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Abstract

In this  paper we develop a methodology to explain the (de)coupling issue among CO2-

emissions,  economic-activity,  and surface-transport.   It  presents a comprehensive  set  of

variables  that  determine  how CO2-emissions  decouple  at  different  economic  levels  and

provide direct and useful economic insights for the formulation of goals and policies. A

matrix  of  17  variables  (289  indicators)  is  built  across  three  data  sets:  economic  (5),

transport-volume  (9),  and  environmental  damage  (5).  These  indicators  predict  a)

decoupling when using aggregate analysis and b) coupling of transport with the economy at

a  disaggregate level.  The findings  are  based on 36 key decoupling  indicators  for three

countries  (36 each),  ranging from the most  to  the least  aggregated.  These 36 intensity

indicators  belong to a  decoupling  category  for  3  countries  across  2 distinct  geographic

zones. The findings reveal a materialization phase in Spain,  Mexico, and USA. Also, a

decarbonization phase in  Spain and USA, and partially  in  Mexico.  Using 36 indicators

across four levels provide a detailed analysis of the coupling to decoupling phenomena,

highlighting differences between sectors and countries, and unveiling hidden trends when

examining various dimensions of the process.

1. Introduction

The growing global concern over climate change has placed the reduction of CO2 emissions

at the heart of international agendas, highlighting surface-transport (rail and road transport,

both freight and passenger) as a critical sector due to its significant contribution to the total

emissions.  The establishment  of the United Nations Framework Convention on Climate

Change in 1992, followed by initiatives such as the Kyoto Protocol (1997) and the Paris

Agreement (2015), reflects the global commitment to mitigating climate change. However,

despite international efforts, the decoupling of CO2 emissions from economic activity in the

surface-transport sector remains a formidable challenge.

Two hypotheses are derived directly from this central research problem. First, the growth of

transport-volume  (total  amount  of  goods  and  passengers  transported  measured  in  ton-
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kilometers) disproportionately exceeds economic growth, indicating that the relationship

enters a phase of coupling below the threshold offering opportunity for improvement to

achieve effective decoupling. 1

Second,  the  increase  in  CO2-Emissions  caused  by  surface-transport  grows  less  than

proportional to economic growth, which could signal a phase of decoupling because the

transport-economy relationship lies above the threshold, although this relationship requires

analysis with more rigorous methodological tools.

In this context, the present research arises from the need to critically evaluate the existing

methodologies  for measuring the eco-efficiency of surface-transport  and its  relationship

with CO2-emissions. There is a significant gap in the literature:  the lack of accuracy of

conventional CO2 intensity measures to capture the complexity of decoupling in this sector.

Therefore, this study aims to contribute to the understanding of this issue by introducing a

novel methodology that extends previous work in this field. Our approach is distinguished

by  two  main  innovations:  first,  the  detailed  analysis  of  the  temporal  trajectory  of

decoupling  indicators,  of  trends,  and  second,  the  application  of  a  specific  threshold  to

assess the intensity of decoupling, thus providing a more rigorous and realistic framework

for its study.

The motivation behind this research lies in providing a more solid empirical basis for the

formulation of public policies and energy transition strategies aimed at the decarbonization

of the transport sector. By offering a clearer and more detailed view of decoupling, this

study aspires to significantly contribute to global efforts to mitigate CO2 emissions (the

environmental impact) of transport, thus aligning with the long-term sustainability goals set

in international climate change agreements.

The  structure  of  the  article  is  organized  as  follows:  Section  2  presents  the  theoretical

background and key concepts in the literature on decoupling; Section 3 details the data and

proposed  methodology;  in  Section  4,  the  main  findings  are  discussed;  and  finally,  in

Section 5, conclusions and recommendations are made.

