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Abstract
This Study investigated (i) the causality relationship between economic growth and energy
consumption and (ii) discussed the validity of EKC. The researched used data for 18 country
from MENA region (Algeria, Bahrain, Egypt, Iran, Iraq, Israel, Jordan, Kuwait, Lebanon, Libya,
Morocco, Oman, Qatar, Saudi Arabia, Syria, Tunisia, United Arab Emirates and Yemen), using
data for different periods for each country varying between 1971 and 2011. Data of energy
consumption, real GDP per capita and CO2 emissions - as a proxy for environment degradationwas collected from the online database of World Bank. The researcher examined the linkage
between these variables both across the region level and the country level. For this regard, and to
avoid different characteristics among these 18 countries; countries with similar characteristics
were compiled in different Panels, using the World Bank classification based on income level.
High Income, Upper Middle Income, Lower Middle Income and GCC panels were constructed
besides the Panel of the 18 country. Unit Root Tests were applied to examine the stability of data
both for time series and panels; where all data was stationary. Then two different co-integration
tests were applied as Pedroni test for Panel data while Johannsen Test for time series data. It was
found that only 3 Panels are co-integrated (High Income, Upper Middle Income and GCC), at the
country level only four countries have non co-integrated data (Libya, Qatar, Morocco and
Oman). Therefore, the causality tests were applied only on co-integrated data as Panel Causality
Test for Panel data and Granger Causality Test using the VECM for the time series data. Results
were similar and showed no causality directions for the panel data. But for the time series, results
were different as the direction goes from GDP to energy for Bahrain, Saudi Arabia, Iraq and
Syria. Only one country showed bidirectional causality between GDP and energy consumption
(Algeria). Many of these countries confirmed that no causality occurs between economic growth
and energy consumption (United Arab Emirates, Jordan, Iran, Tunis, Egypt, Yemen, Lebanon
and Israel). Only Kuwait confirmed the growth hypotheses; as energy cause economic growth.
Regarding the validity of EKC, results confirmed that this concept is just a theoretical one,
empirically results showed a poor evidence of the existence of EKC.
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1.1

Thesis Framework

Introduction

Climate change recently has received great attention by researcher and policy makers during the last
decade for its impacts on human ecosystem and on the economy. One of the most questions raised
by the researchers is: How can we mitigate or reduce negatives effects of climate change caused by
environment pollutants? The danger and threats of climate change are now a serious worrying factor
for the world and the necessity to develop meaningful and rigorous policies and procedures- whose
primary objective is protecting environment- becomes strategic and important.
Environment is considered a combined asset provides many services. This asset has its own
peculiarity in keeping the sustainability of life. The environment provides economy with raw
materials that are processed through the production mechanism via energy to produce consumable
goods or services. This production process uses raw materials and energy return to environment as
wastes, therefore the relation between environment and economy is a closed one.
There are several environmental pollutants which cause climate change, but Carbone dioxide (CO 2)
still the dominant gas of total greenhouse gases (GHG) in the world and in the year 2010 was the
highest in history. Statistics show a strong positive correlation between the long run average rate of
carbon dioxide emissions per capita and the long run growth rate of gross domestic product per
capita (GDP pc).
Energy plays a vital role in economic development. It performs a key for sustainable development.
Hence, many studies have attempted to look for exploring the relations including the direction of
causality between energy consumption (EC), economic growth (GDP) and CO 2 emissions.
Understanding the link between energy consumption, economic growth and CO2 emissions become
the challenge of recent studies since energy use is being considered as the best tool to obtain
sustainable development.
Results of these studies are puzzling, therefore we should be very careful in reading these results
and the implication of these results should be taken as a result of in-depth analysis and discussion
among stakeholders and decision makers. The confirmation as well as the contradiction among
these results should take more attention, the literature is still somehow poor in validation these
linkages.
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The MENA region benefits from abundant human and natural resources and it accounts for a large
share of world petroleum production and exports. About two thirds of the world's known crude oil
reserves exist in MENA region, with one quarter located in Saudi Arabia. The Islamic Republic of
Iran has the about 15 percent of the world's total reserves of natural gas. The region also possesses
several non-fuel mineral and non-mineral resources. In fact, Algeria, Morocco, Tunisia, Jordan, and
the Syrian Arab Republic account for about one third of the world's phosphate production. Morocco
alone has more than 30 percent of the world's phosphate rock and 40 percent of its phosphoric acid
trade. The Islamic Republic of Iran possesses several natural resources such as potash, coal,
ammonia and urea. Also Israel and Jordan possess potash, Mauritania has iron, and Qatar possesses
ammonia and urea. We find copper and gypsum in Mauritania, cotton in Egypt and Sudan, tobacco
in the Syrian Arab Republic, and coffee in the Republic of Yemen. In addition, almost all the GCC
countries have coasts and fishing grounds
1.2

Study Objective

This study aims at examining:
The causal link between energy consumption and economic growth in the MENA countries
for different periods ranging between 1971-2011, both at the region level and per country
level.
The potential results for the MENA countries will imply different policies to be
implemented as they will have different effects in each of the MENA countries
contextually.
This research will discuss the validity of having an inverted U-shaped relationship between
environmental pollutants and economic growth.
This research aims at filling out the gap of lacking sufficient studies and reviews that are
incorporating these three factors at the same time.
1.3

Study Significance

The relationship between energy consumption and pollutants, as well as economic growth and
environmental pollution, has been the subject of intense research in the last three decades. However,
the empirical evidence remains controversial and ambiguous up to date. The existing literature
reveals that empirical studies differ substantially and are not conclusive to present policy
recommendation that can be applied across countries. An assessment of the existing literature
2

suggests that most studies focus either on the nexus of economic growth and energy consumption or
economic growth and environmental pollutants where little effort has been made to test these two
links under the same framework.
The problem stems from the nature of the argumentative relationship between economic growth and
environmental aspects; will any expansion in production be on the expense of environmental
quality? Or is the preservation of the environment requires not over-use of energy resources in order
to reduce emissions of air pollutants to preserve public health, and then prevents the achievement of
the required growth rates? The increasing attention given to global energy issues and the
international policies needed to reduce greenhouse gas emissions have given a renewed stimulus to
research interest in the linkages between the energy sector and economic performance at country
level.
1.4

Methodology

To study the magnitude and causal relationship between economic growth energy consumption, and
CO2 emissions, it is proposed to:
1. Collect data of real GDP pc, energy consumption and CO 2 emissions for 18 countries in the
MENA region, the countries and period of time (that range between 1971-2011) to be
analyzed are detailed in table 4-1. The STATA software will be used within this study.
2. Pass firstly by the identification of the data and the descriptive statistics. Data are taken
from the World Bank website, reflecting different periods upon to data availability.
3. Then two different sets of econometric techniques will be employed to meet the
requirement of both panel and time series criteria. Unit root tests and co-integration test will
be conducted and then the long run link between the variable will be investigated in terms
of the causality analysis and the magnitude of these relations. For the panel data the Pedroni
test will be employed while for the time series the Johanson test will be conducted to
examine the co-integration result. VECM models will be used to determine the per country
causality analysis, while the Pedroni test to be used for the Panel data.
4. To model the relations and validate the existence of EKC, DOLS technique will be
employed.
The variables in this study include total energy consumption (EC), real GDP per capita (RGDPpc)
and CO2 emissions (CO2). To investigate the long-run relationship between carbon emissions per
3

capita, energy consumption per capita and real gross domestic product (GDP) per capita, we
employed the following equation:
CO2
1.5

0

2
2Y

1

3E

Hypothesis

Based on the above mentioned purpose, the following hypotheses are formulated
Co2 emissions and energy consumption, and economic growth have causality relationships
with each other and can be observed.
Economic growth and energy consumption have a strong positive significant relationship.
As the energy consumption increase, the economic growth is influenced and increased
accordingly.
There is a long run causality analysis run from energy consumption to economic growthCo2
emissions and economic growth have a strong positive significant relationship. As the
economic growth increase, the CO2 emissions are influenced and increased accordingly.
There is a long run causality analysis run from economic growth to CO2.
Co2 emissions increase in the early stages of economic growth, but tend to decrease beyond
a certain level of income per capita. Therefore, the EKC is existed.
1.6

Study Limitations

This research is prepared based on literature review and previous studies; the topic itself is
considered a recent field and needs much more improvements in terms of theoretical background
and technical analysis. The complicated debate is still on the stage, the contradictions of findings
from one study to another are mainly due to employing different econometric techniques. In this
section we shall talk about implementing this study for panel data. The researcher sees it could be
more efficient to investigate the linkage within a homogenous panel. For Panels related to MENA
region, the disturbance of the political situation contributed to having some structural breaks. This
area faced many big militant operations against countries within the same region. Also, though data
is distributed normally, there are some deviations among the average values of some determinate
within same countries in each panel. All limitations and challenges faced during the preparation of
this study are concluded in the following points; future researchers are advised to take them into
their respective considerations:
4

1. An in-depth analysis was conducted to finalize this study; this actually was done using the

per country level records besides the panel data sets. The main reason for such issue is to
avoid the standardization of policies and strategies to be implemented as an implication of
findings. The results, even if have same description, their justification should be based on
the context of each country
2. Data availability should be considered, within the same country you can find some gabs.

This is assumed to be a result of not being able to collect the data officially due to security
situation.
3. In econometric literature associated with the employed tools, there are no restrictions on
number of observations. But this somehow was not confirmed in this study, the more
observations we have the more effective result we obtained. In this study, we have relatively
limited number of observations at the panel level.
4. This study could be more efficient if used Quarterly Data, but this was a great challenge to
collect data on quarterly basis though available at different sources. But it was noticed that
there is no standard methodology followed during the collection of data. This makes a
discrepancy when cross-checking the annual data based on these quarterly values with to
official annual data published at official sites. Although for this particular study it would be
difficult to use a time series.
5. Though the researcher tried to include as much as possible collected data, all data sets are
un-balanced data
number of observations and give more insignificant results.
6. Digging about the topic of this thesis was a big dilemma, a scarcity of sources and
references was faced and the researcher depends mainly on the previous studies as
reference to well understand the theoretical concept. Same was faced at the technical level,
especially for Panel Data; it was not easy at all to define the most appropriate tests to be run,
as same as the interoperation of these tests was not found easily.

5

2
2.1

Introduction

Energy Evaluation Historical Background

The patterns of energy consumption have changed over the history of our world as we developed
new energy sources and as our uses of energy changed.
Wood used to serve as the preeminent form of energy until the mid- to late-1800s, even though
water mills were important to some early industrial growth. Before the industrial revolution, our
energy needs were modest:
For heat, we relied on the sun

and burned wood, straw, and dried dung when the sun

failed us.
For transportation, the muscle of horses and the power of the wind in our sails took us to
every corner of the world.
For work, we used animals to do jobs that we couldn't do with our own labor. Water and
wind drove the simple machines that ground our grain and pumped our water.
The following chart is elaborated using some data published through a study of Cook (1971) that
shows the dramatic increase of energy use across very different eras through our history. All these
stages are explained later within this section.

Dialy per capita energy consumption
(1,000 calories)
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50
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Primitive
Advanced
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Industry & Agriculture

Transportation

Figure 2-1 Estimated Daily Consumption of Energy per Capita at Different Historical Points
Source: Adapted from: (Cook, 1971)
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Coal became dominant in the late 19th century before being overtaken by petroleum products in the
middle of the last century, a time when natural gas usage also rose quickly.
A Scottish scientist (James Watt 1) could make
he was repairing it. Besides being more efficient, effective and much powerful, the enhancement of
steam engine derived many different types of machinery. This gave birth to the modern steam
engine, opening up a core part of the First Industrial Revolution which was mostly the story of
steam engine and coal. No one denies that this first industrial revolution began in England sometime
after the middle of the 18th century: a single steam engine, powered by coal dug from the mines of
England and Appalachia, could do the work of dozens of horses. Although the first steam engine
was invented in 1698, the efficiency made by Watt introduced in 1769 that took coal mining to the
next level and made the main steam engine application as pumping water out of the mines and
efficient steam engine (MacKay, 2009).
Starting from that historical stage Britain coal production increased and 30 years later by 1800 it
had doubled, and then in next 30 years (1830) it doubled again. The significant increase of the
economic activities resulted in a significant increase of prosperity, population growth and in
CO2emissions (see section 2.2) - this happened after the year 1830 when coal production doubled
within every 20-year intervals (it doubled by 1850 and then it doubled again by 1870) (Clark &
Jacks, 2007).
Also by the late 1800s, petroleum was introduced as a new form of fuel as it had been
contaminating wells for drinking water. It was initially sold by mobile sellers as medicine; oil
became a valuable commodity for lighting as the whale oil 2 industry declined due to the
development of superior alternatives and later, the passing of environmental laws. By the turn of the
century, oil processed into gasoline, was firing internal combustion engines (UCSUSA website).
The Second Industrial Revolution is about two development lines, one of which was electricity
development and the second was the Internal Combustion Engine (ICE) 3.The use of electricity
started where it used initially for lighting and cooking as alternative to other energy sources. At that
rate, the big steam engine at factories was replaced by electric. These Electric motors did not impact
1

