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Abstract

Energy has long been argued as an essential factor for the development of the
economy and therefore it should be brought in line with the other production factors
of neoclassical economics, capital and labour. Using panel data for 130 countries
from 1981 to 2009, this paper explores the impact of multiple forms of energy
consumption and human capital on per capita GDP growth. Generalized method
of moments is applied to estimate an augmented neoclassical growth model that
includes education and health capital as well as energy consumption. The key
outcomes from this study show that education and health capital have a significant
effect on economic growth. Energy consumption is also found to support higher
growth. The results on the differential effects of energy and human capital on the
economic growth of the developed and oil exporting countries indicate that energy
consumption has a significant positive effect in both types of countries. Education
capital affects the developed countries positively while health capital affects the oil
exporting countries’ economic growth negatively. These results are useful for policy
makers, especially in less developed countries encouraging them to implement, for
example, compulsory secondary education and child immunizations in order to reach
higher standards of living. Moreover, energy must be used more efficiently to ensure
sustainable growth.
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1 Introduction

The role of energy consumption in economic growth has been a point of debate since

the seminal work of Kraft and Kraft (1978). On the one hand, the assumptions of the

neoclassical growth model consider energy as an intermediate input, ultimately produced

by the primary factors of production, capital, labour and land. On the other hand, the

environmental view treats energy as an essential factor in determining income, which

translates into a significant impact of energy consumption on both, net exporters and net

consumers of energy (see Cleveland et al., 1984, among others). In line with the second

view, Beaudreau (1995) states that previous studies underestimated the role of energy in

the process of economic growth and argues that production is not possible without en-

ergy consumption. According to Ghali and El-Sakka (2004, p. 226) energy is a “limiting

factor to economic growth”. Lee and Chang (2008) also agree with this conclusion be-

cause economic activities regard energy as a mandatory input in the production process.

Pokrovski (2003) states that energy must be deemed not only as a regular intermediate

product that adds to the price of produced items, but also a value-creating component

that has to be listed as a production factor in line with the fundamental factors, capital

(K) and labour (L).

Most previous studies have applied Granger causality or unit root and cointegration

techniques to investigate the link between energy consumption and economic growth.

There have been contradictory results on causation, as different time spans, variable se-

lection, econometric specification and countries under study affect these outcomes. Most

of the studies use time series data, and panel data studies are less common (see Chen

et al., 2012, for a review). For example, Niu et al. (2011), who assess the direction

of causality between energy consumption, GDP growth and carbon emissions for eight

Asian-Pacific countries (four developed and four developing) from 1971-2005 using panel

data, conclude that GDP is a source of the increase in energy consumption. However,

Narayan and Smyth (2008) who investigate the relationship between capital formation,

energy consumption and real GDP on a panel of G7 countries using panel unit root, panel

cointegration, panel Granger causality tests and long run structural estimation for the

period 1972-2002, find that the three variables are cointegrated and that in the long run,

real GDP is positively Granger-caused by capital formation and energy consumption. Lee

et al. (2008) examine the relationship between energy consumption and income using an

aggregate production function for 22 OECD countries and apply panel cointegration and
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panel vector error correction models. Their theoretical structure depends on Pokrovski

(2003) and Beaudreau (1995), who argue that there is a strong correlation between output

and input factors and that the value of production has to be determined by productive

energy, capital stock and labour. Sharma (2010) is the only study that has investigated

the role of energy in the context of a growth model. The sources that are used to generate

energy, as well as the proportion of energy consumed, conceivably differ from one country

to another. In addition, not all countries possess the same type of energy sources and

some countries may need to import energy products. Therefore, Sharma (2010) utilizes

six proxies for energy, as well as other production factors, to gauge the robustness of the

relationship between economic growth and energy.1 Adopting a neoclassical growth model

provides a strong theoretical basis for the empirical analysis presented below. Moreover,

this approach helps estimate both the short run and long run effects of the variables of

interest.