1 Transport-volumes can be total,  by mode of  transport,  or by transported object
(goods or passengers)
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2.1 Background 

The selection of Spain and Mexico is due to their  geographically strategic  locations on

international trade routes. Both countries have been integrated into significant free trade

blocks  (Spain  in  the  European  Community  and  Mexico  in  North  America  under  the

“Northamerican  Free  Trade  Agreement”  in  1993,  “NAFTA”,  now USMCA).  This  has

increased  the  trade  Mexico-USA  routes,  raising  the  volume  of  freight  and  passenger

transport. Additionally, both Mexico and Spain economies are of similar size. The inclusion

of the U.S. is due to its impact on Mexico's regional trade and in turn on its transport-

volume.

The trend in economy wide CO2-Emissions continues to grow (Figure 2.1). Over the study

period (1996-2018),  Mexico experienced an increase of approximately 50%, the United

States (USA) a reduction of 5%, although with a rebound in the last two years, and Spain

showed an increase of approximately 25%.

For developed countries such as Spain and USA, it is observed that CO2-Emissions related

to the surface-transport either remain stable or continue to increase. The same applies to
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developing countries.  During  the  period  (1996-2018),  Mexico increased  CO2-Emissions

from transport by 73%, Spain by about 33% and USA by 20% (Figure 2.2). The growth in

transport  CO2-Emissions supersedes that of economy wide  CO2-Emissions over the same

period. 

Trends in road and rail transport modes (t-km) show recovery periods for both passenger

(Fig.  2.4  & 2.6)  and  freight  movement,  for  the  three  countries  (Figures  2.3  and  2.5).

Mexico  increased  rail  transport-volume by 110% and road freight  transport-volume by

47%.  Spain  increased  rail  freight  transport-volume by 15% and  road freight  transport-

volume by 120%. Meanwhile, USA saw a 70% increase in road freight transport-volume

and  a  25%  increase  in  rail  freight  transport-volume.  Both  the  rail  and  road  modes

(passenger) for Mexico registered a similar recovery and an increase of 37% respectively,

Spain saw an increase of 75 and 53% respectively, and the USA 45 y 44% respectively

(Figure 2.4 and 2.6).
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In addition,  both the  national  GDP and the GDP of  the  transport  sector  show a  slight

upward trend that does not justify the negative externality and the transport-volume. From

1996-2018, it can be seen that the increase in GDP in Purchasing Power Parity (World

Bank, 2023) of Spain, Mexico and USA is approximately 59, 73 and 69%, respectively

(Figure 2.7).2

The GDP of the Transport Sector increased 41.6, 115 and 57% for Spain, Mexico and USA

respectively  (Figure  2.8).  Therefore,  it  is  plausible  to  consider  coupling  between  the

surface-transport sector variables and the Economic-Activity variables. Furthermore, it is

observed  that  both  the  transport-volume  (see  definition  above)  grow  more  than

proportionally to the Economic-Activity for the three countries studied. This is evident in

both the transport of goods and passengers by surface-transport. 

2 The variable GDP PPP per capita holds important information.  However, the analysis,
being based on the accumulation of the negative externality (CO2) as a function (Y-axis),
requires  GDP as  the  domain  (X-axis)  to  provide  a  better  analysis  of  the  slope  of  the
function (intensity).
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2.2 Review of literature

Major  problems  associated  with  the  transport  sector  include  road  accidents,  traffic

congestion,  greenhouse  gas  CO2-Emissions,  and  dependence  on  oil  (Loo  et  al.,  2020;

Nasreen et al., 2020; Nelson and Warren, 2020; Zhu et al., 2020). Reducing CO2-Emissions

implies reducing energy consumption, which is an essential input for production and can

potentially decrease economic growth (Abam et al., 2021; Acheampong et al., 2022). While

economic growth is  desirable,  the same cannot  be said for the growth of carbon-based

transport. This negative externality of economic activity has become an important transport

policy  issue:   decoupling  economic  growth  from energy  and  CO2-Emissions  (Loo and

Banister,  2016; Nelson and Warren,  2020;  Szaruga and Zaloga,  2022).  The increase in

demand increases CO2-Emissions in the short term. Therefore, mitigation policies, such as

energy  efficiency  and  technological  innovation,  are  targeted  at  the  transport  sector  to

reduce the externalities and increase efficiency (Du et al., 2019). 
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It  is  equally important  to decouple the transport  sector  from  CO2-Emissions.  The main

objective is continuous economic growth with low contributions from the transport sector

(decoupling effect).  But the growth of the transport sector, both passengers and freight,

usually goes hand in hand with economic growth (coupling effect) (Tapio, 2005 & 2007).

