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Abstract 
This paper investigates the impact of physical infrastructure 

development on economic growth in MENA region. It adopts 

generalized method of moments with system estimators to 

estimate an endogenous growth model during 2000-2016 for a 

sample of 30 developing or emerging countries including nine 

MENA countries. It utilizes the generalized method of moments 

(GMM) to account for heterogeneity and endogeneity in the 

specified model. This growth model is augmented with a 

synthetic infrastructure quantity index developed using the 

principal components analysis (PCA) for two infrastructure 

sectors, which are telecommunications and energy. The results 

reveal that infrastructure quantity has contributed positively to 

economic growth for the whole sample of countries as well as 

MENA countries, and the specification tests validates the 

specified model. 
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1. Introduction 
Physical infrastructure plays a crucial role in promoting and 

sustaining economic growth both directly as an input in the 

production process, and indirectly by raising the productivity of 

other inputs to production. Physical infrastructure includes 

roads, telecommunications, energy, water and sanitation, etc. 

According to the theory, physical infrastructure development 

contributes positively to economic growth, whereas the 

magnitude of such contribution is debatable among empirical 

studies. Although, the majority of empirical studies have found 

that infrastructure has contributed positively to economic growth 

in most countries, the magnitude of such contribution has 

differed largely due to differences in data, infrastructure 

measures, and econometric estimation techniques. 

In this regard, synthetic infrastructure indices can be adopted to 

account for both quantity and quality of physical infrastructure 

instead of depending on monetary measures of physical 

infrastructure. Meanwhile, the econometric techniques have 

been developed to face econometric challenges such as 

endogeneity resulting from the reverse causality between 

infrastructure development and economic growth, as well as 

other econometric challenges. 

Among the World regions, Middle East and North Africa 

(MENA)
1
 region has promising growth potentials given its 

resource base. Nevertheless, MENA has a volatile growth record 

due to its high dependence on oil with its fluctuating prices, 

which largely affect both oil-exporting and non-oil-exporting 

countries.  

In this way, it is apparent that MENA countries should shift to a 

new development model with more economic diversification 

                                                 
1
 Middle East and North Africa is defined to include Algeria, Bahrain, 

Djibouti, Egypt, Iran, Iraq, Israel, Jordan, Kuwait, Lebanon, Libya, Morocco, 

Oman, Qatar, Saudi Arabia, Syria, Tunisia, United Arab Emirates, West 

Bank and Gaza, and Yemen.  
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and greater role for the private sector. Nevertheless, the success 

of this new model will require some factors, and among these 

factors is the infrastructure development. Meanwhile, 

infrastructure development can be considered as a potential 

source for sustaining economic growth in the region, given that 

the region is still lagging behind developed regions in terms of 

both the quantity and quality of physical infrastructure. 

Thus, this paper is trying to investigate whether physical 

infrastructure contributes positively to economic growth in 

MENA. The paper adopts system-GMM estimators to estimate 

an endogenous growth model that is augmented with a synthetic 

infrastructure quantity index for telecommunications and 

energy. The paper is trying to fill the research gap resulting from 

the limited number of empirical studies that estimated the 

impact of physical infrastructure on economic growth in MENA, 

while using a different econometric technique than those used in 

other MENA studies. 

The rest of the paper is organized as follows. The next section 

reviews the theoretical empirical literature on the relationship 

between infrastructure development and economic growth. 

Section three analyzes the MENA growth record as well 

infrastructure development compared to other World regions. 

Section four details the methodology adopted in this paper, 

while section five shows the main results of econometric 

estimation while accounting for MENA countries using an 

interaction term Finally, section six concludes with the main 

policy implications of the paper. 

2. Literature Review 
In economics, infrastructure could be defined in terms of its 

characteristics. In this way, infrastructure is defined as capital 

that provides public services, and hence, it is sometimes referred 

to as social overhead capital. Infrastructure can be divided into 

two forms as physical infrastructure and social infrastructure. 
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On the one hand, physical infrastructure is the infrastructure that 

promotes economic activity, such as roads, highways, railroads, 

airports, sea ports, electricity, telecommunications, water supply 

and sanitation. On the other hand, is the infrastructure that 

promotes the health, education and cultural standards of the 

population. However, physical and social infrastructure do 

overlap. Sanitation, for example, would have both an economic 

and health impact and can be considered as both economic and 

social infrastructure. 

In this regard, the impact of infrastructure on economic growth 

has been studied and analyzed in economic theory and empirical 

studies, while focusing on physical infrastructure. The following 

sub-sections will address the impact of physical infrastructure 

on economic growth both in theory and empirical studies. 

2.1 Physical Infrastructure and Growth in Theory  
Growth theories try to investigate the reasons behind economic 

growth answering the important questions of how and why 

countries differ in their growth levels. Three main strands of 

economic thought have dominated the economics of growth. 
The first strand is the Capital Fundamentalist View that stressed the 

importance of capital accumulation for the growth process and was 

dominated by the classical and Keynesian economists. The second 

strand appeared in the 1950s and was represented by the neoclassical 

growth theory that viewed economic growth as caused by exogenous 

factors (determined outside the growth model), among which is 

technical progress. Recently, a new school of thought in economic 

growth has emerged in the 1980s; it was the new or endogenous 

growth theory, which viewed economic growth as an endogenous 

process resulting from factors inside the economy (Todaro and Smith, 

2011). 

Although the three strands of growth theory differ in their 

analysis of the sources of growth mainly in the long run, all 

strands stress the importance of physical capital accumulation, 

particularly physical capital. Physical capital plays a crucial role 

in promoting and sustaining economic growth both directly as 

an input in the production process, and indirectly by raising the 
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productivity of other inputs to production as suggested by 

growth theory. 

