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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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considered unsustainable and affect negatively public health. In this
context, several studies have been elaborated in order to analyze the
relationship between economic growth and gas emissions. The
relationship between economic growth and CO2 emissions has been
treated by several studies [34–36]. The original approach which links
economic growth to social development has presented by Kuznets
[37]. However, Grossman and Krueger [38] have applied this
approach in order to evaluate the environmental policies. The
relationship between economic growth and CO2 emissions has been
treated and they have suggested that this relationship can be
illustrated by an inverted-U curve and it is known as the Kuznets
curve. The general finding stipules that the increase of domestic
income can ameliorate the environmental situation. In addition,
pollution increases during the first phases of economic growth. For
the case of Tunisia, Fodha and Zaghdoud [39] have studied the
relationship between economic growth and gas emissions over the
period 1961–2004. Their study is based on EKC hypothesis and it
uses the time series technique. Particularly, they have treated the
relationship between CO2 and SO2, as an environmental indicators,
and economic growth. They have found a long-run co-integration
relation between the gas emissions and GDP per capita. The two
relations between SO2 emissions and GDP per capita and between
CO2 and GDP per capita, have taken the form of inversed N. For the
two cases, the two turning points have been realized, respectively, at
1200 $ and 3700 $ (constant price of 2000).

For the case of transport, the relationship between economic
growth, transport energy consumption and CO2 emissions has
been treated recently. Generally, Kolb and Wacker [40] have been
interested by measuring energy consumption of freight transport
by road and production of CO2. In order to save fuel in transport
activity, Leonardi and Baumgartner [41] have summarized some
strategies such as logistic efficiency, vehicles efficiency, driver
efficiency, and road efficiency. Schipper et al. [42] have presented
an important methodology to detecting the parameters that effect
transport emissions. For the case of South Africa, Akinboade et al.
[43] have used the cointegration techniques in order to analyze
the long-run relationship among the variables which explicating
the aggregate gasoline demand function over the period 1978–
2005. The results confirm the existence of a cointegration relation-
ship. The estimation of price and income elasticities of gasoline
demand serves to develop appropriate energy policy. The esti-
mated elasticities show that gasoline demand in South Africa is
price and income inelastic. The important policy implication is the
unreliability of the public transport system in South Africa.

For the case of England, Sorrell et al. [44] have found during the
period 1989–2004 that increasing of vehicle transportation capa-
city and reducing of vehicle average energy consumption have
improved the energy efficiency. However, Lu et al. [45] have
estimated the development trends of the number of motor
vehicles, vehicular energy consumption and CO2 emissions in
Taiwan during 2007–2025. They have adopted simulation of
different economic growth scenarios in order to explore the
influence of economic growth on energy consumption.

For china, Yaobin [46] explains cointegration relationship
between energy consumption, population growth, economic
growth and urbanization process over the period between 1978
and 2008. The results show a unidirectional Granger causality
running from urbanization to energy consumption both in the
long and short run. Also, Pongthanaisawan and Sorapipatana [47]
have analyzed the relationship between motorcycle and car own-
erships and level of economic development in Thailand. They
study the impacts of this relationship on fuel consumption and
greenhouse gas emissions. Using semi-parametric techniques, the
authors have shown that economic development affects the own-
ership of private vehicles and so fuel consumption and gas
emissions. The interesting conclusion of their study is that the

improve of public transport system leads to reducing the traffic
mobility of private vehicles, promotion of the vehicle efficiency
and so reducing fuel consumption and gas emissions. In this sense,
Yan and Crookes [48] have forecasted the future trends of energy
demand of road vehicle and emissions under various strategies for
reducing the impacts of china's road vehicles on energy resources
and environment. These strategies have concerned on the fuel
economy regulation, alternative fuels and vehicles, public and
non-motorized transport and economic incentives.

Over the period 1970–2007, Rudra [49] discussed the causality
relationship between transport infrastructure, energy consumption
and economic growth in India. The unidirectional causality from
transport infrastructure to energy consumption implies that energy
and transportation policies must be recognized. However, Niovi et al.
[50] estimate the effect of the spatial structure of the economy and
the degree of spatial concentration of activities on fuel demand by
using decomposition analysis. The results show that urban density
increases fuel consumption. In addition, Marshall et al. [51] explore
the causal relationship between residential location and vehicle
miles of travel, energy consumption and CO2 emissions in Chicago
metropolitan area over the period 2007–2008. In the same context,
Reinhard and Yasin [52] concluded that urban energy planning and
urbanization management are strongly linked and must be coordi-
nated to lead to sustainable energy development.