The phenomenon of decoupling is the general concept and is defined as the breakdown of

environmental  "bads"  and  economic  "goods"  (OECD,  2000).  Terms  such  as

immaterialization,  dematerialization  and  decarbonization  are  derived  from this  concept

(Tapio, 2005).

2.2.1 Decoupling Categories

Achieving economic growth with low CO2 contributions through transport occurs under the

decoupling effect. This decoupling-process is crucial for sustainable transport, especially in

the passenger and freight  sectors (Tapio et  al.,  2007). The concept  of dematerialization

refers to achieving as many service units  as possible with the least  amount  of material

(Hinterberger and Schmidt-Bleek, 1988). Dematerialization is defined as the decoupling of

specific environmental damage from material production (Loo and Banister, 2016).

In this context, the separation of the transport-volume of road (or rail) from CO2-Emissions

and the  “Kuznets  U” curve  represent  an  example  of  dematerialization  (Tapio;  2002 &

2005).

Decarbonization  is  believed  to  contribute  to  dematerialization  because  energy  is  an

important factor in production and a major source of CO2-Emissions associated with human

activity  (Nakicenovic,  1996).  In  fact,  this  phenomenon  is  a  specific  case  of

dematerialization  measured  in  CO2-Emissions.  Furthermore,  one  way  to  measure  this

phenomenon is through the carbon intensity of the economy (CO2/GDP) or changes in the

carbon intensity of a sector such as transport (CO2T/GDP) (Loo and Banister, 2016).

On the other hand, the immaterialization-process describes the decoupling of both material

production  and consumption  from Economic-Activity  (Heinonen  et  al.,  2005;  Loo  and

Banister,  2016).  One  way  to  measure  this  phenomenon  is  through  energy  intensity

indicators that reflect the unit of energy consumed per unit of economic production (TEPS/
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GDP). Alternatively, transport intensity indicators that illustrate the separation of GDP and

road (and rail) transport-volume exemplify immaterialization (Tapio, 2002; Banister and

Loo, 2016).

2.2.2. Decoupling Indicators.

An important contribution was to unify the units of measurement for the transport of goods

and passengers, respectively, as tonnes per kilometer (t-km) and passenger per kilometer

(p-km), on the same basis. This was achieved by considering that an average passenger

with their luggage is equivalent to a certain weight, X kilograms. Thus, 1000kg/Xkg equals

the proportion  q of passengers needed to weigh 1 ton (1000=qX). Therefore, if the total

number of passengers is Q, then Q /qX equals the total number of passengers measured in

tonnes, which is the unit of measurement for transporting goods. This approach allows for

expressing passenger  and goods movement  in  the same unit  (Peak,  1994;  Banister  and

Stead, 2002). A similar process is possible to convert the total weight of goods transported

into  the  number  of  passengers  transported  by  multiplying  the  total  tonnage,  Z,  by  the

proportion q of passengers (Zq).

Additionally,  this  equivalence introduces the concepts of gross mass movement and net

mass  movement  (MMN).  In  the  first  case,  it  captures  all  transport  movement  in  the

economy, while in the second case, it captures movement per activity (Peak, 1994). Based

on these concepts, indicators of Gross Transport Intensity and Net Transport Intensity can

be  created.  For  instance,  if  each  of  these  indicators  is  divided  by  GDP,  indicators  of

transport efficiency and the utility of transport activity can be obtained.

