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Whether international trade has any effect on income convergence across countries
remains an open question. The present paper addresses this question by employing a
novel approach and a new model over the period 1960-2003. By splitting the sample
into two subperiods, it is found that the impact of trade on convergence has changed
over time. This finding explains the conflicting reports in the literature on the impact
of trade on convergence.
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Introduction
The neoclassical growth model demonstrates that every economy has a steady-state level of per
capita income toward which the economy gravitates, and then grows at a rate determined by
certain exogenous factors. The prime representative of the neoclassical growth model is Solow
(1956), which rests on several assumptions including homogenous labor, diminishing returns
and perfect competition as well as exogenously-determined technology and savings rates. Although
the Solow model pertains to a closed-economy, it has implications for the real world of open
economies. In particular, if the determinants of the steady-state per capita incomes are similar
for a sample of countries, a convergence of per capita incomes across these countries is expected.
In this model, the main endogenous source of output growth is capital accumulation while the
substitution possibility and diminishing returns force the economy to converge to the equilibrium
capital and income level (Islam, 2003, p. 313).

The foregoing analysis implies that lower-income countries have the potential to accelerate
their growth rates and catch-up with higher-income countries by implementing policies that
strengthen the determinants of the steady-state per capita income. The present paper focuses on
international trade as a potential determinant of income level and evaluates its impact on the
speed of per capita income convergence across a sample of countries over two periods, 1960-
1980 and 1980-2003. The paper draws on the neoclassical growth model as well as the theoretical
and empirical literature on international convergence of per capita incomes.

Previous Studies
Ben-David and Loewy (1998) demonstrate that in the neoclassical growth model, trade liberalization
can shift the steady-state income to a higher level and even increase the growth rate. Given the
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fact that the low-income countries are more protectionist than the high-income countries, the

Ben-David-Loewy model implies that a movement toward freer trade would lead to international

income convergence. In several papers, Ben-David (1996 and 1998) empirically shows that

trade liberalization has indeed narrowed the income gap across trading countries. In a series of

papers Williamson (1996 and 1997) also demonstrated that trade liberalization has contributed

to income convergence over a very long period. Another influential work showing the impact

of trade liberalization on convergence is of Sachs and Warner (1995). International trade is

generally viewed as a channel for transferring technology, knowledge, and intermediate goods

that have a greater effect on lower-income countries, and thus serve as a potent force for

convergence (Grossman and Helpman, 1991, pp. 166-167).

The convergence hypothesis has been challenged on both theoretical and empirical grounds.

Quite significantly, a key assumption of the neoclassical growth model, constant returns to both

labor and capital, has been questioned by the proponents of the endogenous growth models. In

several papers, Romer (1986 and 1990) has argued that if we double the quantity of labor and

capital, then we may double the output, but if the knowledge of using labor and capital also

doubles, then the output will be more than doubled and the model will exhibit increasing

returns to scale. Once the assumption of constant returns is replaced by increasing returns, we

can no longer expect income convergence because an initial income difference can perpetuate

or even widen over time. The endogenous models of growth, to which Lucas (1988) also

contributed in a major way, represent a fundamental shift in understanding the dynamics of

growth and convergence.

The hypothesis that trade contributes to income convergence has been challenged empirically

as well. For example, Slaughter (2001) tested the hypothesis by applying a difference-in-difference

approach and found no evidence in support of the hypothesis. Galor and Mountford (2006)

have gone further and argued that historically trade has caused divergence. They note:

The rapid expansion of international trade in the second phase of the industrial revolution...

has been a prime cause of the “Great Divergence” in income per capita across countries

in the last two centuries... International trade enhanced the specialization of industrial

economies in the production of industrial, skilled intensive goods, and stimulated

technological progress. The associated rise in the demand for skilled labor induced an

investment in the quality of the population... In nonindustrial economies, in contrast,

international trade generated an incentive to specialize in the production of unskilled

intensive, nonindustrial goods (p. 299).