In this paper, we explore the effect of energy consumption on economic growth and

our analysis is distinguished from previous studies by three key features. Firstly, we use

an augmented neoclassical growth model that incorporates different measures of energy

consumption on a panel of 130 countries over the period 1981 to 2009; this allows for

greater data variability, less collinearity between the variables and higher degrees of free-

dom. Alternative proxies for energy consumption allow us to investigate the robustness

of the results. The approach that we adopt in this paper is to estimate the short run

effects of the variables under concern and report the long run effect through the “catch

up term” (the initial value of GDP per capita). In order to correct for the endogeneity

that may emerge as a consequence of the reverse causality between energy consumption

and economic growth, a generalized method of moments (GMM) estimator is used.

The second key feature of this paper is the investigation of the differential impact

of energy consumption on output growth of the developed and oil exporting countries.

On the one hand, the level of development of an economy may have an impact on the

response of economic growth to the level of energy consumption. For example, Chon-

tanawat et al. (2008) find that energy consumption is a stimulus to economic growth in

the developed OECD economies, in contrast with other developing non-OECD economies;

which implies that applying a policy of energy consumption reduction to help decrease

1The six measures that Sharma (2010) used are: energy use (kg of oil equivalent per capita), energy
use (kt of oil equivalent), electric power consumption (kW h), electricity production (kW h), energy pro-
duction (kt of oil equivalent), and fossil fuel energy consumption (as a percentage of total consumption).
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greanhouse gas emissions, will affect the economic growth of the developed countries more

than the developing economies. On the other hand, the level of endowments and natu-

ral resources that the state owns, and as a consequence the availability of cheap energy

sources, may affect economic growth. For example, in the long run, most oil rich coun-

tries, show slower growth than less endowed countries. This was explained by Gylfason

(2001), who illustrates that countries that are rich with natural resources usually build a

false understanding of security and consider this wealth their most significant asset, ig-

noring investment in other sources of growth represented in inexhaustible resources such

as human capital. This may inadvertently lead to neglect of other resources for devel-

opment, such as expenditure on education, since education persistently expands labour

efficiency (Barro, 1996, 1998). To explore these issues, the third feature of this study is to

examine the differential impact of various measures of human capital (along with energy

consumption) on nations’ economic growth.

The results show a significant positive impact of the secondary school enrolment ratio

and average years of schooling on economic growth, which suggests that economic develop-

ment might be aided more by secondary education, than by investment in comprehensive

primary education alone. Moreover, improvements in health contribute positively to the

economic advancement of nations. Energy consumption also affects economic growth pos-

itively in general, as well as having a greater impact on both oil exporting and developed

countries.

Section 2 reports the empirical models and the methodology employed, the data and

descriptive statistics are in section 3. The results are discussed in section 4, while section

5 concludes the study.

2 Empirical Models and Methodology

Drawing upon Mankiw et al. (1992) and Barro (1996), the growth equation is based upon

the neoclassical model. We model GDP per capita Growthit in country i = (1, . . . , N) over

time t = (1, . . . , T ) augmented with a set of j = (1, . . . , J) controls given in the vector

Xjit as follows:

Growthit = α0 +
∑J

j=1
γjXjit +

∑K

k=1
φc
kD

c
k ×Xkit + εit (1)

The vector Xjit includes controls for: initial GDP per capita; total investment as a

percentage of GDP; education capital; health capital; energy consumption - which are
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our primary covariates of interest - and a set of additional covariates, all variables are

defined below. The influence of each covariate upon growth is given by the estimate of

γj.

The model is flexible allowing for differential effects of energy consumption and human

capital variables upon economic growth in developed countries and oil exporting countries,

whereby we define two dummy variables, allowing for k = (1, . . . , K) interactions. Firstly,

considering whether a country is developed or developing, where C = DC, if the country

is developed then DDC = 1 otherwise DDC = 0. Conversely, in the case of whether a

country is oil exporting or not, where C = OC, if the country is an exporter of oil then

DOC = 1 otherwise DOC = 0. We define country samples in Table A.1. In order to allow

for differential slopes, the dummies are interacted with the variables of interest as shown

in equation (1).