In this way, efficiency variables are included in the analysis of transport intensity to obtain

implications for the transport and environmental impacts of policy adoption by evaluating

CO2-Emissions  and resource  use  (Peak,  1994;  Banister  and Stead,  2002).  Some of  the

proposed indicators (Table 2.1) rely on variables: energy consumption in transport (CET),

gross domestic product (GDP), passengers or goods per kilometer (p-km), (t-km) and net

mass movement (Banister and Stead, 2002):
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There  are  two  types  of  transport  intensity  measures:  the  first  is  the  transport  energy

efficiency measure, which relates energy consumption and the movement of passengers or

goods, or both. The second is economic efficiency that relates Economic-Activity and the

movements of passengers, cargo or both. In this way, an improvement in the intensity of

transport means that less energy is used per unit transported (economic activity). And the

opposite in case of worsening intensity (More energy per unit in the numerator).

Subsequently the quotients of these variables were considered intensities. Those associated

with  the  negative  externalities  of  transport  are  the  environmental  intensity  of  transport

(Narayan and Narayan, 2010; Juanky, 2011). Those referring to the amount of transport

generated per unit of income or Economic-Activity are transport intensity in volume, and

those  associated  with  the  amount  of  energy used  per  unit  of  production  or  Economic-

Activity  are  energy  intensity  (Loo  and  Banister,  2016).  There  are  also  studies  on  the

intensity of road freight transport that use different measures of Economic-Activity at the

sectoral level (Agnolucci and Bonilla, 2009).

The decoupling between variables can also be analyzed through elasticities, e, which is the

quotient of percentage variations (Table 2.2). Different types of coupling or decoupling

emerge, which depend on the variations in the specified variables (Loo and Banister, 2016)

or on the interval in which the result of the quotient falls (Tapio 2005 and 2007). These

different types of coupling and decoupling trends can be summarized as follows:

1. Relative Coupling: Both variables change in a positive direction, but the externality

increases  at  a  faster  rate  or  Economic-Activity  remains  the same,  resulting  in  a

higher or equal intensity (Loo and Banister, 2016).

2. Absolute  Coupling:  Changes  in  the  variables  are  in  opposite  directions,  but  the

intensity  increases.  For  example,  Economic-Activity  decreases  (in  a  negative
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direction),  but  the externality  increases  (in  a  positive  direction)  (Bellingal  et  al,

2003).

In all  of  these situations,  variations  in  Economic-Activity  characterize  whether  it  is  an

expansive  (Economic-Activity  increase),  stable  (same  Economic-Activity  level),  or

recessive (Economic-Activity reduction) decoupling or coupling (Loo and Banister, 2016).

Most of the literature cited above is non-econometric but there is work based on different

econometric methodologies to explain the decoupling process (Tian et al., 2018; Xiaoyu et

al., 2018; Engo, 2018 & 2019) and intensities (Namahoro et al., 2021; Ozkan et al., 2023).

Others indirectly present results that can be interpreted by the decoupling literature (Wang

and Zhang, 2021 and Alali et al., 2022).

2.2.3. Contributions

Previous analyses are conducted in fixed time intervals,  5 to 10 years and more (Stead

2001,  Banister  & Stead,  2002,  Tapio,  2005 & 2007,  Loo and Banister,  2016),  without

considering short-term changes. These fixed intervals imply data omission in an area where

data are scarce and hard to access. This data omission might hide the true scenario; since
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the selected year might show a lower value in intensity, but the omitted data might indicate

the opposite. To avoid the omission of information, the indicator's trend is incorporated into

the study, allowing for continuous analysis.