2.2 Empirical Literature on Physical Infrastructure 

and Growth 
Although the economic theory suggests that physical 

infrastructure development contributes positively to economic 

growth, the magnitude and limits for such positive contribution 

was largely controversial in empirical studies. Such studies have 

started in the late 1980s with the seminal paper by Aschauer in 

1989. In this context, empirical studies can be classified 

according to how physical infrastructure is accounted for. 

2.2.1 Monetary Measures of Physical Infrastructure 

The early studies accounted for physical infrastructure using 

monetary measures, mainly public capital spending. Aschauer 

(1989) estimated the impact of public capital stock (measured in 

monetary values) on the U.S. productivity, and found that there 

is a large positive impact on the U.S productivity specifically for 

the non-military structures such as highways, roads, and water 

systems. However, the implausibly large elasticity of output 

productivity growth to infrastructure suggests that there is 

spurious regression. 

Barro (1990) also investigated the relationship between public 

capital spending and economic growth. Barro argued that there 

is an optimal level for public capital spending above which the 

contribution of public capital spending to growth will be 

negative, and this rule was then known as ‘Barro Rule .’ 

Devarajan et al. (1996) studied the impact of public expenditure 

on economic growth for a panel of developing countries using 

fixed and random effects analyses, while differentiating between 

current and capital expenditures. They found that current 

expenditures have a positive impact, whereas capital 

expenditures (infrastructure expenditures) have a significant 

negative impact on economic growth, indicating that developing 
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countries misallocated public expenditures in favor of capital 

expenditures at the expense of current expenditures. 

The results of such early studies were apparently different and 

doubtful for some reasons. Among these reasons are the non-

stationarity of time-series data leading to spurious regression 

(Jorgenson, 1991), the endogeneity problem due to reverse 

causality between output and infrastructure (Cashin, 1995), the 

measurement errors in public capital proxies (Baltagi and 

Pinnoi, 1995), and the adoption of monetary measures for 

infrastructure (Calderón and Servén, 2014). 

2.2.2 Quantity and Quality Measures of Physical 

Infrastructure 

Another strand of empirical studies has emerged since the late 

1990s with the aim of avoiding the limitations of the early 

studies. In this sense, these studies included physical 

infrastructure using quantity and/or quality measures and 

adopted advanced statistical techniques for panel-data analysis. 

One of the leading studies was Sanchez-Robles (1998).  

Sanchez-Robles (1998) explored the relationship between 

infrastructure development and economic growth, while 

accounting for infrastructure in two different ways. On the one 

hand, infrastructure was accounted for by expenditure on 

infrastructure as a percentage of GDP. On the other hand, a 

synthetic index of physical infrastructure stock was adopted. 

The weights used in developing this index were derived from 

principal component analysis (PCA) to avoid multicollinearity 

between different infrastructure sectors. 

The results reported by Sanchez-Robles (1998) argued that 

expenditure on infrastructure had a negative impact on 

economic growth, whereas the regressions that adopted an 

infrastructure quantity index showed a significant positive 

impact for infrastructure on economic growth. Therefore, this 

study implies that the results of empirical studies might differ 

depending on how infrastructure was accounted for. 
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Following the methodology used by Sanchez-Robles (1998), 

some studies have included physical infrastructure in the growth 

model using quantity and/or quality indices based on PCA for 

different infrastructure sectors, mainly electricity, 

telecommunications, and roads. However, such studies have 

adopted an advanced econometric technique for panel-data 

analysis that is the generalized method of moments (GMM), so 

that to face the endogeneity problem. Among these studies were 

Calderón and Servén (2004, 2010). 

Calderón and Servén (2004) used a variety of GMM estimators 

to investigate the impact of infrastructure on economic growth 

for more than 100 countries during 1960-2000, while adopting 

both disaggregated and synthetic indices for infrastructure. They 

found that the infrastructure index has positively affected 

economic growth . 

Calderón and Servén (2010) adopted system-GMM estimators 

for 136 developing countries during 1960-2005 with non-

overlapping 5-year averages, and argued that both infrastructure 

quantity and quality have contributed positively to economic 

growth. Such results were also proved for the Latin American 

countries after introducing an interaction term with the Latin 

American dummy variable. 

In this context, some studies have followed the same 

methodology while focusing on developing countries. 

Chakamera and Alagidede (2016) used difference-GMM 

estimators for 43 Sub-Saharan African countries during 2000-

2014 and reported a positive impact for both infrastructure 

quantity and quality indices on economic growth . 

Kodongo and Ojah (2016) adopted system-GMM estimators for 

45 Sub-Saharan African countries during 2000-2011. They 

argued that infrastructure spending has a significant positive 

effect on economic growth compared to infrastructure stock, 

especially for lesser-developed countries. 

Yilmaz and Çetin (2017) found that infrastructure quantity has 

contributed positively to economic growth in 29 developing 
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countries during 1990-2014 by using Difference-GMM 

estimators, given that physical infrastructure has been included 

using a synthetic quantity index. 

2.2.3 MENA Studies 

Although infrastructure development is crucial for sustaining 

economic growth in MENA, the studies that focused on the 

impact of physical infrastructure on economic growth in this 

region are rare. Among these studies are Nabli and Veganzones-

Varoudakis (2007) and Um et al ( .2009.)  

