
TRADE OPENNESS, GROWTH AND
DEVELOPMENT: EVIDENCE FROM

HETEROGENEOUS PANEL COINTEGRATION
ANALYSIS FOR MIDDLE-INCOME COUNTRIES

Daniel Sakyi1

Jose Villaverde2

Adolfo Maza3

Krishna Reddy Chittedi4

According to economic analysis, one of the most important benefits associated
with trade openness is the achievement of a faster and less volatile process of eco-
nomic growth and development (Winters, 2004). For the developing countries to
catch up with the more advanced ones, a higher and more sustained economic
growth is required in the former (Mobarak, 2005). This implies that these coun-
tries require a huge amount of resources, which, to a certain extent, have to be ac-
quired from advanced economies. The need for developing countries to get these
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resources led to their over-reliance on foreign aid, grants, and loans. Nonetheless,
the quantum, quality, and timing of overseas aid, grants, and loans are often not
only dependent upon economic conditions of developing countries but also on con-
ditions rich countries impose on them; in particular, on the high servicing charges
and repayment obligations such aid, grants, and loans carry with them. Here trade
arises as an alternative to enable these countries to obtain the needed resources.
Trade openness has been considered as one of the main policies expected to allow
developing countries to alter both the pace, pattern, and structure of their partici-
pation in the international market scene, thereby overcoming balance-of-payments
problems, accelerating technical progress, and hence promoting economic growth
and development. In sum, it is considered that openness to trade helps to improve
economic performance by increasing competition and by giving domestic firms
access to the best foreign technology, which is very helpful to raise domestic pro-
ductivity, and to better finance.

Nonetheless, although trade openness has became an important policy variable
for developing countries for the last few decades, its impact on economic growth
and development has recently received a great deal of attention from academic
researchers and policy makers alike, as many developing countries continue to
embark on the liberalisation of their trading system and signing bilateral, regional,
and multilateral trade agreements with other countries all over the world. In spite
of this phenomenal policy change, the precise effect of trade openness on economic
growth and development, at least for developing countries, still remains an open
question as both theoretical and empirical studies have not yet provided a definitive
conclusion (see, for example, Lopez, 2005).

Many theoretical models have been proposed to explain how trade openness may,
or may not, have a positive impact on economic growth and development (see
Grossman and Helpman, 1990, 1991; Rivera-Batiz and Romer, 1991; Young,
1991; Romer, 1993; Mountford, 1998; Spilimbergo, 2000; Ben-David and Loewy,
1998, 2000, 2003; Perera-Tallo, 2003).

For many empirical studies, on the other hand, the strength of the impact of trade
openness on economic growth and development is often dependent on the econo-
metric techniques used –time series, cross-section, or panel data–, how both eco-
nomic growth and development and trade openness are measured5, the treatment
of potential endogeneity of trade openness (Sachs and Wagner, 1995; Harrisson,
1996; Srinivasan and Bhagwati, 1999; Dollar and Kraay, 2004; Rodriquez and
Rodrik, 2001), the time period and the country samples under consideration. For
example, Srinivasan and Bhagwati (1999) have criticised cross-sectional regres-
sion methodology for reasons of its inappropriateness and weak theoretical foun-
dations. This methodology and other homogeneous panel data methods often do
not take into consideration potential cross-country heterogeneity. Moreover, the

5In most recent studies the level of development is proxied by the level of per capita income while
economic growth is proxied by the rate of income growth.
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problem of cross-section dependence that arises from unobserved common fac-
tors or shocks is often not addressed. For these reasons, cross-sectional regression
and homogeneous panel data methods, when employed in cross-country economic
growth studies that often tend to exhibit high degree of cross-country heterogene-
ity and cross-section dependence may produce potentially biased and inconsistent
estimates (see Pesaran and Smith, 1995; Lee et al., 1997; Pesaran, 2006; Phillips
and Sul, 2003; Pedroni, 2007; Costantini and Destefanis, 2009).

Bearing these considerations in mind, the main contribution of this paper to the ex-
isting literature lies in taking advantage of the recent development in non-stationary
heterogeneous panel data techniques to examine the impact of trade openness on
economic growth and development for a sample of 85 middle-income countries
over the period 1970-2009; the idea is to determine whether these countries have
benefited in terms of economic performance from international trade openness or
otherwise. Specifically, we employ the Common Correlated Effects Mean Group
(CCEMG) estimator developed by Pesaran (2006) and applied by Holly et al.
(2010) and Cavalcanti et al. (2011). We further check the robustness of our results
with the Group Mean estimators developed by Pedroni (2000; 2001) –the Ful-
ly Modified Ordinary Least Squares (FMOLS) and the Dynamic Ordinary Least
Squares (DOLS). By using these estimators we are able to address econometric
issues related to non-stationarity, parameter heterogeneity, endogeneity, omitted
variable bias, and cross-section dependence, with the implication that our conclu-
sions are more robust than those in previous papers.