In the literature, many studies are interested on the relation-
ship between gas emissions and economic growth using the EKC
model [53–59]. Therefore, a few studies are interested on trans-
port sector. The original study of Cole et al. [60] confirms the EKC
hypothesis between per capita income and local air pollutants
from transport sector for European countries over the period
1970–1992. Also, Hilton and Levinson [61] find that the relation-
ship between economic growth and plumb emissions from trans-
port sector supports the EKC model for 48 countries during 20
years. During the period 1980–1995, Tanishita and Miyoshi [62]
find that the relationship between the energy intensity of private
and public transportation and the per capita Gross Regional
Product verified the EKC model corresponding to an inverted U-
shape of the EKC. Since 1998, the notion of urban EKC is emerged.
Especially, Kahn [63] mentioned that the private mobility, related
to economic growth, increase of hydrocarbon emissions from
urban traffic in California State.

3. Overview of transport sector in Tunisia

The transport is one of the major economic activities which
consume a big part of energy. In Tunisia, transport sector takes the
second place in terms of energy consumption with 34% of total
energy consumption in 2010 after industrial sector (35%).

Table 1
Sectoral energy consumption in Tunisia during 1980–2010.
Source: authors' calculation based on [16,64].

1980 (%) 1990 (%) 2000 (%) 2010 (%)

Total energy consumption
Industry 37.8 39.6 34.9 35
Transport 37.2 30.8 32.3 34
Residential 11.4 14.1 16.9 16
Tertiary 8.1 8.6 8.6 9
Agriculture 5.5 6.9 7.3 6

Petroleum products consumption
Industry 33.9 33.6 26 25
Transport 42.3 38.5 44 47
Residential 10.7 13.1 14.8 11
Tertiary 7.2 7 6.5 9
Agriculture 5.9 7.8 8.7 8
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Transport energy use increased from 827.7 ktoe in 1980 to
1.821 ktoe in 2010. Liquefied petroleum gas (LPG) and electricity
were not a major fuels for transportation in Tunisia compared to
petroleum products (diesel and gasoil). Transport-related petro-
leum consumption has increased from 826.7 ktoe in 1980 to
1.812.2 ktoe in 2010 [16]. As shown in Table 1, transport has the
highest share of petroleum products consumption in total energy
consumption (47%).

In 2010, the road transport has the highest energetic consump-
tion (76%) compared to the railway transport (3%). Public passen-
ger transport energy consumption was about 38.78 Ktoe in 2010
[16,64]. Several factors can explain this fact: pricing and taxation
of fuel used by road transport vehicles, important road infrastruc-
ture investments and vehicle's park structure. The transport sector
is considered as the most important consumption of fossil com-
bustibles with 99.5% of petroleum products consumption in 2010
(Table 2).

Road transport energy use has increased from 514 ktoe in 1980
to 1689 ktoe in 2010. The CO2 emissions from road transport have
increased from 1.75 million metric tons in 1980 to 4.94 million
metric tons in 2010, representing more than 27% of total CO2

emissions. This fact is explained by that road transport activity in
Tunisia is closely linked to combustible fossils consumption,
especially gasoline (25%) and diesel (60.6%) in 2010. Table 3 shows
the evolution of gasoline and diesel consumption.

Growth of road transport energy use is linked to many factors
such as evolution and structure of national road vehicles park,
motorization, economic activity, population growth, national road
network, urbanization and other factors as regulated prices of
fuels. The Tunisia's vehicle's park structure is characterized by an
important annual growth of car ownership numbers (6.57%)
compared to bus (less than 5%).

Ownerships Cars Park has been rapidly increased from 118796
in 1980 to 801372 in 2010 (Table 4) increasing motorization rate
from 18.60 to 75.12 (Table 5). Particularly, the ownerships cars
have registered a highest growth comparatively to other road
vehicles. This fact is explained by many factors, such as particular
credits for ownership cars, particularly “popular cars” and leasing

credits for road freight vehicles. Also, the car park structure is
characterized by old gasoline vehicle that contribute more to CO2

emissions. The gasoline car represents more than 76% of total car
park in 2010 with an average annual growth rate of 5.5% [65].

