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Are structural policies in countries bordering
mediterranean appropriate to economic
convergence: Panel ARDL application
Wajdi Bardi1, Saif Eddine Ayouni2* and Mekki Hamdaoui3

Abstract: Our main contribution in this paper consists of analyzing long-run
interactions between structural policies and economic growth accounting for
possible convergence. For this purpose, we are based on a sample of eight
countries bordering the Mediterranean during the period 1975–2012. In fact, we
used a technique based on panel ARDL methods which deals with the stationary
series problem of different orders to monitor possible convergence in the long-
run horizon. This method allows us to study potential long-term effects of
structural economic policies on growth as well as capture the possible links
between candidate variables and the trend of convergence in terms of per capita
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GDP. Our empirical results support convergence processes of GDP per capita in all
the bordering Mediterranean countries. Moreover, we find that the increased
number of secondary schools enrollment through public expenditure on educa-
tion, greater economic openness, and fluid foreign direct investments stimulates
economic growth.

Subjects: Economics; Political Economy; Educational Research;; Education Policy & Politics

Keywords: convergence; economic policies; panel autoregressive distributed lag;
mediterranean region

1. Introduction
The issue dealing with the origins and nature of differences as the growth rates and the living
standards detected between countries has been a subject of frequent debates over the past few
years. This literature raises the problem of decreasing factor productivity in a considerable number
of developed economies during the 1970s years. This finding puts pressure on the classical theory
and challenges the neoclassical growth model which advocates economic convergence. The rising
doubt on the validity of the neoclassical analysis is largely associated with its fundamental
hypothesis of technical progress or “fallen down from the sky”. This theory is based on
a steadiness of growth rate and concludes to a unique growth trajectory that should be followed
by any economies experiencing the same level of growth at a given time. Despite the fact that this
current of thought gained ground during the 1980s and contributes to the enrichment of economic
theory through explanation of differences and by identifying determinants of economic growth, it
shows its limits in the recent years.

The history of economic events has been marked, in addition to the limits recorded to the
classical models, by the emergence of new lines of research focusing on the development strate-
gies and the state’s role in the process of economic liberalization pushed by neoliberals. In fact,
this increasing research stream focuses on the new role of the state in the process of growth and
in the economy in general. In this context, it has been developed endogenous growth theories and
takes more interest since the mid-1980s (Romer, 1986, 1990; Lucas, 1988; Barro, 1990; Grossman
& Helpman, 1994; King & Levine, 1993a, 1993b). These theories give a real boost to macroeco-
nomic researches in terms of growth and represent a solution or guide to developing countries by
showing how they can improve their long-term growth prospects.

Unlike the Solow (1956) standard growth framework, endogenous growth theory insists on
the role of economic policy in the growth process, which is neutral according to the Solow
(1956) model. These theories highlight the different mechanisms by which growth becomes
endogenous and suggest a new role for the state’s economic policy at the center of
economic activity. In particular, they focused on policy related to human capital develop-
ment, innovation, technical progress, financial development and the opening of economies
to external trade. With these theoretical advances, convergence has become conditional.
Otherwise, by using economic policies, a country that is lagging behind can accelerate its
growth and can catch up with the developed countries. Despite the fact that there are
abundant researches studying convergences, they do not take into account the long-run
effect of the state’s policy on convergence speed to a stationary state. Particularly, recent
works highlight the importance of taking into account such indicators such as potential
factors of possible economic catching up. Therefore, we seek to overcome certain limits of
traditional economic growth as underlined by more recent endogenous growth theory
through the introduction of new potential determinants of countries’ convergence.
Otherwise, we test whether improved or appropriate economic policies may accelerate
economic convergence. Accordingly, we used an Autoregressive Distributed Lag (ARDL)
approach, which enables to overcome the previous techniques shortcomings. As a matter
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of fact, it is characterized by its advantage of studying the nonintegrated variables of the
same order or do not have a long-run relationship according to a restricted VECM or unrest-
ricted VAR regression.

Therefore, we seek to study the dynamics of growth and convergences in eight countries
bordering the Mediterranean during the period 1975–2012 using a Solow-Swan model. Also, we
are based on a recently developed dynamic panel heterogeneity analysis based on the technique
introduced by Pesaran, Shin, and Smith (1999) in order to assess convergence hypothesis validity in
this region. This methodology allows us to produce consistent and efficient estimators of the
parameters in the presence of a country-specific heterogeneity issue.

The rest of this work is organized as follows: In Section 2, we present a review of the
literature concerning convergence and we detailed structural policies that can influence eco-
nomic growth. In Section 3, we develop an econometric approach proposed to respond to our
studying economic convergence objective. Section 4 provides discussions and interpretations of
our main results. Finally, Section 5 concludes this study giving recommendations in terms of
economic policies.

2. Literature overview
Our paper is at the crossroads of two strands of literature, one investigating the link between
structural policy and economic growth and the other studying the models of convergence.

2.1. The importance of economic growth policies

2.1.1. Education policy
Lucas (1988) took into account the role of human capital and integrated the decision of individuals to
acquire knowledge. The core insight of the idea is that human capital can be accumulated as physical
capital. However, unlike the latter, it is produced according to a process of increasing return relative to
itself because it represents its own factor of production. In the Lucas model, growth rate depends
only on the duration of human capital formation as it becomes positive as soon as the latter is
positive. Thus, the State can conduct an education policy that favors the human capital formation
and thereby promotes economic growth. The State may, in this sense, subsidize the training activity.
It can, thus, distribute scholarships or take care of either all or a part of the cost of training; In other
words, putting in place a public education system. Since private agents do not take into consideration
the external effects that can be linked to human capital, the public intervention can be an incentive
for them to invest more in the human capital formation. As Schubert (1996) showed, “The State may
give to each agent a subsidy proportionally to the time spent in the training process (opportunity cost)
in order to compensate the shortfall in terms of wage”.