The rest of the paper is organised as follows. In section 1 we review the theoret-
ical and empirical literature on the impact of trade openness on economic growth
and development. Section 2 explains the empirical methodology. Section 3 dis-
cusses the empirical results. In the final and last section of the paper we offer our
concluding remarks.

LITERATURE REVIEW

Theoretical economic growth and development models –extended standard neo-
classical exogenous and, endogenous economic growth and development models
(see, for example, Grossman and Helpman, 1990, 1991; Rivera-Batiz and Romer,
1991; Spilimbergo, 2000; Ben-David and Loewy, 1998, 2000, 2003; and Perera-
Tallo, 2003)– suggest that trade openness may contribute to economic growth and
development by fostering technological progress and international and domestic
competition. Although quite general, these theories sometimes differentiated be-
tween which group of countries –developed or developing– benefits the most from
trade openness.

Ben-David and Loewy (1998, 2000, 2003), for example, provide an extension of
the standard neoclassical exogenous growth model to incorporate multi-country,
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open economy endogenous growth features. In these models economic growth de-
pends on the rate of knowledge accumulation –which is facilitated through trade
liberalisation policies. Focusing on the steady-state economic growth impact of
trade openness, the authors show that all countries benefit positively from both
unilateral and multilateral trade liberalisation. Ben-David and Loewy (1998), for
example, note that more open economies face competitive pressures, and for firms
in these economies to compete with foreign firms they need to incorporate foreign
knowledge into their production processes. This is possibly achieved if countries
liberalise foreign trade as it facilitates the diffusion of knowledge. Moreover, in en-
dogenous growth models (see for example, Grossman and Helpman, 1990, 1991;
Romer, 1993), trade openness fosters the flow of knowledge and ideas between
countries.

Spilimbergo (2000) developed a Ricardian model of international trade with non-
homothetic preferences and showed that a developing country liberalising its trade
with a developed country can benefit more in terms of welfare gains. Therefore
trade openness connects developing countries, in particular, to more advanced
countries not only to acquire foreign exchange through exports, but most im-
portantly through the access to intermediate and high-tech goods through im-
ports, which facilitate the diffusion of knowledge and technology (see Feder, 1982;
Grossman and Helpman, 1990, 1991; Rodrik, 1999; Almeida and Fernandes,
2008).

Notwithstanding the theoretical support for trade openness as an economic growth
and development enhancing policy variable, it must be admitted that trade open-
ness can also potentially be detrimental to economic growth and development in
the developing world through various channels. For example, as noted by Gross-
man and Helpman (1990, 1991), economic growth and development will be ham-
pered if trade openness leads a country to specialise in sectors with comparative
disadvantage in R&D activities. This is likely to be the case for countries at very
low levels of development, due to human capital constraints and their inability to
take advantage of international technology transfer (Kim, 2011). In addition, al-
though in the context of an endogenous growth model, Perera-Tallo (2003) has
shown that the level of income determines the degree of trade openness, so there
are good reasons to believe that the degree of trade openness and the level of in-
come are positively related as well, implying the possibility for long-run causality.
Perera-Tallo (2003) however notes that, although trade openness may affect the
level of income positively, it may not necessarily be robustly related to economic
growth (and this effect may even be negative). The reason for this is that as trade
openness increases over time –due to the expansion of the market base that leads to
an increase in the level of income– the rate of income growth may decrease since
the economy converges towards a steady-state.

This potential no effect or even negative income growth effect of trade openness
is in line with the endogenous growth model proposed by Young (1991). He notes
that, under free trade, developing (developed) countries may experience income
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growth less than or equal (greater than or equal) to those experienced under au-
tarky. Yet another important explanation for this potential low income growth
effect of trade openness for developing countries –as compared to the developed
countries– may be that there is an income level (or level of development) below
which more trade openness has detrimental consequences for economic growth
(see, for example, Kim and Lin, 2009; Kim, 2011). Therefore, although trade
openness may have a positive effect on the level of income, it may not necessarily
have a positive growth effect for developing countries.

Leaving aside theoretical reasoning, it is also important to note that the empirical
evidence on the impact of trade openness on economic growth and development is
also mixed and inconclusive. Several empirical studies support a positive impact
of trade openness on economic growth and development. Harrison (1996) used
alternative openness measures to investigate the relationship between trade open-
ness and economic growth for developing countries for the periods 1960-1987
and 1978-1988. For most openness measures Harrison concluded that more trade
openness is associated with higher economic growth. Frankel and Romer (1999),
in an attempt to control for potential endogeneity of trade openness, used geo-
graphical components of trade to construct a measure for trade openness. Their re-
sults revealed that trade openness has a positive effect on income levels, although
this effect is moderately statistically significant.