Initially we estimate a restricted version of equation (1) without incorporating differ-

ential effects, i.e. φc
k = 0. In terms of whether differential effects exist across different

groups of countries, we are explicitly testing the following null hypothesis:

HC
0 : The influence of the regressors on growth is the same across developed and

developing countries, C = DC (oil and non-oil producing exporting countries, C = OC),

i.e. φc
k = 0.

Estimating these models by pooled OLS may not be appropriate due to endogeneity.

Endogeneity may arise as a consequence of the reverse causality between the explana-

tory variables, such as energy consumption and human capital, and the growth rate of

GDP. In view of this, an instrumental variable (IV)-type estimator, system GMM, that

is proposed by Blundell and Bond (1998), is estimated to correct for endogeneity. The

system GMM estimator addresses endogeneity by simultaneously solving level and differ-

ence equations with the utilization of instruments in first differences for the level equation

in addition to the use of instruments in levels for the first difference equations. Lags of

endogenous variables are used as instruments. The instruments utilized in the first differ-

enced estimator comprise information about the endogenous variables in first differences

and the lagged first differences are informative instruments for the endogenous variables

in levels. This will result in capturing the variations between countries’ characteristics

in addition to controlling for individual heterogeneity. The validity of the instruments is

evaluated by utilizing a J test of overidentification restrictions (Hansen, 1982), where the

null hypothesis is that the model is valid. However, the authenticity of the instruments
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is only asserted if the residuals do not manifest second-order serial correlation AR(2)

(Arellano and Bond, 1991). The xtabond2 command in STATA 11.2 is used to estimate

these models.

3 Data

The basic dataset consists of an unbalanced panel of annual observations from 130 coun-

tries over the period 1981 to 2009. The sample contains 22 developed countries2 and 10

oil exporting developing countries.3 For the list of countries and subsamples see Table

A.1.

All the variables that are used are based on annual data. 5-year averages of the

variables are adopted in estimation. Thus, the first observation is the average for the

1981-1985 period, the second observation covers the years 1986-1990, and so on. The

last observation only comprises the years 2006-2009. The use of 5-year averages helps

decrease measurement error. Temple (1999) and Lindahl and Krueger (2001) underline

the diffusion of measurement errors in the indicators of human capital and its effect

on empirical estimates of the relationship between economic growth and human capital.

Moreover, 5-year averages allow for smoothing temporal fluctuations in annual growth

rates, stabilize business cycle variation in output growth and reduce noise in the data

(Caselli et al., 1996).

The dependent variable is the average annual growth rate of GDP based on purchasing-

power-parity (PPP) per capita GDP in current international dollars from the World

Economic Outlook (WEO), September 2011.4 The annual growth of GDP per capita is

obtained by differencing the annual data after taking its natural logarithm. Then the

annual growth data are averaged over time. The initial logarithm of income per capita

is used to control for the expected reduction in the growth rates as the GDP per capita

increases (Barro, 1991, 1996, Keller, 2006, Baldacci et al., 2008).

For the capital stock, we follow the previous literature (Barro, 1991, Levine and

Renelt, 1992, Gyimah-Brempong et al., 2006, Baldacci et al., 2008) using total investment

2World Economic Outlook (October 2010), Human Development Report 2010, and World Develop-
ment Indicators (October 2010).

3Energy Information Administration (http://www.eia.gov/countries/index.cfm?topL=exp)
4The World Economic Outlook (WEO) database contains selected macroeconomic data series from the

statistical appendix of the World Economic Outlook report, which presents the International Monetary
Fund (IMF) staff’s analysis and projections of economic developments at the global level, in major
country groups and in many individual countries.
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as a percentage of GDP from the WEO, which is measured as gross capital formation as

a percentage of GDP.