Economic growth, motorization and road transport-related
energy consumption are strongly linked. Motorization is increased
at an average annual growth rate of 4.76% which can be explained
particularly by growing of per capita GDP with an average annual
growth rate of 2.53% (see Table 5).

Urban density is growing at an average annual growth rate of
1.69%. Urbanized kilometers increase with growth of urban density
and spatial distribution of households and activities behind the
urban roads. Consequently, evolution of urbanized kilometers and
road transport-related energy consumption may be high corre-
lated [66]. All cities in Tunisia are more accessible by road which
can explain the high use of road transport and so the increase of
the motorization rate.

This suggests the need for reducing of energy use and so far
efficient energy policy in transport activity. Tunisia's transport
sector is characterized by several negative externalities especially
its energy use and gas emissions. To make a sustainable transport
policy, Tunisian policymakers must explain the growth of these
two environmental indicators and so propose some solutions in
order to improve the transport energy efficiency.

4. Transport energy saving and Tunisian policies

The Tunisian government sets up a series of measures to save
energy in transport sector, in particular the creation of the national
agency of energy conservation. Taking into account the raising of
prices of energy on the international market, Tunisia must take up
two challenges: the energy independence and the competitiveness of
its economy. The principal objective is to contribute to a decoupling

Table 2
Modal mix for energy consumption from Tunisia transport sector during 1980–
2010.
Source: authors' calculation based on [16,64].

Modal transport repartition of
energetic consumption

1980 (%) 1990 (%) 2000 (%) 2010 (%)

Road 66 70 71 76
Airway 21 20 19 18
Maritime 3 2 1 3
Railway 10 8 9 3

Transport repartition consumption
by types of energy
Electricity consumption 0.1 0.2 0.6 0.5
Petroleum consumption 99.9 99.8 99.4 99.5

Table 3
Different types of energy consumption from Tunisian road transport sector during
1980–2010.
Source: [16].

1980 1990 2000 2010

Total energy consumption (ktoe) 514 811 1321 1689
Gasoline fuel consumption (ktoe) 152 264 391 434
Diesel fuel consumption (ktoe) 340 511 871 1024
Other types of energy (ktoe) 22 36 59 231

Table 4
Vehicle fleet structure in Tunisia during 1980–2010.
Source: authors' calculation based on [52].

1980 1990 2000 2010 Average annual
growth rate (%)

Total road vehicles 222,994 388,738 789,308 1164,829 5.66
Car 118,796 259,846 519,439 801,372 6.57
Bus 3718 5544 10,922 14,879 4.73
Special Vehicles 678 1588 8783 13,879 10.58
Heavy Truck 96,193 116,555 234,824 314,572 4.02
Light Truck 3609 5205 15,340 20,127 5.9

Table 5
Motorization, per capita gross domestic product, urban population, urban density,
road network and fuel price.
Source: authors' calculation based on [16,64].

1980 1990 2000 2010 Average annual
growth rate (%)

Per capita GDP
(constant 2000 US$)

1495 1661.29 2245.33 3165 2.53

Rate of motorization 18.60 31.86 54.31 75.12 4.76
Urban density 41.09 52.48 61.55 68 1.69
Urban population
(1000)

3230 4725 6066 7099 2.65

Road network (km) 18010 20020 18997 19379 0.249
Fuel price (Tunisian
dinars)

0.205 0.470 0.653 1.340 6.45
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between progression of the gross domestic product and the con-
sumption of energy and the diminution of the energy intensity.

On the basis of reading and analysis of the principal plans and
development programs in Tunisia concerning the sector of transport,
we synthesize that the promotion of sustainable transport, the
rationalization of the energy consumption and promotion of new
and renewable energies, the management of the natural resources
and the reinforcement of the capacity of adaptation to the climate
changes are the main challenges of sustainability in Tunisia.

The management of the energy demand covers all the actions
likely to reduce the consumption of energy while ensuring the
satisfaction of the same levels of useful energy needs, even by
improving satisfaction of these needs. Five relevant actions are
possible in transport sector: energy audits and contracts programs
in the transport sector; stations of diagnosis of vehicles motor;
formation with rational driving in the road transport; urban
mobility plan; and implementation of logistic platform of freight.