(30 January 1736 25 August 1819) was a Scottish inventor, mechanical engineer, and chemist who improved
on Thomas Newcomen's 1712 Newcomen steam engine with his Watt steam engine in 1781, which was fundamental to
the changes brought by the Industrial Revolution in both his native Great Britain and the rest of the world.
2

Whale oil is oil obtained from the blubber of whales. Whale oil was sometimes known as train oil, which comes from
the Dutch word traan ("tear" or "drop").
3
An internal combustion engine (ICE) is a heat engine where the combustion of a fuel occurs with an oxidizer (usually
air) in a combustion that is an integral part of the working fluid flow circuit.
7

productivity of factories but improved the working conditions as they were operating much more
silently and did not emit smoke. Hunt reported in 1850 in the British Philosophical Magazine that
the electrical power even under the best conditions is 25 times more expensive than a steam engine
(EIT, website).
Then, electricity expanded and had a tangible impact on the world. The market widening occurred
because of the falling electricity price and much greater influence was made on infrastructure. Here,
electric motors in factories were installed to each individual machine while this was not the case
when electric motors replaced the steam engine. This resulted in much more flexible work
conditions as the machines could be started or shut down when it was needed; therefore this had an
economic efficiency and effectiveness. While at the household level, new electrical devises were
known (vacuum cleaners, refrigerators, washing machines) and together with the first electrical
appliances time and efforts were saved. Moreover, life became more modern and the quality of life
conditions was improved that made a social transformation.
The internal combustion engine is the second development line during the second industrial
revolution, which affected the use of oil and corresponding CO2 emissions to a considerable degree
due to strong complementarity between cars (or ICE) and gasoline that resulted in the increase the
demand for the production of gasoline, similar to the scenario of the First Industrial Revolution
where the core innovations in steam engine generated the demand for coal. The oil supplies also
increased by the market widening of the ICE technology, the cost of freight was no longer a major
issue and oil could now be delivered from the middle east to Europe without a significant effect on
its price.
The Third Industrial Revolution started with Information Communication Technology (ICT) in
the center of it emerged in the 1970s. The ICT revolution is more energy saving than any of the two
central development lines of the Second Industrial Revolution; however the degree of energy
savings can still be questioned simply because the use of ICT stimulates the use of electricity.
The technologies produced by ICT can be applied for smart energy solutions like smart houses,
smart grids and smart appliances. New trading options and various electronic services reduce the
need for travel and for ordinary letter and invoices and thus lead to energy saving. The possibility to
obtain music or film through the internet instead of going to shop and buying physical copy of CD
or DVD saves about 40 to 80 percent of energy (Kander et al., 2014).
While the indirect effects of ICT on energy saving are believed to be even higher. Automation of
manufacturing based on semiconductors enabled large material and energy savings in traditional
8

industries. The report by the American Council for an Energy Efficient economy has estimated that
if the United States economy in 2006 still relied on the technologies of those seen in 1976 but had
expanded at the same rate, the energy consumption would have grown by 20% (Kander et al.,
2014).
On the other hand, some discussions argue that the ICT employed and expanded the energy use.
One of the main arguments is that large resources including energy supplies are still needed to
produce all needed tools for the ICT as tiny microchips. An argument says that today four cell
phones equal one car in terms of embodied energy from manufacturing (Kedrosky, 2011).
Another argument is that though small amount of energy is needed by most ICT devices, still there
are an absolute large number of users of these devices; therefore the energy consumption goes up.
The lifecycle of most devices is also very short and thus they quickly become outdated and
replaced, again, this requires more energy to produce. To maintain the huge demand, even with the
less use of energy, the absolute amount of CO2 will not be decreasing.
Since the mid-20th century, usage of coal has again increased (mainly as a primary energy source
for electric power generation), and a new form of energy nuclear electric power has made an
increasingly significant contribution. After a pause in the 1970s, the use of petroleum and natural
gas resumed growth, and the overall pattern of energy usage since the late 20th century has remained
fairly stable.
From this historical overview we can say that any energy transition include the time that this source
is introduced and became the dominant source of energy- until a new source is introduced, this
presentation also confirmed that the greater the use of any energy sources is, the longer the
transition period will take. Moreover, Jevons Paradox4 is clear evidence from this, the increasing
demand eliminate any effort made to have more efficient energy use (Alcott, 2005). Attention
should be paid not only towards efficient energy, but also to none/ less-carbon energy sources.
2.2

Carbon Dioxide (CO2) Emissions

Greenhouse gas (GHG) is a group of gases exist in the atmosphere characterized by their ability to
absorb infrared radiation, which results in reducing the loss of thermal energy from the earth into
the space by trapping escaping thermal energy. Therefore, this helps to heat the Earth's atmosphere

4

In economics, the Jevons paradox ; (sometimes Jevons effect) occurs when technological progress increases
the efficiency with which a resource is used (reducing the amount necessary for any one use), but the rate of
consumption of that resource rises because of increasing demand
9

and thus contribute to the greenhouse effect and global warming. These gases also called
greenhouse gases because they contribute more recently an increase in this phenomenon, known as
global warming increases, which have taken place in making the average temperature above the
normal average. The reason behind global warming is the increase in the proportion of greenhouse
gases in the atmosphere due to natural contaminants as Volcanoes,

activities, or

industrial pollutants resulting from human behavior such as the use of fossil fuels in industry. This
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Figure 2-2 Observed total concentration of GHG (ppm CO2 eq.5) (NOAA, EEA)

The primary greenhouse gases in Earth's atmosphere are: water vapor, carbon dioxide, methane,
nitrous oxide, and ozone.

Figure 2-3 Compositions of GHGs in 2010 (NOAA, 2010)

5

CO2eq: CO2 equivalent is a term for describing different greenhouse gases in a common unit. For any quantity and
type of greenhouse gas, CO2e signifies the amount of CO2 which would have the equivalent global warming impact.
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It has been estimated that if the greenhouse gasses maintained its current growth rate, Earth's
surface temperature could exceed historical values as early as 2047, associated with harmful effects
on ecosystems; biodiversity and the livelihoods of people worldwide (EBI).
The majority of climate scientists agree that there is a link between the increasing levels of carbon

climates. There are several environmental pollutants which cause climate change, but Carbone
dioxide (CO2) still the dominant gas of total GHG in the world and in 2010 was the highest in
history (IEA, 2011).The 2002 Johannesburg summit on sustainable development pointed out the
harmful impact of energy on environment despite its fundamental role as an engine of economic
development. It is considered the main responsible of pollutant emissions, particularly CO 2
emissions.
Anthropogenic carbon dioxide (CO2) emissions (i.e. emissions produced by human activities) come
from combustion of carbon-based

fuels,

principally coal, oil,

and natural

gas,

along

with

deforestation, soil erosion and animal agriculture.
Climate scientists have observed that carbon dioxide (CO 2) concentrations in the atmosphere have
been increasing significantly over the past century, compared to the pre-industrial era (about 280
ppm). The 2014 concentration of CO2 (397 ppm) was about 40% higher than in the mid- 1800s
(since the beginning of the Industrial Revolution), with an average growth of 2 ppm/year in the last
ten years (IEA, 2015).
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Figure 2-4Concentration of CO2, ppm(IEA, 2015)
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Looking at the global trends, according to data compiled from the online World Bank database, the
regions in the world show different trends of contribution to the world CO2 emissions. The trend
declined for Europe and Central Asia, while the opposite for MENA and East Asia & Pacific. It is
maintained roughly for the Sub Saharan Africa and Latin America & Caribbean. This finding is one
of the core reasons of selecting the MENA region to be investigated through this research.
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10%
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Figure 2-5 Percentage of CO2

2.3

Economy & Energy- Theory and Hypotheses

Many hypotheses were set up to define the directions of the causal relationship between energy
consumption and economic growth. The direction of causality guide policy makers to make the
most appropriate decisions on climate policy, while maintaining a sustainable trend of economic
growth.
The inputs or resources used in the production process are called factors of production . The inputs
are usually grouped into four categories as the standard economic theory of production stands:
labor, capital, land and entrepreneur. The production function does not consider the energy factor
itself as a separated factor of production and instead treats it as an intermediate input and ignored its
huge importance to the production process. This actually makes the field of empirical investigations
and studies on the relationship between energy and economic grow this one of the most attractive
areas in energy economics. This empirical field was opened by the initial work on causal
relationship between energy consumption and output by Kraft and Kraft (1978) the topic became
widely discussed in the global scientific literature. Although no single agreement about the
12

causation was found, the relationship between energy and economic growth (GDP) can be
categorized into four hypotheses, as follows:
1. The growth hypothesis: The growth hypothesis indicates that energy contributes towards
economic growth in the production process and complements the other production factors.
The increase in energy consumption causes an increase in GDP. The implication of such a
hypothesis is that policies aimed at energy conservation may potentially have a negative
impact on economic growth. It is also important to note that increase in energy consumption
may also have a negative impact on GDP. For example, it may occur when the economic
growth is shifting from energy intensive production towards less energy intensive
production (e.g service economy). The negative impact of energy consumption on GDP may
also be attributed to either excessive energy consumption in unproductive industries,
capacity constraints or an inefficient energy supply.

Energy Consumption

GDP

(Unidirectional)

2. The conservation hypothesis: The conservation hypothesis asserts that energy conservation
policies that are aimed at reducing CO2 emissions, efficiency improvement and waste
management do not necessarily reduce GDP. This type of hypothesis is supported if the
increase in GDP causes an increase in energy consumption. Although it is very unlikely (at
least theoretically) but an increase in GDP may also cause a decline in energy consumption.
According to Payne (2010), this can occur when growing economy constrained by political,
infrastructural, or mismanagement of resources generates inefficiencies and the reduction in
the demand for goods and services, including energy conservation hypothesis which
assumes unidirectional causality from economic growth to energy consumption is confirmed

GDP

Energy Consumption
(Unidirectional)

3. The feedback hypothesis: The feedback hypothesis implies the interdependent relationship
between GDP and energy consumption where each component may act as a complement to
each other. In the presence of such a relationship, increase (decrease) in energy consumption
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results in increase (decrease) in GDP and the other way round increase (decrease) in GDP
may result in increase (decrease) in energy consumption. Therefore, feedback hypothesis is
supported by the evidence of bidirectional causality between GDP and energy consumption.

Energy Consumption

GDP

(Bidirectional)

4. The neutrality hypothesis: The neutrality hypothesis considers energy consumption to be
relatively minor component of real GDP and thus energy consumption should have no

hypothesis, energy conservation policies may have little or no effect on GDP. The neutrality
hypothesis is supported if there is no evidence of causality between energy consumption and
real GDP.

Energy Consumption GDP
(No Causality)
The hypotheses mentioned above were derived mainly from testing the relationship between the
economic growth and energy consumption. While the studies examining the relationship between
economic growth and environmental pollution concentrated more on testing the validity of the socalled Environmental Kuznets Curve hypothesis (EKC).
2.4

Economy & Energy- Environmental Kuznets Curve

The environmental Kuznets curve (EKC) is a hypothesized relationship between various indicators
of environmental degradation and income per capita. In the early stages of economic growth
pollution increase therefore environment degradation occurs, at some rates level of income per
reached its maximum level- which will vary for different indicator. The trend reverses, so that at
high income levels economic growth leads to environmental improvement. This implies that the
environmental impact indicator is an inverted U-shaped function of income per capita. The
Environmental Kuznets Curve EKC was first discussed by Grossman and Krueger (1991) who
suggested that an inverted U shape relationship exists between the level of pollution and economic
growth. Starting from the low base, the pollutant per capita and income per capita increase together
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until a certain point of income is reached at which growth of the pollutant flattens and reverses .
The corollary is that economic growth in itself is the solution to the environmental degradation
(Taylor, 1993).