Education capital is measured using gross secondary and tertiary enrollment rates,

respectively. These data are obtained from the World Development Indicators (WDI),

2011 in annual form and averaged over each 5-year period.5 In addition, regressions

are also estimated using another measure of schooling, the average years of schooling at

secondary and tertiary levels obtained from Barro and Lee (2013), where these data are

available in 5-year average form. The enrollment rate captures educational flows, whereas

years of schooling are considered to be stocks of education, and the use of both measures

provides a check on the robustness of the results.

The health capital variable is the infant mortality rate per 1,000 live births and it is

acquired in annual form from the WDI.6

For the energy consumption variables, three different measures are employed to en-

able us to explore the robustness of the relationship between energy consumption and

economic growth. The first measure is total primary energy consumption per capita in

annual form measured in quadrillion British Thermal Unit (BTU)7 and extracted from

the International Energy Agency webpage.8 Narayan et al. (2011) also employed data on

total primary energy consumption in their study. The other measures are electric power

consumption (in KWh) and fossil fuel consumption (% of total consumption) (Sharma,

2010); these two measures are obtained from the WDI.

Other control variables included in the model are population growth, changes in terms

of trade and inflation. These variables have been used as determinants of economic growth

by Levine and Renelt (1992) and Barro (1996); Keller (2006) and Baldacci et al. (2008)

used them as control variables. Terms of trade, as an indicator for the openness of the

economy and external competitiveness, is calculated as the ratio of the exports value

index to the imports value index, where WDI data are used. The inflation index that

5The World Development Indicators (WDI) is the primary World Bank collection of development
indicators, compiled from officially-recognized international sources. It presents the most current and
accurate global development data available, and includes national, regional and global estimates.

6Life expectancy has been used as a health capital measure in some previous studies (e.g Gyimah-
Brempong and Wilson, 2004, McDonald and Roberts, 2006) but it is excluded here due to its high
multicollinearity with the education measures.

7A quadrillion is a unit of energy equal to 1015 BTU or 1.055 × 1018 joules in System International
units. The unit is used by the U.S. Department of Energy in discussing world and national energy
budgets.

8Energy Information Administration: http://www.eia.gov/cfapps/ipdbproject/IEDIndex3.cfm?
tid=44&pid=44&aid=2$
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captures the impact of inflation and the effects of fiscal-monetary policy is from the WEO.

Table 1 presents the descriptive statistics for the full sample as well as oil export-

ing, non-oil exporting, developed and developing countries. The infant mortality rate

is significantly different across the developed and developing countries. Specifically, the

developed countries have a lower infant mortality rate than the developing countries, (6.4

vs. 48.4 per 1000 live births). The average secondary school enrolment ratio is only

about 80% in the oil exporting countries, whereas it is higher than 100% in most of the

developed countries.9 The largest dispersion is found in the tertiary education level where

the difference between the developed and developing countries is substantial.

Energy consumption is expressed using three different measures, total primary energy

consumption per capita, electric power consumption and fossil fuel energy consumption.

Average levels of total primary energy consumption per capita and fossil fuel energy con-

sumption for the developed and oil exporting countries are higher than their counterparts.

4 Empirical Results

4.1 The Impact of Human Capital on Economic Growth

Table 2 presents the results of GMM estimation of the restricted model of equation 1 that

shows the impact of physical and human capital on the growth of GDP per capita along

with the effects of other determinants of economic growth.10 Equation 1 is initially run

without the energy variables to focus on the effect of human capital on economic growth.

Particularly, we estimate the model using the two different levels of education, secondary

and tertiary with two different measures, specifically, enrolment ratios and average years

of schooling; Models I, II and III of Table 2 show the results for the enrolment ratios,

and Models IV, V and VI summarize the results for average years of schooling.

The appropriateness of the obtained system GMM results is based on the validity of

the instruments used for both equations, in levels and first differences. Panel B of Table

2 shows the results of the J -test of overidentification (Hansen, 1982) and the Arellano

and Bond (1991) AR(2) serial correlation test. The p-value of both tests indicate that

their null hypotheses cannot be rejected, which confirms the validity of the instruments.