D’Autume (1994) tried to examine the different education policies, especially when physical
capital is needed to produce human capital. As a result, they propose to finance this physical
educational capital by taxation. They find, moreover, that a subsidy to education has a positive
influence on the growth rate. This makes it possible to correct the externality effects by encoura-
ging each agent to acquire further experience and training which will have a positive impact on the
other agents. The taxation of capital income, used to finance this subsidy, has no influence on the
growth rate if it does not affect human capital, defined as the growth engine in the model.
Benhabib and Spiegel (1994) criticized the formulation of human capital as described in the
model of Lucas (1988). They noted that the impact of human capital on economic performance
takes two forms: Either, it intervenes as a potential growth engine according to the terminology
borrowed from the theories of endogenous growth (at the Lucas), or it is a vector for technological
catch-up. Indeed, their approach is borrowed from Nelson and Phelps (1966) approach and
whence the Schumpeterian literature has been recently revived. This approach considers the
stock of human capital to be the main growth engine. Thus, human capital stock determines the
country’s ability to innovate and catch up the most developed neighboring countries. As a result,
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differences of growth rates between countries are explained or determined by divergences in
terms of human capital stocks and its ability to enhance technical progress (Aghion & Howitt,
1998; Benhabib & Spiegel, 1994; Baldacci, Clements, Gupta, & Cui, 2008; Bhattacharyya, 2009; Lee
& Kim, 2009; Benos & Karagiannis, 2010; Tsai, Hung, & Harriott, 2010;; Suri, Boozer, Ranis, &
Stewart, 2011).

Whether in developed or developing countries, it is noted throughout that education policy
seems to be a major strategic aspect in economic development. Certainly, the public authority is
extensively involved in the educational choices. It frequently invests to provide individuals with
a free-of-charge education system. It affects individual choices, too, through a system of taxation
and subsidies. The reasons for this intervention are twofold. In the presence of externalities, the
State can compensate both the market and individual choices in order to improve the efficiency of
resource allocation and thus can increase the growth rate. It can also intervene in the interests of
fairness and social justice.

2.1.2. Research and development policy
Technical progress has the nature of fostering the marginal productivity of factors and pre-
venting its long-term abolition. In fact, endogenizing technical progress implies including
explicitly a sector of “research and development” producing new technologies in the model.
Knowledge, in this sense, is the consequence of not only accumulating physical capital (a rival
factor) but also experiences (a non-rival factor). Therefore, there is an agreement on the
particular role of technological innovation and on the importance of resources devoted to
research and development.

The model of Romer (1990) supported the idea developed by Lucas (1988) which explains the
reasons for non-convergence of many economies. Indeed, an economy with a high level of
human capital will grow faster because it will devote more resources to the accumulation of
knowledge. Nevertheless, a low level of human capital will lead to a reduction in the rate of
growth since the existing human capital will be devoted to production. In this manner, under-
development exists in the model of Romer (1990). Another important conclusion of Romer’s
model is that when there is an integration of two identical countries, this will double human
capital although it increases more than twice the growth rate; That is to say, the more the
effectiveness of the capital increases, the more its size increases.

Based on this model, a number of economic policies able to influence the long-term growth
rate can be identified in order to bring the competitive equilibrium closer to the social opti-
mum. First, we note that the variable “human capital” may positively influence the economic
growth. For that reason, Romer develops the idea of having a threshold based on the level of
human capital which explains the international differences between growth rates. Thus,
a policy of support to education seems to be favorable and effective on economic growth.
The second possible economic policy is the subsidy for the purchase of intermediate goods. In
other words, the State can stimulate the supply of these goods in order to eliminate the
distortion effect due to monopoly pricing. Indeed, Romer points out that the difference
between the equilibrium and the decentralized growth rate depends, heavily, on the monopoly
margin. A policy that will reduce this monopoly margin has to increase the equilibrium growth
rate to reach the optimal (decentralized) growth rate. Another economic policy embodied in
research grants can be possible. In fact, granting more subsidies seems to be efficient in
increasing economic growth. Thus, a research grant and public spending intended to promote
the accumulation of technological capital in order to internalize the externality created by the
current research on the productivity of future research seems to have a positive influence on
economic growth. It encourages private agents to invest in research and development at
a high level.
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Developed countries give major priority on research and development expenditures in their
budgets. They currently account for about 2% of GDP. However, in the case of developing countries,
due to a lack of sufficient financing resources and their limited capacity to innovate, the portion is
about 0.65% of GDP.

It is to be noted that South and East Mediterranean countries (SEMCs) tend to give no impor-
tance to research and development expenditure. They expect to emulate the various innovations
available from developed countries. In order to have the internal capacities necessary for an
effective use of this technology, it is essential to improve the level of skills and training of the
population. Indeed, most SEMCs are not yet able to develop their own research and development
activities to a sufficient level. Hence, they are turning towards foreign technologies. Their research
and development systems should, in this sense, supplement and support the technology acquired
through transfers or imports of capital goods. Thus, the adoption of foreign technologies requires
a skilled and competent workforce capable of adapting technologies to the specificities of national
economies, thereby improving the competitiveness of their industry.

