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HIGHLIGHTS

* Drivers contributing to GHG emissions ol road transport are identified and analyzed.
* Decomposition analysis based on Modified Laspeyres Index (MLL) is applied to the Spanish case.
* Economic crisis and changes in mobility patterns and GHG emissions are analyzed.

* Policies for the decarbonization of road transport are recommended.

ABSTRACT

Road traffic is the greatest contributor to the carbon footprint of the transport sector and reducing it has
become one of the main targels of suslainable transport policies. An analysis of the main factors
influencing greenhouse gas (GHG) emissions is essential for designing new energy- and environmentally
efficient strategies for the road transport, This paper addresses this need by (i) identifying factors which
influence the carbon footprint, including traffic activity, fuel economy and socioeconomic development;
and (ii) proposing a methodological framework which uses Modified Laspeyres Index decomposition to
analyze the effect of important drivers on the changes in emissions of road transport in Spain during the
period from 1990 to 2010. The results demonstrate that the country's economic growth has been closely
linked to the rise in GHG emissions. The innovative contribution of this paper is the special analysis of
the changes in mobility patterns and GHG emissions during the economic crisis, when, for the first time,
Spanish road traffic emissions decreased, The reduction of road transport and improved energy
efficiency has been powerful contributors to this decrease, demonstrating the effectiveness of energy-
saving measures. On the basis of this analysis, several tailored policy recommendations have been
suggested for future implementation.

1. Introduction

Spain ranks fifth out of the 27 European countries in terms of
energy consumption in the road transport sector and 12th in
energy consumption per capita (EUROSTAT, 2013a). Impacts to the
environment posed by road traffic, such as energy security and
global warming, have been some of the main concerns in recent
sustainable transportation policies. A sustainable transport system

requires that the movement of people and goods occur in an
environmentally, socially and economically viable way: mobility
for any purpose constitutes a means rather than an end (WCED,
1987). Many transport strategies have focused on sustainable
development. In the case of Spain, climate change mitigation
measures in road transport have been applied through different
energy-saving and efficiency strategies in recent years. The Min-
istry of Industry, Energy and Tourism introduced the National
Energy Efficiency Strategy in 2004, which has given rise to three
successive action plans. The current Energy Saving and Efficiency
Action Plan 2011-2020 (IDAE, 2011) aims to reduce the nation's
total energy consumption by 20% by 2020; one-third of this target
should be achieved by savings in the road transport sector.

The last few decades, however, have seen remarkable growth in
road transport activity. In Spain, from 1990 to 2010, road passenger
mobility (passenger-km) rose by 48.65% and freight transportation
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Fig. 1. (a) Spanish road network length; (b) distance driven by road type. .
Source (MF, 2012)

activity (ton-km) increased by 64.8% (MF, 2012). This increase in
traffic activity was marked by the expansion of the Spanish road
network, especially high-capacity roads. The evolution of the net-
work and the distances traveled on each type of road are illustrated
in Fig. 1. Although the high-capacity road network represents only
10% of the length of the country's overall road network, the
significant investment in road infrastructure has favoured the
expansion of high-capacity roads over conventional roads (Fig. 1a).
Indeed, in 2010, the total length of the high-capacity road network
was 3.11 times that of the network in 1990, reaching nearly
16,000 km in 2010 (MF, 2012). This commitment to developing a
well-established high-capacity network has led to an increase in the
distances traveled on these routes (see Fig. 1b). Higher speeds, on
the one hand, reduce trip times; on the other hand, however, this
produces a rebound effect as vehicles travel greater distances,
thereby increasing the overall energy consumption and GHG emis-
sions. In fact, in 2010, the distance driven on high-capacity roads
represented 80% of the total distance driven on the entire road
network. Fig. 1.b shows that the distances driven on high-capacity
roads increased substantially from 1997 to 2007, when they reached
more than 100 billion kilometers annually. In contrast, there was a
slight decrease from 2007 to 2010, with the most significant drop
between 2007 and 2008.

The expansion of the network - especially of high-capacity
roads - and the rise in demand for road transport have been
followed by a respective increase in energy consumption and
emissions. Road traffic remains the mode which consumes the
most energy, representing 80% of total transportation energy
consumption (ODYSSEE, 2012). Fig. 2 presents the evolution of
total GHG emissions produced by the transport sector and those

specifically linked to road traffic in Spain from 1990 to 2010.
Despite the increase in transport emissions in absolute terms
during this period, the share of road transport in the total national
transportation emissions has remained steady at 90%. This con-
firms that the increase in transport activity was mainly produced
by the expansion of road traffic. From 1990 to 2007 there was a
continuous rise in GHG emissions in the road transport sector,
with an average annual increase of 5%. From 2007 to 2010,
however, there was a steady decline in emissions, with the most
significant decrease occurring between 2007 and 2009. During
these years, the effects of the crisis became more and more
apparent; associated mobility of passengers and goods decreased,
mainly due to the decline in working activity. Both of these factors
were also significantly affected by the increase in oil prices during
this period (ODYSSEE, 2012).