Figure 2-6Environmental Kuznets Curve (EKC)

If the EKC hypothesis were true, then rather than being a threat to the environment at the short run,
economic growth would be a way to eventual environmental improvement. This change in thinking
was already underway in the emerging idea of sustainable economic development promulgated by
the World Commission on Environment and Development (1987).
The EKC is an essentially empirical phenomenon, but most of the EKC literature is econometrically
weak (Stern, 2004). Most studies assume that, if the regression coefficients are nominally
individually or jointly significant and have the expected signs, and then an EKC relation exists.
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3

Literature review

The relationship between GDP and gas emissions, as well between GDP and energy consumption
has experienced an intensive research. However, findings always depend on the employed
econometric model, functional form and data span of study in terms of countries or time periods
under study. This makes different results and sometimes conflicting results, also the results seem to
be different on the direction of causality and long-term vs. short-term, which is by default
implicated in different energy policies. These empirical variations promoted the need of further
studies and paying more attention towards this field of studies.
It worth noting that there are several groups of studies targeted different aspects related to this topic
at the level of country or at the level of region of a group of countries with specific characteristics.
In this section, three directions of studies are presented, discussing the relationship between i)
economic growth and energy consumption, ii) economic growth and CO2 emissions and iii)
economic growth, CO2 emissions and energy consumption. Each direction of studies will be
discussed in details at the level of country and groups of countries or regions respectively. A wider
geographical areas, different econometric techniques and time periods are presented through a
collection of different studies.
3.1

Economic Growth and Energy Consumption

Firstly, we will start representing the literature review of this category of studies by presenting the
conclusion of the per country level studies. Then later the Panel data results will discussed.
It is a must to commence this view with the pioneering study done by Kraft and Kraft (1978); which
resulted later in the employment of Granger causality approach as a tool for studying the
relationship between energy consumption and economic growth in different countries. This paper
studied the causal relationship between energy and Gross National Product (GNP) in the United
States during the period 1947

1974. It found a unidirectional causality running from GNP to

energy that confirms the growth hypothesis. Therefore, the government could keep tracking energy
conservation policies without having any negative effects on economic growth. Other studies
concluded the same result, and contributed to confirm that that energy conservation policies will not
harm the economic growth in the USA, as (Chima & Freed, 2011), where also a macroeconomic
model based on Multiple Model Estimation to determine the relationship between energy
consumption and GDP in the United States for 1949

2003 time period, that model suggests that

the causation goes both ways: from energy to GDP, and from GDP to energy consumption .
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Turkey received a big share of this aspect of studies, and these studies tried to investigate the shortrun and long-run relationship and causality between energy consumption and economic growth.
Ozturk et al. (2013) confirmed that a unidirectional long-run causality goes from per capita GDP to
per capita energy consumption. This empirical result involves valuable information for policy
makers to define energy conservation procedures; where decreasing the energy consumption will
not adversely affect the economic growth. The researchers used data over 1960 -2006 period for
Turkey, and employed Johansen and Juselius co-integration method and vector error correction
model (VECM) was estimated and Granger causality tests were carried out accordingly. Same
conclusion also was found for period from 1980 to 2006 using asymmetric causality test. This study
indicated that coal consumption does not affect growth (Ocal, et al, 2013).
On the contrary, other studies said that energy consumption is a limiting factor to economic growth
in Turkey; shocks to energy supplies will adversely affect the economic growth and vice versa. Data
of Turkey over 1971-2006 was input to Granger causality test after finding co-integration among
variables. The results indicate that energy consumption and economic growth are co-integrated and
there is bidirectional causality running from energy consumption to economic growth and vice
versa; or in other words feedback hypothesis . This means that an increase in energy consumption
directly affects economic growth and that economic growth also stimulates further energy
consumption (Kaplan et al., 2011).
Findings of analyzing Jordan situation over the period 1980-2012 based on Granger-Causality test
defined a positive bidirectional relationship between energy consumption and economic growth
supporting a feedback hypothesis; this leads to decreasing the real GDP in case of conducting any
energy conservations programs. This paper stimulated the role of energy consumption in economic
growth; an Autoregressive Distributed Lag (ARDL) approach is used (Ajlouni,2015). In Tunisia,
also a bidirectional causal relationship in the long run between GDP and energy consumption was
found using the Johansen co-integration technique over the period 1974-2011. This study suggests
that policy makers should consider the negative impact on economy while establishing energy
conservations system in Tunisia (Saidi & Hammami, 2015).
Aqeel & Butt (2001) investigated the causal relationship between energy consumption and
economic growth in Pakistan. This confirmed that energy conservation policy regarding petroleum
consumption would not lead to any side-effects on economic growth in Pakistan. However, an
energy growth policy in the case of gas and electricity consumption should be adopted in such a
way that it stimulates growth in the economy and thus expands employment opportunities.
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The co-integration test results show that there is no co-integration between the electricity
consumption and the economic growth in (Iran, Morocco and Syria). Thus, causal relationship
cannot be estimated for these countries. However, the co-integration and causal relationship is
found in (Egypt, Israel, Oman and Saudi Arabia). The overall results indicate that there is no
relationship between the electricity consumption and the economic growth in most of the MENA
countries. Further evidence indicates that policies for energy conservation can have a little or no
impact on economic growth in most of the MENA countries. This came as a result of using
Autoregressive Distributed Lag (ARDL) bounds testing approach of co-integration and vector errorcorrection models(VECM) for 11 Middle East and North Africa (MENA) countries over 1971 to
2006(Oztur & Acaravci, 2011).
The relationship between energy use and GDP in the period 1971-2007 for Israel with a time-series
approach was investigated by Magazzino (2015), where a long-run relationship was revealed by
using the Gregory and Hansen co-integration test. This study confirms the conservation hypothesis
as the causality test was employed. As defined by the conservation hypothesis, the causality flow
runs from GDP to energy use. In addition, a one-unit increase in the GDP immediately produces a
0.18 unit increase in the energy use.
A short run and long run causality between economic growth and energy consumption were found
in Italy as a result of using time series analysis over the period 1970-2009. The short-run dynamics
of the variables show that the flow of causality runs from energy use to GDP, and there is a longrun bidirectional causal relationship (or feedback effect) between the two series. Therefore, energy
is a limiting factor to GDP growth in Italy and energy conservation policy should be formulated and
implemented wisely (Magazzino, 2015).
The causal relationships between energy consumption and income was analyzed for India,
Indonesia, the Philippines and Thailand, using co-integration and error-correction modelling
techniques over the period 1973-1995. The results indicate that, in the short-run, unidirectional
Granger causality runs from energy to income for India and Indonesia, while bidirectional Granger
causality runs from energy to income for Thailand and the Philippines. In the case of Thailand and
the Philippines, energy, income and prices are mutually causal. The study results do not support the
view that energy and income are neutral with respect to each other, with the exception of Indonesia
where neutrality is observed in the short-run (Asafu-Adjaye, 2000).
Now, some studies of investigating the interaction between economic growth and energy
consumption using panel data will be presented and discussed:
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The empirical result of the employment of Pedroni co-integration tests revealed no long-term
equilibrium relationship between electricity consumption per capita and real GDP per capita, over
the period of 1990-2006 for a panel of 15 transition countries6 (Albania, Belarus, Bulgaria, Czech
Republic, Estonia, Latvia, Lithuania, Macedonia, Moldova, Poland, Romania, Russian Federation,
Serbia, Slovak Republic and Ukraine). As per the econometric literatures; since no co-integration
was found, error correction mechanisms plus causality tests cannot be run for further steps in the
long-term to investigate the causality between electricity consumption and economic growth. This
paper concluded that the electricity consumption related policies including conservation policies
have no effect or relation on the level of real GDP in the long run for these countries (Acaravci &
Ozturk, 2010).
Ozturk et al. (2010) discussed the panel data of energy consumption and economic growth (GDP)
for 51 low and middle income countries from 1971 to 2005. These countries are classified into three
groups: low income group 7, lower middle income group8 and upper middle income9 group
countries. A Pedroni panel co-integration method was applied to investigate the co-integration
among the variables; findings showed that energy consumption and GDP are co-integrated for all
three income group countries. Then the panel causality analysis was carried out to define the
direction of causality between the energy consumption and economic growth; the empirical test
showed that there is long-run Granger causality running from GDP to EC for low income countries
and there is bidirectional causality between EC and GDP for middle income countries. Moreover,
the level of interaction was estimated whether strong or weak using the Pedroni Method; no strong
relation is found between energy consumption and economic growth for all income groups
considered in this study.
Costantini & Martini (2010) analyzed the causal relationship between economy and energy by
adopting a Vector Error Correction Model for non-stationary and co-integrated panel data with a
large sample (developed10 and developing countries11) using four distinct energy sectors. This
interesting study disaggregated the energy consumption of four energy sectors i)industry, ii)

6

A transition economy or transitional economy is an economy which is changing from a centrally planned economy to a
market economy. Transition economies undergo a set of structural transformations intended to develop market-based
institutions.
7
Low income country: is a country with GNP per capita less than or equals to $1,025 in 2015.
8
Lower middle income: is a country with GNP per capita between $1,026 and $ 4,035 in 2015.
9
Upper middle income: is a country with GNP per capita between $ 4,036 and $ 12,475 in 2015
10
A developed country, industrialized country, or "more economically developed country" (MEDC), is a sovereign state
that has a highly developed economy and advanced technological infrastructure relative to other less industrialized
nations.
11
A developing country, also called a less developed country or underdeveloped country, is a nation or sovereign
state with a less developed industrial base and a low Human Development Index (HDI) relative to other countries
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transportation, iii) services and iv) residential. The results show differences in the causality
direction in sub-samples of countries, and in the specific sector analysis.
The relationship among these variables was investigated in a 12 OPEC 12 member countries through
(Solarin & Ozturk, 2016) study. This study incorporated data over the period of 1980 2012 and
used the panel Granger causality test of Dumitrescu and Hurlin. The findings show the evidence of
feedback relation between natural gas consumption and economic growth in OPEC members as a
panel. However, diverse results are obtained when the member countries are individually examined.
The results provide evidence for growth hypothesis in Iraq, Kuwait, Libya, Nigeria and Saudi
Arabia, but conservation hypothesis in Algeria, Iran, United Arab Emirates and Venezuela. Further
evidence suggests the existence of neutrality hypothesis in Angola and Qatar; and feedback
hypothesis in Ecuador.
Ozturk (2010) has published a literature survey of the recent progress in the literature of energy
consumption economic growth and electricity consumption economic growth causality nexus. The
survey highlights that most empirical studies focus on either testing the role of energy in stimulating
economic growth or examining the direction of causality between these two variables.
As a conclusion, the literature has conflicting results and there is no consensus either on the
existence or the direction of causality between electricity consumption and economic growth. Thus,
the findings of this study have important policy implications and it shows that this issue still
deserves further attention in future research.
It is important to notice that results of Panel data are not necessarily to reflect same results per each
country. Policy and decisions makers should be careful when reading these results. Moreover, the
contradiction among several researches should take more attention and in-depth analysis to reach to
the best and most appropriate way to be used when any study is needed.
All above mentioned studies are summarized in the following table, including both the per country
and Panel studies:

12

OPEC is a union of oil producing countries that regulate the amount of oil each country is able to produce.
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Turkey (1960 -2006)

Turkey (1971-2006)

Jordan (1980-2012)

(Ozturk et al., 2013)

(Kaplan et al., 2011)

(Ajlouni,2015)

2015)

Tunisia(1974-2011)

USA (1949 2003)

(Chima & Freed, 2011)

(Saidi & Hammami,

USA (1947 1974)

Region/ Group

(Kraft and Kraft ,1978)

Study

technique

Johansen co-integration

ARDL approach

Granger causality test

and energy consumption.

a bidirectional causal relationship in the long run between GDP

consumption and economic growth.

a positive bidirectional relationship between energy

economic growth and vice versa

a bidirectional causality running from energy consumption to

per capita energy consumption.

integration
VECM

unidirectional long-run causality goes from per capita GDP to

consumption and GDP in the United States

Estimation to determine the relationship between energy

also a macroeconomic model based on Multiple Model

harm the economic growth in the USA

Confirmed that that energy conservation policies will not

a unidirectional causality running from GNP to energy

Findings

Johansen & Juselius co-

Causality analysis

Econometric Model

Thailand ( 1973-1995) techniques

correction modeling

Italy(1970-2009)

(Magazzino, 2015)

Philippines and

Israel (1971-2007)

(Magazzino ,2015)

VECM

co-integration and error-

(1971 2006)

2011)

ARDL

India, Indonesia, the

11 (MENA) countries

(Oztur & Acaravci,

(Asafu-Adjaye, 2000).

Pakistan

(Aqeel, & Butt ,2001)

Bidirectional causality runs from energy to income for

India and Indonesia in the short run.

Unidirectional causality runs from energy to income for

a long-run bidirectional causal relationship

short run

the flow of causality runs from energy use to GDP in the

0.18 unit increase in the energy use.

A one-unit increase in the GDP immediately produces a

The causality flow runs from GDP to energy use.

(Egypt, Israel, Oman and Saudi Arabia).

The co-integration and causal relationship is found in

the economic growth in (Iran, Morocco and Syria

no co-integration between the electricity consumption and

employment opportunities.

stimulates growth in the economy and thus expands

consumption should be adopted in such a way that it

An energy growth policy in the case of gas and electricity

on economic growth in Pakistan.

petroleum consumption would not lead to any side-effects

Confirmed that energy conservation policy regarding

a large sample of

(1971 2005)

income countries

(Solarin & Ozturk, 2016)

2010)

(1980 2012)

12 OPEC member

(1960- 2005)

developing countries

(Costantini & Costantini, developed and

(Ozturk et al. , 2010)

countries (1990-2006)

2010)

51 low and middle

panel of 15 transition

(Acaravci & Ozturk,

Dumitrescu and Hurlin test

VECM

Pedroni panel co-integration

Pedroni co-integration tests

Saudi Arabia.

Growth hypothesis in Iraq, Kuwait, Libya, Nigeria and

panel.

between natural gas consumption and economic growth as a

The findings show the evidence of feedback relation

multi-sector framework

affect the causality relations, particularly in a multivariate

The results show that alternative country samples hardly

sub-samples of countries, and in the specific sector analysis.

The results show differences in the causality direction in

economic growth for all income groups

no strong relation is found between energy consumption and

income countries.