2.1.3. Public infrastructure policy
In addition to taking account of external effects, the State has a direct influence on the efficiency
of the private sector: public investment contributes intuitively to private productivity. Thus, Barro
(1990) developed a model highlighting the dual effects of taxation. It shows that public activities
are also a source of self-sustaining growth. Therefore, government spending, such as the provision
of public infrastructure, has a positive effect on the levels and growth rate of the economy and is
considered complementary to private capital.

Glomm and Ravikumar (1997) presented a dynamic model of general equilibrium depending on
public expenditure. They try to study the effect of public spending on infrastructure, on education
and on long-run growth. These expenditures are considered as inputs in the production function.
The model identifies the positive effects of public investment in infrastructure (productive invest-
ment) on the long-run growth rate. They also show the dual effect of taxation on the growth rate,
which makes it possible to define a so-called “optimal” size of the State.

Agenor (2000) indicated that the lack of reliable empirical evidence for some studies about the
relationship between fiscal policy and growth could be related to the non-linear nature of the
relationship between these variables. In fact, growth increases when taxes and spending are at
low levels and then growth falls as taxation effects exceed the beneficial effects of public goods.
Then, public spending and economic growth are, on the one hand, positively linked when public
spending is below the amount considered optimal, and, on the other hand, negatively linked when
it is above and uncorrelated when public authorities provide the optimal amount of services.
Empirical sectional studies were generally unable to explain this nonlinearity and may, therefore,
be unable to detect it in the data.

Ultimately, it appears that investments in infrastructure, based on the results of the two
approaches (primal or dual) and the developed theoretical models have a significant effect on
private sector productivity and on economic growth. Although there are mixed results in some
econometric studies, investment in road infrastructure and telecommunications is the most
productive public capital investment because it supports private activities and consequently gen-
erates spillover effect.

2.1.4. Financial development policy
Different researches of the OECD Development Center, studying the case of a number of African
countries, show the importance of a financial development policy to accelerate growth in these
countries through a better mobilization of saving resources towards productive employment. The
link between the development of financial intermediation and the experience of financial institu-
tions, and the growth rate is obvious. Indeed, what differentiates rich countries from poor
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countries is the efficiency with which they use their resources. Precisely, it is the contribution of
a financial system to growth that makes it possible to increase this efficiency.

Pagano (1993) presented three channels of financial development transmission towards economic
growth. The first channel is the allocation of savings to firms. In fact, in the process of the transforma-
tion of savings into investments, financial intermediation absorbs resources. Thus, a portion of the
savings is lost between the lending and borrowing transactionswhich is related to the various fees that
banks charge. In this context, Roubini and Sala-i-Martin (1992) showed that, in the intermediation
activity, there are charges on banks in the form of taxes (at the level of the reserve requirement,
transaction taxes) or in the form of restrictive rules imposed on the financial system. Within this
framework, a favorable economic policy to the development of the financial sector that will increase
the efficiency of the latter in order to mobilize more savings towards investment will be crucial to
increase the growth rate of the economy. Therefore, a developed and competitive financial system
must be characterized by reduction in taxes and any other restrictions concerning its functioning.
The second channel that can be attributed to financial intermediation is the allocation of resources to
projects with high marginal productivity of capital. Indeed, financial intermediation acts positively on
the productivity of capital, which influences growth, by two means: (i) collecting information that
allows a better evaluation of investment projects, (ii) reducing Individual risks of the possibility of
investing in bad projects by diversifying risks that can lead to better productivity. A fairly well-
developed financial system has a positive effect on capital productivity, which is in line with Beck,
Levine, and Loayza (1999), who emphasized the significant influence of the development of banking
sector on capital productivity. It is considered an essential factor in the development of investment
and hence of economic growth. In this manner, a policy of financial system reforms will be beneficial
for the economy. The third determinant of growth moves through the savings rate. For this, the view
that the development of the financial sector has a positive influence on saving is being accepted,
although this relationship is often somehow ambiguous. Thus, a savings policy could have a positive
impact on long-term economic growth. In this way, Pagano tries to demonstrate that the channels
through which financial factors influence growth are of crucial importance for a country that seeks to
develop its financial system and improve its growth prospects. Ultimately, it can be noted that one of
the requirements of domestic policy is the modernization of financial systems.

Many theoretical as well as empirical studies,based on endogenous growth theories, have
demonstrated the existence of a positive correlation between financial development and eco-
nomic growth (Greenwood & Jouanovic, 1990; Blackburn & Hung, 1993; De La Fuente & Marin,
1995; De Gregorio & Guidotti, 1995; Demirgüc-kunt & Levine, 1996; Levine and Zervos, 1998;
Arestis & Demetriades, 1997; Levine, Loayza, & Beck, 2000; Abu-Bader & Abu-Qarn, 2008;
Luintel, Khan, Arestis, & Theodoridis, 2008; Beck, Demirgus-Kuntand, & Levine, 2009; Lartey,
2010; Bittencourt, 2012; Abdelhafidh, 2013). Therefore, a financial development policy seems to
be important for a better channeling and an efficient allocation of scarce resources towards
productive employment. An economy with a repressed financial system struggles to develop.
Thus, a developed financial system has a positive effect on economic growth.