Wacziarg (2001) studied the relationship between trade openness and economic
growth for a panel of 57 countries over the period 1970-1989 and concluded that
trade openness has a positive and significant impact on economic growth. Vam-
vakidis (2002) studied the same relationship using historical data for the period
1870-1990, and concluded that the positive openness-growth link is rather a re-
cent phenomenon, mostly driven by the unprecedented expansion in world trade,
which began in the 1970s. While no significant positive relationship was found
for periods before 1970, the period 1970-1990 showed a significant positive effect
of trade openness on economic growth. Irwin and Tervio (2002) used data for the
pre-World War I, the interwar and the post-war periods to investigate the effect of
trade openness on income, concluding that, even after controlling for endogeneity
problems, trade openness affects levels of income positively. Brunner (2003) used
a dynamic panel data model to study the impact of trade openness on the level
of income and income growth for a sample of 125 countries for the period 1960-
1992, and concluded that trade openness has a significant large effect on the level
of income, but small and non-robust effect on income growth. Lee et al. (2004)
investigated the relationship between trade openness and economic growth for a
sample of 100 countries for the period 1961-2000.

Using identification through heteroskedasticity to address potential endogeneity of
trade openness, they concluded that trade openness has indeed increased economic
growth for these countries, although this effect is small in magnitude. Salinas and
Aksoy (2006) employed multivariate fixed effects estimations to assess the impact
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of trade openness on economic growth over pre and post trade liberalisation peri-
ods and concluded that, the post-liberalisation period saw an increase in economic
growth of about 1.2 percentage points higher than the pre-liberalisation period.
Rassakh (2007) used the empirical model of Frankel and Romer for a sample of
150 countries to investigate the impact of trade openness on levels of income and
the rate of income growth, and concluded that trade openness benefits the devel-
oping countries (i.e. low-income countries) more than the developed ones. Freund
and Bolaky (2008) studied the relationship between trade openness and levels of
income for a sample of 126 countries and found this effect to be positive, but only
for well regulated economies.

Chang et al. (2009) investigated the effect of trade openness on economic growth
for 82 countries (that included 22 developed and 60 developing countries) for the
period 1960-2000, and concluded that, generally speaking, trade openness is pos-
itively related to economic growth. The study further revealed that this associa-
tion can be enhanced significantly, particularly for developing countries, if trade
reforms are combined with labour market flexibility, human capital formation, in-
flation stabilisation, financial development, public infrastructure, and governance
reforms. More recently, the study by Villaverde and Maza (2011) conducted for a
sample of 101 countries and the period 1970-2005 also shows that economic glob-
alisation (for which trade openness is one of the main indicators) has conducted to
a higher economic growth and, simultaneously, to worldwide income convergence.

On the contrary, there are also some empirical papers casting doubts about the
relationship between trade openness, growth, and development. In fact, recent
empirical investigations by Dowrick and Golley (2004), Kim and Lin (2009), and
Kim (2011) have shown that trade openness benefits rich countries more than poor
countries due to poor countries’ inability to take advantage of knowledge accumu-
lation and technology spillovers.

This is also the case because as Kali et al. (2007) noted, not only the volume of
trade matters, but also the structure of international trade has significant implica-
tions for economic growth and development. They emphasised that the number
of trading partners that a country is able to benefit from is crucial for the impact
of trade openness on economic growth and development, and that less developed
countries stand to lose from this advantage. In addition, what a country actually
exports (i.e. either capital intensive, manufactured, or primary products), for ex-
ample, matters as well for its potential benefiting from international trade. These
arguments imply that not all countries take advantage from trade openness, and
that the level of development already attained by a country and the structure of
its international trade critically determine if trade openness impacts positively on
economic growth and development. As can be seen, there is vast literature on the
topic of the relationship between trade openness, growth, and development. Then,
to conclude this section with an attempt to offer a snapshot of the current state of
knowledge on this issue, Table 1 reports a summary of the main papers devoted to
it from 2000 onwards.
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TABLE 1.
SUMMARY EVIDENCE ON TRADE OPENNESS EFFECTS ON GROWTH AND DE-
VELOPMENT

Source Countries Period Results Methodology
Wacziarg
(2001)

57 1970-1989 Positive effect
on growth

Panel data

Vamvakidis
(2002)

89 1870-1990 No effect on
growth

OLS

Brunner
(2003)

125 1960-1992 Positive large
effect on per
capita income

Panel data

Lee at al.
(2004)

100 1961-2000 Positive effect
on growth

Panel data

Salinas & Ak-
soy (2006)

39 1970-2004 Positive effect
on growth

Panel data

Rassakh
(2007)

150 1960-1985 Positive effect
on per capita
income and
growth

OLS

Freund and
Bolaky
(2008)

126 2000-2005 Positive effect
on per capita
income

OLS

Chang et al.
(2009)

82 1960-2000 Positive effect
on growth

Panel data

Kim (2011) 61 1960-2000 Positive effect
on growth de-
pends on levels
of development

OLS

Note: For most authors we show only the maximum number of countries considered.
Source: our elaboration.