Bidirectional causality between EC and GDP for middle

income countries

long-run Granger causality running from GDP to EC for low

countries

relation on the level of real GDP in the long run for these

policies including conservation policies have no effect or

This paper concluded that the electricity consumption related

In Indonesia, neutrality is observed in the short-run

Thailand and the Philippines in the short run..

(Ozturk ,2010)
variables.

or examining the direction of causality between these two

either testing the role of energy in stimulating economic growth

The survey highlights that most empirical studies focus on

Feedback hypothesis in Ecuador.

neutrality hypothesis in Angola and Qatar

Emirates and Venezuela.

Conservation hypothesis in Algeria, Iran, United Arab

3.2

Economic Growth and CO2 Emissions

The relationship between economic growth and CO 2 emissions took a sufficient attention from
researchers. Its main aim is to investigate the validity of EKC, but still the econometric models
built for this regard are very weak (Stern, 2004).
The first attempt to validate the EKC was done by Grossman & Krueger (1991) that estimated
EKCs for Sulphur Dioxide SO2 in Mexico, using the GEMS dataset as part of a study of the
potential environmental impacts of NAFTA. The turning point for SO2 was at around $4,000
5,000 while the concentration of suspended particles appeared to decline even at low income
levels. At income levels over $10,000
increasing levels of the SO 2 pollutants.
That study was followed by other studies for different countries and using different pollutants to
show the impact on GDP. The relationship was investigated for 113 countries over the period
1971 2004. The absolute terms of Energy had been taken as an indicator of overall
environmental pressure, the per capita term was not considered since the need is to see the
impact on environment. This shows poor evidence of ECK, the estimates cannot support an
energy-EKC hypothesis. For the world as a single unit, the relationship is positive monotone,
with a lower (though still positive) elasticity after 1989. Same was obtained at the country level
(Luzzati & Orsini, 2009).
Burke et al.( 2010) Confirmed the poor validity of the existence of EKC, through a paper
investigated the short-run effects of economic growth on carbon dioxide emissions from the
combustion of fossil fuels and the manufacture of cement for 189 countries over the period
1961 2010. There is no strong evidence that the emissions-income elasticity is larger during
individual years of economic expansion as compared to recession. Significant evidence of
asymmetry emerges when effects over longer periods are considered. It was found that economic
growth tends to increase emissions not only in the same year, but also in subsequent years.
The causality analysis was investigated in some studies. Based on Granger causality test
income CO2 emission causality was investigated by Dinda (2004),

the results indicate three

different types of causality relationship holding for different country groups. For the developed
country groups of North America and Western Europe (and also for Eastern Europe) the
causality is found to run from emission to income. For the country groups of Central and South
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America, Oceania and Japan causality from income to emission is obtained. Finally, for the
country groups of Asia and Africa the causality is found to be bi-directional.
Similarly to Dinda (2004), another studies tried to investigate the causality directions for both
income and pollutants. In Turkey, using the time series data for the period 1960-2005, results
indicate that there short relationship, where carbon emissions are determined by energy income.
In the case of long-run relationship, income is determined by carbon emissions. The empirical
results suggest that income is the most significant variable in explaining the carbon emissions in
Turkey (Halicioglu, 2009)
For more comprehensive understanding of the linkage between pollutants and income, it is
recommended to look at the paper of Stern (2004). This paper presents a critical history of the
environmental Kuznets curve (EKC). It is confirmed in that study that evidence shows that
developing countries are addressing environmental issues, sometimes adopting developed
country standards with a short time lag and sometimes performing better than some wealthy
countries, and that the EKC results have a very weak statistical foundation.
3.3

Economic Growth, Energy Consumption and CO2 Emissions

In Nigeria, the relationship between energy consumption, carbon dioxide (CO 2) emissions and
GDP were investigated. The ARDL autoregressive distributed lag approach for co-integration
test was employed. The empirical results reported that there is long run relationship energy
consumption, CO2 emissions and GDP. Both in the long run and short run, CO2 emissions has
been found to have a significant positive impact on GDP, meaning that an increase in CO 2
emissions facilitates GDP growth. On the other hand, energy consumption shows significant
negative impact on GDP in the short run. Therefore, it was suggested that renewable source of
energy such as solar and wind could be explored and considered as an alternative source of
energy since Nigeria is well endowed with solar energy. This implication will assist in reducing
CO2 emissions and at the same time sustaining long run growth in GDP (Chindo, et al, 2015)
Alkathalan et el. (2012) studied these variables in Saudi Arabia over 1980-2008 using the
ARDL and VECM test techniques on economic growth, CO 2 emissions, energy consumption and
the employment ratio to establish the long run and short run relationships between these
variables in Saudi Arabia. Findings indicate that there are long run and short run relationships
among the variables in the applied model. The estimated elasticity coefficients of CO 2 emissions,
energy consumption, and employment ratio have positive and significant impacts on GDP in the
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long run. The results for direction of causality indicate that neither carbon emissions per capita
nor energy consumption per capita cause the GDP per capita, but employment ratio causes GDP
per capita in the short run. Thus, it can be concluded that energy conservation policies and
controlling carbon dioxide emissions, are likely to have no adverse effect on economic growth in
Saudi Arabia in the short run. However, the long run income elasticity of carbon emissions is
greater than the short run income elasticity of carbon emissions, which implies that in the long
run income leads to greater carbon dioxide emissions in the country.
Same econometric technique was employed by Acaravci & Ozturk (2010) of co-integration for
nineteen European countries. The bounds F-test for co-integration test yields evidence of a longrun relationship between carbon emissions per capita, energy consumption per capita, real gross
domestic product (GDP) per capita and the square of per capita real GDP only for Denmark,
Germany, Greece, Iceland, Italy, Portugal and Switzerland. The cumulative sum and cumulative
sum of squares tests also show that the estimated parameters are stable for the sample period. We
found a positive long-run elasticity estimate of emissions with respect to energy consumption at
1% significant level in Denmark, Germany, Greece, Italy and Portugal. Positive long-run
elasticity estimates of carbon emissions with respect to real GDP and the negative long-run
elasticity estimates of carbon emissions with respect to the square of per capita real GDP at 1%
significance level in Denmark and 5% significant level in Italy are also found. These results
support that the validity of environmental Kuznets curve (EKC) hypothesis in Denmark and
Italy. This study also explores causal relationship between the variables by using error-correction
based Granger causality models.
Shahateet (2014) examines the relationship between energy consumption and real economic
growth in 17 Arab countries. The Auto Regressive Distributed Lag (ARDL) model was
employed to determine this econometric relationship using data during 1980-2011. Firstly, unit
root was tested and co-integration was examined, it identifies causality between energy
consumption and real economic growth. The analysis allowed for the verification of the four
hypotheses that have been discussed in economic literature: Neutrality, Conservation, Growth,
and Feedback hypotheses. Empirical findings support neutrality hypothesis in 16 out of 17 Arab
countries (Algeria, Bahrain, Egypt, Iraq, Jordan, Lebanon, Libya, Morocco, Oman, Qatar, Saudi
Arabia, Sudan, Syria, Tunisia, United Arab Emirates and Yemen). Only Kuwait showed a
conservation theory, where the direction of causality from GDP to EC. These findings, of no
causality from economic growth to energy consumption and the other way round, imply that
energy conservation will not have a significant impact on economic growth and economic
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growth will have insignificant effect on changes in energy consumption. They also suggest
including other more important variables in the determination of economic growth, such as labor
and capital.
Using annual data for the years 1960 2013, Magazzino (2016) tested the relationship among real
GDP, CO2 emissions, and energy use in the six Gulf Cooperation Council (GCC) countries. As
per the literature, stationarity, structural breaks, and co-integration tests have been conducted.
Co-integration tests reveal the existence of a clear long-run relationship only for Oman. Granger
causality analysis shows that for three GCC countries (Kuwait, Oman, and Qatar) the
real GDP.
Moreover, only for Saudi Arabia a clear long-run relation has not been discovered. Finally, the
results of the variance decompositions and impulse response functions broadly confirm our
previous empirical findings. Our results significantly reject the assumption that energy is neutral
for growth. Needless to say, since the causality results are different for the six GCC countries,
unified energy policies would not be the good recipe for the whole area.
The causal relationship was investigated

between renewable energy consumption, gross

domestic product (GDP) and carbon dioxide (CO2) emissions in Denmark using annual data from
1972-2012. The causal relationship between variables is examined using Granger causality test
in VAR framework. Results of unit root tests show that all variables are non-stationary in their
level form and stationary in first difference form. Co-integration analysis following Johansen
(1992) approach shows that there is no evidence of co-integration among the test variables. The
empirical results from Granger causality Toda- Yomamoto test and Granger causality test using
first differences strongly supports a unidirectional causality coming from renewable energy
consumption to CO2 emissions. The results of this study also indicate that there is no statistically
significant causality between the economic growth and renewable energy consumption, which
supports the neutrality hypothesis and implies that energy conservation policies should not have
a significant impact on economic growth. The empirical results also reveal that there is no
causality between economic growth and CO 2 emissions. This may be due to the fact that
Denmark has one of the lowest energy intensities in the world, which allows achieving one unit
of GDP with a minimum input of energy and minimum CO2 emissions (Kulionis, 2013).
Another study examines the relationship between CO2 emissions, energy consumption and
economic growth in another European country (Italy) over the period 1970-2006. Results of unit
root tests show that all variables are non-stationary in their level form, but stationary in first
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differences form. The causal relationship between variables is examined using causality test in a
vector autoregressive framework. Our empirical results show that CO2 emissions, energy
consumption and economic growth are not co-integrated. Moreover, the Toda and Yamamoto
Granger non-causality test shows bidirectional causality between CO2 emissions and economic
growth, as well as between CO2 emissions and energy consumption. Forecast error variance
decompositions evidence the errors in real per capita GDP are mainly due to uncertainty in GDP
itself, while the errors in predicting the energy consumption and the CO2 emissions are sensitive
to disturbances in the other two equations (Magazzino, 2016)
The relationship between economic growth, economic consumption and CO 2 emissions, per
group of countries level did not pronounce a wide or intensive area for research. Some
researchers im[lamented some studies in this regard, as follows.
Saidi & Hammami (2015) discussed the relationship among economic growth, CO2 emissions
and energy consumption for a global panel of 58 countries (Europe and North Asia, Latin
America and Caribbean, and Sub- Saharan, North African and Middle East) using dynamic panel
data model estimated by means of the Generalized Method of Moments (GMM) for the period
1990 2012. The empirical evidence indicates significant positive impact of CO2 emissions on
energy consumption for four global panels as 1% increase in CO2 emissions is expected to raise
energy consumption by 0.136%. Economic growth has a positive impact on energy consumption
and statistically significant as 1% increase in the growth rate of the GDP per capita increases
energy consumption by 0.445% for sample countries.
Arouri et al (2012) implemented bootstrap panel unit root tests and co-integration techniques to
investigate the relationship between CO2, energy consumption, and real GDP for 12 Middle East
and North African Countries (MENA) over the period 1981 2005. Results show that in the longrun energy consumption has a positive significant impact on CO2 emissions. More interestingly,
it was found that real GDP exhibits a quadratic relationship with CO 2 emissions for the region as
a whole. However, although the estimated long-run coefficients of income and its square satisfy
the EKC hypothesis in most studied countries, the turning points are very low in some cases and
very high in other cases, hence providing poor evidence in support of the EKC hypothesis.
Findings suggest that not all MENA countries need to sacrifice economic growth to decrease
their emission levels as they may achieve CO 2 emissions reduction via energy conservation
without negative long-run effects on economic growth.

29

Another study clustered 93 country into 7 groups over 1960-2008 and the empirical results show
the long-run relationship does not exist for any clusters and the nature of stationary is different
ita CO2 emissions depends
positively on the growth rate of per capita GDP and negatively on the growth rate of energy mix
(Stolyarova, 2009).
The paper of (Farhani & Rejeb,2012)analyzed the causality between energy consumption ,
economic growth and CO2 emissions. It applied the panel unit root tests, panel co-integration
methods and panel causality test to investigate the relationship between EC, GDP and CO 2
emissions for 15 MENA countries covering the annual period 1973-2008. The finding of this
study reveals that there is no causal link between GDP and EC; and between CO 2 emissions and
EC in the short run. However, in the long run, there is a unidirectional causality running from
GDP and CO2 emissions to EC.
Another 11 Middle East and North African (MENA) countries over the period 1980-2009 were
reviewed and it was found that more energy use, higher GDP and greater trade openness tend to
cause more CO2 emissions. Also, the empirical results appear to be relevant in light of the
Environmental Kuznets Curve (EKC) literature based on the co-integrated and causal
relationship. The Panel Pedroni test was applied besides employing the FMOLS technique
(Farhani el et, 2013).
Many econometric techniques were employed to investigate the relationship between CO 2
emissions, economic growth, electricity consumption and financial development in the Gulf
Cooperation Council (GCC) countries by using panel data for the period of 1980-2012. Granger
causality results reveal that there is a bidirectional causal link between economic growth and
CO2 emissions and a unidirectional causal link running from electricity consumption to CO2
emissions. However, there is no causal link between financial development and CO2 emissions.
A number of econometric techniques: dynamic ordinary least squares (DOLS), fully modified
ordinary least squares (FMOLS) and the dynamic fixed effect model (DFE) are applied in order
to estimate the long-run relationship between the variables. No significant short-run significant
relationship was observed. Electricity consumption and economic growth have a positive long
run relationship with (CO2) emissions whilst a negative and significant relationship was found
between CO2 emissions and financial development. The findings imply that electricity
consumption and economic growth stimulate CO2 emissions in GCC countries while financial
development reduces it (Salahuddin & Ozturk,2013)
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African countries received part of these studies where Asongu el et (2015) examined the nexus
between energy consumption (EC), CO2 emissions (CE) and economic growth (GDP) in 24 African
countries using a panel ARDL approach. A long run relationship between EC, CE and GDP was
found and a long-run causality running from GDP and CE to EC. Causality from EC to GDP is not
strong, which supports the conservative hypothesis.