Various  studies  (Loo  & Banister  and  others)  consider  elasticity  work  with  the  second

differential of the total accumulation of the negative externality. This is the accumulation

function. Given that the data used by those studies are random, it is not directly apparent

where along the curve of accumulation function the decoupling is occurring; however, the

inclusion of the trend can clarify the situation.  The approach taken focuses on the first

differential of the accumulation function, which is the intensity reflecting the slope of the

curve. 34

Although our  study is  designed  to  analyze  the  trend in  the  long  term,  it  allows  us  to

consider fluctuations that occur in the short term by incorporating annual data. Therefore,

variations are captured and analyzed as part of the process to understand the general trend

of intensity over time. 

The previously cited works suggest that a reduction in intensity is favorable but do not

provide a rigorous criterion that indicates when decoupling occurs. Based on intensity as

the slope of the accumulation function, a threshold is established when the slope is less than

or equal to one. From this threshold, the accumulation function achieves its maximum (the

point at which decoupling is achieved, meaning the accumulation function's slope is equal

to zero). Actual values are retained so that all values have economic significance and are

then useful for policy making, goal setting, and evaluation (unlike elasticity analysis).

3. Data & Methodology 

3.1 The data 

This study uses three groups of variables to develop the indicators for Spain, Mexico and

USA between 1996-2018. First,  set  X EA, there are economic variables such as GDP, in

3 This accumulation function can also refer to surface-transport.
4 When  analyzing  CO2-emissions  and  Surface-transport,  the  Surface-transport
represents the domain 
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terms  of  purchasing  power  parity.  Second,  set  X PC, the  materials  production  and

consumption variables, such as the total primary energy supply in tons of oil equivalent and

the transport-volume in tons-kilometer. The third group, set X EV , comprises environmental

variables, specifically units of resource use such as tons of oil or CO2-Emissions (Tapio et

al, 2007). 

This analysis  is based on international sources as the OECD, WB, IEA and prestigious

national sources as INE and OTLE (Spain), INEGI and SIE (Mexico), FRED and ORNL

(USA) that support the international data. The reliability of these sources guarantees the

quality  of  our  assumptions  and  the  robustness  of  our  results  (For  abbreviations  and

variables see Glossary at the end of document).

The data from economic activity (1996-2018) in terms of purchasing power parity were

obtained from World Bank (WB), INE (Spain), INEGI, (México) and FRED (USA). These

variables present a positive annual average growth rate (GR) in the study period (Tables

3.1.1, 3.1.2 and 3.1.3). For various measures of GDP, the following is done to calculate

indicators of intensity values.

iGDP, i∈ { I ,T } 

If  i=I  this is “Industrial GDP” and refers to the contribution of all secondary activities

(manufacturing, construction, mining, etc.) to the GDP.

And,

if  i=T   this  is  “Transport  GDP” and refers  to  the  contribution  of  the  transport  sector

(passengers and freight in their different modalities) to the GDP.
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On the other hand, the data on freight and passenger transport in (t-km) for road and rail

were obtained from OECD (1996-2018). The data present a positive GR except for rail

passenger  transport  in  Mexico  (Tables  3.1.4-3.1.6).  As  above  the  following  variables

starting from (t-km) can be derived

T (i−km ) j , i∈ {t , p } , j∈ {C , F } 

If i=t  this is Freight transport, 

And, 
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if, i=p this is passenger transport, 

while, 

j=C refers to road mode. 

And, 

if j=F  refers to rail mode.
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Finally,  data  on  environmental  damage  (1996-2018)  in  million  tons  (MT)  of  Carbon

dioxide emissions (CO2) and the total primary energy supply (TPES in million TOE) both

series obtained from IEA, OTLE (Spain), SIE (Mexico) and ORNL (USA) (CO2TC data

available from 2004-2018 and CO2TF (Spain) from 2010-2018). As in most cases the GR is

positive except for CO2-Emissions from road (Spain), economy-wide CO2-Emissions and

from  road  transport  (USA)  that  present  negative  GR  (Tables  3.1.7,  3.1.8,  and  3.1.9).

Different metrics can be used for each sector´s CO2-Emissions.