Nabli and Veganzones-Varoudakis (2007) used fixed-effect 

panel analysis to estimate an endogenous growth model with 

physical infrastructure stock for a panel of 44 developing 

countries including seven MENA countries (Djibouti, Egypt, 

Iran, Jordan, Morocco, Syria, and Tunisia) during 1970-1992. 

They found that physical infrastructure stock has a significant 

positive impact on economic growth in MENA. 

Um et al. (2009) applied growth accounting regression to 

conclude that only electricity generation had a significant 

positive impact on total factor productivity (TFP) growth in a 

panel of 112 countries including eight MENA countries 

(Algeria, Egypt, Iran, Israel, Jordan, Morocco, Syria, and 

Tunisia) during 1960-2005. Meanwhile, they adopted cross-

country growth regression and found that on average each of 

electricity generation and telecommunications has contributed 

positively to economic growth in a panel of 102 developing or 

emerging countries including 20 MENA countries during 1971-

2006. 

This paper will differ from the previous MENA studies on 

infrastructure and growth both in the methodology utilized and 

the set of countries included in our sample as it will be shown in 

the fourth section of this paper. 
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3. MENA Growth Record and Infrastructure 

Development 
MENA countries are characterized by being diverse in terms of 

size, geography, level of income, natural resource endowments, 

economic structure, and economic policies and institutions. 

However, the region still shares many economic features. 

Among these economic features are largely similar production 

bases that depend mainly on primary products at the expense of 

manufacturing, lack of water resources, lack of environmental 

sustainability, and poor institutions and governance. In this 

context, the dependence on oil for rapid economic and social 

development is the most common feature between both oil-

exporting and non-oil exporting countries (Duncan and Denaux, 

2013). 

On the one hand, the oil-exporting countries depend mainly on 

revenues from oil exports to finance their development plans, 

since such revenues represent 70-85% of public revenues in 

some MENA countries like Gulf countries. On the other hand, 

worker remittances and aid flows from oil-exporting countries 

represent a major source of revenues for the non-oil- exporting 

countries (Nabli, 2007). Thus, MENA’s growth record has been 

largely affected by the changes in World oil prices since the 

1970s. 

In this regard, MENA region has a volatile economic growth 

record that is largely dependent on World oil prices and its 

fluctuations. Such volatile growth record is represented in figure 

(1), where growth rates rise in the periods of rising oil prices and 

fall at the periods of declining oil prices. This pattern was 

apparent in the 1970s that witnessed an average real GDP 

growth of 8.5% because of the surge in World oil prices after the 

1973 war from US$ 2.7/barrel to US$ 11/barrel in 1974
2
. 

 

                                                 
2
 Based on tables (A.1) and (A.2) in appendix A.  
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Figure (1) 

Real GDP Growth versus Change in OPEC Crude 

Oil Price (%) 

 
Source: World Bank, World Development Indicators 

Conversely, the 1980s witnessed a clear decline in real GDP 

growth, which averaged just 0.11% with the fall in World oil 

prices in the mid-1980s. For instance, the OPEC crude oil price 

has decreased from US $35.52/barrel in 1980 to US$ 

13.53/barrel representing a decline of about 62% in World oil 

prices. 

Such strong correlation between economic growth and World oil 

prices in MENA region stems from the high dependence of the 

region’s countries on oil revenues. Figure (2) shows that oil 

rents as a percentage of GDP in MENA largely exceed such 

rents in other World regions, particularly the developed regions 

such as North America and Europe and Central Asia. 
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Figure (2) 

Oil Rents (% of GDP) 

 
Source: World Bank, World Development Indicators  

Meanwhile, MENA has not been able to sustain the high 

economic growth rates achieved in the 1970s, and the region 

suffered from a declining growth trend since the 1990s 

compared to developing regions like South Asia and Sub-

Saharan Africa that witnessed a rising growth trend since then, 

as illustrated by figure (3). 

Such fluctuating growth record has caused a mounting 

unemployment problem in MENA region, and especially the oil-

importing countries. This was due to the insufficient job creation 

and the expanding labor force supply in these countries. 
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Figure (3) 

Average Real GDP Growth (%) 

 
Source: World Bank, World Development Indicators  

In this sense, it appears that this old development model should 

be changed and a transition towards a new model is required. 

This new model should aim at diversifying the region’s 

economic structure through giving a greater role for the private 

sector and opening the economy with increased manufactured 

exports (Nabli, 2007). 

Nevertheless, the success of this new model will require some 

essential factors like better governance, higher-quality 

education, improved healthcare, and well-developed 

infrastructure. Here, infrastructure development should be at the 

center of such new development model. Particularly, physical 

infrastructure is required for supporting private investment and 

facilitating MENA’s integration into the World economy. 

In this context, although MENA countries have achieved real 

progress in terms of physical infrastructure provision, they are 

still lagging behind North America, Europe and Central Asia, 

and East Asia and Pacific as illustrated by the following figures. 

Figure (4) shows that MENA has improved in terms of the 

percentage of population with access to electricity, which is 
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leveled with that of Latin America and East Asia and Pacific, 

and not so much far from that of developed regions . 

Figure (4) 

Access to Electricity (% of Population) 

 
Source: World Bank, World Development Indicators  

However, MENA is still largely falling behind North America 

as well as Europe and Central Asia in terms of electric power 

consumption as shown in figure (5), although MENA has passed 

Latin America since the 2000s. 

Figure (5) 

Electric Power Consumption (kWh per Capita) 

 
Source: World Bank, World Development Indicators  
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In addition, MENA has achieved some improvement in fixed 

telephone subscriptions since the 2000s, but the region is still 

facing a gap with developed regions as illustrated by figure (6). 