Model I of Table 2 includes the secondary and tertiary enrolment ratios. It can

9The gross enrolment ratio can exceed 100% due to the inclusion of over-aged and under-aged students
because of early or late school entrance or grade repetition.

10These models have also been estimated using OLS and the results are very similar to the GMM
results reported in Table 2 and are available upon request from the authors.
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be seen that only the secondary enrolment ratio is significant at the 10% level, and it

positively affects economic growth. In Models II and III, we have used only one measure

of education, secondary and tertiary enrolment ratios, respectively. The two variables are

significant at the 5% level when included individually. The estimates imply that if the

secondary and tertiary enrolment ratios increase by 1%, the growth rate of GDP per capita

will increase by 0.042% and 0.022%, respectively. Both levels of education are important

for higher levels of growth, where tertiary education is needed to create technology and

secondary education is needed to use the technology in the workplace (Johnson, 1991).

Models IV, V and VI summarize the results of another proxy for education capital,

secondary and tertiary average years of schooling. The obtained results are consistent

with those for enrolment rates, confirming the importance of education capital.

For health capital, measured by the infant mortality rate, all the models of Table 2

show a negative impact of the infant mortality rate on economic growth at a significance

level of 10%. These results are consistent with those of McDonald and Roberts (2006).

The coefficient on total investment as a percentage of GDP is positive and highly

significant in all the Models of Table 2 suggesting that increases in physical capital cause

an increase in per capita GDP growth. Specifically, a 1% increase in the investment

ratio results in an average increase in per capita GDP growth of 0.05%. Levine and

Renelt (1992) find that the relationship between growth and most of the macroeconomic

determinants other than the investment ratio is insignificant.

All the models of Table 2 predict a negative and significant coefficient on the log value

of initial GDP per capita. This coefficient shows the conditional rate of convergence.

When holding other explanatory variables constant, the economy reaches its long run

position at the rate indicated by the magnitude of the coefficient. Most of the models

suggest a conditional rate of convergence of approximately 0.05% over 5 years period

which is consistent with that of Barro (1991).

The coefficient on population growth appears as expected; it has a negative sign but

has an insignificant effect on economic growth in all the models of Table 2. The terms of

trade has a positive and significant impact on growth in most of the models, whereas the

inflation rate has an inverse effect; it reduces growth. The sign of the control variables

accord with the results of Baldacci et al. (2008).
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4.2 The Impact of Energy Consumption on Economic Growth

Table 3 reports estimates for models similar to those in Table 2 except that we now

concentrate on the effects of total primary energy consumption per capita on economic

growth. Comparing the coefficients and significance of the enrolment ratios and average

years of schooling in Table 3 with that of Table 2, we find that there is almost no change in

the coefficients of the education variables when the energy consumption measure is added.

The infant mortality rate becomes insignificant when the average years of schooling and

energy consumption are both included.

From the results of Table 3, it can be seen that total primary energy consumption

per capita is significant in all the models and it affects growth positively. Specifically, as

total primary energy consumption increases by 1% the GDP growth will increase by an

average of 0.015%.

Having established the positive effect of total primary energy consumption on eco-

nomic growth in Table 3, equation 1 is estimated using other measures of energy con-

sumption. Model I of Table 4 is the same as that of Model III of Table 3, but it is

reported in Table 4 to facilitate the comparison between the different measures of energy

consumption. In Model II of Table 4, electric power consumption is used to proxy energy

consumption. It has a positive and significant impact on economic growth. Fossil fuel

consumption as a percentage of total consumption is used in Model III. The results show

a significant and positive effect on economic growth. GDP per capita growth increases by

0.028% if fossil fuel consumption increases by 1%. These findings provide consistent evi-

dence for the positive and significant effect of energy consumption on economic growth.

These results are in line with that of Sharma (2010).

4.3 The Differential Effect of Human Capital and Energy Con-
sumption

To examine the differential effect of being an oil exporting country or a developed country,

the Dc
k dummy is included in the model and interacted with the underlying variables as

shown in equation 1.