The obligatory and periodic energy audit in the transport sector
which started in 1986, fixes the establishments whose annual
consumption is higher than 1000 toe. This initiative continues in a
regular way, and touches mainly the transport companies. Thanks
to this option of attenuation of emissions, possible additional
energy saving, compared to the scenario of reference, would rise
with 17 ktoe in 2010, and 45 ktoe in 2020 (Table 6).

The stations of diagnosis of vehicles motor make it possible to
make a complete diagnosis of the performances of the motor and
to prescribe with the user the operations of repair and main-
tenance necessary to the good performance of its vehicle. This
action, which started in Tunisia in 1995, was to make it possible to
install gradually, on the whole of the Tunisian territory, a sufficient
number of stations of diagnosis. This action is accompanied by a
broad campaign of information and sensitizing, as well as training
programs and improvement of the technicians. Thanks to the
actions suggested like option of attenuation of the GES, possible
saving energy additional, compared to the scenario of reference,
would rise with 81 ktoe in 2010, and 178 ktoe in 2020 (Table 6).

The action of formation with rational driving in road transport,
which started in 1995, consisted in integrating into the examina-
tion and training level of the driving licenses, a module relating to
rational control and the preventive maintenance of the vehicle.
The option consists in reinforcing of the training of the monitors
and inspectors to the whole of republic. Thanks to this action, it is

possible to save, compared to the scenario of reference, 45 ktoe in
and 74 ktoe in 2020 (Table 6).

The action consisting to improving planning of the urban dis-
placement can lead to additional energy saving, compared to the
scenario of reference, rising to 70 ktoe in 2010, and 148 ktoe in 2020.

Thanks to the present option of implementation of logistic
platform, awaited additional energy saving, compared to the
scenario of reference, would rise with 207 ktoe in 2020 (Table 6).

Generally, the options saving energy in transport sector must
integrate the requirements of transport in the urbanization pro-
cesses in order to reduce the traversed distances, reinforce the
integration of the environmental concerns on the development
and the implementation of the policies and the strategies in
transport sector, reduce the energy intensity and improve knowl-
edge relating to the impacts of the climate changes on the
environment and the economic growth.

5. Data, methodology and empirical results

5.1. Description of data

In this paper, we have used time series for the period 1980–
2010. The data used include per capita transport value added
(PCTVA), per capita road transport energy consumption (PCRTEC),
per capita transport CO2 emissions (PCTCO2), per capita road
infrastructure (PCRI) and fuel price (FPrice). PCRTEC is expressed
in terms of kg tone oil equivalent (ktoe). PCTVA is expressed
in Tunisian national dinars (constant 2000 TND). PCTCO2 is
expressed in metric tons. They are sourced from WDI [16]. Data
concerning PCRI and FPrice are taken from [64,68]. For reasons of
scale, we use the natural logarithm of these variables. This helps to
induce stationary in the variance-covariance matrix [69].

Table 7 gives the summary statistics of each of the variables
used in the analysis.

Figs. 1–5 show the trends of different indicators for sustainable
energy development related to energy consumption from Tunisian
road transport sector during the period 1980–2010. The five
indicators present similar evolutions of long run and they are
characterized by a general trend upwards. Fig. 1 shows the

Table 7
Summary statistics.

Variables Variables description Minimum Maximum Mean Standard deviation

PCTVA Per capita transport value added (constant 2000 TND) 45.09 371.56 117.03 110.58
PCRTEC Per capita road transport energy consumption (ktoe) 80.513 151.098 116.60 26.153
PCTCO2 Per capita transport CO2 emissions (metric tons) 0.274 0.469 0.363 0.068
PCRI Per capita road infrastructure (meter) 1.816 2.975 2.336 0.378
FPrice Fuel price (TND) 0.205 1.400 0.628 0.316
Observations 31 31 31 31 31

Table 6
Synthesis of realizable options relating to the energy saving in the transport sector
(in ktoe).
Source: [67].