Figure (6) 

Fixed Telephone Subscriptions (Per 100 People) 

 
Source: World Bank, World Development Indicators  

Based on the above analysis, it is obvious that MENA is still 

facing a gap in infrastructure provision with developed regions, 

and hence, physical infrastructure provision might be a potential 

source of sustainable economic growth in the MENA region 

given that the MENA growth record is largely volatile with the 

fluctuating oil prices.  

Nevertheless, such conclusion depends on the hypothesis that 

physical infrastructure contributes positively to MENA’s 

economic growth and this paper is trying to investigate such 

hypothesis. 

4. Methodology 
Based on the literature review, it appears that the empirical 

investigation of the impact of physical infrastructure on 

economic growth faces three main challenges. Firstly, the 

difficulty of measuring infrastructure and accounting for its 

quantity and quality. Secondly, the endogeneity problem 

between the different variables, particularly the reverse causality 

between output and infrastructure. Finally, the heterogeneity 
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problem that results from the unobserved specific country 

effects in panel-data studies. 

That is why this paper will follow a methodology that is trying 

to overcome the above-mentioned challenges. In this regard, the 

paper is trying to fill the research gap that is due to the limited 

number of empirical studies that estimated the impact of 

physical infrastructure on economic growth in MENA. 

Meanwhile, the originality of this paper stems from using a 

methodology that is different from that used on other MENA 

studies, as shown in this section. 

4.1  Data 
This paper estimates the impact of physical infrastructure on 

economic growth for a panel of 30 developing or emerging 

countries
3
 during 2000-2016, while focusing on two 

infrastructure sectors that are telecommunications and Energy. 

The panel includes nine MENA countries, which are Algeria, 

Bahrain, Egypt, Iran, Jordan, Morocco, Saudi Arabia, Tunisia, 

and Turkey. 

In this context, the number of telephone lines (fixed and mobile 

cellular) per 100 people was used as a proxy for the stock of 

telecommunications, whereas the stock of energy was measured 

by the electric power generation capacity in kilowatt-hour 

(kWh) per 100 people. The source for data of both sectors is the 

World Development indicators by the World Bank. 

Such quantity indicators for both sectors were then grouped 

together to formulate a synthetic infrastructure quantity index 

for different countries using the principal component analysis 

(PCA) following Sanchez-Robles (1998), Calderón and Servén 

(2004, 2010), Chakamera and Alagidede (2016), and Yilmaz 

and Çetin (2017). In this way, this paper differs from other 

MENA studies that included infrastructure using multiple 

indicators rather than a single synthetic index as it is the case in 

                                                 
3
 The whole set of countries is listed in appendix B. 
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this paper. Nevertheless, the paper will focus only infrastructure 

quantity due to data limitations in infrastructure quality 

indicators for many countries.    

PCA is one of the oldest multivariate analysis techniques that 

aims at transforming a large number of correlated variables into 

a limited number of variables known as the principal 

components. Such principal components are uncorrelated and 

the first principal components usually keep the largest variation 

in all variables (Yilmaz and Çetin, 2017). That is, the first 

principal components explain most of the variation in the 

variables, and hence, such principal components can then be 

included in regression estimation to represent all variables while 

reducing the dimensionality and multicollinearity problems.  

PCA uses ordinary correlations between all variables to 

calculate eigenvalues and eigenvectors for the principal 

components. The eigenvectors for the components with the 

highest explained variation can then be used as weights to 

formulate a synthetic index that involves all variables. 

Since infrastructure indicators are characterized by 

multidimensionality as well as multicollinearity where the 

development of each infrastructure sector is largely dependent 

on that of other sectors, we can use PCA to generate a synthetic 

infrastructure index. The eigenvalues for the principal 

components of both infrastructure sectors in this study are 

represented in table (1). 
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Table (1) 

Eigenvalues for Infrastructure Sectors 
Principal 

Components 
Value 

Proportion 

Explained 

Cumulative 

Proportion 

PC1 1.378 0.689 0.689 

PC2 0.622 0.311 1 

Source: Calculated by the author using EViews 9 

According to table (1), the eigenvalue for the first principal 

component of telecommunications and energy included in this 

study is 1.378 (greater than 1) and explains about 69% of the 

variation in both variables, and hence, this first principal 

component can be included in regression estimation . 

We can then generate a synthetic quantity infrastructure index 

for each country in each year using the scores derived from the 

eigenvectors computed by EViews 9, given that the values of 

both infrastructure sectors are expressed in logs and 

standardized by subtracting its mean and dividing by its 

standard deviation. The equation for the synthetic index is: 

𝐼𝑁𝐹𝑆𝑇𝑖,𝑡

= 0.707 (
𝑇𝑜𝑡𝑎𝑙 𝑡𝑒𝑙𝑒𝑝ℎ𝑜𝑛𝑒 𝑙𝑖𝑛𝑒𝑠

100
)

+ 0.707 (
𝐸𝑙𝑒𝑐𝑡𝑟𝑖𝑐 𝑝𝑜𝑤𝑒𝑟 𝑔𝑒𝑛𝑒𝑟𝑎𝑡𝑖𝑜𝑛

100
)                                      

According to equation (1), the scores are calculated with equal 

weights for both sectors (0.707) based on the results of PCA. 

This synthetic index (𝐼𝑁𝐹𝑆𝑇𝑖,𝑡) will be included as a variable in 

the regression estimation of the specified model. 