4.3.1 Oil versus Non-Oil Exporting Countries

In Model I of Table 5, human capital and energy consumption variables are interacted

with the oil exporting countries dummy DOC
k . The secondary enrolment ratio is used
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as a proxy for the education capital as it appears from the previous results as the most

important level and the infant mortality rate is employed to measure health capital.

Energy consumption is measured by total primary consumption per capita.

Focusing on the differential effect of the human capital variables it can be seen that

the infant mortality rate has a differential negative impact on growth in these countries.

The energy interaction appears positive and significant. As total energy consumption

per capita increases by 1%, GDP per capita growth increases by 0.021%=(0.013+0.008)

in oil exporting countries compared to 0.013% in non-oil exporting countries. This signif-

icant result may be due to the reliance of the oil exporting countries on natural resource

available in running their economies.

4.3.2 Developed Versus Developing Countries

The full sample contains 22 developed countries. Thus, a dummy DDC
k that equals one

for the developed countries and zero otherwise is generated. To inspect the differential

impact through developed and developing countries, this dummy is interacted with the

variables under concern.

Model II of Table 5 shows the results of the differential impact of developed coun-

tries, and the coefficient of the education interaction term shows a significant positive

impact. To be specific, the GDP per capita growth of developed countries increases by

0.041%=(0.012+0.029) compared to only 0.012% for the developing countries when the

secondary enrolment ratio rises by 1%. On average, around half of the economic growth in

OECD countries is linked to labour income growth at the higher levels of education. Ev-

idence suggests that 60% of GDP growth in France, Norway, Switzerland and the United

Kingdom is estimated to be produced by those who have attained higher education levels

(OECD, 2012). The infant mortality rate does not show any differential impact in the

developed countries, which is not surprising given that these countries have uniformly low

rates of infant mortality. Finally, the total primary energy consumption differential effect

appears significant with a positive impact on economic growth of 0.04%=(0.018+0.022)

compared to only 0.018% in the developing countries.

5 Conclusion

The primary purpose of this study is to explore the impact of the multiple forms of

human capital and energy consumption on per capita income growth. An augmented
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neoclassical growth model, panel data and different measures for all the key variables

under consideration are used. This study estimates the individual effects of secondary

and tertiary enrolment ratios as well as average years of schooling. In addition, the effect

of health capital on GDP per capita growth is examined. Moreover, total primary energy

consumption per capita affects GDP per capita growth positively and significantly.

The consensus from the studies that examine the relationship between the different

forms of energy and GDP is that there is cointegration between energy consumption and

GDP. The evidence is mixed regarding the direction of causality between energy con-

sumption and income. Kraft and Kraft (1978) find unidirectional causality running from

income to energy consumption for the US; as did Al-Iriani (2006) for Gulf Contribu-

tion Council (GCC) countries, among others. In contrast, Stern (2000) concludes that a

quality-weighted index of energy input Granger-causes GDP growth in the US. Moreover,

recent studies have sought to explore the dynamic direction of causality between energy

consumption and income using an aggregate production function and argue that energy is

an essential factor in production and hence contributes positively to growth (Oh and Lee,

2004, Lee and Chang, 2008). Since energy production and consumption have an impact

upon all the components of aggregate demand (investment, exports and imports), energy

consumption is considered as an input in the production process and hence in the growth

model of this paper.

The contribution of this study is three-fold. First, the joint impact of human capi-

tal and energy consumption upon economic growth is examined through an augmented

neoclassical growth model, which is estimated using GMM to correct for the endogene-

ity that may rise due to the reverse causality between energy consumption and economic

growth. Second, it investigates the differential effects of both the stock and flow measures

of education capital and health capital. Third, it scrutinizes the impact of three different

measures of energy consumption and its differential impact on nations’ economic growth.