CO2i ,i∈ {T ,TC ,TF } 

If i=T  refers to transport sector CO2

And if i=TC  refers to road transport CO2

Similarly, if i=TF  refers to rail transport CO2.
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All  units  of  measurement  were  standardized  to  base  units  for  uniform  analysis.  For

example, MTOE was converted to kilograms, t-km units were also analyzed in kilograms,
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and  GDP  measured  in  trillions  was  analyzed  in  dollars.  This  standardization  helps  to

interpret  the trends between different  variables  for each country  by using a ratio with

economic  significance  that  helps  to  pursue  economic  goals.  For  example,  if  the

theoretical relationship suggests a quotient  r ≤1 it  means that for every dollar earned or

produced, less than 1 kg of CO2 is moved or obtained (interpretation similar for r>1). 

3.2 Identities of transport-volume

The  study  is  new  since  it  builds  decoupling  indicators  –  Immaterialization  and

Decarbonization  – that  are  more  rigorous and are  based  on the accumulation  function.

These indicators are based on a new methodology, but they are derived from the transport

intensity  indicators  (Stead,  2001;  Banister  and  Stead,  2002).  We  do  not  implement  a

sensitivity analysis.

In the study, T means total surface-transport in millions of (t-km). It can be calculated in

two ways: as the sum of the total freight volume-transport, T(t-km), and the total passenger

volume-transport, T(p-km), after converting passengers to tons (equation 1 and 2); or as the

sum of total road volume-transport, TC, and total rail volume-transport, TF (equations 3

and 4). Both TC and TF are sums of goods and passengers transported by road or rail,

respectively (equations 5 and 6). Tables 3.2.1, 3.2.2 and 3.2.3 present data created using the

above identities, and it can be seen that all the variables created have a GR positive in study

period.

T (t−km )=T (t−km )C+(1/10)T ( t−km )F (1 )

T ( p−km )=T (p−km )C+(1/10)T ( p−km )F (2)

T=T (t−km )+T (p−km )(3)

T=TC+TF (4 )

TC=T (t−km)C+T (p−km )C(5)

TF=T ( t−km) F+T (p−km ) F(6)

The study needs the creation of the variable T to measure aggregated and sectoral indicators

in the industrial and transport sectors, and the TC and TF variables for modal indicator. To

align units of measurement,  the number of passengers is converted to tons. An average
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passenger and their luggage weigh approximately 100 kilograms, which is equivalent to 10

passengers per 1 ton (Banister and Loo, 2011). By dividing the total number of passengers

by 10, the data is standardized in tons, allowing uniform analysis of all indicators. This

ensures consistency in assessing the performance of the transport sector.
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3.3 The indicators

The literature highlights the importance of relating environmental and energy factors with

production or transport variables (Tapio, 2007). Based on this, a matrix configuration is

suggested,  aligning  groups  of  variables  in  rows  and  columns,  to  visualize  the  derived

relationships (Table 3.3.1). As expected, the diagonal reflects the value '1' when a group of

variables is related to itself. The elements a ij=a ji are equivalents, in terms of the category

decoupling they  represent,  and the main interpretation  is  given to the elements  located

above the diagonal (Stead, 2001; Banister and Stead, 2002). Subscripts i , j represent the set

to  which each variable  belongs.  These subscripts  are  unit  free and are elements  of the

matrix.

The present research is based on and complements the methodology of previous studies by

incorporating  the  concepts  of  threshold  and  trends.  According  to  the  methodology

previously cited (Stead, 2001; Banister and Stead, 2002; Tapio, 2005; Loo and Banister,

2016), the behavior of intensity indicators depends on the position of the variables in the
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quotient (numerator and denominator), and to which group the variable belongs (EA, PC,

and EV).

Considering this, it's important not to lose sight of how the indicator has been presented

when interpreting it. Let's assume there is an intensity indicator in absolute value, rt<1, t  as

the sequential  values  in  chronological  order (equation  5).  Thus,  rt ,  defined as  absolute

intensity,  has  the  advantage  of  revealing  direct  economic  information  that  is  easy  to

interpret and compare. 