To conclude this presentation, the debate among researchers is existing. The topic is very
sensitive since important policies and strategies are built on the results. So it is very important to
consider the different characteristics of the different data sets when dealing with issue.
The following table summarizes all these studies:
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4.1

Quantitative Data

Employed Variables

To study the causal relationship between economic growth energy consumption, and the
relationship between economic growth and CO2 emissions we propose to pass firstly by the
identification of the data and the descriptive statistics and secondly by the application of the
econometric techniques. The data used in this the study are taken from the World Development
Indicator (World Bank Indicator), to capture the relationship among the following variables.
1. The Energy consumption: it refers to the use of primary energy before transformation to
other end-use fuels, which is equal to indigenous production plus imports and stock
changes, minus exports and fuels supplied to ships and aircraft engaged in international
transport. This variable is measured in kg of oil equivalent per capita (World Bank
Definition).
2. CO2 emissions: Carbon dioxide emissions are those stemming from the burning of fossil
fuels and the manufacture of cement. They include carbon dioxide produced during
consumption of solid, liquid, and gas fuels and gas flaring. It is measured in metric tons
per capita.
3. Economic growth: Its proxy is gross domestic product divided by midyear population,
or the GDP per capita. GDP is the sum of gross value added by all resident producers in
the economy plus any product taxes and minus any subsidies not included in the value of
the products. It is calculated without making deductions for depreciation of fabricated
assets or for depletion and degradation of natural resources. Data are in constant 2005
U.S. dollars.
4.2

Data Structure

This study analyses the linkage among the above mentioned three variables, considering two
types of data, as follows:
1. Panel Data: five different panels are built in this study to reflect the different
characteristic of the MENA countries. These panels are based mainly on the income
level classification (see data description section 4.3).
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This research employs annual data covering the MENA region beside another four different sub
regions with different characteristics. The particular period varies per each panel from 1971 to
2011, was chosen simply because the required data was not available for earlier periods. The use
of quarterly data could have allowed a more sophisticated analysis, however such statistics are
not available for some variables. In order to account for changes in variables attributable to
changes in population structure (e.g. population growth) all variables were obtained in per capita
basis.
The following panels were built and incorporated within this study:
I.

MENA Countries: This panel employs data of the 18 countries of MENA
Region with available data.

II.

Gulf Cooperation Countries (GCC): This panel employs data of the six
countries of GCC (Bahrain, Kuwait, Oman, Qatar, Saudi Arabia and United
Arab Emirates).

III.

High Income Countries: This panel employs data of the seven high income
countries in MENA Region (Bahrain, Israel, Kuwait, Oman, Qatar, Saudi Arabia
and United Arab Emirates).

IV.

Upper Middle Income Countries: This panel employs data of the seven
countries in MENA Region characterized by being upper middle income
countries (Algeria, Iran Islamic Republic, Iraq, Jordan, Lebanon, Libya and
Tunisia).

V.

Lower Middle Income Countries: This panel employs data of the seven
countries in MENA Region characterized by being upper middle income
countries (Egypt Arab Republic, Morocco, Syrian Arab Republic and Yemen
Republic).

2. Time Series Data: Where almost all MENA countries are analyzed (18 country). Only
data of two countries are not available Palestine (West Bank & Gaza Strip) and Djibouti.
The following table illustrates these divisions according to each panel with its respective
countries:
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Table 4-1Structure of Data

High income
upper middle income

lower
middle
income

GCC

Panel

4.3

country
UAE
Bahrain
Israel13
Kuwait
Oman
Qatar
Saudi Arabia
Egypt
Morocco
Syria
Yemen
Algeria
Iran
Iraq
Jordan
Lebanon
Libya
Tunis
WB & GS 14
Djibouti

From
1975
1980
1971
1971
1971
1980
1971
1971
1971
1971
1990
1971
1971
1971
1975
1988
1999
1971

To
2011
2011
2011
2011
2011
2011
2011
2011
2011
2011
2011
2011
2011
2011
2011
2011
2011
2011

data not available

Data Description

Within this section, the descriptive analysis for the three employed variables will be presented.
Prior to that description, there will be a general view of the MENA region in terms of its
geographical, political and socio economic situations.
4.3.1

MENA Region View

Definition:
researchers that fully capture the key historical and cultural points; and this is sometimes an
obstacle will be faced when discussing any concern related to that region.

13

In 1947, the United Nations adopted a Partition Plan for Mandatory Palestine recommending the creation of
independent Arab and Jewish states and an internationalized Jerusalem. The plan was accepted by the Jewish
Agency for Palestine, and rejected by Arab leaders. Next year, the Jewish Agency declared "the establishment of
a Jewish state in Eretz Israel, to be known as the State of Israel
14

Unfortunately, data for Energy Consumption for West Bank & Gaza was not available for the three variables
therefore it was excluded
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Figure 4-1 MENA Region Map as defined by the World Bank

The World Bank defines the MENA region as 20 country, this includes: 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.
Many other international institutions define MENA as extending from Morocco to Turkey along
the southern and eastern shores of the Mediterranean and as far east as Iran and south to the
Sudan, Saudi Arabia and Yemen. Since 2011, eight countries out of the twelve OPEC members
are included within the MENA region, according to World Bank records.
Security Situation: The region faced frequent militant operations starting from the ArabicIsraeli conflict in 1948, passing by scattered wars as the Iraq-Iran war, the Gulf war and finally
what is called Arabic Spring. This last event resulted in the occurrence of baggiest refugee crises
in the history, where millions of Syrian left their homes and considered refugees or internallydisplaced. What is ongoing in Yemen now is a new dilemma; the civil wars are famous theme of
this region. Moreover, the chronic conflict in Palestine will keep the region un-stable until
implementing a just solution.
Main Demographic, Socio-Economic Indicators: The MENA region population was
357.3 million in 2014 that approximately constitutes 5% of the world's population (7.3
billion)15.The fertility rate16 in 2014 was 2.8 per cent, this shows a decrease of more than 58 per

15

This includes all residents regardless of legal status or citizenship--except for refugees not permanently settled in
the country of asylum, which is generally considered part of the population of their country of origin(World Bank
definition).
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cent in the last five decades, this was almost 7 per cent in 1964(WDI) . The entire rate reflects
varying values for the MENA countries. But in general, the empowerment of women is the main
reason behind this decline.
The unemployment rate for the region is 11 per cent by the end of 2013; similar to the fertility
rate- it hides diverging trends of the included countries. But one main contributor to this regional
rate is the youth unemployment rate. This resulted in seeing more immigration rates among
youth, beside the security situation and the non- freedom of speech.
The GDP per capita did not report a significant increase for the entire region; it is showing a
volatile trend; again this is associated with some structural breaks resulted from oil prices of
security disturbance.
The following table compiles all recent related data in terms of the above mentioned indicators
during the year 2015:
Table 4-2 socio-economic indicators in 2015

Country
Algeria
Bahrain
Djibouti
Egypt, Arab Rep.
Iran, Islamic Rep.
Iraq
Israel
Jordan
Kuwait
Lebanon
Libya
Malta
Morocco
Oman
Qatar
Saudi Arabia
Syria
Tunisia
UAE
West Bank & Gaza
Yemen, Rep.
16

population fertility rate
39,666,519
2.86%
1,377,237
2.06%
887,861
3.20%
91,508,084
3.34%
79,109,272
1.71%
36,423,395
4.57%
8,380,400
3.08%
7,594,547
3.42%
3,892,115
2.11%
5,850,743
1.71%
6,278,438
2.47%
431,333
1.38%
34,377,511
2.52%
4,490,541
2.77%
2,235,355
2.03%
31,540,372
2.77%
18,502,413
2.95%
11,107,800
2.20%
9,156,963
1.78%
4,422,143
4.18%
26,832,215
4.16%

unemployment
rate
3.60%
3.90%
0.00%
9.50%
13.20%
12.80%
16.40%
6.10%
11.10%
3.00%
6.40%
19.20%
10.20%
5.90%
7.20%
26.20%
0.30%
5.60%
10.80%
13.30%
17.40%

GDP pc
growth
2.96%
1.72%
5.10%
1.98%
2.00%
0.00%
-0.23%
0.49%
-0.02%
-1.79%
-2.83%
0.00%
3.11%
5.18%
-0.33%
9.15%
0.62%
1.34%
0.00%
-0.02%
-29.83%

Total fertility rate represents the number of children that would be born to a woman if she were to live to the end
of her childbearing years and bear children in accordance with age-specific fertility rates of the specified year.
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Natural Resources: in average, 57 per cent of the world's oil reserves and a 41 per cent of the
world's natural gas reserves are exited in The MENA region (IKE, WDI, 2011). However, as all
other indicators, diverge path is existing between countries as some are main oil-exporting
countries and others have no oil. Due to the region's substantial petroleum and natural gas
reserves, MENA is an important source of global economic stability.
Each country has its own natural resources, which can be similar to others or extremely different.
Majority of the countries in MENA produce and export oil and natural gas. Collectively, these
countries have a wealth of natural resources. Strategically, MENA Region is very important as it
produces the majority of the wor
and indirect effects all over the world. Here is the main natural resource associated with famous
countries within the region:
Natural gas reserves

Bahrain, Iran, Israel, Oman, Qatar, United Arab Emirates and
Yemen have gas reserves.

Oil reserves

Saudi Arabia has the second largest oil reserves in the world.

Copper reserves
Minerals

Syria not only has oil reserves, but it also has minerals such as
marble, natural crude asphalt, silica, gypsum, cement, salt and
steel. Iran has both petroleum and natural gas. It also has minerals
such as bauxite, iron ore, zinc, lead and coal, gold, silver, tin,
aluminum and manganese. Iran also mines gemstones such as
turquoise, agate, amber and lazuli. Israel mines diamonds, while
Jordan is rich in potash and phosphates. Among other natural
resources found in Jordan include oil shale resources, unrefined
salt, gypsum, copper and manganese ore.

Classification of MENA countries: According to World Bank classifications, there are three
different categories of countries. The categorization depends mainly on income level using the
Atlas Methodology17, as follows:

17

The Atlas method is a method used by the World Bank to estimate the size of economies in terms of gross national
income (GNI) in U.S. dollars.
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1.

High-income economies are defined by the World Bank as a country with a gross
national income per capita above US$12,475 in 2015. While the term "high-income" is
often used interchangeably with "First World" and "developed country", the
technical definitions of these terms differ. Countries within this category are: Bahrain,
Israel, Kuwait, Oman, Qatar, Saudi Arabia and United Arab Emirates

2. Upper middle-income economies are those countries with a gross national income per
capita GNI per capita between $4,036 and $12,475 in 2015. Countries within this
category are: Algeria, Iran, Iraq, Jordan, Lebanon, Libya and Tunis Lower middleincome economies are those countries with a gross national income per capita GNI per
capita between $1,026 and $4,035. Countries within this category are: Egypt, Djibouti,
Morocco, Palestine, Syria and Yemen.
In general, low-income economies are defined as those with a GNI per capita$1,025 or less
in 2015. According to that, none of MENA countries are considered low income economy.
4.3.2

Data of High Income Countries

The following graphs present the three variables, energy use, CO 2 emissions and GDP in high
income MENA countries during 1971-2011. The first graph shows the Energy Use, some
countries as Israel, Oman, Saudi Arabia and Bahrain and recorded a stable increase- though the
trend of both Saudi Arabia and Bahrain decreased in the recent years. Qatar reported the highest
level of Energy Use, but the trend change was not stable. The gap of data of Kuwait is due to
non-availability of data due to Gold war.
25000
20000
15000
10000
5000
0

United Arab Emirates

Bahrain

Israel

Kuwait

Oman

Qatar

Figure 4-2Energy use (kg of oil equivalent per capita) of High Income countries
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Saudi Arabia

The second graphs, shows the CO2 Emissions, the trends of all countries are similar to the trends
of Energy Use. The CO2 emissions in these countries recorded a growth during the studied
period, a growth justified by the increased requirements in energy by these countries.
100
90
80
70
60
50
40
30
20
10
0