METHODOLOGY

Model specification

Although both theoretical and empirical literature revised in the previous section
is not conclusive, the existence of a long-run relationship between trade openness
and development is mostly accepted except maybe in some cases when the devel-
opment degree of the country under study is quite low. This being so, to investigate
the long-run impact of trade openness on development, we follow the literature on
panel cointegration analysis and first consider an empirical model with the follow-
ing specification:

log Yit = αi + βi logOPENit + εit, i = 1, 2, . . . , N, t = 1, 2, . . . , T (1)
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where Yit is real per capita income of country i in year t; OPENit denotes trade
openness; log is the logarithm operator; αi is the country-specific fixed effects;
εit is the error term; and βi the country parameters related to trade openness. An
important feature of our model is that we do not impose a common β coefficient
among all the countries under analysis. As mentioned in the introduction of the
paper, the parameter β is allowed to be heterogeneous between countries. This
being so, we are interested in the average value of βi namely β. In other words,
and following the methodology proposed by Pesaran (2006), β = N−1

∑N
i=1 βi

is the parameter of interest to be estimated, reflecting the long-run relationship
between trade openness and per capita income.

Regarding the short-run dynamics and their adjustment to the long-run, they are
accommodated through the error term, which has a multifactor error structure
(εit = ω′

ift + eit, ). The specification of the error term, as well as Pesaran’s
proposal, is thoroughly explained below when it comes to dealing with estimation
issues.

Data

We have used a balanced panel data consisting of 85 middle-income countries for
the period 1970-2009. Annual data on trade openness and real per capita income
are obtained from Penn World Tables Version 7.0 (Heston et al., 2011). Although
the World Bank classifies 110 countries as middle-income economies6, the data is
available for only 85 of these countries for the period considered. It is important to
note that the trade share in GDP (i.e. Exports + Import/GDP) is the most common-
ly used proxy for trade openness as the trade performance of countries captures
the most important dimension of openness in general. However, we define trade
openness in real terms (i.e. trade openness based on constant 2005 PPP dollars).
In like manner, real per capita income is measured based on constant 2005 PPP
dollars. The list of countries considered in the study is presented in Appendix 1.

Econometric issues

To obtained consistent estimates for Eq. [1] we need to address several econo-
metric issues that arise. Firstly, as noted in the introduction, an important issue
of cross-section dependence –which results from unobserved common shocks or
factors– needs to be taken into consideration. If there is a problem of cross-section
dependence and it is not properly accounted, the estimated β and its associated
standard error will be biased and inconsistent (see Driscoll and Kraay, 1998; De
Hoyos and Sarafidis, 2006, Costantini and Destefanis, 2009, Holly et al., 2010).
For this reason, we first determine whether the error term εit in Eq. [1] and the
OLS residuals from ADF (p) regressions of the log Yit and logOPENit across

6We have combined the countries in the upper-middle-income and lower-middle-income groups
(see World Bank classification of economies, July 2011, http://data.worldbank.org/about/country-
classifications/country-and-lending-groups).
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all the 85 countries in the panel over the period 1970-2009 are not plagued by
cross-section dependence. The cross-section dependence (CD) test (Appendix 2)
clearly indicate that the log Yit and logOPENit, as well as the error term εit in
Eq. [1], are plagued by cross-section dependence. Secondly, by the application
of panel cointegration techniques to establish a long-run relationship in Eq. [1],
we are assuming that both log Yit and logOPENit are integrated of order one, or
I(1) stationary, and cointegrated. The existence of cointegration between log Yit
and logOPENit means that the error term, εit is stationary or I(0), implying that
Eq. [1] is also not plagued by the omitted variable problem (see Herzer, 2010; Cav-
alcanti et al., 2011). For these reasons, if these conditions are satisfied inference
based on the long-run relationship in Eq. [1] would not be spurious, and the short-
run dynamics, and their adjustment to equilibrium in the long-run across countries
can easily be captured, as we mentioned in the model specification, through the
error term, εit (see Holly et al., 2010). To determine whether the variables in
Eq. [1] exhibit unit root properties and are cointegrated, and taken into consid-
eration the problem of cross-section dependence, we make use of panel unit root
and cointegration tests that treat this effect. The panel unit root (Appendix 3) and
cointegration (Appendix 4) tests show that all variables exhibit unit root properties
and are cointegrated.

EMPIRICAL RESULTS AND DISCUSSION

We have established in the previous section that the variables in Eq. [1] exhibit
unit root properties and are cointegrated. This section, devoted to the empirical
results and discussion, begins with the long-run panel estimates. We then follow it
up with the robustness of the results and conclude the section with causality issues.
The causality analysis will not only allow us to capture the long-run direction of
causality between trade openness and levels of income (levels of development),
but most importantly, the short-run (growth) effects.