1.1. Review of previous studies of transport in Spain

The noticeable growth in road activity and GHG emissions over
the last few decades justifies a detailed analysis of their explana-
tory factors. Previous studies analyzing the climate change impacts
of road transport in Spain have considered all transport modes
together. The majority of these studies were published after 2004,
when energy-saving and sustainability policies began to be imple-
mented on a wider scale. Pérez-Martinez and Monzén (2008)
showed that there is a clear dependence on road transport in
Spain. They argued that the increase in road traffic during the
period from 1990 to 2005 was due to a rise in the motorization
rate and in transportation demand, brought about by an increase
in private mobility by car. Meanwhile, Mendiluce et al. (2010)
identified the key factors driving the evolution of Spain's energy
intensity levels using decomposition analysis. The results of their
study show that the economic structure and strong transport
growth have been the main factors driving the changes in energy
intensity in Spain. Road mobility has demanded 50% more energy
between 1995 and 2006, both in freight and passenger cars. The
rise in passenger car use was caused by the increase in population
and per capita income, urban sprawl and the dieselization of the
fleet, which, while improving overall energy efficiency, had a
rebound effect of increasing travel distances. For road freight
transport, the main factors which have deteriorated the energy
intensity were construction activity and an increase in the demand
for short-distance delivery of supplies, which has raised light-duty
vehicle use (Mendiluce et al. 2010). In the meantime, Pérez-
Martinez (2010) analyzed trends in freight transport and GHG
emissions in Spain from 1990 to 2007 using decomposition
techniques. Freight transportation in Spain contributes to 8.5% of
Spain’s emissions and increased activity, the large modal share of
road transport and economic growth are the main factors which
have brought about this increase. In turn, Mendiluce and Del Rio
(2010) examined the determinants of passenger transport evolu-
tion in terms of energy dependence and GHG emissions. After the
decomposition analysis, they concluded that the purchase of diesel
vehicles has been the main driver of energy consumption for
private car transport (influenced by per capita income). The total
distance traveled per capita has grown significantly, with a
consequent effect on energy consumption. While diesel vehicles
offer better energy efficiency, this has not been enough to offset
the growth of the transport sector (Mendiluce and Del Rio, 2010).
Mendiluce and Schipper (2011) then determined that transporta-
tion is the main contributor to Spain's emissions increase, which is
mostly due to road-based transport modes. If energy efficiency has
offered some benefits, these have not been enough to counter the
dieselization of the fleet and the increase in traffic activity due to
the rebound effect. The authors also highlighted the development
of Spanish transport infrastructure and the heavy investment in
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Fig. 2. GHG emissions trends in Spain. .
Source: (EUROSTAT, 2013b)

the road transport network, Then, Gonzalez and Marrero (2012)
established the existence of a significant indirect, negative effect
on CO, emissions caused by the dieselization of passenger cars,
which offset the direct, positive effect of the efficiency offered by
these vehicles. Most recently, Pérez-Lépez et al, (2013) analyzed
the evolution of the GHG emissions of three Spanish motorways in
the 2005-2010 period using a bottom-up methodology and con-
sidering only emissions factors and activity. They found that
activity is the major parameter contributing to emissions, while
the vehicle fleet composition also affects the level of emissions.

These studies analyzed the transport sector in Spain up to 2008
and thus did not cover the economic crisis, whose effects were
only beginning to be seen at that time, Pérez-Lopez et al. (2013)
were the only authors to partially analyze the financial crisis, but
they did not consider the influence of socioeconomic factors,
which are key to analyzing a period of economic change. It is
therefore of interest to conduct a more detailed study of the
drivers, including socioeconomic factors, which have influenced
road emissions during economic crisis.

1.2. Study aims and structure

The aim of this study is to understand the key factors influen-
cing the GHG emissions levels of road transportation from 19590 to
2010 in Spain and to propose new road transport strategies to
reduce its carbon footprint. The study proposes a methodological
framework based on Modified Laspeyres Index (MLI) decomposi-
tion analysis with which to examine the main factors influencing
the GHG emissions of road traffic in Spain, including economic
crisis period. The framework includes factors derived from a
literature review. The results of the analysis show that this
methodology is consistent, even over long periods with large
changes in data values, and that it can be used as a tool for
designing road transport strategies and measures to reduce
climate change impacts by targeting main drivers.

This paper is organized as follows: Section 2 presents the meth-
odological framework used for the analysis and includes an examina-
tion of potential factors driving road transport carbon footprint trends.

=#= Road GHG emissions

This is followed by a description of the decomposition analysis model
and the data sources used for this study. In Section 3, the methodology
is applied to identify trends in Spanish road transport emissions
during the twenty-year period from 1990 to 2010; these trends in
the drivers, GHG emissions and the final results are then analyzed.
A discussion based on the Spanish case study is outlined in Section 4.
The main findings and policy recommendations are included in the
conclusions (Section 5).

2. Methods and data

This study follows the methodological framework presented in
Fig. 3. The first step is the definition of fundamental factors which
influence the GHG emissions of road transport over a period of
time (Section 2.1). Based on these factors, potential drivers are
chosen for analysis and to serve as input for the decomposition
analysis model. These drivers constitute the multiplicative decom-
position coefficients and represent relationships between the
underlying factors. From the decomposition, the drivers which
have the greatest influence over the change in emissions during
the selected period are identified. Strategies and policies are then
proposed that could influence key parameters in an effort to
achieve low-carbon road transport targets.

Before presenting the potential determinants of the road
transport carbon footprint {see Section 2.3), the following section
presents a discussion of factors, identified from the literature,
which constitute important contributors to the changes in the
carbon footprint of road transport.

