found in Appendix Table A3. As in the U.S. case, the
exclusion of these countries does not appreciably alter the relatively high incidence of

convergence within the trade groups.

VII. CHANGING THE BASE YEARS OF THE TRADE GROUPS

The idea for creating trade groups based on end-of-period (i.e. 1985) trade data stemmed
from a desire to create groups of countries that had evolved over time into major trade partners,

hence increasing the likelihood of finding convergence. Had the grouping criteria been based




Table 5a:

Convergence Cocfficients of Export Groups Excluding U.S., U.K., Germany and Japan

(countries sorted by probabilities from ¢ distributions)

The probabilities of getting each group’s ¢ from random grouping of countrics are based on the critical values in Table A3.

Excluding the United States

Excluding the U.K.

Excluding Germany

Excluding Japan

Source
Country

Probabilities

) Al 25
[ Source

All 32

Traders

Source
Countny

Size é

Probabilities

All 2§
Source

All 32
Traders

Source
Country

Probabilities

A All 25
[ Source

All 32
Traders

Source
Country

Probabilities

All 25
Source

All 32
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SWED
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FIN
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UK
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URUG
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JAPAN
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MEX
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0.919
0.974
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0.976
0.981
0.972
0.977
0.977
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0).986
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0.995
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1.037
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0.970
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0).977
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0.935
().978
0.979
().082
0.982
0.976
0.97%
0.97%
0.973
01.973
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0.984
0.996
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00.998
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1%

1%

1%
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5% 5%
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50%
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CHIL
NOR
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URUG
us
MEX
SAFR

0.977 5%
0.980 5%
0.935 10%
0.963 10%
0.966 10%
0.973 10%
0.980 10%
0.980 10%
0.980 10%
0.981 10%
0.978 20%
0.978 20%
0.973 20%
0.987 20%
0.991 20%
0.993 20%
0.990 20%
0.993 20%
0.984 30%
0.996 0%
0.996 0%
0.997 0%
0.998 40%
1.00S S0%
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AUSTR
GER
FRA
SWED
FIN
BELLU
NETH

SWIS

ITAL
SPA
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NOR
UK
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ICE
CHIL
IRE
us
URUG
ARGN
MEX
NZ
SAFR
AUSTL

0.974 5% 1%
0.976 5% 1%
0.978 S% 1%
0.979 5% 1%
0.980 5% 5%
0.981 S% - 5%
0.981 5% 5%
0979  10% 5%
0979  10% 5%
0.983  10% 5%
0.985  10% 5%
0.988  10% 10%
0992 0% 0%
0925 0% 10%
0984  20% 20%
0.994  20% 20%
0.994  20% 20%
0.996  30% 30%
0.998  30% 30%
0.995  30% 30%
0.991  40% 30%
0.998  40% 30%
1.005  40% 50%
1.004 50%
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Table 5h: Convergence Coefficients of Import Groups Excluding U.S., U.K. and Germany

(countries sorted by probabilities from ¢ distributions)

The probabilities of getting each group’s ¢ from random grouping of countries are based on the critical values in Table A3.

Excluding the United States

Excluding the U.K.

Excluding Germany

Excluding Japan

Probabilities

Probabilities

Probabilities

Probabilities

Source
Country

Size

é

All 25
Source

All 32

Traders

Source
Country

é

All 25
Source

All 32
Traders

Source
Country

<]
N
4]

[
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®
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5
8
8
8
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s
8
7
8
7
4
5
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5
6
2
2
4
6
4
7
5
5
2

0.921
0.944
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0.950
0.945
0.945
0.962
0.968
0.980
0.976
0.975
0.980)
0.980
0.986
0.986
0.934
0.936
0.995
0.999
0.999
1.004
1.008
1.014
1.019

1%
1%
1%
1%
5%
5%
5%
5%
5%
5%
20%
20%
20%
20%
20%
20%
20%
0%
0%
40%
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1%
1%
1%
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5%
10%
10%
10%
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0.983
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1.003
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1.006

1%
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5%
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on beginning-of-period (that is, 1960) data, then it might have included countries that were no
longer major trade partners by the period’s end.
In the event that there were no changes in the trade relationships (as far as major partners

are concerned), then the whole issue of which period should form the base year for

determination of the trade groups becomes inconsequential. On the other hand, if the 1960-

based group memberships differ from those of the 1985-based groups, then presumably, there
should also be less evidence of convergence.