United Arab Emirates

Bahrain

Israel

Kuwait

Oman

Qatar

Saudi Arabia

Figure 4-3 CO2 emissions (metric tons per capita) of High Income Countries

It worth noting that, all countries in this group, except Israel are existed in the list of top ten CO 2
emissions per capita in the year 2011, according the World Bank online data base. This means all
Gulf Cooperation Countries are considered as among top-list contributors to the global CO2
emissions. This has resulted from oil-exporting activity, where the MENA region is considered
the largest oil-exporting actor in the world, mainly due to GCC exports.
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Figure 4-4 CO2 emissions of top ten Worldwide Countries
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The GDP per capita is represented by the following two graphs. The GDP per capita of UAE
decreased dramatically starting from the year 1980 due to lower oil revenues and the Iran-Iraq
War (1980-88).
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Figure 4-5 GDP per capita (constant 2005 US$) of High Income Countries

4.3.3

Data of Upper Middle Income Countries

The following graphs present the three variables, energy use, CO 2 emissions and GDP in upper
middle income MENA countries during 1971-2011. The first graph shows the Energy Use, some
countries as Jordan, Tunisia and Algeria recorded a stable increase. While others as Iran showed
an extreme increase of the energy use starting from 1990, this seems to be a result of ending the
Iraq-Iran war in the year 1989. Libya recorded the highest level of using energy, but this faced a
sudden huge decrease in 2011 as a result of the political instability that affected oil industry, it is
well known that Libya's economy is dominated by the oil sector.
The instable security situation and the political disturbances are very clear when looking at the
trend of Energy Consumption in Iraq.
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Figure 4-6 Energy use (kg of oil equivalent per capita) of Middle Upper Countries

Similar trends are shown for the CO2 emissions, which mean these emissions are driven only by
the energy use in these countries.
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Figure 4-7 CO2 emissions (metric tons per capita) of Upper Middle Income Countries

Data of GDP per capita is not available for many countries, but for those available data trends
are not totally driven by any of the above mentioned indicators, which make a justification of
conducting such research to say the dynamics correlation among these variables.
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Figure 4-8 GDP per capita (constant 2005 US$) of High Income Countries

4.3.4

Data of Lower Middle Income Countries

This group of countries reported a stable increase in Energy use; this means all countries in this
group are following a developing industrial path. Data of Djibouti and Palestine (West Bank &
Gaza) are not available at all. The trend of Syria shows a decline from 2010, as a result of the
civil war there.
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Figure 4-9 Energy use (kg of oil equivalent per capita) of Lower Income countries

Similarly to Energy Use, CO2 emissions are following same trend but with volatile change for
Syria though it remained the country with highest level.
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Figure 4-10 CO2 emissions (metric tons per capita) of Lower Middle Income Countries

GDP per capita is not available for Yemen before 1990, Morocco reported the highest value
among this group though its Energy use is not the highest- again this why the study is conducted
to examine the causality among these variables.
3,000
2,500
2,000
1,500
1,000
500
0

Egypt, Arab Rep.

Morocco

Syrian Arab Republic

Yemen, Rep.

Figure 4-11 GDP per capita (constant 2005 US$) of Lower Middle Income Countries

4.3.5

Statistical Characteristics of MENA sub-regions and countries

Looking at data in terms of skewness, it shows a normal distribution for all variable at regions
and per country level. Some statistical characteristics are presented in terms of mean, maximum,
minimum and skewness values. The following table concludes some statistical characteristics of
data employed in this study.
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5

Empirical Results

The STATA software is incorporated to obtain the results based on reviewing the Econometric
literature and the models employed within the previous studies. The appropriate techniques and
models are explained in this chapter under different and consequent sections starting with Panel
data tools, and then this is followed by relevant Time Series tools. To simplify the steps of
analysis in this chapter, which is rich with modern econometric techniques, the following chart
was established based on the understanding of these econometric tools.

Testing for stationary

non-stationary data

stationary test

no need to proceed with
further tests

Testing for cointegration

no co-integration

data is cointegrated

Go for
causality
analysis
Figure 5-1 Process of Econometric Analysis

This process is applicable for both panel and time series to investigate the causality in terms of
long-run directions among the three variables, but with different tests according to econometric
techniques. This process is illustrated more in details in the next sections.
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5.1

Unit Root Test

Some data in terms of Panel or time series suffer from the spurious regression, this problem
could be due to having in-stable time-series variables.
A unit root test tests whether a time series or Panel is non-stationary and possesses a unit root.
The null hypothesis is generally defined as the presence of a unit root and the alternative
hypothesis is stationarity. The application of this rest became a common practice in majority of
studies and it is considered now an integral part of econometrics, but still testing this for Panel
data is a recent pattern.

Criteria:
is significant at 1% for
variable at level.
If Not, apply first
differance

Test for Panel and Time
Series:
Unit Root Test- ADF

Ho:
data is non- stationary

Ha:
data is stationary

In this study, Augmented Dicky Fuller ADF test was employed. Where, the main criterion is to
accept the significance at 1%. This tool was developed firstly Fuller (1979) in the famous paper
of introducing this econometric tool.
Firstly, the test is applied at the region level; therefore we are taking about Panel Unit Root
Test. All Panel data employed in this study showed no unit root concern or in other words all
data series are stationary at zero level or at first difference- that anyway follows the econometric
literature. The null hypothesis (Ho) all panels contain unit roots, and the alternative hypothesis
(Ha) at least one panel is stationary. Significances of these tests were examined at 1% (Arellano,
2003).
Table 5-1 Fisher-type unit-root test - Based on augmented Dickey-Fuller tests (ADF)- MENA Panel
ZeroLevel

co2
statis.

EC

p-value

statis.

RGDPpc

p-value

statis.

p-value

square RGDPpc
statis.

p-value

Inverse chi-squared(34)

P

70.42

0.00

29.20

0.70

30.85

0.62

43.83

0.12

Inverse normal

Z

-2.01

0.02

1.24

0.89

3.05

1.00

2.64

1.00

Inverse logit t(89)

L*

-2.32

0.01

1.32

0.90

3.28

1.00

2.49

0.99

Modified inv. chi-squared

Pm

4.42

0.00

-0.58

0.72

-0.38

0.65

1.19

0.12
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D.co2*

First Difference

statis.

D.EC*

p-value

statis.

D.RGDPpc*

p-value

statis.

D.square RGDPpc*

p-value

statis.

p-value

Inverse chi-squared(34)

P

585.0

0.00

458.3

0.00

268.7

0.00

224.71

0.00

Inverse normal

Z

-21.1

0.00

-18.14

0.00

-11.30

0.00

-10.01

0.00

Inverse logit t(89)

L*

-39.2

0.00

-30.69

0.00

-17.49

0.00

-14.54

0.00

Modified inv. chi-squared
Significant at 1%

Pm

66.82

0.00

51.46

0.00

28.47

0.00

23.13

0.00

Table 5-2 Fisher-type unit-root test - Based on augmented Dickey-Fuller tests (ADF)- High Income Panel
Zero Level

co2

EC

RGDPpc

statis.

p-value

statis.

pvalue

Inverse chi-squared(34)

P

12.9

0.526

7.956

0.891

Inverse normal

Z

0.14

0.557

1.604

Inverse logit t(89)

L*

0.26

0.603

1.702

Modified inv. chi-squared

Pm

-0.18

0.575

-1.14

D.co2*

First Difference

p-value

statis.

p-value

statis.

p-value

25.002

0.0345

39.216

0.0003

0.945

-0.692

0.2445

-1.2457

0.1064

0.951

-0.9193

0.1818

-2.0967

0.0213

0.873

2.0792

0.0188

4.7654

0

D.EC*

statis.

statis.

square RGDPpc

D.RGDPpc*

pvalue

statis.

D.square RGDPpc*

p-value

statis.

p-value

Inverse chi-squared(34)

P

210

0

199.3

0

82.2977

0

75.448

0

Inverse normal

Z

-12

0

-12.5

0

-6.642

0

-6.2097

0

Inverse logit t(89)

L*

-227

0

-21.0

0

-8.5824

0

-7.8384

0

Modified inv. chi-squared
Significant at 1%

Pm

37.0

0

35.02

0

12.9071

0

11.6126

0

Table 5-3 Fisher-type unit-root test - Based on augmented Dickey-Fuller tests (ADF) - Upper Middle Income
Panel
Zero Level

co2
statis.

EC

p-value

statis.

RGDPpc

p-value

statis.

p-value

square RGDPpc
statis.

p-value

Inverse chi-squared(34)

P

30.27

0.01

15.01

0.38

4.26

0.99

3.12

1.00

Inverse normal

Z

-1.62

0.05

0.30

0.62

3.73

1.00

4.54

1.00

Inverse logit t(89)

L*

-1.71

0.05

0.35

0.63

4.11

1.00

5.16

1.00

Modified inv. chi-squared

Pm

3.07

0.00

0.19

0.42

-1.84

0.97

-2.06

0.98

D.co2*

First Difference

statis.

D.EC*

p-value

statis.

D.RGDPpc*

p-value

statis.

p-value

D.square RGDPpc*
statis.

p-value

Inverse chi-squared(34)

P

234.2

0.00

203.3

0.00

151.6

0.00

119.57

0.00

Inverse normal

Z

-12.7

0.00

-11.52

0.00

-8.93

0.00

-7.73

0.00

Inverse logit t(89)

L*

-24.5

0.00

-21.26

0.00

-15.69

0.00

-12.36

0.00

Modified inv. chi-squared
Significant at 1%

Pm

41.62

0.00

35.77

0.00

26.02

0.00

19.95

0.00

Table 5-4 Fisher-type unit-root test - Based on augmented Dickey-Fuller tests (ADF) - Lower Middle Income
Panel
Zero Level

co2
statis.

Inverse chi-squared(34)

P

27.16

EC

p-value

0.00

statis.

6.23
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RGDPpc

p-value

0.40

statis.

1.59

p-value

0.95

square RGDPpc
statis.

1.49

p-value

0.96

Inverse normal

Z

-2.52

0.01

0.05

0.52

2.61

1.00

1.32

0.91

Inverse logit t(89)

L*

-3.42

0.00

0.03

0.51

3.04

1.00

1.41

0.91

Modified inv. chi-squared

Pm

6.11

0.00

0.07

0.47

-1.27

0.90

-1.30

0.90

D.co2*

First Difference

statis.

D.EC*

p-value

statis.

D.RGDPpc*

p-value

statis.

p-value

D.square RGDPpc*
statis.

p-value

Inverse chi-squared(34)

P

140.8

0.00

55.68

0.00

34.79

0.00

29.69

0.00

Inverse normal

Z

-11.1

0.00

-6.45

0.00

-3.10

0.00

-2.54

0.01

Inverse logit t(89)

L*

-23.0

0.00

-9.12

0.00

-4.95

0.00

-4.08

0.00

Modified inv. chi-squared
Significant at 1%

Pm

38.92

0.00

14.34

0.00

8.31

0.00

6.84

0.00

Now, as second step, the time series will be examined if have any non-stationary time series
among the 18 employed time series. The Dickey-Fuller (DF) Test is applies and the results
seem there are no nonof the three employed variables. Since the results are very long, details are not presented here but
as an Annex.
5.2

Co-integration Analysis

Two series are said to be co-integrated when there is a linear combination of the two series that
is stationary (this resulted from the unit root test), this will happen, when y and x share a
common trend. It means there is a stable economic relationship between these co-integrated
variables in the long term, and therefore maintains same movement towards each other.
Two different tests were incorporated in this study to investigate the co-integration of the
different data sets as follows:

Criteria:
is significant at 1% for
variable at level.

Ho:
No co-integration

Test for Panel Data:
Panel Pedroni Test
Ha:
data is co-integrated
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1. The Pedroni test is employed in this study, it investigates whether there is co-integration
or not among the variables in Panel data sets, but does not provide an estimate for the
long run. This test is very recent one, it is conducted via STATA software, seven test
statistics under a null of no co-integration. These test statistics are panel-v, panel-rho,
group-rho, panel-t (non-parametric), group-t (non-parametric), panel-adf (parametric t),
and group-adf (parametric t). (Pedroni, 1999)
The results of Panel Pedroni Test are:
MENA Panel of 18 countries and the Panel of lower Middle income countries have
insufficient observations to conduct this test
All other panels (Upper middle, High Income and GCC) Panel showed co-integrated
variables.
Table 5-5 Pedroni Panel Data Test

v
rho
t
adf

High Income**

GCC**

Panel Group
0.00
0.01
0.00
0.00
0.00
0.04
0.00

Panel
Group
0.02
0.00
0.00
0.00
0.03
0.00
0.00

Upper Middle
Income**
Panel
Group
0.00
0.00
0.00
0.01
0.00
0.00
0.00

**

Indicates significant at level 5%

2. Johansen Co-integration test is employed to investigate the co-integration when
looking at time series data regarding the per country analysis.