2.1. Underlying factors affecting the carbon footprint of road
transport

Decomposition of the growth of emissions into affecting factors is
key to developing policies and strategies that strive towards more
environmentally efficient mobility. Most transportation studies are
focused on the decomposition of national CO, emissions for transport
in general, distinguishing only between passenger and freight



transportation (Lakshmanan and Han, 1997; Lipscy and Schipper,
2013; Mazzarino, 2000; Mendiluce and Schipper, 2011; Schipper et al.,
2000; Schipper et al,, 2011; Scholl et al,, 1996; Timilsina and Shrestha,
2009a, 2009b; Wang et al., 2011; Zhang et al,, 2011).

Several studies have analyzed different specific aspects of road
transport, such as passenger, freight or car travel (He et al,, 2005;
Kwon, 2005; Li et al, 2013; Lu et al, 2007; Papagiannaki and
Diakoulaki, 2009; Piecyk and McKinnon, 2010; Yan and Crookes,
2009). The main factors examined in these studies are activity and
fuel efficiency. For example, Kwon (2005), taking a simple
approach, represented the CO, emissions from car travel by
population, affluence and vehicle technology. The study found
that car occupancy rates have decreased significantly over the
years and it was determined that, in the case of CO, emissions
from car travel in Great Britain, the affluence factor (distance
traveled per person) was the driving force behind the growth of
emissions over the last 30 years. He et al. (2005) identified three
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Fig. 3. Methodological ramework.

important factors related to fuel consumption of road transport
in China: vehicle population, average mileage and fuel economy.
The analysis suggested that improvements in vehicle fuel economy
could potentially lead to significant fuel consumption savings.
Additional factors are taken into account in Lu et al. (2007), who
decomposed the total CO, emissions from highway vehicles into
the emission coefficient, fuel intensity, vehicle ownership, popula-
tion intensity and economic growth. This study adopted a decom-
position approach to explore the impacts of these five factors on
the total CO, emissions from highway vehicles in different
countries. They found that rapid economic growth and increased
vehicle ownership were the most important factors contributing
to the rise in CO, emissions, whereas population intensity con-
tributed significantly to a decrease in emissions. The socioeco-
nomic factors proved to be of great importance in this
decomposition analysis. Afterwards, Papagiannaki and Diakoulaki
(2009) analyzed the CO, emissions from passenger cars by
examining vehicle ownership, fuel mix, annual mileage, engine
capacity and vehicle technology. The evolution of emissions in
Greece and Denmark was examined during the period from 1990
to 2005. The results revealed that vehicle ownership was the most
influential factor in the increase in emissions in Greece. In the case
of Denmark, the shift towards cars with greater cylinder capacity
was the main factor responsible for CO, emissions changes.
Meanwhile, Yan and Crookes (2009) estimated the energy demand
of road transport in China as a function of such factors as fuel
economy, fleet composition and average annual mileage by
vehicle type.

In the case of freight, the factors affecting emissions are more
disaggregated. Pérez-Martinez (2010) decomposed freight emis-
sions in Spain into activity, modal change, fuel mix and fuel
efficiency. Recently, Li et al. (2013) considered the emission
coefficient, vehicle fuel intensity, market concentration level,
freight transportation distance, market share of road freight
transport and economic growth, among others, as factors influen-
cing the CO, emissions of road freight transport in China. Piecyk
and McKinnon (2010) defined four levels of influential factors in
freight transport: structural, commercial, operational and func-
tional. These were then split into the key variables used for their
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Fig. 4. Factors influencing the carbon footprint of road transport.



analysis: value density, modal split, handling factor, average length
of haul, load factor, empty running, fuel efficiency and carbon
intensity of fuel.

In general terms, then, the carbon footprint of road transport
due to vehicle traffic is influenced by two main factors (see Fig. 4):
traffic activity and fuel economy. Activity mainly depends on the
total distance driven by vehicles in the total network and the
motorization. Fuel economy is determined by the fuel mix (the
distribution of fuel consumption among different types of fuels)
and the vehicle energy efficiency, both of which are dependent on
the vehicle fleet composition (engine size, technology penetration,
age, etc.). Both activity and fuel economy are also influenced by
socioeconomic factors: population, GDP and employment.

2.2. Decomposition analysis: MLI

Index decomposition methodologies, such as the Laspeyres
Index (LI) and Divisia Index (DI), are used to identify relevant
factors that influence changes in CO. emissions, energy use and
energy intensity and are helpful in establishing policies aimed at
reducing environmental and energy impacts. A large number of
decomposition methods have been developed and discussed in
different studies (Ang, 2004; Ang et al,, 2009), each with certain
advantages and disadvantages. The most commonly used decom-
position methods in transport energy and emissions studies are
the LI and DI (Ang, 2004). However, the existence of a residual
term leads to uncertainty as to the meaningfulness of the results
(Ang and Choi, 1997; Ang and Zhang, 2000). In the case of the DI,
the additive and multiplicative Logarithmic Mean Divisia Index
(LMDI) was created to overcome the issue of the residual term by
applying a logarithmic mean weight function to all factors (Ang et
al,, 1998; Ang and Liu, 2001). To deal with this issue in the LI, Sun
(1998) proposed the Refined Laspeyres Index (RLI) method, in
which the interaction terms are distributed equally among all
factors according to the “jointly created and equally distributed”
principle. Recently, Mishina et al. (2011) proposed the Modified
Laspeyres Index (MLI) which is based on the RLI, but “attributes
the interaction terms to the related factors according to the
changes in each factor and distributes them in a manner propor-
tional to a symmetrical rate of the changes”. MLI methods provide
more accurate and reliable decomposition than the RLI or LMDI,

Table 1
Identification of drivers influencing GHG emissions from road transport.

particularly in cases where some factors change positively and
others negatively (Mishina and Muromachi, 2012).