For international policy makers, more and better education should be the top priority

because it empowers people to help themselves and this may help to improve governance

and reduce corruption (Tumwebaze and MacLachlan, 2012). A concentrated effort for

much more secondary education combining national and international forces would appear

the most promising route out of poverty and toward sustainable development. Health

capital contributes positively in increasing the economic growth of nations, which is

consistent with the theory that the healthier is the worker, the more productive. In
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addition, energy consumption may be planned in a way that keeps the environment clean

and decreases the amount of emissions (Lee and Chang, 2008).

Energy consumption per capita has a significantly larger effect in both oil exporting

and developed countries than for the countries on average. Secondary education affects

the developed countries to a large extent but there is no differential impact on the oil

exporting countries. Behbudi et al. (2010) investigate the relationship between human

capital and economic growth in a number of petroleum exporting countries and conclude

that human capital can be major feature to explain the lag in growth of resource-rich

countries. This issue warrants further investigation to explore whether the oil exporting

countries use their wealth effectively in augmenting their human capital.
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Table 1: Descriptive Statistics for the full,oil and non-oil exporting and devel-
oped and developing countries samples

Statistics

Variable Sample Obs Mean Std. Dev. Min Max

GDP per capita growth Full 738 372.83 520.88 -2352.4 3904.06
(current international dollars) Oil 56 338.99 1029.51 -2352.4 3904.06

Non-oil 682 375.61 455.98 -646.04 3010.42
Developed 132 889.55 330.11 162.15 2220.64
Developing 606 260.28 485.77 -2352.4 3904.06

Investment ratio % Full 744 22.59 7.43 2.96 69.17
Oil 57 24.8 6.51 9.11 39.94

Non-oil 687 22.4 7.48 2.96 69.17
Developed 132 22.04 3.26 16.45 32.24
Developing 612 22.7 8.05 2.96 69.17

Pop. Growth % Full 780 1.66 1.55 -4.88 16.65
Oil 60 2.93 3.14 -2.75 16.65

Non-oil 720 1.55 1.28 -4.88 11.96
Developed 132 0.61 0.45 -0.23 1.8
Developing 648 1.87 1.6 -4.88 16.65

Life expectancy at birth Full 780 66.61 10.24 28.4 82.59
Oil 60 69.93 4.67 50.75 77.69

Non-oil 720 66.34 10.53 28.4 82.59
Developed 132 77.51 2.18 72.32 82.59
Developing 648 64.39 9.8 28.4 82.45

Secondary enrolment ratio Full 698 67.57 32.44 2.98 155.58
(% of population) Oil 53 79.09 16.41 39.47 106.62

Non-oil 645 66.63 33.24 2.98 155.58
Developed 127 104.55 15.41 58.73 155.58
Developing 571 59.35 29.35 2.98 109.96

Tertiary enrolment ratio Full 679 23.46 21.5 0 96.97
(5 of population) Oil 57 26.05 17.65 3.66 78.43

Non-oil 622 23.22 21.82 0 96.97
Developed 126 48.7 19.47 12.14 93.11
Developing 553 17.71 17.42 0 96.97

Average years of secondary Full 780 2.23 1.44 0.02 7.76
schooling Oil 60 2.64 1.28 0.73 5.84

Non-oil 720 2.2 1.45 0.02 7.76
Developed 132 3.69 1.18 1.13 7.76
Developing 648 1.94 1.31 0.02 5.91

Average years of tertiary Full 780 0.33 0.3 0.004 1.71
schooling Oil 60 0.45 0.32 0.04 1.58

Non-oil 720 0.33 0.3 0.004 1.711
Developed 132 0.68 0.34 0.14 1.71
Developing 648 0.26 0.24 0.004 1.58

Total primary energy consumption Full 751 96.77 141.12 0.46 1173.89
per capita (quadrillion Btu) Oil 56 290.22 289.01 41.4 1173.89

Non-oil 695 81.19 107.88 0.46 744.53
Developed 132 209.77 96.46 49.02 592.92
Developing 619 72.68 137.43 0.46 1173.89

Electric power consumption Full 695 105000 365000 8.15 4130000
(KWh× 106) Oil 58 115000 233000 3010 990000