Table 6 provides a comparison of the two bases. On the left-hand side of the table are
the export group é’s for the 1985-based groups as well as the 1960-based groups. The import
group comparison is on the right-hand side of the table. For both the 1960 and 1985-based
groups, the é’s are ranked from the smallest to the largest.

While creation of the 1960-based groups does not overturn the high incidence of
convergence, the frequency of non-convergence is nonetheless higher in the 1960-based groups,
with the number of ¢’s exceeding unity increasing from 1 to 4 in the export case, and from 3
to 6 in the import case. In addition, the maximum  for the 1960-based groups-is higher than
the maximum ¢ for the 1985-based groups (for both import and export groups). Likewise, the
minimum 1960 ¢ also exceeds the minimum 1985 qS for the import groups, though this is not
the case for the export groups. However, the latter finding is an exception for the export
groups, as 19 of the 25 export group 1960-based ¢’s are larger than their matching 1985-based
#’s. In the case of the import groups, every one of the 1960-based $’s are largér than their

matching 1985-based é’s.




Table 6: Comparison of Trade Group Convergence Coefficients
1985-Based Groups versus 1960-Based Groups

Export Group ¢’s " Import Group ¢’s

(ranked from smallest to largest) (ranked from smallest to largest)

1985 1960 1985 1960
Base Year  Base Year Difference Base Year Base Year Difference
(A) (B) (B-A) (D) (E) (E-D)

0.9351 0.9328 -0.0023 0.9351 0.9684 0.0333
0.9567 0.9717 0.0150 0.9548 0.9684 0.0136
0.9656 0.9741 0.0085 0.9576 0.9732 0.0156
0.9728 0.9745 0.0017 0.9588 0.9741 0.0153
0.9741 0.9759 0.0017 0.9589 0.9741 0.0152
0.9761 0.9764 0.0004 0.9589 0.9760 0.0171
0.9777 0.9769 -0.0008 0.9661 0.97717 0.0115
0.9788 0.9775 -0.0014 0.9661 0.9804 0.0143
0.9788 0.9788 0.0000 0.9687 0.9810 0.0124
0.9792 0.9789 -0.0004 0.9730 0.9818 0.0088
0.9802 0.9793 -0.0009 0.9751 0.9824 0.0073
0.9811 0.9796 -0.0016 0.9777 . 0.9838 0.0061
0.9811 0.9813 0.0002 0.9793 0.9847 0.0054
0.9826 0.9851 0.0026 0.9793 0.9869 0.0076
0.9841 0.9881 0.0040 0.9793 0.9923 0.0129
0.9854 0.9913 0.0059 0.9811 0.9928 0.0116
0.9882 0.9934 0.0052 0.9834 0.9932 0.0099
0.9919 0.9954 0.0035 0.9931 0.9958 0.0027
0.9932 0.9963 0.0031 0.9937 0.9968 0.0030
0.9937 0.9968 0.0031 0.9963 1.0036 0.0073
0.9955 0.9988 0.0032 0.9977 1.0039 0.0062
0.9963 1.0040 0.0077 0.9988 1.0047 0.0059
0.9978 1.0084 0.0106 1.0027 1.0058 0.0030
-0.9980 1.0087 0.0107 1.0034 1.0092 0.0058
1.0050 1.0144 0.0094 1.0060 1.0164 0.0104
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VIII. COMPARISON WITH GROUPS BASED ON PROXIMITY AND LANGUAGE

As the country groupings in Table Al suggest, many of the countries that comprise the
trade groups share other characteristics as well. For example, 7 of the 25 source countries share
English as their primary language while 5 otf;er countries are primarily Spanish-speaking. In
addition, quite a few of the countries are also iﬁ close geographical proximity with one another. |
Since common language and proximity facilitate information flows, and to the extent that these
flows are a source of income convergence, then it is possible that the income convergence
exhibited .by the trade groups is due less to trade flows than to proximity and/or common
language. Of course, since a number of the major trade partners share a common language and,
in a number of instances, a common border, it is not possible to make a complete distinction
between the impact of trade and the impact of common language and proximity.

It is however possible to regroup the countries in such a way so as to reflect common
languages or, alternatively, geographical closeness. The degree of convergence within each of
these groups could then be compared to the results of the trade-based groups. While both types
of groups could be expected to exhibit income convergence, the purpose of this-section is to
discern whether the trade-based groups exhibit more evidence of convergence.

Geographical proximity is defined here to be a neighboring country with a common
border, or, when the border is water, the nearest neighbor across the water. Such regional
groupings were constructed for each of the source countries. As in the trade group case, these

groups do not include countries that are primarily oil producers or formerly Communist




_ countries. In addition, countries were also grouped according to a common primary language.®
In keeping with the trade group’s minimum size of three, only proximity and language-based
groups with at least three countries were examined.