This study uses the additive MLI approach to conduct a time-
series decomposition by comparing yearly data and adding up the
annual changes over a specific period (detailed in Appendix A).
The decomposition analysis focuses on several factors mentioned
above which constitute important driving forces behind changes
in GHG emissions from road transport, namely energy consump-
tion, total annual mileage, total number of vehicles, population,
employment and GDP.,

The general equation used to calculate the amount Q, of GHG
emissions in year t (tons of CO.-eq) from road transport is the
following:

Q. EC T, VF P EP,
Dy WiSES * g % - gy R ey GOB M
where EC, is the total energy consumption from road transport for
year t (T]); T;, the total distance driven by vehicles in year t (10° km);
VF,, the number of motor vehicles for year t (10,000 vehicle units); P,
the population in year t (10,000 inhabitants); EP, the employed
population (10,000 inhabitants); and GDP,, the Gross Domestic Pro-
duct in year t (10° euro, reference year 2000). Eq. (1) can also be
rewritten as

Q!—: C[XEfXUpXM(XJrXW’;XGDPt (2)

where G, E, U, M, J, W, and GDP, are the main drivers influencing
GHG emissions from road transport and are described in Table 1.

In additive MLI decomposition, the change in Q (AQ) recorded
in time t in comparison with the level in a base year t=0 is
calculated as follows:

AQ =Q'— Q" = C'E'U'M "W GDP' — CPEP UMY WO D
=AC+AE+AU+AM+A]+ AW -~ AGDP (3)

where AC, AE, AU, AM, AJ, AW and AGDP are the index levels of the
changes in GHG emissions brought about by each driver. The change
in Q can also be expressed as the sum of the three groups of index
levels: fuel economy, traffic activity and socioeconomic factors (see
Fig. 5).

Drivers influencing GHG
emissions

Description

Input
determinants
for
decomposition
analysis

C; - Carbon intensity of road Carbon intensity of road transport is defined as the amount of CO»-eq emitted per unit of energy consumption by road C,—Q/EC

transport

transport. It is mainly dependent on the type of fossil fuel used (carbon efficiency of fuel). A decrease means that there is

an improvement in the carbon efficiency of the fuel combustion.
E. - Energy intensity of road Energy intensity of road transport is expressed as the total energy consumption per total kilometers driven in the road E,=EC/T,

transport

network. A decrease in energy intensity can be explained by improvements in energy efficiency: greater engine

efficiency, improved driving behavior, a shift from gascline to more efficient (i.e. diesel) vehicles or better highway

design and management.
U; - Use intensity

Use intensity of a road network is expressed as the total number of kilometers driven per vehicle. An increase could

Uy=Ty/VF,

mean that there is a rise in the annual mileage per vehicle.

M; - Motorization rate
economic growth.
J—Job intensity

Job intensity is the relationship between the population and the number of employed people. 1t is the inverse of the

The motorization rate is the total number of vehicles per inhabitant. An increase in motorization rate is correlated with M,— VF,/P,

Je=PEP;

employment rate. An increase means that there is a decrease in the employment rate and usually correlated with a

period of economic crisis.

W;-Workers income
intensity

productivity ol the labor market.

Workers income intensity is the number of employed people per unit of GDP for the year t. It is the inverse of GDP per W,=EP,/GDP;
employed capita. A decrease means that employment population grows slower than GDP, so there is an increase in the

GDP, Gross Domestic Product is the market value of all final goods and services produced within a country in the year L. GDP;




2.3, Data sources

Vehicle activity and energy consumption data for the Spanish
road transport sector are collected at a national level by the Spanish
government. The following paragraphs list the data sources and
procedures which have been used in the decomposition analysis.
Appendix B includes a table with the data used in the analyses.

a) Every year, the Spanish Road Traffic Map provides information
with measurements of traffic flow at locations across the road
network. The distance traveled by road vehicles is estimated
from annual traffic flows at different locations (MF, 2012),

b) Vehicle fleet data are gathered by the Directorate General of
Traffic (DGT), which maintains a detailed database with the
number of vehicles in use by fuel type, engine capacity and
technology at a provincial level. The official figures are pub-
lished yearly by the Ministry of Public Works (MF, 2012).

¢) Energy statistics for road transport in Spain are compiled from
the sales data of fuel for road vehicles. Information about fuel
consumption figures in road transport is taken from National
Energy Commission (CNE, 2013).

d) Information regarding GHG emissions from road transport is
taken from the Spanish GHG Inventory (MAGRAMA, 2012). This
study uses the 2012 edition of the Greenhouse Gas Inventory
which has compiled annual data from 1990 to 2010. The
inventory estimates emissions by activity sector. The road
transport category encompasses pollutant emissions produced
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by vehicle traffic whose main purpose is the road transporta-
tion of passengers and freight.

e) Finally, population, employment and GDP data are obtained
from the Spanish National Statistics Institute (INE, 2013).