The foregoing review is quite brief and intended to show the conflicting results in the

literature on whether trade leads to income convergence or not. This issue ultimately has to be

settled empirically.1

1 Rassekh (2004) surveys the literature on trade, growth, and convergence.
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Model Specification, Data and Econometric Methodology

Model Specification

In order to examine the effect of trade on GDP per capita growth, capital per capita growth, and

Total Factor Productivity (TFP) growth, we have specified the following equations:

titiytiytiyiiti XtradeyGy ,,,5,, )(In)](In[    ...(1)

titiktiktikiiti ZtradekGk ,,,5,, )(In)](In[    ...(2)

tititfptitfptitfpiiti BtradeTFPGTFP ,,,5,, )(In)](In[    ...(3)

,, ,, titi GkGy  and tiGTFP ,  represent GDP per capita growth, capital per capita growth, and
TFP growth in country i in period t respectively. X, Z and B are row vectors of determinants, of
GDP per capita, capital per capita, and TFP growth or the control variables ii  ,  and (i, t ,i, t ,
i, t ) are country-specific effect, period-specific effect, and the error terms respectively.

)(),( 5,5,  titi kInyIn and )(In 5, tiTFP are the log of GDP per capita, capital per capita and TFP
in the first year of any subperiod.

In order to find out whether trade is a convergence factor, we have specified the following
models:

)(In)](In[ ,5,, tiytiyiiti tradeyGy   

  titiytititiy Xtradey ,,,5,,, )ln()][ln(             ...(4)

)(In)](In[ ,5,, tiktikiiti tradekGk   

  titiktititik vztradek ,,,5,,, )(In)](In[             ...(5)

)(In)](In[ ,5,, titfptitfpiiti tradeTFPGTFP   

  tititfptitititfp XtradeTFP ,,,5,,, )(In)](In[             ...(6)

According to the above equations, the accelerating effect of trade is represented by the
interaction terms. Thus, country-specific convergence parameters depend on trade and can be
represented as follows:
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Accordingly, for the trade variable to be a convergence factor, ,, ,,,, tiktiy  and titfp ,, must

be negative.

Data and Sample

Real GDP, labor force, investment (as percentage of GDP), trade (ratio of import plus export to

GDP), and government consumption (as percentage of GDP) are obtained from the Penn World

Table Version 6.2 of Heston et al. (2006).2 Average years of schooling in the population over

15 years of age are taken from Barro and Lee (2000). The sample includes 77 countries representing

all income categories. The time period covers the years 1960-2003—the longest time period for

which data are available for the maximum number of countries. We use non-overlapping 5-year

average for each country as our unit of observation and obtain a total of 11 panels over the

years 1960-1964, 1965-1969, and 2000-2003. We have used Stata interpolate and extrapolate

functions to estimate the yearly data of average years of schooling over the period 1960-2003.

We constructed capital stock, using the Perpetual Inventory Method (PIM) as follows:

1)1(  ttt KIK  ...(10)

where K, I and  denote capital stock, investment and capital depreciation rate respectively.

According to Equation (10), the capital stock in year t equals the capital stock of the previous

year, net of depreciation, plus the flow of gross investment in the current year. Thus, in order to

construct a capital stock series, we need to have a reliable estimate of the initial capital stock.

Following PIM, we estimate the initial capital stock as follows:


 g

I
K t

t 1 ...(11)

where g represents the long-term growth of output. For reasonable values of g and , we

follow the standard procedure and use the average annual growth rate of real GDP for g and

a depreciation rate of 5% for .

In order to construct the TFP series, following Woo (2009), we consider a standard aggregate

production function in which a measure of human capital is incorporated as input and augmented

in labor as follows:

  1)()( ttttt LHKAY ...(12)

where (1 –) is labor income share. Following Woo (2009), we assume the capital share of

incom e to be  = 0.65.3 To construct the human capital series, we follow Hall and Jones (1999)

and compute the average years of schooling in the population over 15 years of age. With the

above data and production function (Equation 12), we calculate the level of TFP as follows:

2 The labor force is derived from the real GDP per capita, real GDP per worker and population series.
3 For more details, see Woo (2009, p. 29).
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where Y/L and K/L are output and capital per worker respectively.4

Econometric Methodology

Islam (1995) and Caselli et al. (1996) argue that the estimation of pure cross-sectional equations
such as the ones given above produce inconsistent results because of omitted variable, correlated
individual effects, and/or endogenous explanatory variables. To eliminate the inconsistencies,
we follow Caselli et al. (1996) and employ a GMM procedure. This procedure works by taking
first differences in the dynamic model and instrumenting all the right-hand side variables. In the
first-differenced equations, we use lagged levels under the assumption that the time-varying
disturbances in the original level equations are not serially correlated. In our empirical work on
cross-country growth, we employ two kinds of GMM panel estimators—first-differenced and
system-GMM. Arellano and Bond (1991) propose the first-differenced GMM estimator and use
lags of the dependent variables as instrumental variables. But Blundell and Bond (1998) and
Bound et al. (1995) show that the lags of the level variables are weak instrument when the
regression equation is expressed in first-difference. In particular, Bound et al. (1995) note “When
the individual series have near unit root properties, the instruments available for the equations in
first-difference are likely to be weak. Instrument variable estimator can be subject to serious
finite sample biases where the instruments used are weak.”