Under these criteria, there are two language groups (English and Spanish) and 22 regional
groupings. The composition of these groups may be found in Appendix Table A4. As the

_results in Table 7 indicate, there is no evidence of convergence (nor of divergence) within either

the group of English-speaking countries, or the group of Spanish-speaking countries.

The regional groupings are sorted by the z-statistics of the convergence coefficients. Just
7 of the 22 groups (or roughly one-third of the groups) exhibit income convergence at a 10%
or higher level. This compares with approximately two-thirds of the trade-based groups (either
export or import) that exhibited significant convergence.

Thus, the tendency towards‘convergence appears to be considerably stronger when the
basis for constructing groups is trade rather than proximity or common language. This evidence
is supported by a separate study aimed at gauging the extent of growth spillovers alﬁong
countries. In that study, Weinhold (1995) examines the role of trade that cannot be explained
by geography, size or cultural links and concludes that trade’s contribution to spillovers is

substantially stronger than that of the other factors.

¢ Countries with more than one official language are omitted from the sample to eliminate as much noise as possible.
However, several of the regional groupings tend to reflect language ties with multiple language countries, so that
common languages ties are also observed in this indirect manner. For example, Switzerland’s three official
languages are French, Italian, and German. Switzerland’s regional group is France, Italy, Germany, and Austria.
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Convergence Coefficients of Groups Based on
Common Language and Geographical Proximity

(sorted by #-statistics)

Source Size é 1-stat

Groups Based on a Common Language

1 Spanish 5 1.006 0.221
2 English 7 1.002 0.507

Groups Based on Geographical Proximity

URUG 0.949 -3.577 ***
SWIS 0.974 -3.511 ***
AUSTR 0.975 -3.233 ***
ITAL 0.976 -3.22] ***
GERM 0.965 -3.150 ***
FRA 0.980 -2.570 ***
SPA 0.988 -1.722 *
ARGN 0.988 -1.430
SWED 0.972 -1.428

Us 0.994 -1.349
BELLU 0.980 -0.911
CHIL 0.994 -0.578

UK 0.997 -0.550

Nz 0.997 -0.349

SA 0.999 -0.105
NOR 1.000 -0.013
DEN 1.003 0.083
NETH 1.008 0.339
ICE 1.003 0.386
MEX 1.004 1.190
JAP 1.007 1.346
AUSTL 1.009 2.320 **
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**x Significantly different from one at the 1% level.
** Significant different from one at the 5% level.




IX. CONCLUSIONS

This paper provides evidence that income convergence among countries, while far from
being a world-wide phenomenon, seems to be a prevailing feature among countries that trade
extensively with one another.

Grouping countries according to their primary trade affiliations tends to produce
significant income convergence within the groups. Convergence of this magnitude is not a
common outcome among these countries when they are grouped randomly instead of by their
trade patterns. Furthermore, this convergence is not due to the inclusion of any one particular
country, but is instead an outcome that tends to be relatively robust to the exclusion of trade

partners that are members in most of the groups.

Creating trade groups according to initial-period trade rather than terminal-period trade

does not affect the results in any major way. If anything, there is more convergence evidence
in the groups thét are based on trade in the last year of the sample. This would appear td be
consistent with the earlier results since groups of countries that have become (or remained)
major partners over the duration of the period converge a bit more than groups that include
countries that have since ceased being major partners.

These findings would appear to corroborate Heckscher (1919) and Ohlin’s (1933)
intuition that trade dées indeed play an equalizing role and that, as Ohlin pointed out:

... the mobility of goods to some extent compensates for the lack of interregional

mobility of factors; or (which is really the same thing), trade mitigates the

disadvantages of the unsuitable geographical distribution of the productive
facilities [Ohlin (1933, p. 29)].