3. Results

Before obtaining the results, trends were identified in the GHG
emissions and in the seven drivers over the period from 1990 to
2010 (taking 1990 as a base year). These are the input data for the
MLI. Fig. 6 represents those trends over the twenty-year period.
The results show that, on the one hand, drivers such as carbon
intensity (C), energy intensity (E), job intensity (J) and workers
income intensity (W) remained below 1990 levels and therefore
had a positive influence on the reduction of GHG emissions of road
transport. On the other hand, the motorization rate (M) and
economic growth (GDP) — and to a lesser extent road use intensity
(U) — were higher than in 1990, negatively effecting emissions. It is
worth noting that when the crisis started, the traffic activity
drivers, as well as GDP and workers income intensity (W), two
of the socioeconomic growth drivers, led to a decline in GHG
emissions. However, job intensity, the third socioeconomic driver,
increased over the years as the employment rate grew more
slowly than the total population, leading to an increase in GHG
emissions during the final period.

The years analyzed are 1990-2010, inclusive, and the following
subintervals have been identified:

a) 1990-1997: GHG emissions from road traffic gradually began to
increase. This period was influenced by rapid motorization (M).
There was an annual growth of 4% in the number of vehicles
per inhabitant in this seven year period.

1997-2002: GHG emissions rose continuously and more mark-
edly. During this period, there was an improvement in energy
efficiency (E) due to the dieselization of the Spanish vehicle
fleet. Energy intensity remained at around 90% of 1990 levels,
which meant an improvement of 10% in energy efficiency
from 1990.

b
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Table 2
Results of the MLI decomposition: changes in GHG emissions cue to drivers.

Year Index level (GHG emission unit: 10° metric tons of C05-eq)”

AC  AE AU AM A] AW AGDP AQ

1990-2010 —-4.70 -10.32 -0.88 3455 —-449 -14.04 3251 3263

* AC, carbon intensity; AE, energy intensity; AU, road use intensity; AM,
motorization rate; AJ, job intensity; AW, workers income intensity; AGDP, gross
domestic product; AQ, GHG emissions.
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Fig. 7. Time-series decomposition distribution of the effect of the drivers.

¢) 2002-2007: GHG emissions peaked in 2007 In this period, the
nation experienced rapid economic growth (GDP). Evidence of
this is the large increase of GDP and the increase in the
employment rate (opposite to job intensity).

d) 2007-2010: GHG emissions began to decline due to the
economic crisis. The GDP together with the employment rate
decreased and consequently there was a reduction of road use.

The results of the MLI approach described in Section 2.2 are
illustrated in Table 2 and Fig. 7. This methodology uses a time-
series decomposition of the GHG emissions trends in the Spanish
road transport sector, adding up the annual changes as calculated
by the decomposition methodology (Appendix A).

The net GHG emissions from road transportation increased by
32.63 million metric tons of CO,-eq from 1990 to 2010. The
motorization rate (M) was the major driver affecting GHG emis-
sions; overall, this contributed to an increase of 34.55 million
metric tons of emissions. This was followed by GDP, which led to
32.51 million metric tons of additional emissions. On the other
hand, the drop in the energy required per kilometer (E) had a
positive effect on the reduction of emissions: since 1990, the total
decrease came to 10.32 million metric tons. The workers income

intensity (W) is a special case: it had a positive effect, decreasing
GHG emissions by 14.04 million of metric tons, meaning that there
was an improvement in the productivity of the workforce. The job
intensity (J) index indicates a total reduction of 4.49 million metric
tons of emissions, as the population increased more slowly than
the number of employed people. Moreover, the effect of the
decrease in carbon intensity (C) — which produced a savings of
4.7 million metric tons - indicates an improvement in fuel
efficiency.

Finally, the effect of the drivers on the GHG emissions of the
four periods between 1990 and 2010 is illustrated below in Fig. 7.

a) From 1990 to 1997, GHG emissions rose by 14,63 million metric
tons, with the motorization rate (M) contributing most sig-
nificantly to the increase (resulting 17.78 million metric tons of
increasing), though it was also influenced by the economic
growth (GDP) and the increase in the total number of kilo-
meters driven per vehicle (U) (8.62 and 5.68 million metric tons
respectively). Energy efficiency, however, improved, resulting
in a reduction of 4.72 million metric tons of emissions during
this seven-year period.

In the 1997-2002 period, GHG emissions grew more sharply

than in the preceding period, with an increase of 17.4 million

metric tons in five years. In this period, economic growth (GDP)
along with the motorization rate (M) and road use (U) were the
most influential drivers providing increases of 10.98, 9.50 and

3.73 million metric tons respectively.

The next five years were characterized by an increase in road

transport climate change impacts; reaching a peak of 98.58

million metric tons of GHG emissions in 2007 (see Fig. 2).

Again, the main drivers which influenced this increase were

GDP and the motorization rate (M) contributing to an increase

of 15.24 and 8.55 million metric tons respectively, Road use

intensity (U), however, improved, leading to a reduction of 3.04

million metric tons of emissions; carbon efficiency (C) led to

emissions savings as well. In contrast, energy efficiency (E)

deteriorated, increasing emissions by 1.5 million metric tons

over the five-year period.

d) The final period - corresponding to the economic crisis — saw a
large decrease in climate change impacts, approximately 15
million metric tons from 2007 to 2010. Road use intensity (U)
and energy efficiency (E) were the most important drivers for
the emissions decrease, providing savings of 7.25 and 5.25
million metric tons, respectively. Workers income intensity (W)
also had a positive influence, with a reduction of 5.15 million
metric tons of GHG emissions. Moreover, carbon efficiency (C)
contributed to a decrease of 3.34 million metric tons of
emissions. For the first time, economic growth (GDP) and the
motorization rate (M) contributed to a reduction in total
emissions (2.32 and 1.28 million metric tons, respectively).
Finally, during this period, job intensity (J) brought about an
increase of 9.88 million metric tons in emissions due to the fact
that the total population increased more quickly than the
number of employed people.
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4. Discussion

Several studies analyzing the Spanish transport sector, as
mentioned above, have found that socioeconomic development
is the main factor in the high energy demand and GHG emissions
of Spanish transport. Therefore, the greatest challenge is decou-
pling climate change impacts from economic growth. This analysis
shows similar results for the period before the economic crisis.
During the recession, however, other factors, such as energy



Table 3

Assessment of key drivers (comparison with total change in GHG emissions 1990-2010).

