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a b s t r a c t

This paper studies causal mechanism between indicators for sustainable energy development related to
energy consumption from Tunisian road transport sector. The investigation is made using the Johansen
cointegration technique and the environmental Kuznets curve (EKC) approach. It examines the nexus
between transport value added, road transport-related energy consumption, road infrastructure, fuel
price and CO2 emissions from Tunisian transport sector during the period of 1980–2010.

Empirical results show that road transport-related energy consumption, transport value added,
transport CO2 emissions and road infrastructure are mutually causal in the long-run. These results do not
support the hypothesis of neutrality between energy and income for the Tunisian road transport sector.
Also, there is a unidirectional causality running from fuel price to road transport-related energy
consumption with no feedback in both the short and long runs. The fuel price and the road infrastructure
are significant in the causal chain. Though the estimated long-run cointegrated equation, we conclude
that there is an inverse N-shaped relation between transport value added and transport CO2 emissions,
with income turning point respectively equal to 75 and 579 (constant 2000 TND prices). Therefore, our
empirical findings refute the hypothesis of an inverted U-shaped EKC for transport CO2 emissions in
Tunisia.

The findings of this study have a number of policy implications. Economic growth, environmental
degradation, energy and transportation policies should be recognized in order to improve the energy
efficiency in transport sector. All measures that should reduce petroleum consumption and greenhouse
gas emissions without affecting economic growth may be undertaken. The policymakers in Tunisia
should plan urban transport, relocate production units, improve fuel-efficient vehicles and reinforce
legislation on controlling emissions in order to copying with policies based on low-carbon development
and climate-resilient strategies.

& 2013 Elsevier Ltd. All rights reserved.
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1. Introduction

The energy sustainability requires development modes which
provide reliable energy services at a less cost, demand few of
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energy and produce few of polluting gas. Energy consumption is a
serious problem for developing countries and it is strongly linked to
gas emissions. Consequently, economic growth, which uses more
energy and produces more pollutant gas, is considered unsustainable
and it affects negatively public health [1–7]. Since 1999, IAEA [8–10]
has been working on the construction of socio-economic and
environmental indicators for sustainable energy development. Eco-
nomic, demographic, urban, and technological factors can influence
energy consumption and so as gas emissions [11–15].

To evaluate the energy sustainability degree of transport sector,
it is necessary to determine the driving factors influencing
transport-related energy consumption such as economic growth,
energy price, urban population, transport activity, motorization
rate, traveling distance, park structure, vehicle types, vehicle age,
urbanization, national road network and transport intensity. The
main objective was to define cause and effect relationships
between these indicators in order to formulate appropriate poli-
cies increasing the energy sustainability in the transport sector.

Recently, interest in the causality question has gained more
attention to the concerns about climate change with following
proposals to limit CO2 emissions by restricting fossil fuel con-
sumption. Literature on this topic has been interested in an
aggregate and disaggregates contexts. More existing methods have
presented to examine the causal mechanisms between energy
consumption, economic growth, environmental degradation and
social development.

Although transport sector is considered an important consu-
mer of energy, this problematic is empirically less studied in the
sustainable transport literature. In this sense, three principal
approaches are adopted: the cointegration and causality analysis,
environmental Kuznets curve model and the decomposing analy-
sis method.

In Tunisia, energy consumption related to the transport activity
is still continuous to increase with a share more than 34% of total
energy consumption in 2010 [16]. Road transport is considered the
important source responsible for combustible fossils consumption
with a share of more than 70% of total transport related energy
consumption in 2010. Consequently, its contribution in total CO2

emissions is important comparatively to other activities. The CO2

emissions from road transport have increased from 1.75 million
metric tons in 1980 to 4.94 million metric tons in 2010, represent-
ing more than 27% of total CO2 emissions [16]. Road transportation
affects environment by emitting greenhouse gases, and environ-
ment also affects road transportation through climate change.