To solve the problem, Blundell and Bond (1998) propose the GMM-system estimator which
combines in a system the regression in differences with the regression in levels. The result of
their simulation shows that when the coefficient on the lagged dependent variable is close to 1,
the efficiency of using the GMM-system estimator is greatly improved. The consistency of GMM
estimator depends on the assumptions regarding the validity of the instrument and the error
term. Therefore, we use two kinds of test: the instruments-validity test and the no-serial-correlation
test. For the instrument validity, we use the Sargan test whose null hypothesis is that overidentified
restrictions are valid. For the first and second order serial correlation of the differenced residuals,
we use mj-statistic, where j is the order of autocorrelation. This statistic has an asymptotically
normal distribution N (0, 1).

Results

The Growth Effect of Trade

The empirical aims of the study are, first to estimate the effect of international trade on GDP per
capita growth, capital per worker growth, and TFP growth, and second, to determine whether
trade affects the process of convergence in GDP per capita, capital per worker and TFP.

In order to examine the growth effect of trade, we have estimated Equations (1), (2), and (3).
The results are summarized in the first column of Tables 1, 2 and 3. In all cases, all variables,

4 Following Miller and Upadhyay (2002), we assume that average years of schooling in population over
15 years of age provide a reasonable proxy for average years of schooling per worker.
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except time dummy variables, are treated as endogenous and their lagged levels are used as
instruments in the level and difference equations. The results of dynamic GMM panel tests, i.e.,
the Sargan and serial correlation tests respectively, show that the criterion for the validity of
instruments is satisfied and there is no serial correlation problem.

Table 1: Panel Estimates of the GDP Per Worker Growth,
Equations (1) and (4)

Note : Dependent variable: Growth rate of real GDP per worker; Cross-country panel data consisting of non-
overlapping 5-year averages spanning over 1960-2003, 1960-1979, and 2000-2003; *, ** and ***
denote statistical significance at 1%, 5% and 10% levels respectively; Estimation method: GMM-SYS
estimator (Arellano and Bover, 1995; and Blundell and Bond, 1998); and we treat the right-hand
variables (except period shifts variables) as endogenous in all regressions and instrument them using lags
t – 2 and t – 3 in the first-differenced equation, and lags t – 1 and t – 3 in the level equation. All variables
are in log form.

Independent Variables
196 0- 196 0- 196 0- 198 0-
2 0 0 3 2 0 0 3 1 9 7 9 2 0 0 3

Initial GDP per worker –0.02* –0.05* 0.04** –0.08*

Investment (as percentage of GDP) 0.03* 0.03* 0.02* 0.02*

Human capital investment 0.01* 0.01* –0.001 0.02*

Labor force growth –0.01* –0.01* –0.005* –0.02*

Government consumption (as percentage of GDP) 0.002 0.005 –0.0004 –0.01*

Trade (ratio of export plus import to GDP) 0.01* –0.04*** 0.1* –0.09*

Interaction Term

[Initial GDP per worker]*[Trade] – 0.006** –0.01* 0.01*

Period Shift

1965-1969 period shift –0.01* –0.01* –0.01* –

1970-1974 period shift –0.01* –0.01* –0.01* –

1975-1979 period shift –0.01* –0.02* –0.02* –

1980-1984 period shift –0.04* –0.04* – –

1985-1989 period shift –0.02* –0.02* – 0.01*

1990-1994 period shift –0.03* –0.03* – 0.004

1995-1999 period shift –0.02* –0.02* – 0.01*

2000-2004 period shift –0.03* –0.03* – –0.004

Constant 0.08* 0.3* -0.4** 0.6*

Specification Tests p-Value

First-order serial correlation test 0 0 0.001 0

Second-order serial correlation test 0.7 0.7 0.9 0.4

Sargan test 1.000 1.000 0.09 0.2

Number of observations/Number of countries 676/77 676/77 299/77 377/77
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Table 2: Panel Estimates of the Capital Per Worker Growth,
Equations (2) and (5)