1990-1997 1997-2002 2002-2007 2007- 1990-
2010 2010
Effect of key AC Carbon Intensity - + oo s i
drivers on GHG  AE Energy Intensity ++ + - ++ ++
emissions AU Use Intensity - = = =2 + 4+ o
AM Motorization Rate - - - = = A= + i
AJ Job Intensity o | + A |
AW Workers Income il d | b ol
Intensity
AGDP - = = i s g + v a2
AQ (GHG emissions +14.95 +17.39 +15 -14.71 +32.63

in Mt CO»-eq)

Assessment M and small cars; +M and diesel cars;
1U=Rapid motorization tU=Dieselization + rebound
effect
Changes Penetration of EUROQ PREVER plan—purchase of

technologies in the vehicle diesel vehicles

fleet

tM and large engine size, tU,
|E=Inefficiency

Cheap diesel fuel | purchase of
cars with large engine capacity

LU, 1E, 1C=Lessons from the
crisis

Results from F4
Strategy + biofuel
penetration+ crisis impacts

Explanation of the effect of key drivers on AGHG emissions
{+) Decreased emissions.
{—) Increased emissions.

Large=(+ + + + or ) greater than 75%.
Moderate=(+ + + or ) from 50% to 75%.
Medium={+ + or ) from 25% to 50%.

Slight=(+ or —) from 0% to 25%.

efficiency, carbon efficiency, activity or job intensity, began to have
a greater influence on GHG emissions.

A qualitative scale has been developed in order to classify the
corresponding effect of each driver in categories according to their
magnitude - large, moderate, medium or slight - and direction -
increase {—) or decrease (+) in GHG emissions (see Table 3). The
table also includes a brief assessment and a summary of important
changes which took place during each period. The following
subsections analyze each period and discuss the transport strate-
gies devised during the twenty-year period and beyond.

4.1. Rapid motorization: 1990-1997

The seven-year period of 1990-1997 was governed by the rapid
motorization of the population. Vehicle ownership was dominant
and greatly influenced road use intensity. These led to an increase
of GHG emissions, together with the deterioration of carbon
intensity which was influenced by the gasoline consumption. To
1997 more than 80% of passenger car vehicles used gasoline as fuel
(DGT, 2011). The improvement in energy efficiency, on the other
hand, had a positive effect on GHG emissions in this period,
brought about by the penetration of more efficient vehicles: from
1990 to 1997, the use of EURO technologies increased by 30% (DGT,
2011). During this period, the improvement in the productivity of
the labor market (decreased of workers income intensity) also
influenced positively on GHG emissions.

4.2, Dieselization effect: 1997-2002

In the five-year period from 1997 to 2002, the Spanish
Government enacted several dieselization policies, such as the
PREVER Plan 1997-2007, in an effort to reduce the age of the
vehicle fleet and to eliminate leaded gasoline; helping vehicle
owners to replace older cars with new ones provided a catalyst
(Spanish Government, 1997). During this period, the percentage of
diesel vehicles in the total fleet grew from 18.1% to 32.5%, and by
2002, the price of diesel fuel was 14% cheaper than gasoline (MF,
2012). Although diesel vehicles are more efficient than gasoline

ones, as they offer better carbon and energy intensity, these
policies had a negative influence on GHG emissions, causing a
rebound effect by greatly increasing road use (Mendiluce et al,
2010). The growing role of diesel vehicles in Spain confirms that
fiscal policies can generate changes in driver behavior. Never-
theless, such policies should be carefully controlled, as the fiscal
incentive for the purchase of these vehicles, combined with lower
taxation, led to a rebound effect, increasing the total annual
kilometers traveled and consequently raising emissions.

4.3. Rapid economic growth and mileage increase: 2002-2007

The rapid economic growth of the 2002-2007 period had a
negative influence on the GHG emissions of road traffic, which
reached their peak in 2007. The wealth of the Spanish population
increased road transport activity. One example is the increase in
engine size for passenger cars from 1997 to 2010 as Fig. 8
illustrates. In 2007, more than half of cars had an engine capacity
of over 1600 cm?® and only 10% could be categorized as small cars
(less than 1200 cm? of engine capacity). Therefore, the purchase of
cars with greater cylinder capacity led to an increase in consump-
tion. Additionally, during this period there was a decrease in fuel
prices which encouraged greater consumption (Gonzalez and
Marrero, 2012). This led to a reduction of the energy efficiency
of road traffic (rebound effect) and a rise in GHG emissions. Last
but not least, during this period there was an important growth of
the motorization rate and the employment rate, reaching
their peak.