2010 2020

Energy audits and contract programs in the transport sector 17 45
Stations of diagnosis of motor vehicles motor 81 178
Formation with rational driving in the road transport 45 74
Urban plans displacement 70 148
Implementation of logistic platform of freight 100 207
TOTAL 313 652
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Fig. 1. Per capita road transport-related energy consumption (ktoe).
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evolution of per capita road transport-related energy consump-
tion. It displays an important growth of road transport-related
energy consumption since 1980 which is explained especially by
the important growth of road vehicles parks.

Fig. 2 shows the evolution of per capita transport CO2 emis-
sions. It indicates an increase of CO2 emissions during all the
period of 1980–2010. As shown in Figs. 3 and 4, the fuel price and
per capita transport value added had grown since 1980.

Fig. 5 shows the evolution of per capita road infrastructure. It
indicates a reduction of the length of the national road network
since 1982 which is explained by the bad management of the
investments allocated to the promotion of the road infrastructure.
Generally, sectoral economic growth of transport, growth of
personal motorization and infrastructure are closely linked. The
road infrastructure is regarded as a factor of production of the
added-value in the transport sector. It can be seems from Fig. 5
that road infrastructure do not contribute to the economic growth
of transport sector, at least in the short run.

5.2. Methodology

The first step is to use a preliminary statistic tests to verify the
stationarity for all variables. We use the usual unit root test of
Dickey–Fuller (ADF) and Phillips–Perron (PP) test. The ADF test
takes into account only the presence of autocorrelation in the
series but the PP test considers also the hypothesis of the presence
of a heteroskedasticity dimension in the time series. A time series
is called non stationary if it has at least one of its moments (mean,
variance, or covariance) time independent. A non stationary series
possessing a stochastic unit root has to be differenced once to
become stationary. This first step is essential for two reasons: the
causality tests are very sensitive to the stationarity of the series
[70] and most macroeconomic series are not stationary [71].

When both series are integrated of the same order, we proceed
to the next step determining the lag length using the AIC and SIC
criteria and examining the presence of cointegration (order of
VAR). There are many possible cointegration tests: The Engle and
Granger approach or the Johansen cointegration approach. The
bivariate approach of Engle and Granger is very restrictive because
it can be applied only if there is only one cointegrating relation-
ship. The Johansen's cointegration test determines the number of
cointegrating vectors of equations. It is based on two different
likelihood ratio statistics (LR): the trace statistic and the maximum
eigenvalue statistic.

Cointegration implies that causality exists between series, but
it does not indicate the direction of causality. For Granger, a series
“causes” another series if the knowledge of the history of the first
improves the prediction of the second. We produce the VECM for
all the endogenous variables in the model and use it to carry out
Granger causality tests over the short and long run. The VECM can
distinguish the long and short run relationship between the
variables and can identify sources of causality that cannot be
detected by the usual Granger causality test.

5.3. Results

In order to study the relationship between transport energy
consumption, economic growth and CO2 emissions, we have
tested the existence of unit roots in the variables using ADF and
PP tests. Table 8 reports the results for both the ADF and PP test
results. We conclude that, when first differences are taken, the null
hypothesis of non-stationarity is rejected for all variables. The
series are not stationary in levels but stationary in first difference.
Hence, all variables studied are integrated of order one (I (1)).
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The optimal lag lengths in cointegrated VAR models are chosen
on the basis of minimizing AIC and SC criterion. According to
Parsimony low, we retain the lag length of pn¼1 (Table 9).

Given that all variables are integrated of the same order, the
next step was to test for cointegration using Johansen's approach.
The test results of cointegration relationship between are reported
in Table 10, where r represents the number of cointegrating
vectors. By referring to the trace and maximum eigenvalue tests,
it can be seen that, for Tunisia, results refute the null hypothesis of
no cointegration relationships and confirm the presence of one
cointegrating relationship at the 5% level, which means that the
variables have a long-run equilibrium.