Criteria:
the trace statistics value
should be less than the
5% critical value

Ho:
No co-integration

Test for Time Series:
JohansenTest
Ha:
data is co-integrated
The test is interpreted as assuming the null hypothesis as no integration while the alternative
hypothesis as there is at least one co-integration equation. We look at the trace statistics value
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that should be less than the 5% critical value, and then we reject the null hypothesis and accept
the alternative one (Johansen, 1988).
According to this, the time series for all MENA countries in this study are co-integrated except
Libya, Morocco, Oman and Qatar; results of these tests are very long and for more details see the
Annex of STATA results.
Table 5-6 Significant Johansen Test for co-integration

Country
United Arab Emirates
Bahrain
Algeria
Egypt
Iran
Iraq
Israel
Jordan
Lebanon
Kuwait
Saudi Arabia
Syria
Tunisia
Yemen

5.3

maximum
rank
2
1
2
1
1
1
1
1
1
1
1
1
1
1

parms
20
12
20
12
12
17
17
17
17
12
17
17
17
17

LL
-592.109
-530.847
-296.642
-237.806
-366.401
-421.232
-415.978
-301.049
-281.099
-497.756
-483.008
-278.857
-250.973
-148.698

eigenvalue
0.39649
.
0.44893
.
.
0.36436
0.3705
0.4769
0.73988
.
0.72561
0.4956
0.32176
0.52145

trace
statistics
1.1061*
29.3575*
0.0529*
21.5268*
19.2105*
5.8876*
6.665*
11.4857*
6.2632*
15.2055*
9.4401*
9.4475*
9.6946*
11.276*

5%
critical
value
3.76
29.68
3.76
29.68
29.68
14.07
15.41
15.41
15.41
29.68
15.41
14.07
14.07
14.07

Causality Analysis

The basic principle of causal analysis is to find causes that you can track and manipulate with,
rather than treating symptoms. There is a large difference between regression and causality.
Regression is the concept that shows the correlation among the variables. It is a statistical
analysis technique; the purpose is to predict a target variable y according to some other variables.
Simply because there is a mathematical relationship does not guarantee that there is really cause
and effect. Regression deals with dependence amongst variables within a model. But it cannot
always imply causation.
Where Causality is the area of statistics that is commonly misunderstood and misused by people;
mixing between regression and causality is the reason behind this. If data shows a correlation
that there is not necessarily an underlying causal relationship.
Technically, vector error correction model VECM is applied to investigate the causality relatio ns
among the three variables for the time series data sets, while Pedroni Causality Test is employed
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for the Panel Data sets. This test automatically convert all variables into first different, and all
data shall be pre-defined as co-integrated based on the above mentioned tests.
The Pedroni results show no causality among these variables for the three co-integrated Panel
data sets.

Criteria:
+ve sign of coe. of the cointegration equation + p
less than 5%.

Ho:
No cusality

Test for Time Series:
VECM model
Ha:
There is cusality

This test is looking at the co-integration equation, and monitor two factors (i) the coefficient of
that equation and (ii) the probability. The null hypotheses is having no causality, when the sign
of the coefficient of the co-integration equation is positive associated with a probability value
less than 5%. If this is not met, then we reject the null hypothesis and accept the alternative
hypotheses of having a causality analysis.
These results are varying from country to another, still some countries are characterized with
same causality relations but should vary in terms of explanation these characteristics based on
their own context.
According to what was assumed earlier in this study, the growth hypothesis is rejected for all
MENA countries except for Kuwait, this is accepted. Results of these countries are varied and
have different findings. Based on the theoretical analysis of the Economy and Energy (see
section 2.3), these hypotheses will be applied here based on the empirical results obtained, and
summarized earlier:
The growth hypothesis, it stands for having unidirectional relation runs from Energy to GDP. It
means that energy consumption stimulates the economic growth and any implementation of
energy reduction strategies will result in negative impact on economic growth. Only Kuwait
applies this theory.
The conservation hypothesis, it stands for having unidirectional relation runs from GDP to
Energy. Here energy conservation policies that are aimed at reducing CO 2 emissions, efficiency
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improvement and management do not necessarily reduce GDP. Bahrain, Saudi Arabia, Iraq and
Syria are under this category.
The feedback hypothesis is an evidence of bidirectional causality between GDP and energy
consumption. Only Algeria is located in this category.
The neutrality hypothesis is an evidence no evidence of Granger causality between energy
consumption and real GDP. No major impact will result from any strategy to reduce energy
consumption. United Arab Emirates, Jordan, Iran, Tunis, Egypt, Yemen, Lebanon and Israel are
existed in this category.
A comparison of these results with previous studies was done; same debate is valid as these
results are aligned for some cases but contradicted with others. It could be much better to show
these alignments/ contradictions in the following table (5-7):
Table 5-7 Comparing Thesis Results with Previous Studies

Country

Thesis Result

Previous Studies

This result is confirmed by Shahateet (2014)
UAE

Neutrality

This contradicts with result of Solarin & Ozturk (2016)
where that study resulted in having growth hypothesis.

Bahrain

conservation

This contradicts with result of Shahateet (2014) where
that study resulted in having neutrality hypothesis.
This contradicts with result of Shahateet (2014) where

Algeria

Feedback

that study resulted in having neutrality hypothesis.
This contradicts with result of Solarin & Ozturk (2016)
where that study resulted in having growth hypothesis.

Egypt

Neutrality

This result is confirmed by Shahateet (2014)
This result is confirmed by Oztur et el. (2012)
This contradicts with result of Oztur et el. (2012) where

Iran

Neutrality

that study resulted in having no co-integration.
This contradicts with result of Solarin & Ozturk (2016)
where that study resulted in having growth hypothesis.
This result is confirmed by Shahateet (2014)

Iraq

conservation

This contradicts with result of Solarin & Ozturk (2016)
where that study resulted in having growth hypothesis.
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This result is confirmed by Oztur et el. (2012)
Israel

Neutrality

This contradicts with result of Magazzino (2015) where
that study resulted in having conservation hypothesis.
This result is confirmed by Shahateet (2014)

Jordan

Neutrality

This contradicts with result of Ajlouni (2015) where that
study resulted in having feedback hypothesis.

Lebanon

Neutrality

This result is confirmed by Shahateet (2014)
This contradicts with result of Shahateet (2014) where
that study resulted in having neutrality hypothesis.

Kuwait

Growth

This is confirmed by Magazzino (2015)
This is confirmed by Solarin & Ozturk (2016)
This contradicts with result of Shahateet (2014) where
that study resulted in having neutrality hypothesis.
This contradicts with result of Magazzino (2015) where
that study resulted in having neutrality hypothesis.

Saudi Arabia

conservation

This contradicts with result of Oztur et el. (2012) where
that study resulted in having neutrality hypothesis.
This contradicts with result of Alkathalan et el. (2012)
where that study resulted in having neutrality
hypothesis.
This contradicts with result of Shahateet (2014) where

Syria

conservation

that study resulted in having neutrality hypothesis.
This contradicts with result of Oztur et el. (2012) where
that study resulted in having no co-integration
This result is confirmed by Shahateet (2014)

Tunisia

Neutrality

This contradicts with result of Saidi & Hammami (2011)
where that study resulted in having feedback hypothesis.

Yemen

Neutrality

This result is confirmed by Shahateet (2014)
This contradicts with result of Shahateet (2014) where

Libya

No co-

that study resulted in having neutrality hypothesis.

integration

This contradicts with result of Solarin & Ozturk (2016)
where that study resulted in having growth hypothesis.

Morocco

No co-

This contradicts with result of Shahateet (2014) where
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integration

that study resulted in having neutrality hypothesis.
This is confirmed by Oztur et el. (2012)
This contradicts with result of Shahateet (2014) where
that study resulted in having neutrality hypothesis.

Qatar

No cointegration

This contradicts with result of Magazzino (2015) where
that study resulted in having growth hypothesis.
This contradicts with result of Solarin & Ozturk (2016)
where that study resulted in having neutrality
hypothesis.
This contradicts with result of Shahateet (2014) where

Oman

No cointegration

that study resulted in having neutrality hypothesis.
This contradicts with result of Magazzino (2015) where
that study resulted in having growth hypothesis.
This is confirmed by Oztur et el. (2012)

According to this table, more efforts should be paid to clarify and explain better the reasons
behind different or aligned results obtained from different studies. It worth noting that there is
almost no study looked at this part, although it is very important to distinguish between the
different econometric techniques and select the most appropriate one for each context and each
data set.
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5.4

Validation of EKC

The model is based on the assumption that economic growth is driven by many determinants, of
which energy consumption- that is likely to produce CO 2- is one determinant. The traditional
form of the relationship between the economic growth and variables can be expressed as:
Y = f (EC, L, K)
Where EC is Energy Consumption, L is Labor, K is Capital
According to previous tests, all panels are co-integrated; therefore the long-run relations can be
further estimated by several methods for panel co-integrated data. The following model
empirically investigates the relations among variable:
2

Co2
CO2

CO2 emissions (metric tons per capita)

EC

Energy use (kg of oil equivalent per capita)

Y

GDP per capita (constant 2005 US$)
The error term

-run elasticity estimates of emissions with respect
to energy consumption, real GDP per capita and squared real GDP per capita, respectively.
Moreover, under the EKC hypothesis an increase in GDP is associated with an increase in CO2
-shape at the point where an increase in income
resulted in decreasing the CO2

<0).

The DOLS technique was employed, DOLS stands for Dynamic Ordinary Least Squares. This
tool does not need prior test or validation of data.
1. The model for the 18 MENA countries was significant at 10%, while the coefficients of
the perspective variables were significant at different levels as follows:
Table 5-8 Panel DOLS Estimates for CO2 for MENA (18 country)

co2
EC
Y
Y2
cons

Coef.
0.001431
0.000136
1.10E-09
2.876169

Standard Error
7.84E-05
0.000058
6.20E-10
0.368025

Z
P>|z|
18.26
0.00*
2.35 0.01**
1.78 0.07***
7.82
0.00*

Coefficient is significant at *1%, ** at 5%, *** at 10%
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[95%Conf. Interval]
0.001278
0.001585
2.26E-05
0.00025
-1.11E-10
2.32E-09
2.154853
3.597485

Though the whole Panel Model is significant, it shows a weak significant relation between CO 2
and the employed variables. An increase of 1 percentage points of EC results in increasing the
CO2 emissions by 0.14 percentage points- while the increase of the real GDP per capita almost
has no impact on the increase of CO2 emissions.
As for the EKC hypothesis: The positive sign of y2 coefficient shows no inverted U shape,
therefore the hypothesis of EKC is not valid for the Panel of 18 MENA countries.
2. The Model of GCC Panel is not significant; it shows a weak significant relation
between CO2 and only Energy use.
Table 5-9 Panel DOLS Estimates for CO2 for GCC (6 country)

co2

Coef.

EC
Y
Y2
cons

0.0015
0.0000
0.0000
7.8712

Standard
Error
0.0002
0.0002
0.0000
1.9995

Z

P>|z|

9.5000
0.1300
1.3900
3.9400

0.0000*
0.8940
0.1650
0.0000*

[95%Conf. Interval]
0.0012
-0.0003
0.0000
3.9523

0.0018
0.0003
0.0000
11.7901

Coefficient is significant at *1%

At the country level, different results were obtained. The following table summarizes these
results.

Kuwait

Bahrain

United Arab
Emirates

Table 5-10Country DOLS Estimates for CO2 for Gulf Cooperation Countries GCC (6 country)

co2

Coef.

EC
Y
Y2
cons

-0.0004
0.0011
0.0000
1.7287

co2

Coef.

EC
Y
Y2
cons

0.0015
-0.0122
0.0000
111.6702

co2

Coef.

EC
Y
Y2
cons

-0.0010
0.0021
0.0000
2.2154

Standard
Error
0.0007
0.0005
0.0000
7.4257
Standard
Error
0.0005
0.0064
0.0000
53.4167
Standard
Error
0.0006
0.0035
0.0000
56.5273

z

P>z

-0.5800
2.1100
-1.6000
0.2300

0.5610
0.035**
0.1110
0.8160

z

P>z

2.6900
-1.9100
1.7800
2.0900

0.007**
0.056***
0.0750
0.0370

z

P>z

-1.7200
0.6100
-0.5100
0.0400

0.086***
0.5440
0.6070
0.9690
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[95%Conf.
Interval]
-0.0018
0.0010
0.0001
0.0021
0.0000
0.0000
-12.8254 16.2827
[95%Conf.
Interval]
0.0004
0.0025
-0.0248
0.0003
0.0000
0.0000
6.9754
216.3651
[95%Conf.
Interval]
-0.0022
0.0001
-0.0047
0.0089
0.0000
0.0000
-108.57 113.0069

Coef.

EC
Y
Y2
cons

0.0022
-0.0008
0.0000
7.1510

co2

Coef.

Qatar

EC
Y
Y2
cons

0.0014
0.0116
0.0000
-290.63

SaudiArabia

co2

Coef.