4.4, Reaction to the economic crisis: 2007-2010

The economic crisis greatly affected the road transport sector.
The four-year period of 2007-2010 was characterized by a reduc-
tion of GHG emissions in the transport sector after 17 years of
steady increase. This analysis found that the most powerful drivers
influencing the reduction were the use intensity — as road activity
declined sharply - and energy and carbon efficiency (see Table 3).
Road activity has been hit by the economic crisis, and people have




Passenger car (by engine size)

100%

w% - — — 1 T

80% - — — — — - — — —

0% H — — — — — —

60%

50%

40%

30%

20%

10%

0%

1997 1998 1999 2000 2001

2002 2003 2004 2005 2006

PC>1999 ce

PC 1600-1999 ce
PC 1200-1599 cc
PC 119%¢e

2007 2008 2009 2010

Fig. 8. Composition ol passenger car leet by engine capacity (DGT, 2011).

1.400

1.300

1.200

/\\

L100 /./
L1000

900

700 1

-

Energy consumption (PJ)

100

_‘x_,-az

) e s sl g g e ng

e~ M

1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 Z008 2009 201¢
—4—GASOLINE —0—DIESEL, ——LPG&NG -#- BIOFUELL —8—TOTAL
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reduced their travel distances and trips. Main factors influencing
the use intensity have been: the reduction of employment rate and
the reduction of income per capita (see Fig. 5). In this period, road
energy consumption decreased due to an overall reduction of 15%
in the use of oil products (Fig. 9). One of the reasons for this
decrease was the rise in oil prices caused by the energy scarcity
crisis (Mendiluce and Del Rio, 2010). The improvement in energy
efficiency and carbon efficiency, however, were also marked by the
demand for biofuel. It has also increased in recent years (Fig. 9)
because of the introduction of energy labeling in transport, the
promotion of the use of biofuels (Spanish Government, 2008) and
vehicle fleet renewal measures (IDAE, 2007). In fact, from 2008 to

2012, the tax-free policy for the use of biofuels increased demand
for them, consequently improving carbon efficiency and reducing
GHG emissions (a moderate reduction of carbon intensity can be
observed in Fig. G). In 2010, biodiesel represented 5.5% of total
diesel consumption and bioethanol made up 6% of total gasoline
consumption.

4.5, 2010 and beyond
Since 2010, Spain has continued decreasing the GHG emissions

from road transport, but these are currently maintained and they
are not expected to grow. In 2011, Spain experienced an energy



crisis and the government introduced special energy-saving stra-
tegies for the transport sector (MF, 2011). Additionally, the Second
Energy Saving and Efficiency Action Plan 2011-2020 was launched,
which also introduced a set of energy-saving measures for the
transportation sector, mainly focused on the road transport mode
(IDAE, 2011). Some of these measures are related to fleet renewal
and several action plans have been implemented: the Efficient
Vehicle Incentive Program: Plan PIVE - a plan to aid in purchasing
smaller cars and light-duty vehicles - from 2012 (Spanish
Government, 2013b) and the Comprehensive Strategy to Promote
the Electric Vehicle in Spain 2010-2014: Plan MOVELE (Spanish
Government, 2013a). Traffic activity has plateaued in Spain and
is not expected to continue decreasing (MF, 2012); use intensity,
then, does not seem to be contributing to the decrease in GHG
emissions. Moreover, since January 2013, biofuels are no longer
tax-free, which is a step back when it comes to the use of
alternative fuels.

4.6. Lessons from the crisis

Finally, in order to decarbonize road transport and achieve the
Kyoto Protocol target of returning to 1990 levels of GHG emissions
(UNFCCC, 1998), the Spanish road transport sector will need to
reduce emissions by 30 Mt C0O,-eq (based on 2010 levels). It is clear
that, as in the past, the priority is decoupling economic growth and
energy consumption. New measures to reduce GHG emissions of
road transport in Spain should take the following into consideration:

a) On the one hand, specific measures must continue to be taken
to reduce the use of transport in general without compromising
the country’'s development, This could be achieved by imple-
menting policies oriented toward reducing demand and trans-
ferring activity to more energy-efficient modes (Banister, 2011).
On the other hand, as road traffic makes up the large majority
of Spanish transport, there is a need for strategies to improve
the efficiency of road use, such as traffic management strategies
and penetration of smaller, more efficient vehicles to limit
climate change. Speed management, improved infrastructure
design, management of heavy-duty vehicles and efficient
technologies (both efficient fuels and vehicles) are recom-
mended (Monzon et al, 2012). Furthermore, specific analysis
at an urban level should identify local drivers to define the best
policy recommendations (i.e. Sobrino and Monzon, 2013).
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5. Conclusions and policy implications

Road traffic is the greatest contributor to the carbon footprint
of the transport sector. Global warming has been one the main
concern in recent transportation policies and its reduction has
become one of the main objectives of sustainable transport
policies. An analysis of the main factors influencing energy
consumption and GHG emissions is essential for designing new
energy- and environmentally efficient strategies in the road
transport mode. Decomposition analysis techniques have proved
to be some of the most suitable methods for the assessment of
transport trends (i.e. Lu et al. 2007).

This study presents a methodological framework to analyze the
main factors influencing changes in the GHG emissions from road
transport. First a review of the literature has identified three main
groups of underlying factors: fuel efficiency, traffic activity and
socioeconomic development. These can be separated into seven
drivers: carbon intensity, energy intensity, road use intensity,
motorization rate, job intensity, workers income intensity and
GDP. The analysis of the drivers made use of index decomposition
techniques, and the MLI method was chosen for its consistency in

periods where large changes occur (i.e. changes in behavior,
technology or the economy) as well as for its capacity to incorpo-
rate drivers which represent relationships between the underlying
factors.