Estimation of long-run relationship

As we indicate before, we estimate the long-run relationship in Eq. [1] using the
common correlated effects mean group (CCEMG) estimator proposed by Pesaran
(2006). The CCEMG estimator, which augments the OLS regression in Eq. [1]
with the cross-sectional averages of the dependent variable (logYt) and the regres-
sor (logOPENt), has been shown as the way to properly eliminate both strong
and weak common factors in large cross-sectionally dependent panel data models,
and is consistent even when the associated errors are weakly cross-sectionally de-
pendent (see Pesaran, 2006; Holly et al., 2010; Pesaran and Tosetti, 2011). In the
application of the CCEMG estimator, Pesaran (2006) assumes that the error term
εit follows a multi-factor structure defined by

εit = ω′
ift + eit, (2)
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where ft, which is allowed to be stationary or non-stationary (see. Kapetanios et
al., 2011) and also allowed to be serially correlated and possibly correlated with
logOPENit (see. Holly et al., 2010; Cavalcanti et al., 2011), is a vector of un-
observed common shocks, while the individual-specific error term eit is assumed
to be distributed independently of ft and logOPENit and allowed to be weekly
dependent across i and serially correlated over t. The CCEMG estimator is based
on OLS regression of the following specification

log Yit = αi + βi logOPENit + bi0log Yit + bi1logOPENit + εit (3)

where the included cross-sectional averages (log Yt) and (logOPENit) only serve
as proxies for the common factors and may not have any interpretablemeaning (see
Pesaran, 2006). The coefficient of interest is computed as the simple average of
the N countries (i.e. β̂ = N−1

∑N
i=1 β̂i). To enable comparison of the results, we

also compute the traditional mean group (MG) estimates of Eq. [1], which does
not take account of cross-section dependence by assuming independent errors. The
estimated MG and CCEMG results are reported in Table 2.

As evident, the long-run relationship between trade openness and the level of in-
come is positive and highly significant in both estimators (at least at the 5 % lev-
el). However, we observe, on the one hand, that the mean coefficient β is much
bigger in the MG estimate than in the CCEMG and, on the other, that the MG es-
timate is biased given the high degree of cross-section dependence unveiled by the
CD test statistic. These results reveal that neglecting the impact of cross-section
dependence can bias upwards the coefficient of the estimated long-run relation-
ship; the difference between estimates, furthermore, is significant enough to assert
that researchers should not overlook this issue, as has been common practice so
far. In addition, the CCEMG estimator has led to a significant reduction of cross-
section dependence inherent in Eq. [1] and thus provides us with the true mean
coefficient β.

TABLE 2.
ESTIMATED LONG-RUN MG AND CCEMG RESULTS

MG CCEMG
logOPENit 0.317***(0.098) 0.091**(0.042)
CD test statistics 79.90*** -1.28

Note: Dependent variable log Yit. Standard errors are reported in parenthesis. Symbols
***(**) denote rejection of the null hypothesis at the 1 %(5 %) level. The CD test statistics
are Pesaran (2004) CD test on the residuals of MG and CCEMG estimates.
Source: our elaboration.

Robustness issues

To check the robustness of Pesaran’s CCEMG results presented in Table 2, we
use the group mean Fully Modified OLS (FMOLS) and the group mean Dynamic
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OLS (DOLS) proposed by Pedroni, where the impact of cross-section dependence
is captured through common time effects (Pedroni, 2000, 2001). According to
Pedroni (2001), these two estimators –which are based on the between dimension
of the panel– are promising in estimating the true mean value of β in Eq. [1] in
heterogeneous cointegrated panels. This author suggests that, by using FMOLS
and DOLS estimators, a consistent and efficient estimation of cointegration vector
is achieved, in particular where non-stationarity, endogeneity of regressors, and
serial correlation problems are suspected.

The FMOLS estimator considers the following cointegrated system

log Yit = αi + βi logOPENit + εit, (4)

logOPENit = logOPENi,t−1 + uit (5)

where ϑit = (εit, uit) is I(0) with a long-run asymptotic covariance matrix Ωi,
and log Yit and logOPENit are assumed I(1) and being cointegrated. Pedroni
(2000), following the Phillips and Hansen (1990) time series approach (but in this
case allowing for heterogeneity in the fixed effects and the short-run dynamics),
makes a semi-parametric correction to the OLS estimator to account for potential
endogeneity and other econometric problems inherent in Eq. [1]. The group mean
FMOLS estimator for β compute

β̂ = N−1
N∑
i=1

(
T∑

t=1

(xit − xi)
2

)−1( T∑
t=1

(xit − xi)

)
Y ∗
it − T τ̂i

where τ̂i ≡ Γ̂21i + Ω̂0
21i − L̂21i

L̂22i
(Γ̂22i − Ω̂0

22i), y
∗
it = (yit − yi) − L̂21i

L̂22i
Δxit, L̂i

denote lower triangular decomposition of Ω̂i.