Transport sector has to meet many challenges. It has to fulfill
the challenge of economy, society and environment. This suggests
that government in Tunisia should elaborate some strategies in
order to reduce its energy consumption and to make it more
sustainable. Action is needed to restrict the use of fossil fuels:
Tunisian Government should elaborate a sustainable transport
strategy that takes into account the rising of fossil fuels consump-
tion and the negative effects of CO2 emissions at the same time.

Different measures have been proposed for sustainable trans-
port to copy with climate policy. They are classified into two policy
measures—renewable energy development (such as bio-fuels)
versus reduction of energy consumption. The restriction of
transport-related energy consumption can be achieved by using
economic instruments such as fuel or carbon taxes. However, the
strategy of reducing transport energy consumption can have
negative effects on economic growth. Policy makers should be
aware of the nexus between transport energy and economic
growth for both energy and environmental policies.

This paper studies causal mechanism between per capita
transport value added (PCTVA), per capita road transport-related
energy consumption (PCRTEC), per capita road infrastructure
(PCRI), per capita CO2 emissions from Tunisian transport sector

(PCTCO2) and fuel price (FPrice) during the period 1980–2010
using the cointegration technique and Environmental Kuznets
Curve model. We consider a multivariate model rather than the
usual bivariate approach in order to investigate other channels in
the causal links between indicators for sustainable energy devel-
opment from the Tunisian road transport sector. Our study is one
of the few studies which focus on the relationship between energy
consumption, GDP and CO2 emissions on disaggregated level. The
choice of transport sector is guided by the strong connection
between road transportation and sustainable development. Its
purpose is to provide an insight for policy-makers in the choice
and the implementation of adequate strategy reducing road
energy consumption. For example, if causality runs from road
transport energy consumption to transport value added, then
restricting its use may impede transport GDP. However, if such
causality direction runs only from transport GDP to road transport
energy, then a conservation policy may be desirable.

The remainder of the paper is organized as follows: Section 2
presents a review of literature on relationships between various
indicators for sustainable energy development. It also outlines
some methods used in order to analyze the interaction between
transport, energy, economic and environment areas. Section 3
describes Tunisia's transport activity in order to show the evolu-
tion of the indicators for sustainable energy development during
the period 1980–2010. Section 4 presents policies adopted in
Tunisia to reduce the use of energy in the transport sector. In
Section 5, we present the data, the methodology and analyze the
empirical results.

2. Empirical literature review

In literature, a large majority of studies [17–19] have discussed
the question for relationship between transport activity, economic
growth and environmental effects in order to elaborate an efficient
transport policy [20–22]. Literature review shows several approaches
such as causality test, environmental Kuznets curve model and
decomposing analysis.

Concerning causality tests, studies show many controversies in
terms of causality sense. The causal relationships can be unidirec-
tional or bidirectional or absent. The divergence of results is
mainly attributed to the difference of empirical methods used
and the choice of period of study. Since the original paper of Kraft
and Kraft [23], many empirical works have analyzed the cointe-
gration relationship between economic growth and energy con-
sumption [24–30].

For the case of Iran, Lotfalipour et al. [31] have studied the causal
relationships between economic growth, carbon mission and fossil
fuels consumption during the period 1967–2007. The energy con-
sumption has been decomposed into three components: total con-
sumption of fossil fuels, petroleum products and natural gas. The
authors have found a unidirectional causality from economic growth,
petroleum products and natural gas consumption to carbon emis-
sions. Also, they have found that carbon emissions, petroleum
products and total fossil fuels consumption are not cointegrated to
economic growth. The most important implication is the indepen-
dence between energy and economic growth. In Tunisia, Belloumi
[32] has examined the same problematic along the period 1971–
2004 by using the Johansen cointegration technique. He has shown a
unidirectional causality from economic growth to GDP in the short-
run and bidirectional causality in the long-run.

Gas emissions are strongly linked to energy consumption
especially fossils combustibles [33]. Environmental impacts caused
by gas emissions due to energy consumption depend on quantities
of energy required by economic growth. Consequently, economic
growth, that use more energy and produce more pollutant gas, is
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