4.2  Model Specification 
The specified model is an endogenous growth model that is 

follows Barro (1991) with the aim of investigating the impact of 

physical infrastructure development on economic growth in 

MENA, while taking into account a set of control variables. The 
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model takes the following form given that i represents country 

dimension and t denotes time dimension: 

𝑦𝑖,𝑡 −  𝑦𝑖,𝑡−1 =  𝛽0𝑦𝑖,𝑡−1 +  𝛽1𝐼𝑁𝐹𝑆𝑇𝑖,𝑡 +  𝛽2𝑋𝑖,𝑡 +  𝜇𝑖

+  𝜖𝑖,𝑡          (2) 

In the above equation, 𝑦𝑖,𝑡 is the log of real GDP per capita, 

whereas 𝑦𝑖,𝑡 −  𝑦𝑖,𝑡−1 is real GDP per capita growth which is the 

dependent variable. It represents a dynamic panel model since 

the lagged per capita GDP growth (𝑦𝑖,𝑡−1) is included as a 

regressor in the right hand-side of the equation to test for the 

transitional convergence hypothesis. This hypothesis claims that 

poor countries grow faster than rich ones, since poor countries 

are relatively far from their steady-state growth rate. 

𝐼𝑁𝐹𝑆𝑇𝑖,𝑡 is the synthetic infrastructure index of 

telecommunications and energy generated by PCA as shown 

above. 𝑋𝑖,𝑡 includes a set of control variables. The control 

variables involve a set of determinants that are considered 

among the most important factors that affect economic growth 

according to growth literature. The definition and sources of 

such control variables are detailed in table (2). 𝜇𝑖 represents the 

unobserved country-specific effects, while 𝜀𝑖,𝑡 is the 

idiosyncratic error term. 
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Table (2)  

Definition and Sources of Control Variables 

Variable Definition Source 

Education 

Education index in human development 

index (HDI). It ranges from zero to 1 

indicating better education as it 

approaches 1. 

United Nations 

Development 

Program 

(UNDP) 

Trade 

Openness 
Trade as a % of GDP (in logs) 

World 

Development 

Indicators 

Inflation 
Annual % using consumer price index 

(CPI) 

World 

Development 

Indicators 

Variable Definition Source 

Financial 

Development 

Domestic credit to private sector as a % 

of GDP (in logs) 

World 

Development 

Indicators 

Government 

Size 

General government final consumption 

expenditures as a % of GDP (in logs) 

World 

Development 

Indicators 

Institutional 

Quality 

ICRG political risk index. Its score 

ranges from zero to 100 and higher 

scores indicate more political stability 

(in logs).
4
 

International 

Country Risk 

Guide (ICRG) 

by the PRS 

Group 

                                                 
4
 ICRG political risk index is adopted as a proxy for institutional quality, 

since it is calculated using 12 components that are largely related to a 

country’s institutional quality. These components include government 

stability, socioeconomic conditions, investment profile, internal conflict, 

external conflict, corruption, military in politics, religious tensions, law and 

order, ethnic tensions, democratic accountability, and bureaucracy quality. 
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4.3  Econometric Technique 
Since, the estimated model is a dynamic-panel data model as it 

includes a lagged dependent variable (𝑦𝑖,𝑡−1) among the 

explanatory variables, the estimation of the model using 

ordinary least squares (OLS) will face some econometric 

challenges that will violate the classical linear assumptions for 

OLS estimation. Among these challenges are heterogeneity and 

endogeneity (Wooldridge, 2013). 

On the one hand, heterogeneity stems from estimating the model 

for different countries with various time-invariant characteristics 

represented by the unobserved country-specific effects (𝜇𝑖). On 

the other hand, endogeneity results from the correlation between 

explanatory variables and the unobserved country-specific 

effects where 𝑐𝑜𝑣(𝑋𝑖,𝑡, 𝜇𝑖) ≠ 0 which implies that explanatory 

variables are predetermined and not strictly exogenous, as well 

as the correlation between the lagged dependent variable and the 

idiosyncratic error term implying that 𝑐𝑜𝑣(𝑦𝑖,𝑡−1, 𝜀𝑖,𝑡) ≠ 0  

(Alimi, 2015). 

Such endogeneity problem is apparent in the specified model as 

physical infrastructure development might be correlated to 

economic growth, and causality might run the other way too as 

economic growth might be correlated to physical infrastructure 

development, indicating that there is reverse causality. 

Although, first differencing (FD) of the above model is a 

possible solution for heterogeneity, as it will rule out the 

unobserved country-specific effects, first differencing might 

largely reduce the variation in explanatory variables resulting in 

a larger standard error for coefficients, and thus, a lower t-

statistic and probably statistically insignificant variables. 

Furthermore, FD will not reduce the inconsistency of estimators 

even with large time periods if the lagged dependent variable is 

included in the model . 

Here, fixed effects (FE) estimation can be a better solution for 

heterogeneity, particularly if the explanatory variables are not 
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strictly exogenous. However, FE is largely sensitive to serial 

correlation, nonnormality, and heteroskedasticity compared to 

first differencing. Meanwhile, FE will not be able to deal with 

endogeneity. An alternative method that can deal with 

endogeneity is instrumental variables (IVs) estimation. 

Such IVs should satisfy two main conditions to deal with 

endogeneity. Firstly, an instrumental variable should be 

correlated to explanatory variables, which is known as 

instrumental relevance. Secondly, an instrumental variable 

should not be correlated to the error term, which is known as 

instrument exogeneity. Nevertheless, IV estimator can have a 

large bias in small samples and we can face the problem of weak 

instruments if explanatory variables and IVs are weakly 

correlated (Wooldridge, 2013). 