On the other hand, Pedroni’s DOLS is based on the estimation of the following
equation

log Yit = αi + βi logOPENit +
k∑

j=−k

λijΔ logOPENi,t−j + εit (6)

where λij denote the coefficients of the augmented lag and lead differences, which
account for any potential endogeneity and serial correlation problems. The esti-
mated β is computed as the simple average of the long-run DOLS estimates for
each N in the panel (i.e. β̂ = N−1

∑N
i=1 β̂i).

The estimated long-run results using Pedroni’s group mean FMOLS and DOLS
with and without the inclusion of common time effects are reported in Table 3.
Consistent with the MG and CCEMG results (Table 2), we observe a positive and
statistically significant relationship between trade openness and the level of income
in all cases. In addition, the mean coefficient β is bigger for both estimators if we
use the raw data that do not account for cross-section dependence. However, the
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estimated β is much small and comparable to the CCEMG result in estimates with
common time effects. The result clearly shows that although trade openness has
significant positive impact on the level of income, this effect is much smaller once
econometric issues are well addressed.

TABLE 3.
ESTIMATED LONG-RUN FMOLS AND DOLS RESULTS

FMOLS DOLS
Raw data Demeaned data Raw data Demeaned data
0.318***(0.013) 0.078***(0.011) 0.266***(0.010) 0.084***(0.010)

Note: Dependent variable log Yit. Standard errors are reported in parenthesis. Symbol ***
denotes rejection of the null hypothesis at the 1 % level.
Source: our elaboration.

Causality issues, short-run dynamics, and adjustment to the long-
run

Our panel results have pointed out that, as expected, a positive long-run relation-
ship between trade openness and the level of income exists. Another important
issue is to determine the short and long-run causal relationship between the two
variables and, in particular, whether trade openness has economic growth (or in-
come growth) effect as well. To deal with this issue, we estimate a panel error
correction model given by

Δ log Yit = c1i +

p∑
j=1

χ11jΔlog Yi,t−j +

p∑
j=1

χ12jΔ logOPENi,t−j + κ1ecti,t−1

(7)

Δ logOPENit = c2i +

p∑
j=1

χ21jΔ log Yi,t−j +

p∑
j=1

χ22jΔ logOPENi,t−j+ (8)

κ2ecti,t−1

where Δ is the first difference operator, Δ log Yit is the rate of economic growth,
ecti,t−1 is the lagged error correction term computed from the long-run cointegrat-
ing relationship of Eq. [1], in which ecti,t−1 = log Yit − α̂− β̂i logOPENit. We
first determine whether the coefficients on the lagged error correction terms are dif-
ferent from zero (i.e. κ1 �= 0 and κ2 �= 0). If this were not the case for at least one
of them, we would not be able to rely on the panel cointegration results, which es-
tablish a long-run cointegrating relationship between trade openness and the level
of income, and hence there would not be any evidence for long-runGranger causal-
ity. On the contrary, if at least one of the adjustment coefficients was non-zero, we
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would be able to determine the direction of long-run Granger causality by imple-
menting a χ2 –test for the null hypothesis of long-run Granger non causality on
the coefficients on ecti,t−1. Secondly, we determine whether there is any evidence
of short-run Granger causality by implementing a χ2 –test for the null hypothesis
of short-run Granger non causality on the lags of the short-run coefficients (χ). To
implement the short and long-run Granger causality we estimate equations [7] and
[8] by both the MG (which does not account for cross-section dependence) and the
CCEMG (which accounts for cross-section dependence). The results are reported
in Table 4. As the CD test statistics clearly show (see last row of the table), there is
a high degree of cross-section dependence for the MG estimates, but virtually no
evidence of cross-section dependence for the CCEMG estimates. For this reason,
we are unable to rely on the MG estimates for inference. So, focusing our com-
ments on CCEMG results, it can be seen that the adjustment coefficient is negative
and highly significant (at the 1 % level) in all cases, indicating that the long-run
cointegrating relationship between trade openness and the level of income truly
holds.

The rejection of the χ2 –test for the null hypothesis of long-run Granger non
causality on the coefficients of ecti,t−1 indicates a long-run bi-directional Granger
causality between trade openness and the level of income. Nonetheless, there is
not enough evidence to reject the null hypothesis of short-run Granger non causal-
ity between trade openness and economic growth in both directions. Summing
up, we are thus able to conclude that, although the hypothesis of short-run non
causality cannot be rejected, the long-run causality for middle-income countries is
bi-directional, suggesting that trade openness is both a cause and a consequence
of development, that is, higher development degrees (and associated productivity
gains) encourage firms to explore external market opportunities.

TABLE 4.
CAUSALITY TESTS-MG AND CCEMG RESULTS

MG CCEMG
log Yit logOPENit log Yit logOPENit

Coefficient on ecti,t−1 -0.111*** -0.266*** -0.266*** -0.444***
χ2(1) 107.20*** 115.32*** 202.11*** 300.25***
ΔlogYi,t−1[χ

2(1)] 4.03** 2.40
ΔlogOPENi,t−1[χ

2(1)] 0.27 1.59
CD test statistics 18.05*** 17.26*** -0,69 -1.50

Note: Symbols ***(**) denote rejection of the null hypothesis at the 1 %(5 %) level. The
CD test statistics are Pesaran (2004) CD test on the residuals of MG and CCEMG estimates.
Source: our elaboration.