2.1.5. Openness and economic integration policy
Being inspired from the models of endogenous growth, Gould and Ruffin (1995) assumed that
economic integration into the global market provides human capital, at the national level
with externalities that are not accessed under the closure. As long as economies are not fully
integrated with each other, increasing the level of human capital will increase the growth
rate of the economy, if it opens its economy. Aubin (1994), in an endogenous growth model,
showed that the gains in terms of growth depend on the existence of a coordination between
the different economic policies, that is to say, the existence of a public intervention seeking
the optimum not within the framework of each of the economies taken separately but rather
the union of these economies. Consequently, this confirms, in this sense, the advantage of
regional economic integration. Indeed, openness exposes the national economy to foreign
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competition and leads to the selection of new and more efficient techniques, which accel-
erates productivity growth.

Several empirical studies have emphasized the importance of both the degree of openness
and, more generally, the openness strategy in terms of growth. However, this empirical litera-
ture on openness and international trade faces several conceptual as well as data problems.
Indeed, the problem is essentially linked to the benchmarking of trade policy, for which the
barriers to trade, such as the countless tariff rates, must be translated into an index of open-
ness and of foreign trade regime, etc. The literature is rich in empirical studies that highlight the
positive link between the proxy variable of openness and the economic growth, such as in
(Balassa, 1985; Dollar, 1992; Edwards, 1993; Coe; Helpman., 1995; Ben-David, 1996; Harrisson,
1996; Sachs & Warner, 1997; Pissarides, 1997; Markusen & Venables, 1999; Rodrik, 1998; Frankel
& Romer, 1999; Greenaway, Morgan, & Wright, 2002; Kim, Lin, & Suen, 2010; Shahbaz &
Rahman, 2012; Le & Tran-Nam, 2018). A wide and diverse range of studies comes to the
same fundamental conclusion which is that free trade and openness to the outside world
stimulate growth. In addition, the empirical literature invalidates the pessimistic view according
to which trade liberalization undermines growth prospects and economic development; a fact
that reinforces our analysis of the possible positive effect of a free trade policy. Indeed,
economic growth is strengthened thanks to economies of scale, exposure to competition and
the spread of knowledge.

Definitely, the benefits of regional economic integration are obvious. In the face of globalization
and regionalization movements in the world, countries, such as the Southern and Eastern
Mediterranean countries (SEMCs), find themselves obliged to integrate into a regional economic
zone. As Rodrik (2001) acknowledged: “there is a widespread agreement that openness to trade is
the most suitable way known to man to reach economic growth”. He adds, repeating Fisher’s (2000)
words, “Integrating into the global economy is the best way for a country to grow”. Moreover,
Rodrik’s analysis (2001) showed that “No country has developed successfully by turning its back on
international trade and long-term capital flows. Also very few countries have experienced long
periods of growth without increasing the share of trade in their domestic product”. In this regard,
countries like the SEMCs must seek to achieve, successfully, international integration by imple-
menting major structural reforms and signing association agreements with the European Union.

The SEMCs are convinced that they cannot achieve this integration effectively and remain at the
margin only if they achieve high and sustainable levels of growth. The FEMISE report (2002)
insisted that the present growth process in the countries of the region must be transformed, to
allow a greater per capita income in the long term. The report estimates the growth rate that
should be reached as 7% per year. On this account, strengthening their growth prospects seems to

Table 1. Effectiveness conditions for the euro-mediterranean partnership

Objective The expected benefits
ex-ante

Ex-ante potentialcosts

Establishment of a free trade area - Increase in competitiveness.
- Development of synergies and
exploitation of increasing returns
to scale.

- Contraction of the amount of
customs duties (fiscal policy to
redefine).

- Search for specialization in
promising sectors

Reallocation of resources and
convergence

- Increase in living standards.
- Social progress: raising the
standard of living

- Decrease in unemployment.
Reduction of regional
disparities.

- Structural reforms aimed at
liberalization and
macroeconomic stabilization.

- Development of infrastructures,
heavy investment (education,
research, health)

Source: Lhéritier (2001) p 19.
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be the challenge facing the SEMCs for the success of their economic integration (see Table 1).
Under these conditions, these countries hope to converge in terms of per capita growth rates with
southern European countries.

3.2. Convergence models: the debate
The notion of convergence appears in the late 1980s in conjunction with the emergence of new
theories of endogenous growth and especially with the availability of international comparative
statistical databases. Since then, several papers have discussed the economic convergence phenom-
enon aswell as the best approach to grasp it. A special area of focuswill be on comparisons of national
growth performance. Firstly, we propose to recall the definitions of convergence (in the literature we
find several notions of convergence). Then, we will expose a model of convergence retained in this
empirical literature.

There are three types of convergence in the literature. The first notion of convergence is the
σ-convergence that is defined as the reduction of the dispersion of the per capita GDP
distribution. In other words, we study the dynamic evolution of a dispersion indicator of the
per capita GDP distribution in logarithm. This indicator is most commonly the variance or
standard deviation, in cross-section, of the per capita GDP distribution. In this manner, for
a given sample of countries, if the average deviations decrease between the initial date and
the final date, within this framework, the hypothesis of σ convergence is accepted: the per
capita GDP is said to converge towards the average value of the sample, a notion of conver-
gence that was introduced by Sala-i-Martin (1990).

The second notion of convergence is unconditional or absolute β-convergence. This convergence
examines the relationship between the per capita growth rate and the initial level of per capita GDP.
We try, then, to assess if the living standards of the various economies of poor countries tend to move
closer by focusing on the catching-up of developed countries. It is said that there is unconditional
β-convergence if, for a given period, the per capita growth rate of a country is higher than its
initial per capita GDP.