Accordingly, Arellano and Bond (1991) used an IV method to 

deal with endogeneity while estimating dynamic-panel data 

models with predetermined and not strictly exogenous variables. 

Such IV method is based on moment conditions, and thus it is 

known as the generalized method of moments (GMM). 

Arellano and Bond (1991) proposed a framework for estimating 

dynamic panel-data models using difference-GMM estimators. 

Difference-GMM estimation starts by first differencing the 

model, and then adopting the lagged values of the dependent and 

explanatory variables in their levels as instruments in the first-

differenced equations. Such estimation is based on two main 

assumptions. Firstly, the idiosyncratic error term (𝜖𝑖,𝑡) is not 

serially correlated. Secondly, the explanatory variables are 

weakly exogenous (not strictly exogenous). 

The specified model in equation (2) can be represented in its 

first-differenced form in the following way, while including 

𝐼𝑁𝐹𝑆𝑇𝑖,𝑡 in the control variables (𝑋𝑖,𝑡): 

(𝑦𝑖,𝑡 −  𝑦𝑖,𝑡−1) − (𝑦𝑖,𝑡−1 −  𝑦𝑖,𝑡−2) =  𝛼(𝑦𝑖,𝑡−1 − 𝑦𝑖,𝑡−2) +

 𝛽(𝑋𝑖,𝑡 − 𝑋𝑖,𝑡−1) + (𝜀𝑖,𝑡 −  𝜀𝑖,𝑡−1)      (3)    
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Furthermore, Arellano and Bond proposed two moment 

conditions or restrictions for difference-GMM estimation : 

𝐸[𝑦𝑖,𝑡−𝑠(𝜀𝑖,𝑡 −  𝜀𝑖,𝑡−1)] = 0 𝑓𝑜𝑟 𝑠 ≥ 2; 𝑡 = 3, … , 𝑇        (4) 

𝐸[𝑋𝑖,𝑡−𝑠(𝜀𝑖,𝑡 −  𝜀𝑖,𝑡−1)] = 0 𝑓𝑜𝑟 𝑠 ≥ 2; 𝑡 = 3, … , 𝑇        (5) 

These two moment conditions indicate that lagged dependent 

variable and other explanatory variables are exogenous in their 

levels, and hence, can be used as valid instruments in GMM 

estimation even if such variables are weakly exogenous. 

However, Alonso-Borrego and Arellano (1996) and Blundell 

and Bond (1998) found that difference-GMM estimators have 

resulted in large finite sample bias and poor precision in 

simulation studies of dynamic panel-data models. Such case was 

apparent in models with moderately large autoregressive 

parameter and moderately small number of observations. In 

addition, they found that difference-GMM estimators become 

less informative if the value of α (coefficient of lagged 

dependent variable) increases towards unity and when the 

relative variance of fixed effects increases . 

Meanwhile, Blundell and Bond (1998) argued that the above-

mentioned shortcomings of difference-GMM estimators might 

result in biased coefficients in short samples as shown by Monte 

Carlo simulations. Accordingly, Bond and Bover (1995) and 

Blundell and Bond (1998) proposed a system-GMM estimator in 

which lagged differences of variables are adopted as instruments 

for the equations in levels, while lagged levels of variables are 

adopted as instruments for the equations in first differences 

implying that instruments for differenced equations are similar 

to those of difference-GMM estimators. 

Here, two additional moment conditions are required: 

𝐸[(𝑦𝑖,𝑡−𝑠 −  𝑦𝑖,𝑡−𝑠−𝑠)(𝜇𝑖 +  𝜀𝑖,𝑡) = 0 𝑓𝑜𝑟 𝑠 = 1        (6) 

𝐸[(𝑋𝑖,𝑡−𝑠 −  𝑋𝑖,𝑡−𝑠−𝑠)(𝜇𝑖 +  𝜀𝑖,𝑡) = 0 𝑓𝑜𝑟 𝑠 = 1        (7) 
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These two additional moment conditions indicate that there is no 

correlation between the differences of explanatory variables and 

unobserved fixed effects, even though the levels of these 

variables might be correlated to unobserved fixed effects. This 

implies that differences of explanatory variables can be adopted 

as valid instruments in system-GMM estimation (Alimi, 2015). 

In this paper, the system-GMM estimators are used to 

investigate the impact of physical infrastructure development on 

economic growth to deal with heterogeneity resulting from the 

unobserved country-specific effects in panel-data models and 

endogeneity resulting from the reverse causality between 

physical infrastructure development and economic growth. The 

validity of the specified model is then tested using two 

specification tests, which are Arellano-Bond (A-B) test for 

second-order serial correlation and Sargan test of over-

identifying restrictions.  

5. Results  
The regression results for the specified model are detailed in 

table (3), where the first column represents the results without 

an interaction term for MENA countries and the second column 

shows the results after including an interaction term for MENA 

countries . 

The results in column (1) show that physical infrastructure 

development has contributed positively to economic growth 

during 2000-2016 for the whole sample of 30 countries. The 

infrastructure quantity index has a positive and significant 

coefficient, where 1% increase in infrastructure quantity will 

result in 0.034% increase in real GDP per capita growth. This 

result complies with the results of other empirical studies such 

as Calderón and Servén (2004, 2010), Chakamera and 

Alagidede (2016), and Yilmaz and Çetin (2017). 

Meanwhile, the coefficients of most control variables had 

largely expected signs. In this regard, the results have shown an 

evidence of conditional convergence in real GDP per capita, 
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since the lagged GDP per capita had a negative and statistically 

significant coefficient.  