Independent Variables
196 0- 196 0- 196 0- 198 0-
2 0 0 3 2 0 0 3 1 9 7 9 2 0 0 3

Note : Dependent variable: Growth rate of capital per worker; Cross-country panel data consisting of non-
overlapping 5-year averages spanning over 1960-2003, 1960-1979, and 2000-2003; *, ** and ***
denote statistical significance at 1%, 5% and 10% levels respectively; Estimation method: GMM-SYS
estimator (Arellano and Bover, 1995; and Blundell and Bond, 1998); and we treat the right-hand
variables (except period shifts variables) as endogenous in all regressions and instrument them using lags
t – 2 and t – 3 in the first-differenced equation, and lags t – 1 and t – 3 in the level equation. All variables
are in log form.

Initial capital per worker –0.01* –0.05* 0.2* –0.06*

Human capital investment 0.004* 0.004*** –0.02 0.02*

Government consumption (as percentage of GDP) –0.01* –0.02* –0.06 –0.01**

Trade (ratio of export plus import to GDP) 0.003* –0.04* 0.6* –0.09*

Interaction Term

[Initial capital per worker]*[Trade] – 0.01 * -0.05* 0.01*

Period Shift

1965-1969 period shift 0.2* 0.2* 0.01* –

1970-1974 period shift 0.1* 0.2* 0.03*** –

1975-1979 period shift 0.1* 0.2* 0.04*** –

1980-1984 period shift 0.1* 0.2* – –

1985-1989 period shift 0.1* 0.2* – 0.02*

1990-1994 period shift 0.1* 0.2* – 0.01*

1995-1999 period shift 0.1* 0.2* – 0.01*

2000-2004 period shift 0.1* 0.2* – –0.0001

Constant –0.01 0.3* –1.8* 0.5*

Specification Tests p-Value

First-order serial correlation test 0 0.05 0.12 0

Second-order serial correlation test 0.4 0.2 0.2 0.2

Sargan test 0.99 0.99 0.7 0.08

Number of observations/Number of countries 693/77 693/77 358/77 358/77

Table 3: Panel Estimates of the TFP Growth, Equations (3) and (6)

Independent Variables
196 0- 196 0- 196 0- 198 0-
2 0 0 3 2 0 0 3 1 9 7 9 2 0 0 3

Initial TFP –0.02* –0.04* 0.2** –0.04*

Human capital investment 0.02* 0.02* 0.01 0.01*
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Table 1 shows that GDP per worker converges to its steady-state value while the disparity in
cross-country GDP per worker increases. The coefficients of the control variables show that
investment, human capital, and trade have positive effects, and labor force growth has a negative
effect. A 1% growth in physical investment, human capital, and trade increases GDP per worker
growth by 0.03%, 0.01%, and 0.01% respectively. A 1% growth in labor force decreases GDP
per capita growth by 0.01%. Moreover, government consumption exerts no significant effect
on GDP per worker growth, and the coefficients of time dummy variables show that GDP per
worker growth has declined over the period 1960-2003.

Table 3 (Cont.)

Independent Variables
196 0- 196 0- 196 0- 198 0-
2 0 0 3 2 0 0 3 1 9 7 9 2 0 0 3

Note : Dependent variable: TFP Growth; Cross-country panel data consisting of non-overlapping 5-year
averages spanning over 1960-2003, 1960-1979, and 2000-2003; *, ** and *** denote statistical
significance at 1%, 5% and 10% levels respectively; Estimation method: GMM-SYS estimator (Arellano
and Bover, 1995; and Blundell and Bond, 1998); and we treat the right-hand variables (except period
shifts variables) as endogenous in all regressions and instrument them using lags t – 2 and t – 3 in the
first-differenced equation, and lags t – 1 and t – 3 in the level equation. All variables are in log form.