EC
Y
Y2
cons

0.0012
0.0006
0.0000
1.9588

Oman

co2

Standard
Error
0.0001
0.0009
0.0000
4.6769
Standard
Error
0.0007
0.0140
0.0000
388.5106
Standard
Error
0.0003
0.0011
0.0000
7.4070

z

P>z

15.9000
-0.8500
0.5700
1.5300

0*
0.3940
0.5700
0.1260

z

P>z

1.9500
0.8300
-0.8500
-0.7500

0.051***
0.4050
0.3930
0.4540

z

P>z

4.2300
0.5600
-0.1700
0.2600

0*
0.5730
0.8620
0.7910

[95%Conf.
Interval]
0.0020
0.0025
-0.0025
0.0010
0.0000
0.0000
-2.0155
16.3176
[95%Conf.
Interval]
0.0000
0.0029
-0.0157
0.0390
0.0000
0.0000
-1052
470.8283
[95%Conf.
Interval]
0.0007
0.0018
-0.0015
0.0027
0.0000
0.0000
-12.5588 16.4763

Coefficient is significant at *1%, ** at 5%, *** at 10%

None of the GCC countries promote the EKC; all models are not significant with weak
significant coefficient of some variables as shown in the related table. Besides being insignificant, the positive sign of y2 coefficient shows no inverted U shape; therefore the
hypothesis of EKC is not valid for the Panel of 6 GCC.
3. The Panel of High Income Countries, which includes Israel beside the 6 GCC countries
also shows insignificant model, is enhanced and has 3 significant coefficients while the
whole Panel model is insignificant. Adding Israel into this model improved the results as
the model of this country in significant at level 1%, but with weak impact as shown in
this table.
Table 5-11 Panel DOLS Estimates for CO2 for High Income Countries (7 country)

co2

Coef.

Standard Error

z

P>z

EC
Y
Y2
cons

0.0014
0.0001
0.0000
6.5696

0.0001
0.0001
0.0000
1.3878

11.0900
0.6000
1.6300
4.7300

0.0000*
0.5520
0.1030***
0.0000*

[95%Conf.
Interval]
0.0012
0.0017
-0.0001
0.0003
0.0000
0.0000
3.8496
9.2896

Israel

Table 5-12 Country DOLS Estimates for CO2 for High Income Countries (7 country)

co2

Coef.

EC

0.0023

Standard
Error
0.0003

z

P>z

8.4900
63

0.000*

[95%Conf.
Interval]
0.0018
0.0028

0.0013
0.0000
-8.8296

Y
Y2
cons

0.0002
0.0000
1.0960

7.3500
-7.6300
-8.0600

0.000*
0.000*
0.000*

0.0009
0.0000
-10.9777

0.0016
0.0000
-6.68

Coefficient is significant at *1%, ** at 5%, *** at 10%

Similarly to GCC countries, Israel has a positive sign of y 2 coefficient showing no inverted U
shape; therefore the hypothesis of EKC is not valid for Israel and the Panel of High Income
Countries. Though that, the impact of both EC and economic growth is very weak as the increase
of 1 percentage points of EC results in increasing the CO 2 emissions by 0.23 percentage points while the increase of the real GDP per capita makes an increase of CO 2 emissions by 0.13
percentage points.
4. The Panel of Upper Income Countries, which includes seven countries also shows
insignificant model, with many significant coefficients but similar to previous results
with weak impact on CO2 emissions,
Table 5-13 Table 5-14 Panel DOLS Estimates for CO 2 for Upper Middle Income Countries (7 country)

co2

Coef.

EC
Y
Y2
cons

0.0021
0.0001
0.0000
0.7289

Standard
Error
0.0001
0.0001
0.0000
0.1325

Z

P>z

33.2500
1.6500
0.9900
5.5000

[95%Conf. Interval]

0.000*
0.1***
0.3220
0.000*

0.0020
0.0000
0.0000
0.4691

0.0022
0.0003
0.0000
0.9887

Coefficient is significant at *1%, ** at 5%, *** at 10%

Regarding the per country level, Libya and Jordan showed significant models at 5%, both make
an increase of CO2 by 0.3 unit as the EC increase by 1 unit. While this is not similar regarding
the impact of economic growth on these emissions as for Jordan the emissions increase by 0.2
units per each unit increase in the GDP per capita, but in Libya economic growth has a negative
weak impact which means the increase of GDP per capita resulted in a decrease of CO 2
emissions . On the other hand, all other countries in this group did not report any significant
model.

Algeria

co2
EC
Y
Y2
cons

Coef.
0.0015
-0.0039
0.0000
7.5641

Standard Error
0.0009
0.0050
0.0000
7.2144

Z
1.6800
-0.7800
0.6900
1.0500

P>z
0.092***
0.4350
0.4870
0.2940

[95%Conf. Interval]
-0.000
0.0032
-0.013
0.0059
0.0000
0.0000
-6.575
21.7040

Iran

Table 5-15 Country DOLS Estimates for CO 2 for Upper Middle Income Countries (7 country)

co2
EC

Coef.
0.0026

Standard Error
0.0001

Z
20.8700

P>z
0*

[95%Conf. Interval]
0.0023
0.0028
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Y
Y2
cons

0.0011
0.0000
-1.2377

0.0008
0.0000
1.1739

1.3800
-1.3100
-1.0500

0.1680
0.1900
0.2920

-0.000
0.0000
-3.538

Iraq

co2
EC
Y
Y2
cons

Coef.
0.0011
0.0001
0.0000
1.7473

Standard Error
0.0002
0.0014
0.0000
1.1254

Z
4.2900
0.0800
0.1700
1.5500

P>z
0*
0.9330
0.8650
0.1210

[95%Conf. Interval]
0.0006
0.0015
-0.002
0.0029
0.0000
0.0000
-0.458
3.9530

Jordan

co2
EC
Y
Y2
cons

Coef.
0.0031
0.0020
0.0000
-2.0324

Standard Error
0.0002
0.0007
0.0000
0.7971

Z
13.6400
3.0400
-3.2000
-2.5500

P>z
0*
0.002*
0.001*
0.011**

[95%Conf. Interval]
0.0026
0.0035
0.0007
0.0033
0.0000
0.0000
-3.594
-0.4702

Lebanon

co2
EC
Y
Y2
cons

Coef.
0.0023
-0.0003
0.0000
2.1872

Standard Error
0.0002
0.0003
0.0000
0.8233

Z
9.9600
-0.7800
0.6300
2.6600

P>z
0.000*
0.4350
0.5270
0.008*

[95%Conf. Interval]
0.0018
0.0027
-0.000
0.0004
0.0000
0.0000
0.5735
3.8008

Libya

co2
EC
Y
Y2
cons

Coef.
0.0027
-0.0008
0.0000
2.3535

Standard Error
0.0003
0.0003
0.0000
0.6105

Z
8.2800
-2.5600
3.7000
3.8600

P>z
0.000*
0.011**
0.000*
0.000*

[95%Conf. Interval]
0.0020
0.0033
-0.001
-0.0002
0.0000
0.0000
1.1571
3.5500

Tunisia

0.0028
0.0000
1.0630

co2
EC
Y
Y2
cons

Coef.
0.0016
0.0002
0.0000
0.4408

Standard Error
0.0008
0.0005
0.0000
0.3603

Z
2.0700
0.3300
-0.0200
1.2200

P>z
0.038**
0.7390
0.9800
0.2210

[95%Conf. Interval]
0.0001
0.0030
-0.000
0.0011
0.0000
0.0000
-0.265
1.1471

Coefficient is significant at *1%, ** at 5%, *** at 10%

All countries in this group have a positive sign of y 2 coefficient showing no inverted U shape;
therefore the hypothesis of EKC is not valid.
5. The final Panel is the Lower Middle Income Panel, with four countries. It also shows
insignificant model associated with same as per the country level.
Table 5-16 Panel DOLS Estimates for CO2 for Lower Middle Income Countries (4 country)

co2
EC
Y
Y2

Coef.
0.0007
0.0017
0.0000

Standard Error
0.0004
0.0007
0.0000

Z
1.6000
2.4300
-0.3200
65

P>z
0.1100
0.015**
0.7510

[95%Conf. Interval]
-0.0002
0.0015
0.0003
0.0031
0.0000
0.0000

-0.3458

cons

0.3602

-0.9600

0.3370

-1.0519

0.3602

Coefficient is significant at *1%, ** at 5%, *** at 10%

Yemen

Syria

Egypt

Table 5-17 Country DOLS Estimates for CO2 for Lower Middle Income Countries (4 country)

co2

Coef.

EC
Y
Y2
cons

0.0007
0.0017
0.0000
-0.3458

co2

Coef.

EC
Y
Y2
cons

0.0018
0.0091
0.0000
-3.6690

co2

Coef.

EC
Y
Y2
cons

0.0025
-0.0073
0.0000
3.1728

Standard
Error
0.0004
0.0007
0.0000
0.3602
Standard
Error
0.0006
0.0056
0.0000
3.8468
Standard
Error
0.0012
0.0111
0.0000
4.1641

z

P>z

1.6000
2.4300
-0.3200
-0.9600

0.1100
0.015**
0.7510
0.3370

z

P>z

3.2300
1.6200
-1.7800
-0.9500

0.001*
0.106
0.074***
0.3400

z

P>z

2.1400
-0.6600
0.5900
0.7600

0.033**
0.5110
0.5580
0.4460

[95%Conf.
Interval]
-0.0002
0.0015
0.0003
0.0031
0.0000
0.0000
-1.0519
0.3602
[95%Conf.
Interval]
0.0007
0.0029
-0.0019
0.0201
0.0000
0.0000
-11.2086 3.8706
[95%Conf.
Interval]
0.0002
0.0049
-0.0291
0.0145
0.0000
0.0000
-4.9887 11.3344

Coefficient is significant at *1%, ** at 5%, *** at 10%

All countries in this group have a positive sign of y2 coefficient showing no inverted U shape;
therefore the hypothesis of EKC is not valid. Regardless of the sign of y2 coefficient, the
significance of these coefficients is very weak; therefore the turning point could be very high or
very small confirming the no validation of EKC theory. All these results are considered weak
evidences on the validity of EKC; this is confirmed by Stern (2010)
According to all mentioned results, the hypothesis of the existence of EKC is rejected for all
MENA countries; therefore we accept the alternative one which says there is no evidence of
having EKC.
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6

Implications of Results

Since the aim of this research is to (i) explore the nature of the causality relationship between
economic growth, energy consumption and emissions of CO2 and (ii) investigate the existence
of EKC at the level of region and per country in the MENA.
6.1

General Conclusion
The findings of this research aligned with some previous studies for some countries and
contradict others; it is well discussed in chapter five and results in table 5-7 show this in
details per each country. This argument among the different studies is a very good start
for significant and scientific discussions among all stakeholders.
Some findings are not surprising at all, and others need more attention from decision
makers. The validity of EKC is not confirmed in this study, sometimes the sign of the
square value of GDP pc is negative, but the turning point is very high or very low. This
means that our data makes poor evidence on supporting the validity EKC.
Most of these countries are based on primary sector (Rentier States 19) and the shift
toward a service economy is low; this means the revenues of selling energy resulted in
increasing the GDP not the usage of these energy sources in industrial activities.
Some countries like Qatar, United Arab Emirates, Tunisia, and Morocco are exploring a
shift in their structural economic composition (Arouri et el., 2012), according to the
results of this study these countries are encouraged to proceed with these re-shifted
structural compositions; as the consumption of more energy will not adverse the GDP.
When the change- due to these new reforms- becomes more visible; EKC becomes
verified at the country level- or at least empirical results will be significant.
As Doukas et al (2006) mentioned that most of these countries are moving toward proactive approach of ecological modernization, based on the results of this research these
countries are advised to keep same track. The results of this finding could confirm the
successes in the ecological modernization approach, where there is no causality from
energy to GDP.

19

This term means the country derives most of its national income from the external sale of natural resources.
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6.2

Recommendations

The following recommendations were extracted from analyzing the empirical results:
1. Having different results mean it is not accepted to standardize strategies for energy
conservations, or certain reforms in economic structures. Each country has its own
peculiarity based on its own context.
2. Result of EKC is a sensitive construct, which depends on the level of observation. Also,
the MENA region faced many structural breaks due to the unstably of its security
situation. This may be bias towards insignificant indicators from the results. Therefore,
we must be careful with this tool in order to formulate appropriate economic policies.
3. MENA region needs an effective long term strategy to reduce the emissions growth by

adopting energy-efficiency programs in commercial industrial and domestic sector.
4. GCC shall seek new options to reduce the huge consumption of energy, by reducing or

eliminating the energy subsidies there. For example, electricity prices in some GCC are
zero for nationals and few rates for expatriates.
5. Construct more energy-efficient buildings, manly by imposing restricted specifications

and standards. This somehow cost the population more energy to compensate some
missing constructions. For example in Saudi Arabia, 53% of energy use is consumed by
households (JIC, 2010)
6. Marketing more Green Appliance, especially the air conditions.
7. Renewable energy sources specifically solar and wind must be considered in all MENA

will assist in reducing CO2 emissions and at the same sustaining long run economic
growth. MENA region is estimated to produce approximately 630 million megawatts of
solar power, and approximately 75,000 megawatts of wind power (Ghaddar, 2009)
8. Finally, the contradiction among several researches should take more attention and indepth analysis to reach realistic results. It is recommended to complement this study by
starting from table 5-7, and try to understand main reasons behind having different
results. This potential study will be an added value to the literature; it also will be a great
value to econometric reviews. There was found almost no study looked at the topic from
this angel.
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