Non-oil 637 104000 375000 8.15 4130000
Developed 132 331000 703000 3410 4130000
Developing 563 51600 186000 8.15 3020000

Fossil fuel energy consumption Full 650 68.92 28.46 3.02 102.07
(% of total) Oil 58 97.84 3.41 87.74 100.03

Non-oil 592 66.09 28.26 3.02 102.07
Developed 132 75.02 18.92 18.54 97.72
Developing 518 67.37 30.24 3.02 102.07

Notes: The gross enrolment ratio can exceed 100% due to the inclusion of over-aged and under-aged
students because of early or late school entrance or grade repetition.
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Table 4: GMM results of the model of GDP growth including energy consump-
tion (3 measures) from 1981 to 2009

Panel A: Results of estimation

Model I Model II Model III
Regressors Coef. Std.Err Coef. Std.Err Coef. Std.Err

constant -0.093** (0.200) -0.611* (0.328) -0.314 (0.238)
Initial GDP -0.063*** (0.017) -0.054** (0.024) -0.039*** (0.015)
Investment 0.096*** (0.025) 0.094** (0.042) 0.055* (0.031)
Pop. growth 0.002 (0.003) -0.0005 (0.003) -0.001 (0.003)
Sec. Enrol 0.042** (0.021) 0.054** (0.021) 0.035** (0.018)
Mortality -0.020** (0.010) -0.0001 (0.023) -0.007 (0.014)
Tot. En./Capita 0.015* (0.008)
Elec. Consum. 0.012** (0.006)
Fossil fuel 0.028** (0.013)
Terms of trade 0.049** (0.020) 0.072*** (0.022) 0.067** (0.026)
Inflation -0.105** (0.054) -0.083** (0.042) -0.137** (0.066)
Observations 522 446 313
Countries 125 115 107

Panel B: Diagnostic tests

J -test 20.45 18.14 13.39
J, p-value 0.117 0.255 0.572
AR(2) -0.48 -0.03 -0.32
AR(2), p-value 0.634 0.973 0.751

Notes: ***, **, * denote statistical significance at 1%, 5% and 10% respectively. J
test is overidentification test (Hansen, 1982) that follows a χ2 distribution with a
null hypothesis of valid instruments. AR(2) is the second order serial correlation
test in the residuals proposed by Arellano and Bond (1991).
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Table 5: GMM results for the oil exporting and developed countries via inter-
action terms

Panel A: Results of estimation

Model I Model II
Regressors Coef. Std.Err Coef. Std.Err

Constant -0.117 (0.113) -0.036 (0.099)
Initial GDP -0.025*** (0.009) -0.038*** (0.009)
Investment 0.064*** (0.012) 0.070*** (0.011)
Pop. growth -0.003 (0.003) -0.001 (0.003)
Sec. Enrol 0.018** (0.009) 0.012** (0.005)
Mortality 0.008 (0.008) 0.001 (0.008)
Tot. En./capita 0.013* (0.007) 0.018*** (0.006)
Terms of trade 0.012 (0.010) 0.019*** (0.007)
Inflation -0.045** (0.019) -0.061*** (0.013)
DOC × Sec.Enrol. 0.002 (0.008)
DOC ×Mortality -0.021** (0.009)
DOC × Tot.En./capita 0.008* (0.005)
DDC × Sec.Enrol. 0.029*** (0.011)
DDC × Inf.Mort 0.021 (0.013)
DDC × Tot.En./capita 0.022** (0.009)
Observations 395 395
Countries 124 124

Panel B: Diagnostic tests

J -test 40.81 28.97
J, p-value 0.230 0.467
AR(2) -1.29 -0.98
AR(2), p-value 0.198 0.326

Notes: ***, **, * denote statistical significance at 1%, 5% and 10% respectively.
J test is overidentification test (Hansen, 1982) that follows a χ2 distribution
with a null hypothesis of valid instruments. AR(2) is the second order serial
correlation test in the residuals proposed by Arellano and Bond (1991).
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