Trade (ratio of export plus import to GDP) 0.01* –0.03** 0.3** –0.05**

Government consumption (as percentage of GDP) –0.01* –0.01* –0.06* –0.003

Interaction Term

[Initial TFP]*[Trade]                                                             – 0.005** –0.05** 0.01**

Period Shift

1965-1969 period shift –0.03* –0.02* 0.001                  –

1970-1974 period shift –0.03* –0.02* 0.02***              –

1975-1979 period shift –0.03* –0.03* 0.02                    –

1980-1984 period shift –0.05* –0.04*             –                      –

1985-1989 period shift –0.03* –0.03*             – 0.01*

1990-1994 period shift –0.04* –0.03*             – 0.01*

1995-1999 period shift –0.03* –0.02*             – 0.02*

2000-2004 period shift –0.04* –0.03*             – 0.1**

Constant 0.2* 0.3* 1.003*** 0.2*

Specification Tests p-Value

First-order serial correlation test 0 0 0 0

Second-order serial correlation test 0.8 0.8 0.9 0.12

Sargan test 1.000 1.000 0.2 0.2

Number of observations/Number of countries 693/77 693/77 358/77 358/77
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The first column of Table 2 shows capital per worker has converged to the steady-state
value, while its cross-country disparity has been decreasing. The coefficients on capital per
worker and the initial GDP per worker indicate that capital per worker converges more slowly
than GDP per worker over the sample period. The coefficients of other control variables show
that human capital and trade promote capital per worker growth, while government consumption
via the crowding out effect dampens capital per worker growth. A 1% growth in human
capital, trade and government consumption increases capital per worker growth by 0.004%,
0.003% and –0.01% respectively. The coefficients of the time dummy variables indicate that
capital per worker growth has increased over the period 1960-2003. The results of the estimation
of Equation (3) in the first column of Table 3 indicate that total factor productivity has converged
to the steady-state value, while cross-country TFP disparity has been decreasing. The coefficients
of the control variables indicate that human capital and trade promote TFP growth, while
government consumption has a negative effect on it. A 1% growth in human capital, trade and
government consumption increases TFP growth by 0.02%, 0.01% and –0.01% respectively.

The Effect of Trade on the Convergence Process

Trade affects the convergence process via factor prices, capital accumulation and technology
transfer. In order to investigate the effect of trade on the GDP per worker’s convergence process,
we estimate Equation (4) for three periods, 1960-2003, 1960-1979 and 1980-2003. The results
are presented in the second, third and fourth columns of Table 1 respectively. They indicate that
trade decelerates the convergence process over the whole sample period 1960-2003 as well as
the subperiod 1980-2003, but it accelerates the process over the years 1960-1979. To find out
why the accelerating effect of trade on GDP per worker’s convergence process reversed itself,
we estimate Equations (5) and (6). The second, third, and fourth columns of Tables 2 and 3
respectively show the accelerating effects of trade on the convergence processes of capital per
worker and TFP over the three periods 1960-2003, 1960-1979 and 1980-2003. These results
are similar to the accelerating effect of trade on the convergence process of GDP per worker. In
other words, trade promotes the convergence process of both capital per worker and TFP over
the period 1960-1979, but it dampens the process over the periods, 1960-2003 and 1980-
2003. All these effects get transmitted to the GDP per worker.

Conclusion
The growth effects of trade indicate that GDP per worker, capital per worker, and TFP
all converge to their steady-state values. However, over the period 1960-2003 the cross-
country standard deviation indicates a divergence of GDP per worker, but a convergence of
capital per worker and TFP. The results indicate that human capital has a larger effect on TFP
growth than on the capital per worker growth and GDP per worker growth. The results also
indicate that trade has a larger effect on TFP growth and GDP per worker growth than on
capital per worker growth. But government consumption hinders both TFP growth and capital
per worker growth.

It is also found that trade has promoted the convergence process of GDP per worker, capital
per worker, and TFP only during the period 1960-1979, while dampening the process over the
years 1980-2003 as well as over the entire study period, 1960-2003. These results indicate that
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the change in the GDP per capita convergence in the period 1960-1979 to divergence in the
period 1980-2003 is largely due to the impact of trade on the TFP and capital per worker’s
convergence process. Thus, the dissimilar effects of trade on GDP per worker growth before
and after 1980 have been due to the change in the accelerating effect of trade on TFP and
capital per capita’s convergence. Dowrick and Golley (2004) argue that prior to 1980 the
technology that was transferred to developing countries included largely knowledge and capital
goods, which helped them narrow their income gap with advanced countries. But after 1980,
Information Technology (IT) to a large extent replaced the traditional technology. And the IT
revolution has had a larger impact on the developed countries’ productivity level than on the
developing countries, leading to the divergence, that is detected in the data (see Jorgenson,
2005 and Liberto et al., 2008).
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