In a world that exhibits increasingly larger income gaps between the majority of countries,

evidence that heightened trade may be associated with a reduction in these gaps should provide

some measure of reassurance to the advocates of free trade.
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Table Al: List of Countries in Trade Groups
(legend in Table A2)

Source
Country | Countries in Group

=
=

port-Based Groups

CAN JAPAN
NZ AUSTL
AUSTL | JAPAN
ICE GER
GER AUSTR
SPA FRA
JAPAN SKOR
FRA BELLU
AUSTR | GER

10 | SWIS FRA

11 | ITAL FRA

12 | BELLU | FRA

13 | NETH BELLU
14 | US CAN

15 | CHIL AUSTR
16 | UK BELLU
17 | SWED DEN

18 | ARGN BRAZ
19 | FIN DEN
20 | IRE BELLU
21 | MEX JAPAN
22 | DEN FRA

23 | NOR FRA

24 | URUG ARGN
25 | SAFR CONG

O A W —

]

Import-Based Groups

CAN JAPAN
DEN FRA
JAP AUSTL
FIN GER
GER BELLU
NOR DEN
SWED DEN
NZ AUSTL
AUSTL | GER
UK BELLU
ICE DEN
AUSTR | GER
SWIS | BELLU
FRA BELLU
ITAL FRA
NETH BELLU
BELLU | FRA
US CAN
SPA FRA
IRE FRA
MEX JAPAN
URUG ARGN
SAFR FRA
CHIL BRAZ
ARGN BOLI
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TABLE A2: Legend of Countries

Country

Argentina
Australia
Austria
Belgium-Luxembourg
Bolivia
Brazil
Canada
Chile

Congo
Denmark
Ethiopia
Finland
France
Germany
Ghana
Guyana
Iceland
Ireland

Italy

Japan
Mexico
Netherlands
Norway
New Zealand
South Africa
South Korea
Spain
Sweden
Switzerland
United Kingdom
Uruguay
United States
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Table A3: Critical Values of ¢’s

(when specific countries are excluded)

Group Size (out of the 25 source countries) . " Group Size (out of the 32 major trade partners)

3 4b Sh 6b 7b sb “ 22 3 4b Sb 6b ) 7b

Excluding the United States

0.952 0.961 0.765 0.893
0.976 . 0.982 0.890 0.948
0.989 0.992 || 0.922 0.970
0.999 1.000 0.960 0.985
1.003 1.004 0.977 0.994
1.005 1.006 0.991 1.000
1.008 1.008 1.001 1.004

Excluding the United Kingdom

0.876 0.910 0.955 0.965 0.765 0.900 0.980
0.926 0.951 0.977 0.983 0.898 0.951 0.988
0.950 0.967 - 0.989 0.993 0.933 0.971 0.994
0.971 0.982 0.998 1.000 0.961 0.984 0.998
0.984 0.994 1.002 1.003 0.977 0.994 . 1.001
0.995 1.000 1.005 1.005 0.990 1.000 1.002
1.002 1.005 1.007 1.007 1.001 1.004 1.004

Excluding Germany

0.900 0.965 0.765
0.947 0.984 0.895
0.966 0.993 0.927
0.982 1.000 0.960
0.993 1.003 0.977
0.999 1.005 0.989
1.005 1.007 1.000

Excluding Japan

1% 0.647 0.876 0.934 0.950 0.971 0.778 0.980
5% 0.867 0.941 0.963 0.970 0.986 0.899 0.988
10%.- 0.913 0.959 0.974 0.978 0.993 0.936 0.994
20% 0.950 0.975 0.987 0.991 1.001 0.964 0.998
30% 0.965 0.987 0.995 0.998 1.004 0.978 1.001
40% 0.980 0.996 1.001 1.004 1.006 0.990 1.002
50% 0.994 1.003 1.006 1.007 1.008 1.001 1.004

NOBS 276 2024 5000 5000 5 5000 465 5000

3

* All the possible grouping.«;.
" 5,000 random groupings.




Table A4: List of Countries in Language and Regional Groups

Source Countries in Group

nguage-Based Groups

Spanish | Argentina - Spain Uruguay Mexico
English us New Zealand Ireland Canada Australia S. Africa

Geography-Based Groups

URUG Brazil Argentina

SWIS Ttaly Germany ~ France Austria

AUSTR | Germany Italy Switz.

ITAL France Switz. Austria

GER France Belguim Neth. Switz. Austria
FRA Spain UK Belguim Germany Switz. Italy
SPA France Portugal

ARGN Chile Bolivia Paraguay Brazil Uruguay
SWED Norway Finland Denmark

US Canada Mexico

BELLU France Neth. Germany UK

CHIL Bolivia Peru Argentina

UK Ireland France Belguim Neth.

NZ Austalia Fiji ,

SAFR Zimbabwe Botswana Swaziland Mozambique

NOR Denmark Sweden

DEN Germany Sweden Norway

NETH Belguim Germany UK

ICE UK Ireland Norway

MEX uUsS Guatamala _

JAPAN | S. Korea Taiwan Hong Kong Phillipines

AUSTL | NZ Pap. N. Guinea
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