Trade openness has contributed positively to economic growth 

as it had a positive and statistically significant coefficient. The 

different channels through which trade can promote economic 

growth such as increased competition and efficiency, technology 

transfer, and economies of scale might explain this result. 

Furthermore, inflation had a negative and statistically significant 

coefficient as expected by the theory. This is because inflation 

usually results in distorted incentives for investors and hence, 

misallocation of resources. 

The coefficients of other control variables had the expected 

signs, as the coefficients of education and institutional quality 

were positive, while the coefficients of financial development 

and government size were negative. Financial development has 

been claimed by several empirical studies to have a weak impact 

on economic growth, particularly in countries with less 

developed financial markets. However, such variables were 

statistically insignificant as shown in the regression results. 

The same regression was then repeated after interacting the 

infrastructure quantity index with a dummy for MENA countries 

and including such interaction term to the regression, so that to 

check whether the results will differ for MENA countries. The 

results in column (2) show that infrastructure quantity is still 

contributing positively to economic growth, where 1% increase 

in infrastructure quantity will result in 0.038% increase in real 

GDP per capita growth.  
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Table (3) 

Physical Infrastructure and Economic Growth 
Dependent variable: Growth in Real GDP per capita  

Estimation: System-GMM Estimation         Sample: 30 countries, 2000-2016  

Variable                             (1)                 (2) 

Infrastructure Quantity (INFST)              0.034**                 
0.038***                                                                

                                                                 (0.013)                  (0.014)     

INFST*MENA                                                                     -0.019                          

                                                                                               (0.02) 

Initial GDP per capita                             -0.176***              -0.202*** 

                                                                 (0.038)                   (0.041)                       

Education                                                  0.048                     0.105*                        

                                                                  (0.08)                    (0.056)                     

Trade Openness                                        0.038**                 0.052**                     

                                                                 (0.017)                   (0.024)                    

Financial Development                            -0.008                   -0.007                                

                                                                  (0.017)                  (0.018)                     

Inflation                                                    -0.002***             -0.002***                     

                                                                  (0.001)                  (0.001)                       

Government Size                                      -0.014                   -0.008                      

                                                                  (0.02)                    (0.024)                       

Institutional Quality                                   0.015                   -0.015                      

                                                                  (0.049)                  (0.057)                      

Observations                                                                   420                          420                                           

Instruments                                                                       30                           30                                              

Specification tests (p-values)    

A-B test for second-order serial correlationa                         0.924                      0.742                         

Sargan test of over-identifying restrictionsb                  0.271                      0.326                               

Numbers in parenthesis are robust standard errors. 

*p<0.1, **p<0.5, and ***p<0.01 indicate significance at the 10%, 5%, and 

1% level respectively. 
a 

Null hypothesis for test is that differenced error term is not serially 

correlated. 
b 
Null hypothesis for test is that instruments are uncorrelated with error term. 

Moreover, the results show little evidence of a different effect 

for MENA countries, since the interaction term was statistically 

insignificant. In addition, even if the negative coefficient of the 
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interaction term was statistically significant, the contribution of 

physical infrastructure to economic growth would still be 

positive in MENA countries but with a lower contribution of 

0.019% for each 1% increase in infrastructure quantity. 

The results also show a little difference for the control variables 

except for education that is now positive and statistically 

significant, as well as institutional quality that is negative but 

statistically insignificant . 

Furthermore, the results of the specification tests have proven 

the validity of the specified model before and after including the 

interaction term, as the null hypotheses of the A-B test for 

second-order serial correlation and Sargan test of over-

identifying restrictions were not rejected in both cases. 

6 Conclusion and Policy Implications 
MENA region has a volatile economic growth record that is 

largely dependent on World oil prices and its fluctuations. In 

this regard, MENA has not been able to sustain the high 

economic growth rates achieved in the 1970s after the rise in oil 

prices, and has been suffering from a declining growth trend 

since the 1990s compared to developing regions like South Asia 

and Sub-Saharan Africa that witnessed a rising growth trend 

since then. 

Thus, the MENA region needs a new development model that 

aims at diversifying the region’s economic structure through 

giving a greater role for the private sector and opening the 

economy with increased manufactured exports. However, the 

success of this new model will require some essential factors, 

and well-developed infrastructure should be at the center of this 

development model. 

In this regard, although MENA countries have achieved real 

progress in terms of physical infrastructure provision, they are 

still lagging behind North America, Europe and Central Asia, 

and East Asia and Pacific. Therefore, physical infrastructure 

provision might be a potential source for sustainable economic 

growth in the MENA region, given that infrastructure 
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development contributes positively to economic growth in 

MENA region. 

This paper utilized system-GMM estimators to investigate the 

contribution of infrastructure quantity to economic growth 

during 2000-2016 for 30 countries including nine MENA 

countries, while focusing on telecommunications and energy. 

The results show that infrastructure quantity has contributed 

positively to economic growth in all countries as well as in 

MENA countries, implying that investment in infrastructure 

development should be among the priorities of development 

policies in MENA countries. 

In this Context, the major policy implication is that governments 

in MENA countries should focus on promoting investment in 

physical infrastructure, while giving more attention to the 

quality of institutions and governance which affect largely on 

the quality of infrastructure provision as well as the management 

and maintenance of such provided infrastructure. 

Meanwhile, MENA governments should give a greater role for 

the private sector in physical infrastructure provision through 

public-private partnerships (PPPs), which in turn will increase 

the relative importance of the private sector in MENA countries 

while reducing the burden on their public budgets.  