The statistical estimation used to test this hypothesis consists in regressing, in cross-section, the
growth rate, for example, per head, over the period, constantly and the initial GDP in log. Thus, if
the initial GDP coefficient is negative and statistically significant, we accept the hypothesis of
unconditionalβ-convergence.

Extensive empirical studies have tested this hypothesis. They confirm the non-validation of this
notion of convergence. In fact, the divergence of countries’ experiences in terms of growth rates
shows the non-validation of the neo-classical theory as formulated in the Solow growth model on
the convergence of economies towards identical paths of equilibrium growth. Other so-called
control variables have been introduced to explain the non-convergence, hence the notion of
conditional β-convergence.

Among these works, one can cite that of Barro and Sala-i-Martin (2004) that like most cross-
sectional studies, they consider a regression of general form:

Δ1n yiT ¼ �b1n yi0 þ political and institutional variablesþ uiT (1)

where Δ1ny is the growth rate in per capita GDP over a period (from 0 to T); ln y0 is the logarithm of
the per capita GDP at time 0 and i identifies each country.

Barro and Sala-i-Martin (2004) considered a group of N countries with a real per capita income,
for the country i, given by Yi; i ¼ 1; . . . ;N. They have also considered the following regression
model, in discrete time, of yi on a constant term, α0, and its delayed value:

ln yit ¼ α0 þ 1� βð Þln yi;t�1 þ uit; i ¼ 1; . . . ;N (2)
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where β is a parameter to be estimated; uit is a disruption term of mean-zero with constant

variance σ2u which captures temporary shocks of production technology, the average propensity to
save. This term is also supposed to be independent over time and between countries. The previous
equation can also be written as follows:

ln ðyit=yi;t�1Þ ¼ α0 � βln yi;t�1 þ uit; i ¼ 1; . . . ;N (3)

This equation shows that for the β-convergence to occur, the condition β > 0 must be satisfied.
Indeed, β > 0 implies the inversion of the mean because the annual growth rate of the income per
capita given by ln ðyit=yi;t�1Þ, is, inversely, related to ln ðyi;t�1Þ. The higher the value is, the greater
the tendency converges.

In the long-run, assuming that yi;t�1 ¼ yit, the expected real income per capita is:

lnt!1E ln Yitð Þ ¼ α0
β

(4)

where E(.) is the mathematical expectation operator.

Thus, conditional β-convergence occurs in a group of countries if the partial correlation between
the growth rate of real income per capita and its initial level is negative. To illustrate this concept,
Barro and Sala-i-Martin (2004) considered a regression in sections of the per capita income growth
rates relative to the initial per capita income and various other control variables summarized in the
vectorzt;which takes into consideration other determinants of income, such as inflation, openness,
public investment, quality of human capital, and so on. The equation is given by:

ln yitð Þ ¼ α0 þ α1Zt þ 1� βð Þ ln yi;t�1
� �þ uit (5)

Le Pen (1997) defines conditional β-convergence as follows: “The inverse relationship between the per
capita growth rate and the initial per capita GDP is verified provided that the countries in the sample
reach common levels for certain economic and non-economic variables. These variables are supposed to
control the heterogeneity of long-term trajectories”. Thus, differences in per capita incomes can be
maintained or even strengthened over time. Similarly, the basic idea is that the differences observed
are related to the initial structural differences between countries, hence the notion of “conditional”
convergence. In this context, convergence is conditioned by the initial allocation of countries.

One of the major limitations of convergence of the cross-section approach is the hypothesis of an
initial level of technology similar for all countries because the technology is unobservable (as Mankiw,
Romer, and Weil (1992) pointed out). If this hypothesis is not verified, then we are in the case of
omission of a relevant variable correlated with the other explanatory variables, causing significant
distortion in the set of coefficients of the convergence regression. A first solution consists in estimat-
ing the relationship on panel data by introducing individual heterogeneity in the form of fixed effects
(Islam (1995) and Berthélemy and Varoudakis (1998)). Indeed, Islam (1995) provided an approach in
terms of panel data to regressions on conditional convergence that allows certain parameters of the
production function to be different from one country to another. His approach, however, retains the
assumption that the rate of technical progress is the same for all countries.

3. Data and methodology
We used annual data for eight countries bordering the Mediterranean during the period
1975–2012. We take the real per capita GDP as our dependent variable since we aim to access
to the level of divergence between countries in terms of living standards taking into account
inflation disparities. Otherwise, our main objective is to analyze the dynamics of growth and
convergence in this region using the Barro (1991) model. For the choice of the variables
introduced as explanatory determinants of potential convergence, we are based on the set
of variable making a large consensus by the most recent literature of endogenous growth
theory. This dataset contains two mediating variables such as human capital (HC) accumulation
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measured by total secondary schools enrolment and domestic credit to the private sector in
percent of GDP (PRIVY) as a proxy for financial development which stimulates economic
growth (RPCGDP). In addition, we introduced openness (OPEN) and foreign direct
investment (FDI) in order to control external influences on the macroeconomic stability and
public sector activity.1 For example, an increased inflow of foreign capital declines the costs of
R&D and so the costs of innovation (Borensztein,, De Gregorio,, & Lee, 1998) improving long-run
growth. Data descriptions and resources are presented in Table 1 (see appendix)