The methodology was applied to the Spanish road transport case
study for the 1990-2010 period, which includes the beginning of the
economic crisis. However, the proposed methodology can be applied
to many different cases and can serve to benchmark strategies or
compare countries. Hence, the MLI methodology has proven ade-
quate for identifying relevant factors that affect CO. emissions
trends. The residual term has been eliminated from the decomposi-
tion, thereby improving on previous decomposition techniques.

The results highlight the main drivers influencing GHG emis-
sions trends and four main periods have been identified: rapid
motorization (1990-1997), dieselization effect (1997-2002), rapid
economic growth and mileage increase (2002-2007) and the
economic crisis (2007-2010). In summary, in 1990, the population
of Spain began to purchase more cars, at a rate of approximately
one vehicle per family; consequently, the increase in emissions in
the first period was due to the rise in the motorization rate. In the
second and third period, there were synergies between fiscal
policies favoring diesel vehicles (lower taxes for new vehicles and
diesel fuel) and the higher purchasing power of the population. The
result was an increase in the motorization rate and the growth of
the share of diesel vehicles in the Spanish fleet, as well as a rebound
effect due to increased driving distances. This, in turn, caused a
steady increase in energy consumption and GHG emissions, demon-
strating the inefficiency of road transport systems during times of
economic expansion and the importance of adopting adequate
fiscal policies. From 2007 to the present, the economic crisis has
led to a reduction of transport activity and higher energy efficiency
on the road. People have adapted their behavior to their real
mobility needs by reducing the number of kilometers they drive
and moving more efficiently thanks to a renovated fleet.

In conclusion, Spain tends to be more efficient in a crisis that in
prosperity; the country is at a crossroads which could mark a
change in the paradigm of road transport. This study provides
important information that could aid in developing measures and
redefining strategies with which to take advantage of the recent
decrease in the demand for road transport. Policy recommenda-
tions would include () returning to policies which encourage the
purchase of smaller, more efficient vehicles in order to obtain a
more energy-efficient vehicle fleet; (b) increasing the use of other
transport modes and reducing car dependency through modal
shift measures; and (c) encouraging efficient traffic management
strategies and infrastructure design, and making use of informa-
tion and communications technologies (ICT) for speed and traffic
flow management. Future research would include a sensitivity
analysis of different changes in the drivers and the assessment and
comparison of different countries.
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Appendix A. Modified Laspeyres Index (MLI)

This section develops the Modified Laspeyres Index (MLI) as
presented by Mishina et al. (2011). Note that Egs. (A.3) and (A4)
are provided also in the main text.




In the seven change-factor model

(X1.X2.X3,X4,X5,Xg,X7), the

change in the x, factor, which represents the change in GHG

emissions (AGHG), is given by
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and x; is the driver under consideration. When the factor x; does
not change for the period [0, t], the symmetric rate of change (a,)

of the factor x, is zero. Hence, the change in GHG for the period
0—t is expressed as

AGHG = AGHG)(] +AGHG)(2 +AGHG)H +AGHG)(4

+AGHGy5 + AGHGys+ AGHGy (A4)

The time-series decomposition consists of yearly comparisons and
addition of the results over a specific period.

Appendix B. Spanish road transport data

See Table B1.



Table B1
Factor figures.

Year GHG emission from road Total Energy consumption in Total distance driven in Total Spanish  Spanish Employed Spanish Gross
transport in Spain Spain from road transport Spanish road by vehicles vehicle fleet population population Domestic Product
tC0,-eq TJ 10° km 10° veh 10° Inhab 10 Inhab 10° Euro
Q EC T VF P EP GDP

1990 51,244,000 699,000 183,500 16,834 38,826 13,967 4682062

1991 54,181,000 739,200 193,800 17,768 38,875 13,967 480,114.6

1992 57,881,000 789,900 209,800 18,640 39,004 13,772 484,580.9

1993 57,383,000 782,900 209,400 19,145 39,132 13,381 479,583.3

1994 60,542,000 825,400 225,000 19,552 39,247 13,318 491,011.7

1995 61,400,000 836,600 231,600 20,158 39,343 13,569 515,405.0

1996 65,446,000 891,000 248,800 20,863 39,431 13,796 527,564.2

1997 66,190,000 900,600 259,000 21,603 39,525 14,293 547,974.1

1998 72,630,000 987,400 285,500 22,631 39,639 14,932 572,458.4

1999 75,466,000 1,038,600 303,800 23,745 39,803 15,617 599,626.9

2000 78,494,000 1,069,100 312,400 24,612 40,050 16412 629,907.0

2001 81,784,000 1,121,700 327,500 25,599 40477 16,942 653,021.0

2002 83,581,000 1,149,800 339,600 26,606 40,964 17,359 670,719.1

2003 87,365,000 1,203,900 358,400 26,761 41,664 17,916 691,440.5

2004 90,440,000 1,246,300 358,300 28,054 42,345 18,565 713,976.7

2005 92,968,000 1,284,500 371,700 29,272 43,038 19,335 739,563.1

2006 95,333,000 1,319,600 384,900 30,104 43,758 20,105 769,709.3

2007 98,584,000 1,366,700 398,700 31,907 44,475 20,713 796,488.9

2008 93,309,000 1,304,600 384,500 32,516 45,283 20,687 803,567.0

2009 87,031,000 1,239,100 376,900 32,339 45828 19,338 773,507.5

2010 83,872,000 1,210,900 376,100 32,501 45,989 18,856 772,870.1
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