To determine the direction of causation and distinguish
between “short-run” and “long-run” causality, we must examine
the VECM results. The error correction model can be written by

the following equations:

ΔYt ¼ β10 þ ∑
K11

1
β11iΔYt−i þ ∑

K12

1
β12jΔXt−j þ ∑

K13

1
β13rΔΖt−r

þ ∑
K14

1
β14nΔUt−n þ ∑

K15

1
β15mΔVt−m þ β16ECTt−1 þ μ1t ð1Þ

ΔΧt ¼ β20 þ ∑
K21

1
β21iΔΧt−i þ ∑

K22

1
β22jΔYt−j þ ∑

K23

1
β23rΔΖt−r

þ ∑
K24

1
β24nΔUt−n þ ∑

K25

1
β25mΔVt−m þ β26ECTt−1 þ μ2t ð2Þ

ΔΖt ¼ β30 þ ∑
K31

1
β31iΔXt−i þ ∑

K32

1
β32jΔYt−j þ ∑

K33

1
β33rΔΖt−r

þ ∑
K34

1
β34nΔUt−n þ ∑

K35

1
β35mΔVt−m þ β36ECTt−1 þ μ3t ð3Þ

ΔUt ¼ β40 þ ∑
K41

1
β41iΔΧt−i þ ∑

K42

1
β42jΔYt−j þ ∑

K43

1
β43rΔΖt−r

þ ∑
K44

1
β44mΔVt−m þ ∑

K45

1
β45nΔUt−nþβ46ECTt−1 þ μ4t ð4Þ

ΔVt ¼ β50 þ ∑
K51

1
β51iΔΧt−i þ ∑

K52

1
β52jΔYt−j þ ∑

K53

1
β53rΔΖt−r

þ ∑
K54

1
β54mΔVt−m þ ∑

K55

1
β55nΔUt−nþβ56ECTt−1 þ μ5t ð5Þ

where Yt, Xt, Zt, Ut, Vt and μt denote respectively PCTVA, PCTREC,
PCTCO2, PCRI, FPrice and the error term that follows a Gaussian
white noise. In addition, Δ and ECT are respectively the difference
operator and the error correction term. The significance of coeffi-
cients (βi) of the explanatory variables is mentioned as the
presence of causality in the short run.

The sources of causality can be identified from the significance
test of the coefficients of independent variables in the VECM.
Regarding the causality of the short-run, we can test the nullity of
the parameters associated with independent variables in each
equation of VECM using the χ2-Wald statistics. The Causality in the
long-run can be tested by the significance of the speed of
adjustment. We use the t-statistics of the coefficients of the ECT
which indicate if there are long-run causal effects. Results of
Granger causality tests are given in Table 11.

The results of causality between indicators for sustainable
energy development in transport sector in Tunisia are shown in
Fig. 6.

We show the existence of unidirectional causality running from
fuel price to road transport-related energy consumption with no
feedback both in the short and long run. The price policy of fuel in
Tunisia is characterized by the absence of taxation in the price
structure. The fuel price presents a source of motivation of the
individual mobility [73]. In the case of Tunisia, road transport-related
energy consumption and transport value added are mutually causal

Table 10
Results of Johansen cointegration tests.

Eigenvalue H0: r Trace λ-max Critical values at 5%

Trace λ-max

0.697 0 77.704 34.709 69.818 33.876
0.515 1 42.995 20.994 47.856 27.584

Note: r indicates the number of cointegrating relationships. The critical values for
trace test statistics are given by Johansen and Juselius [72].
Trace test indicates 1 cointegrating equation at the 0.05 level.
Max-eigenvalue test indicates 1 cointegrating equation at the 0.05 level.

Table 8
Results of ADF and PP unit root tests.

Variables ADF PP

Level First difference Level First difference

LNPCRTEC −0.999 −4.356 −0.999 −4.371
LNPCTVA −1.739 −3.807 −1.77 −3.807
LNPCTCO2 −0.942 −4.106 −0.942 −4.154
LNPCRI −0.004 −4.650 −0.025 −4.566
LNFPrice −1.016 −4.145 −0.951 −4.156
Critical values at 5% −2.963 −2.967 −2.963 −2.967

Note: each test uses an intercept and no trend.

Table 9
Selection of lag length.

VAR(1) VAR(2) VAR(3)

AIC criterion −19.322 −19.387 −20.130n

Schwarz criterion (SC) −17.895n −16.770 −16.323

n Indicates lag order selected by the AIC and SC criterion

Table 11
Granger causality tests.