For the choice of our methodology, we referred largely to the technique introduced by Pesaran
et al. (1999). This method is the more appropriate in studying this type of question such as county-
convergence. Indeed, panel data methods are used to verify the convergence hypothesis in our
sample. Particularly, the paper uses panel ARDL methods to produce consistent and efficient
estimators of the parameters in the presence of country heterogeneity in contrast with previous
studies based on variables integrated with the same order.2

3.1. Solow framework convergence
Growth theories provide a framework to assess the convergence hypothesis involved by the
Solow-Swan augmented model. Barro (1991) used this model to estimate the speed of con-
vergence in 98 countries. The concept of σ-convergence differs from the β-convergence con-
cept. The idea behind the σ-convergence is that the dispersion of real per capita GDP across
countries tends to fall over time. We present below a figure investigating the σ-convergence
assumption in CBM countries and presenting the path standard deviation of per capita dis-
tribution GDP.

Figure 1 shows no clear indication of the presence of σ-convergence among CBM countries over
the period 1975–2012. Indeed, it presents a period of increasing divergence (1975–2007), and also
a period of a strong reduction in divergence (2007–2010). It can be shown that the dispersion of
the standard deviation of real per capita GDP decreases when the speed of β-convergence
increases.3 We can assume that the high dispersion of real per capita GDP, essentially before
2007, submitted a weak speed of adjustment of CBM countries toward a common steady-state
way and a weak convergence of poor countries toward richer countries.

We present in the next figure the evolution of real per capita GDP in each country in CBM region.
Figure 2 shows that the initial conditions in CBM countries were very different with a real per capita
GDP in Italia, the richest country in the region, a 23.5 times larger than in Egypt, the poorest
country, in 1975 (the beginning of period). This figure shows weak progress in closing the income
gap with the most wealthiest countries (Italy, Spain, and Greece). We conclude that there is, in
general, an evidence of “catch-up” prediction of the Augmented Solow-Swan (ASS) model for this
region, since the real per capita GDP of these countries has relatively increased by the end of the
period in comparison with the beginning.

We can summarize that the observed conditional β-convergence also makes it probable that
factor accumulation alone would not be enough to explain the growth differentials between
countries in the CBM region. As a result, country-specific variables such as human capital accu-
mulation, financial development, openness, and foreign direct investment could drive growth and
explain its dispersion across CBM countries.

3.2. Alternative empirical models for estimating growth and convergence
In contrast with several studies in the literature reported on the growth and convergence, we use
a dynamic panel data approach that makes possible to account for heterogeneity which cannot be
feasible with cross-country and time series methods. Pesaran, Shin, and Smith (1997) argued that
the estimator of the speed of convergence obtained by Barro (1991) is inconsistent because it
accounts for homogeneity assumption across countries sample.
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Furthermore, we adopt a recently developed dynamic panel heterogeneity analysis based on
some techniques introduced by Pesaran et al. (1999, 2004). Specifically, we present an
Autoregressive Distributed Lag model (ARDL). Actually, we can use three different estimators
such as: the Mean Group (MG), the Pooled Mean Group (PMG) and the Dynamic Fixed Effect (DFE)
estimators in order to explore (1) both the long-run and short-run effects of human capital
accumulation and financial development in CBM countries growth4 and also (2) to estimate the
speed of convergence toward their steady-state level of real per capita GDP.5

4. Model specification
To address the drawbacks of the models presented in the neoclassical theory, we consider the
following ARDL (p, q) model based on the specification of Pesaran et al. (1999):

ln yit ¼ ∑
p

j¼1
vijlnðyi;t�jÞ þ ∑

q

j¼0
θ0ijln xi;t�j

� �þ ηit (1)
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Figure 1. Volatility of real per
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The dynamic heterogeneity in panel regression can be added into an error correction model using
an ARDL (p, q) technique by subtracting the lagged dependent variable (GDP per capita) from both
sides as follow:

Δln yit ¼ φi ln yi;t�1
� �þ β0

i ln xi;t�1
� �þ ∑

p�1

j¼1
vijΔln ðyi;t�jÞ þ ∑

q�1

j¼0
θ0ijΔln xi;t�j

� �þ ηit (2)

where the dependent variable y is the real per capita GDP, X stands for a list of independent
variables including the human capital, financial development, openness, and foreign direct invest-
ment indicators. Since, these factors are important in the sense that they affect resources
mobilization and affectation to better uses. In other words, we explained in Subsection 2.1.4
how they positively influence human capital productivity through technologies transfer and skilling
so we seek to study the importance of these variables in accelerating economic growth of
countries. The parameters:

● v and θ represent the short-run coefficients of lagged dependent and independent variables,
respectively.

● β and φ represent the long-run coefficients and speed adjustment to long-run steady-state
coefficient, respectively.

● η is a country-specific intercept.

The subscript i and t represent country and time, respectively.

We note that the term ln yi;t�1 � βi ln Xi;t�1

� �
represents the long-run relationship between ln(y)

and ln(X) (Error Correction term). According to Pesaran et al. (1999) two assumptions to this long-
run regression exist:

● Assumption 1: the relationship between ln (y) and ln (X) defined by ln yit ¼ � βi
φi

� �
lnXit þ μit exists

if φ < 0 (φ speed of convergence), for each i = 1 to 8 and μ is a stationary process.

● Assumption 2: the long-run coefficients on Xit, defined by δi ¼ βi
φi
, are the same across countries,

namely: δi = δ (long-run homogeneity assumption).