CONCLUDING REMARKS

This paper has investigated the impact of trade openness on economic growth and
development of 85 middle-income economies over the period 1970-2009. In order
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to do so, it has made use of several heterogeneous panel cointegration techniques
that are robust in the presence of non-stationarity, endogeneity and cross-section
dependence and which offer more reliable results than conventional approaches.
The main conclusions of the paper are that there is a significant long-run relation-
ship between trade openness and development, and that this is bi-directional, this
implying that higher development tends to increase trade openness and vice-versa.
The existence of a short-run interaction between these two variables is not, how-
ever, supported by our empirical investigation. This is on a priori basis a quite
surprising result, but it is convenient to note that it is in line with the theoretical
model by Perera-Tallo (2003). A tentative explanation of this result is that the
effect of trade openness will lead to a reallocation of resources, in favour of eco-
nomic activities in which developing countries are more competitive, only in the
medium/long-run. Accordingly, and although in the short-run policies devoted to
foster openness cannot have the desired effects, these prove to be very fruitful in
the long-run and, therefore, they should be implemented by developing countries.
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APPENDIX 1. LIST OF COUNTRIES CONSIDERED IN THE ANALYSIS

Albania Dominican Republic Maldives Solomon Islands
Algeria Ecuador Marshall Islands South Africa
Angola Egypt Mauritania Sri Lanka
Antigua & Barbuda El Salvador Mauritius St. Kitts & Nevis
Argentina Fiji Mexico St. Lucia
Belize Gabon Micronesia, Fed. Sts. St. Vincent & Grenadines.
Bhutan Ghana Mongolia Sudan
Bolivia Grenada Morocco Suriname
Botswana Guatemala Namibia Swaziland
Brazil Guyana Nicaragua Syria
Bulgaria Honduras Nigeria Thailand
Cameroon India Pakistan Togo
Cape Verde Indonesia Panama Tunisia
Chile Iran Papua New Guinea Turkey
China Iraq Paraguay Uruguay
Colombia Jamaica Peru | Vanuatu
Congo, Republic of Jordan Philippines Venezuela
Costa Rica Kiribati Romania Vietnam
Cote d’Ivoire Laos Samoa Zambia
Cuba Lebanon Sao Tome & Principe
Djibouti Lesotho Senegal
Dominica Malaysia Seychelles

Source: our elaboration.

APPENDIX 2. TESTING FOR CROSS-SECTION DEPENDENCE

Before we proceed to test for panel unit root in log Yit and logOPENit, we first determine
whether these series are plagued by cross-section dependence. This will allows us to em-
ploy an appropriate panel unit root test, as traditional tests are not valid in the presence of
this type of dependence. The CD test we use is the one proposed by Pesaran (2004), which
is robust in the presence of structural breaks and appropriate for T < N heterogeneous
panels. The CD test, which tends to N(0, 1) under the null hypothesis of no cross-section
dependence asN tends to infinity, is based on the average of the pair-wise correlations of the

OLS residuals from the individual regressions in the panel (i.e. CD =
√

2T
N(N−1)

∑N−1
i=1∑N

j=i+1 ρ̂ij) (see Pesaran, 2004). TheCD test statistics (Table A2.1) show strong evidence
of cross-section dependence regardless of the pth-order Augmented
Dickey-Fuller ADF (p) test statistic used.

Following the procedure proposed by De Hoyos and Sarafidis (2006), we also test for the
null hypothesis of no cross-section dependence in the error term εit in Eq. [1]. To de-
termine the extent to which the inclusion of common time effects eliminate cross-section
dependence, we estimate Eq. [1] with and without them. The CD test results on the resid-
uals in equation [1], reported in Table A2.2, clearly show the presence of considerable
cross-section dependence in the model without common time effects as the test strongly
rejects the null hypothesis of no cross-section dependence at the 1 % level of significance.
However, through the inclusion of common time effects we are able to significantly reduce
the impact of cross-section dependence. The result clearly indicates that we are able to rely
on estimators that account for cross-section dependence through common time effects, in
particular, as it is not statistically significant at the 5 % level.
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TABLE A2.1.
CD TEST STATISTICS

Variables ADF(1) ADF(2) ADF(3) ADF(4)
Intercept

log Yit 8.68*** 5.97*** 4.93*** 5.65***
logOPENit 16.31*** 11.56*** 6.76*** 6.84***

Intercept and a linear trend
log Yit 23.16*** 18.49*** 18.28*** 19.49***
log Yit 15.23*** 15.97*** 12.46*** 11.98***

Notes: Symbol *** denotes rejection of the null hypothesis at the 1 % level. pth-order Augmented
Dickey-Fuller (ADF (p)) test statistics are computed for each cross-section unit separately with an
intercept only, and with an intercept and a linear trend.
Source: our elaboration.