Dependent variable Source of causation (short-run) Source of causation (long-run)

ΔYt ΔXt ΔZt ΔUt ΔVt ECT

ΔYt – 0.129(0.718) 0.319(0.572) 0.133 (0.715) 0.163(0.685) −0.493[−2.074]
ΔXt 0.014(0.902) – 0.487(0.485) 0.066 (0.796) 2.568(0.109) −0.363[−2.325]
ΔZt 0.505(0.477) 0.265 (0.606) – 0.014(0.905) 0.0001(0.991) −0.327[−1.927]
ΔUt 6.641(0.010) 4.319(0.037) 5.383(0.020) – 2.681(0.101) −0.694[−3.288]
ΔVt 1.012(0.314) 0.741(0.389) 0.0001(0.990) 0.334(0.563) – 0.532[2.139]

Note: Numbers in square brackets are t-statistics, while those in parentheses are p-values.
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in the long-run. The study seems to reject the neo-classical assump-
tion that energy is neutral to growth [74]. The neutrality is observed
only in the short run. The feedback between the two series implies
that a high level of economic growth in transport sector leads to a
high level of fuel demand and vice versa. In Tunisia road transport
sector, the policy of “energy must lead economic growth” should be
reinforced for a long period [32].

The standard Granger tests would have concluded that there is
bidirectional causality between road transport-related energy
consumption transport and road infrastructure. The energy con-
sumption in transport sector presents, at the same time, the cause
and the results of urbanization structure, the spatial distribution of
households and activities, urban density, the urbanized kilometers
and specially the road infrastructure. Our results are consistent
with the finding of [46,49–52].

It can be seen that the relationship causality between road
transport-related energy consumption and transport CO2 emis-
sions is bidirectional. This result implies that energy consumption
affects environment. The Granger causality from CO2 emission to
the transport value added can be explained by the fact that an
increase in CO2 emission is linked to an increase of input use of
fossil fuels in the transport sector [33,48]. We might expect that
increased transport GDP will also increase the demand for energy
use and indirectly increase of CO2 emission.

In order to analyze the relationship between PCTCO2 and
PCTVA, we have choice to test hypothesis of EKC model. The
Standard model of EKC can be expressed as

lnPCTCO2t ¼Δþβ1lnPCTVAtþβ2ðlnPCTVAtÞ2þβ3ðlnPCTVAtÞ3þεt ð6Þ

where ln is the natural logarithm and εt and Δare respectively the
error terms and the constant. The first econometric problem is
related to the choice of the degree of the equation. Some studies
consider only a cubic equation of income per capita as those of
[75,76] or a quadratic equation such as studies of [77–80]. Other
econometric studies estimate several empirical models (linear,
quadratic and cubic). The significance of the cubic per capita
income is based on the assumption of an N relation. The
inverted-U relationship implies that pollution is reduced and
environmental quality improves beyond a certain threshold of
income per capita. Therefore, it is essential to start from a third
level function of per capita income and to verify the significance of
the coefficient of cubic variable. If it was significant, estimating a
cubic equation is accepted. Table 12 presents the EKC estimation
results.

Though the estimated long-run cointegrated equation, we
denote that there is an inverse N-shaped relation between transport
value added and transport CO2 emissions because β1o0, β240
andβ3o0 (Fig. 7).

In our case, the two income turning points are respectively
equal to 74.88 and 578.82 (constant 2000 TND prices). Therefore,
our empirical findings refute the hypothesis of an inverted U-
shaped EKC for transport CO2 emissions in Tunisia. However, this
relation seems to be a monotonically increasing curve because we
find that the first turning point is very low and the second turning
point is outside the data set [39].

Short-run causality Long-run causality

Road energy consumption

Transport value 

added

Co2 emissions from 

transport sector

Transport 

infrastructure Fuel price

Fig. 6. Causality between indicators for sustainable energy development related to energy consumption from Tunisian road transport sector.

Table 12
EKC estimation results.

Coefficients Cubic specification estimators

β0 24.872(0.000)
β1 −7.770 (0.001)
β2 1.584(0.001)
β3 −0.102 (0.000)

Note: Numbers in parentheses are p-values.
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6. Conclusions and policy implications

In this paper, we are interested to the relationship between
indicators for sustainable energy development related to energy
consumption from Tunisian road transport sector. We studied the
relationship between transport value added, road transport-related
energy consumption, road infrastructure, fuel price and CO2

emissions from Tunisian transport sector during the period
1980–2010. To this end, we have chosen to test the causality
relationship in the short- and long-run in the first step, and to test
the validity of EKC hypothesis in the second step. From the test
results, we conclude that there is a long-run mutual causal
relationship between transport value added, road transport-
related energy consumption transport, road infrastructure and
CO2 emissions from the Tunisian transport sector.