Equation (1) will give intuitions into the issue of β-convergence, since φ can be interpreted as
the speed of convergence toward a common steady state. As noted above, alternative estima-
tors have been proposed for the whole sample to predict this equation including, the PMG
estimator and the MG estimators as well as the DFE estimator. The only difference between PMG
and MG estimators is that the first impose homogeneity restriction on long-run coefficients
across counties while maintaining heterogeneity for short-run dynamics. The second does not
require a restriction; that is to say, it allows all coefficients to vary as well as to be hetero-
geneous in the short and long-run. However, according to Pesaran et al. (1999), the PMG

Table 2. Basic statistics

Variable Mean Min Max St.Dev
RPCGDP 8.879303 7.164721 10.45237 0.8834986

HC 4.452391 3.810654 4.760241 0.2296525

PRIVY 3.920961 2.609209 5.370924 0.7044703

OPEN 3.927827 2.182675 4.751041 0.3632247

FDI −0.116524 −5.744605 2.243313 1.263101

*Where RPCGDP, HC, PRIVY, OPEN, and FDI denote the per capita real GDP, the Human Capital, the Domestic credit to
the private sector in percent of GDP, the Openness trade and Foreign Direct Investment indicators relatively.
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estimator offers an increase in the efficiency estimates as compared to the MG estimator under
the long-run homogeneity. To test this assumption of long-run slope homogeneity, we use
a Hausman (1978) test to test whether there is a significant difference between PMG and MG
or PMG and DFE estimators. Under the null (slope homogeneity), the PMG estimator is consistent
and efficient. If the null hypothesis is not rejected, the PMG estimator is recommended.

4.1. Statistical properties of the variables
The basic statistics of Human capital, financial development, openness, foreign direct investment,
and economic growth are given in Table 2.

Table 4. PMG estimates and MG estimates for CBM region

Variables Pooled Mean Group Estimates Mean Group Estimates

Coef. Std.Err P.Value Coef. Std.Err P.Value
Dependent Variable: Log real per capita GDP

Long-Run Coefficients

HC 0.6629*** 0.3758 0.007 0.5483 0.5714 0.337

PRIVY 0.4257 0.1554 0.816 −0.4256 0.3638 0.242

OPEN 0.9386** 0.2966 0.002 0.0413 0.2176 0.850

FDI −0.0204 0.0248 0.411 0.0937*** 0.0319 0.003

Hausman
Test

14.41 0.006

Err. Corr.
Coef.

−0.1213*** 0.0460 0.008 −0.2009*** 0.0553 0.000

Short-Run Coefficients

ΔHC 0.6665*** 0.2573 0.010 0.5579** 0.2394 0.020

ΔPRIVY 0.1257 0.0849 0.139 0.1642* 0.0845 0.052

ΔOPEN 0.1085** 0.0645 0.092 −0.0830 0.0546 0.129

ΔFDI 0.0083** 0.0050 0.099 0.0020 0.0055 0.706

Linear Trend 0.0066*** 0.0021 0.002 0.0119*** 0.0036 0.001

Intercept −12.152*** 3.9752 0.002 −21.157*** 6.4319 0.001

Note: *, ** and *** indicate significance at 10%, 5% and 1% level, respectively. Under the long-
run slope homogeneity, the Hausman statistic is asymptotically distributed as a Chi-squared with four degrees of
freedom. The lag structure is ARDL (1,1,1,1,1), and the order of variables is Real per capita GDP, Human Capital,
Financial Development, Openness, and Foreign Direct Investment. All the variables expressed in natural logarithm
form.

Table 3. Panel unit root tests results

IPS ADF-Fisher Level of
Integration

Level First
Difference

Level First
Difference

RPCGDP 0.4833 −6.1361*** 0.4771 −5.9081*** I(1)

HC 1.3547 −9.0054*** 1.4297 −7.7424*** I(1)

PRIVY 1.9896 −4.7927*** 2.0663 −4.6475*** I(1)

OPEN −2.1277** −8.0701*** −2.2655** −7.3427*** I(0)

FDI −3.2687*** −11.1489*** −3.2706*** −9.3062*** I(0)

Notes: ** and *** indicate significance at 5% and 1% level, respectively. Lag length selection is based on the Schwartz
Bayesian Criterion. ADF–Fisher test is based on Choi’s-Z statistic.
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4.2. Results and discussions

4.2.1. Unit root test
Since the ARDL model is not applicable for series exceeding an order of integration equals 2, we
apply a unit root test to make sure that series is I(0) or I(1) (Pesaran and Smith (1995), Pesaran
et al. (1999)). Since our data are unbalanced, we first employ two different types of panel unit root
tests: the Im, Pesaran, and Shin (IPS) test andADF-Fisher (ADF) test.

The table below reports both the IPS and ADF unit root tests.

Our data include a time period which is fairly long (38 years), we further applied a unit root test
with constant and trend in level and also the first difference. The test results of IPS and ADF in
Table 3 show that the null hypothesis of unit root cannot be rejected for real per capita GDP,
human capital and financial development in level. On the other hand, both the variables trade
openness and foreign direct investment are stationary in level with constant and trend.

The existence of unit root in the real per capita GDP provides that the deviations of this variable
from its steady state-level are permanent rather than transitory [Wan (2004)].

In summary, we notice that our data suffers from either I(0) or I(1) which allows us the
possibility to estimate both short-run and long-run relationship between economic growth and
human capital using a Panel ARDL approach.