In this way, physical infrastructure development will help 

MENA countries adopt a new development model with a more 

diversified economic structure, greater role for the private 

sector, increased manufactured exports, and more job 

opportunities.  

The directions for future research involve investigating the 

relationship between infrastructure development and economic 

growth in more MENA countries and infrastructure sectors, 

while taking into account the infrastructure quality. 
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Appendix A 

Table (A.1) 

Average Real GDP Growth by Region (%) 

Source: World Bank, World Development Indicators 

Table (A.2) 

OPEC Crude Oil Price (U.S. $ per barrel) 
Year Price 

1970 1.21 

1971 1.7 

1972 1.82 

1973 2.7 

1974 11. 

1975 10.43 

1976 11.6 

1977 12.5 

1978 12.79 

1979 29.19 

1980 35.52 

Year Price 

   1981  34 

Region 197

0s 

198

0s 

199

0s 

2000-

09 

2010-

16 

Sub-Saharan Africa 4.4 1.6 1.9 5.2 4.1 

South Asia  3 5.6 5.5 6 6.7 

Middle East and North 

Africa 

8.5 0.1 4.5 4.3 3.6 

Latin America and 

Caribbean 

6.1 2.1 2.7 3 2.4 

East Asia and Pacific 4.8 5 3.7 4.2 4.8 

Europe and Central Asia 3.4 2.4 1.5 2 1.7 

North America 3.3 3.1 3.1 1.9 2.1 
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1982 32.38 

1983 29.04 

1984 28.2 

1985 27.01 

1986 13.53 

1987 17.73 

1988 14.24 

1989 17.31 

1990 22.26 

     Source: Organization for Petroleum Exporting Countries 

(OPEC) and International Energy Agency (IEA) 

Table (A.3) 

Oil Rents (% of GDP) 
Region 1970

s 

1980

s  

1990

s  

2000

-09 

2010

-16 

North America 1.19 1.42 0.41 0.38 0.35 

Europe and Central Asia 0.08 0.42 0.39 0.92 1.17 

East Asia and Pacific 0.96 1.28 0.41 0.75 0.68 

Latin America and 

Caribbean 

2.58 4.37 2.01 3.70 2.79 

Middle East and North 

Africa 

32.0

6 

21.75 16.98 24.8

2 

22.7

6 

South Asia  0.34 1.15 0.82 0.96 0.77 

Sub-Saharan Africa 5.09 3.09 3.53 7.27 6.37 

Source: World Bank, World Development Indicators 
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Table (A.4) 

Access to Electricity (% of population) 
Region 1990s  2000-09 2010-16 

Sub-Saharan Africa 20.3 29.3 37 

South Asia  48.4 64.3 79.5 

Middle East and North Africa 88.6 93.8 97.2 

Latin America and Caribbean 88.6 93.6 96.8 

East Asia and Pacific 86.7 92.8 96.3 

Europe and Central Asia 99.2 99.7 99.9 

North America 100 100 100 

Source: World Bank, World Development Indicators 

Table (A.5) 

Electric Power Consumption (kWh per capita) 
Region 1990s 2000-09 2010-14 

Sub-Saharan Africa 307.8 433.6 643.1 

South Asia 307.8 433.6 643.1 

Middle East and North Africa 1390.1 2107.2 2740.9 

Latin America and Caribbean 1332.9 1722.9 2075.7 

East Asia and Pacific 1341.6 2210.8 3399.3 

Europe and Central Asia 4784.7 5285.2 5474.1 

North America 12926.0 13748.3 13359.5 

Source: World Bank, World Development Indicators 
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Table (A.6) 

Fixed Telephone Subscriptions (per 100 people) 
Region 1990s  2000-09 2010-16 

Sub-Saharan Africa 1.1 1.5 1.2 

South Asia  1.2 3.2 2.3 

Middle East and North Africa 6.6 14.1 15.7 

Latin America and Caribbean 9.0 17.0 17.6 

East Asia and Pacific 8.1 20.6 19.3 

Europe and Central Asia 31.2 38.1 35.0 

North America 59.9 59.8 42.2 

Source: World Bank, World Development Indicators 
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Appendix B  

Country Classification by World Bank Region 

Algeria Upper Middle Income 

Middle East and North 

Africa (MENA) 

Bahrain High Income 

Egypt Lower Middle Income 

Iran Upper Middle Income 

Jordan Upper Middle Income 

Morocco Lower Middle Income 

Saudi Arabia High Income 

Tunisia Lower Middle Income 

Turkey Upper Middle Income 

Cote d'Ivoire Lower Middle Income 

Sub-Saharan Africa 

(SSA) 

Gabon Upper Middle Income 

Ghana Lower Middle Income 

Senegal Low Income 

South Africa Upper Middle Income 

Togo Low Income 

Bangladesh Lower Middle Income 

South Asia India Lower Middle Income 

Pakistan Lower Middle Income 

Indonesia Lower Middle Income 

East Asia and Pacific Philippines Lower Middle Income 

Thailand Upper Middle Income 

Brazil Lower Middle Income 

Latin America & 

Caribbean 

Colombia Upper Middle Income 

Costa Rica Upper Middle Income 

Ecuador Upper Middle Income 

El Salvador Upper Middle Income 

Jamaica Upper Middle Income 

Mexico Upper Middle Income 

Peru Upper Middle Income 

Albania Upper Middle Income Europe & Central Asia 

 

 



     20/209/30publishing date          investigating the relationship     waleed mohamedyoussef 

Scientific Journal for Economic& Commerce                             88  
  

  

 

 
 