In general, the study results do not support the hypothesis of
neutrality between road transport-related energy consumption
and transport value added in the long-run. Tunisia's economic
growth is closely dependent on increasing of transport fuel
consumption [81]. Consequently, we conclude that increase of
transport demand, which is required by economic growth, leads to
more fuel use by freight and passengers transport. In fact, increase
of transport intensity leads to more kilometers traveled and so
more use of fossil energy. Then Tunisia's transport sector is
characterized by more problems such as current logistic organiza-
tion which cannot give optimal solutions for reducing road
traveled distances, operating management problem characterized
especially by the absence of transport planning and modal
disequilibrium problem which favorite the road transport. This
result can be explained by the insufficiencies of the regulatory
instruments: Restrictions of the use of private cars and the
encouragements of transport energy saving seems not appropriate
to reduce energy intensity. Really, the Tunisian laws are not
applied: reinforcing legislation on controlling emissions in order
to copying with policies based on low-carbon development and
climate-resilient strategies can help to improve the transport
sector energy efficiency. More attention should be attributed to
the control for ownership cars and leasing credits for road freight
vehicles. The experience shows that introducing diesel passenger
cars is an effective and feasible option for saving energy consump-
tion in the road transport sector, cutting down CO2 emissions and
so helping in improving socio-economic pressures [82].

The study finding of feedback between road transport-related
energy consumption and road infrastructure has a number of
policy implications. The Tunisian policymakers have adopted a
transport policy based on the development of transport infra-
structure which motives more and more the use of private cars
and the increase of the number of traversed kilometers. Consider-
ing the importance of the road transport-related energy consump-
tion in urban areas, local authorities have adopted, in order to
make sustainable their transport system, the development of road
networks investment. This solution of urban transport planning is
considered not appropriate to reduce personal motorization, con-
sidering the bad supply and quality of public transport.

The finding of bidirectional causality between road transport-
related energy consumption transport and CO2 emissions from
Tunisian transport sector are consistent with the Tunisian reality.
More attention should be attributed to the problem of absence of
sensitizing to environmental problem. A conservative policy for
transport energy would be detrimental to long-run transport GDP.
Energy and climate policies which are devoted towards a reduc-
tion in GHGs should emphasize the use of alternative sources
rather than exclusively attempt to reduce overall energy consump-
tion. The development of bio-fuels is, therefore, a promising
avenue to ensure an adequate supply of energy to sustain
economic development.

Thus, there is unidirectional causality running from fuel price
to road transport-related energy consumption both in the short
and long-run. Then, taxation of fossils fuels can increase the
personal fuel expenditures and so encouraging the substitution
of collective transportation to individual transportation. Fuel taxes
can be used as economic instruments to encourage the public
transport and to promote the use of clean vehicles with high
capacities, less energy consumption in order to substitute of the
clean fuels to fossil fuels.

This study can be used for helping the decision makers to
provide a sustainable policy of transport which aim to reduce
energy consumption and CO2 emissions of Tunisia's transport
sector. Tunisian authorities are aware of the urgency to implement
measures that saving fuel. The Granger-causality tests conclude
that energy and climate policies which are devoted towards a
reduction in GHGs should emphasize the use of alternative sources
rather than exclusively attempt to reduce energy consumption.
Policy makers can be trapped in reducing fossil fuels used in the
transport sector, through restricting mobility as a climate and
energy policy. Policymakers should integrate socio-economic and
environmental dimensions in their strategy to improve the energy
efficiency in transport sector. They should think to logistic solu-
tions such as relocation of production units and optimization of
vehicle routing problem, to modal shifting by improvement of the
supply and the quality of public transport, to the coupling and
decoupling phenomenon between transport activity and the
economic growth and to clean Technologies based on fuel econ-
omy. The several decisions concerning land use planning, trans-
port planning, energy policy, price policy, economic policy,
environmental protection and social development have a signifi-
cant impacts on saving energy from road transport and their
environmental effects in order to maintain sustainable energy
development in the transport sector.
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