4.2.2. Panel ARDL estimates
The estimation of the Augmented Solow-Swan (ASS) model for CBM zone is conducted using an
Autoregressive Distributed Lag model ARDL (1,1,1,1,1).

Table 4 reports the results based on the Pooled Mean Group estimator. The equations for the long-
run relationship between GDP growth and human capital accumulation were calculated for each
country. From these results, the MG was estimated from the unrestricted country by country
estimation.6 Coefficients of MG estimator are the average of country-specific parameters and PMG
coefficients are restricted to be the same across countries. Hence, the comparison between the PMG
(long-run slope homogeneity) and MG (long-run slope heterogeneity) estimates results show how the
empirical estimations of the growth model are sensitive to different estimations techniques.

According to the Hausman test,7 we accept the PMG as a consistent and efficient estimator. In
line with the ASS model, the PMG estimator results indicate the existence of a strong relationship
between economic growth and human capital in CBM countries, in the short and long-run. As one
would not expect, we can notice that the long-run marginal effect of human capital on real per
capita GDP growth is of the same magnitude as in short-term impact. Indeed, both the long-run
and short-term human capital elasticity of real per capita is estimated at 66%.8 Openness
appeared to be a strong driving force of growth in line with endogenous growth models. The
Openness elasticity of real per capita GDP is estimated at 92% in the long term and 10% in short-
run. The financial development does not have a significant impact on real per capita GDP while the
FDI has only a short-run strong and positive impact on economic growth.

The error correction coefficient, which represents the speed of convergence, is negative and
significant. This estimator provides an evidence of sufficient arguments for valid speed of conver-
gence to long-run steady-state path from the poorest countries to the richest ones in CBM region
during the period. Our estimation using the PMG estimator indicates an average speed of conver-
gence of 12% over 1975–2012, which is not consistent with Barro’s (1991) finding that predicts the
speed of convergence at around 2% and 3% a year.
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CBM countries converge to a common steady-state path growth rate regardless of their specific
economic and financial policies with a speed adjustment of 12%.

5. Conclusions and policy implications
In this paper, we examined in the one hand, the different aspects of the relationship between the
so-called long-term structural policies and economic growth. In the other hand, we treated the
possible economic convergence of eight countries bordering the Mediterranean basin. For that, we
used an ARDL method which allows us to estimate the long-term effects of different economic
policies on economic growth, as advocated by endogenous growth theories.

The major results are as follows: Firstly, education and human capital improvement policy
contribute directly to economic growth at both the short and long-term levels. Furthermore, the
educational variable appears to be a key variable in accelerating the economic growth of our
sample. At the same level, the variable of openness and economic integration is positive and
statistically significant. Openness, also, seems to be a beneficial economic development strategy
influencing economic growth. It is seen as a catalyst to accelerate economic growth.

Contrary to expectations, we find that the financial factors are not too significant in explaining
the economic convergence of the studied countries. This result can be linked to the lack of
structural reforms seeking to modernize and improve the competitiveness of the banking sector
independently of the central banks influence in terms of funding. It can be also linked to the
importance of the informal and shadow sector which reduces the circuit and the funding sources,
especially in the southern Mediterranean countries. So, financial sector reforms should aim to
abolish credit constraints and then facilitate credit availability. Interest rate liberalization is one of
the measures that promote financial development by eliminating financial repression which can
mobilize savings and encourage investment stimulating economic growth.

Our econometric results based on the PMG method show that despite the fact that FDI exerts
a positive direct effect on per capita GDP growth in the short term, this effect disappears in the
long term. This finding can be mostly explained, by the low added value nature of investments
made in most of the southern Mediterranean countries of the sample. In other words, our
conclusions support that these countries need FDIs with high technology instead of the traditional
type of investment. Thus, as policy implications, it seems important that these countries must
promote their attractiveness of investments of high quality which can bridge technological gap
and also guarantee projects with important added value.

In all the specifications, the convergence parameter is negatively significant which implies the
existence of an economic convergence process in our sample. Our results show that it is possible for
southern Mediterranean countries to converge towards developed countries by defining an appropriate
growth strategy.

Highlights
● We support that even less developed bordering Mediterranean countries can converge
towards the more developed;

● Improving the quality of human capital through more expenditure in education, adopting
a looser trade policy and encouraging FDI is a potential determinant of convergence in
Mediterranean countries;

Convergence needs structural policy changes that affect educational, financial, commercial and
fiscal policies in order to be able to absorb foreign investment funds and to be ongoing with
the evolution of international financial and technological innovations, especially neighboring
countries.
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Appendix

Table A.1. Variables definitions and descriptions

Notation Variables Definitions Sources

RPCGDP Real GDP per capita GDP per capita based on
purchasing power parity
(PPP), constant 2000 US $.

WDI, World Bank 2015

HC Human Capital Measured by total secondary
school enrolment: The gross
enrolment ratio for
secondary education relates
total enrolment regardless of
age, to the population which,
according to national
regulations, should be
enrolled at this level of
education.

WDI, World Bank 2015

PRIVY Financial development
indicators

Private Credit by Deposit
Money Banks to GDP.

Beck and Levine
Financial Structure
Dataset, World Bank
2015

OPEN Trade openness Trade openness: (exports
+imports)/GDP.

International Monetary
Fund (IFS-2015)

FDI Foreign Direct
Investment

Foreign direct investment net
inflow in current US dollar.

UNCTAD 2015
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