TABLE A2.2.
CD TEST STATISTICS (εit)

Without common time effects With common time effects
83.823*** -1.658*

Note: Symbols ***(*) indicate rejection of the null hypothesis of no cross-section dependence at the
1 %(10 %) level. The CD test statistics are based on residuals of fixed effects estimations (see De Hoyos
and Sarafidis, 2006).
Source: our elaboration.

APPENDIX A3. TESTING FOR PANEL UNIT ROOTS

The presence of cross-section dependence implies that we are unable to rely on panel unit root tests
that do not control for this effect. For this reason, we make use of two panel unit root tests adapted
to the case of cross-section dependence: namely, the Im, Pesaran, and Shin (IPS) test and the cross-
sectionally augmented IPS (CIPS) test, proposed by Im, Pesaran, and Shin (2003) and Pesaran (2007)
respectively. The IPS test does not control for cross-section dependence, but we implement this test
based on demeaned data as suggested by Levin et al. (2002). Both tests incorporate cross-sectional
heterogeneity. The panel unit root test statistics, reported in Tables A3.1 and A3.2, allow us to treat
both log Yit and logOPENit as I(1) variables.

TABLE A3.1.
IPS PANEL UNIT ROOT TEST RESULTS

Variables ADF(1) ADF(2) ADF(3) ADF(4)
Intercept

log Yit -1.387 -1.347 -1.363 -1.339
logOPENit -1.428 -1.350 -1.297 -1.266
Δ log Yit -4.210*** -3.390*** -3.107*** -2.674***
Δ logOPENit -4.597*** -3.623*** -3.149*** -2.830***

Intercept and a linear trend
log Yit -2.241 -2.122 -2.120 -1.963
logOPENit -2.266 -2.238 -2.178 -2.147

Notes: The critical values at the 1 %(5 %)[10 %] level for IPS test statistics are -1.73(-1.67)[-1.64]
with an intercept case, and -2.36(-2.31)[-2.28] with an intercept and a linear trend case. Symbol ***
indicates rejection of the null hypothesis of non-stationary variable at the 1 % significance level.
Source: our elaboration.
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TABLE A3.2.
CIPS PANEL UNIT ROOT TEST RESULTS

Variables CADF(1) CADF(2) CADF(3) CADF(4)
Intercept

log Yit -2.004 -1.881 -1.897 -1.787
logOPENit -2.053* -1.931 -2.031* -1.827
Δ logOPENit -4.114*** -3.302*** -2.916*** -2.427***
Δ logOPENit -4.331*** -3.279*** -2.960*** -2.572**

Intercept and a linear trend
log Yit -2.473 -2.350 -2.322 -2.216
logOPENit -2.318 -2.204 -2.355 -2.091

Notes: The critical values at the 1 %(5 %)[10 %] level for Pesaran’s CIPS test statistics are -2.17(-
2.08)[-2.02] with an intercept case, and -2.65(-2.56)[-2.51] with an intercept and a linear trend case.
Symbols ***(**)[*] indicate rejection of the null hypothesis of non-stationary variable at the 1 %(5 %)[10 %]
significance level.
Source: our elaboration.

APPENDIX A4. TESTING FOR PANEL COINTEGRATION

Once it has been proved that all the variables are I(1), the next step is to determine whether the series
are cointegrated to avoid spurious regressions problems. In order to do this we applied several tests, all
of them suggesting that the series are indeed cointegrated (Table A4).

TABLE A4.
PANEL COINTEGRATION TEST RESULTS

(a) Pedroni’s test statistics
Raw data Demeaned data

Rho PP ADF Rho PP ADF
(i) 3.685*** 1.771* 12.311*** 2.244** -1.037 8.764***
(ii) 4.238*** 1.969* 17.786*** 2.683** -0.246 11.334***

(b) CIPS test statistics
CADF(1) CADF(2) CADF(3) CADF(4)
-2.238*** -2.126** -2.050* -2.029*

(c) IPS test statistics based on CCEMG residuals
ADF(1) ADF(2) ADF(3) ADF(4)
-2.597*** -2.455*** -2.289*** -2.194***

Notes: Rho, PP, and ADF are the group mean test statistics of Pedroni (1999, 2004) that tend to

under the null hypothesis of no cointegration. The test statistic labeled (i) includes fixed effects only

(ii) includes both fixed effects and heterogeneous trends. CIPS and IPS test statistics are based on

the residuals of MG and CCEMG respectively. The critical values at the 1 %(5 %)[10 %] level for

the IPS and Pesaran’s CIPS test statistics are -1.73(-1.67)[-1.64] and -2.17(-2.08)[-2.02] respectively.

Symbols ***(**)[*] indicate rejection of the null hypothesis of no cointegration at the 1 %(5 %)[10 %]

significance level.

Source: our elaboration.