Intensity :
X t

Y t

=r t , t=1 ,…,n (5 )

Considering intensity  as the slope of the accumulation function,  a decision threshold is

established when the intensity value is less than one within the time interval of the period,

rt≤1 ,t ∈ (1 , n ), and if the inequality is maintained for the rest of the period, r j≤1 ,t< j, then

the quotient criterion is met. This threshold establishes that increases in the denominator

(regardless of their magnitude) are accompanied by marginal increases in the numerator

(decoupling phase). It should be observed that when the value of the slope, rt , exceeds one,

this indicates that increments in the denominator are accompanied by proportionally larger

increments in the numerator (coupling phase) (see Appendix A.0).

The determination of the objective quotient depends on the variables involved and which

goes in the numerator, and which goes in the denominator. To avoid confusion later and be

in accordance with the literature, Economic-Activity will be taken in the denominator (most

cases), therefore the theoretical  relationship suggests that the quotient  r ≤1. Ideally,  the

quotient  should be less than one,  and quotient  should converge over  time to zero (this

convergence implies the maximum of the accumulation function and the point at which

decoupling is  obtained,  the point at  which increases in the denominator  do not  lead to

increases in the numerator).

On the other hand, the trend is obtained from the equation of a simple linear regression

model (equation 6), considering rt  as the time series variable at a specific point, t=1 ,…,n.

Where the coefficient b0 represents the intercept, and the coefficient b1 captures the trend of
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the variable. So, if the coefficient b1<0, the trend is downward, and conversely, if b1>0, the

trend is upward. Similarly, if the coefficient associated with the slope of the trend satisfies

b1<0, then the criterion for a decreasing trend is met. The downward trend reflects the goal

of reducing intensity during the study period. This downward trend reflects the behaviors

that  intensity  should  follow  in  the  decoupling  process.  And  mathematically  it  is  the

reduction in the slope of the accumulation function. 

rt=b0+b1t+u(6)

Thus, this study complements the previous work carried out by Stead (2001), Banister and

Stead (2002), Tapio (2005) and Loo and Banister (2016) by incorporating the trend of the

indicators into the study of decoupling. Previous studies allowed indicators to be compared

over time but were local in the sense that they did not provide information beyond what

was happening in a particular year. Furthermore, this study allows analyzing and shaping

the general behavior of the accumulation function

In this way, the analysis of the indicators was biased towards “good” and “bad” years, that

is, a good year would yield a good indicator (a reduction in the index of intensity) without

considering whether the previous and subsequent years were bad, and vice versa with bad

years. The variables in question are susceptible to sudden changes. Therefore, this study

improves the analysis by incorporating past information through the trend of the indicators,

thus providing a clearer indication of the direction of change.

A  downward  trend  in  the  indicator  is  desirable  in  the  study  period  (in  line  with

convergence) and eliminates ambiguity in certain scenarios because, regardless of the value

of  the  indicator,  it  must  adhere  to  the  convergence  of  the  proposed  relationship.

Additionally, it allows for better analysis over long periods by incorporating all available

information.

Consequently, incorporating these two concepts into intensity indicators not only provides

complementary analysis  to what has already been proposed but also establishes a more

rigorous  and  restrictive  decoupling  criterion.  This  means  that  to  speak  of  decoupling
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between variables, it is necessary for the indicator's evolution to show convergence and a

downward trend.

The possible scenarios are the following for the case in which the theoretical relationship

suggests  a  quotient  less  than  or  equal  to  one.  In  any  case,  to  speak  of  decoupling

(immaterialization  and decarbonization)  both objective  conditions  must  be  met,  namely

that:  1) the theoretical  specification of the quotient  (r ≤ 1) and 2) the trajectory of the

quotient  itself  must  be  met  (downward  trends).  Meanwhile,  if  none  of  the  objective

conditions are met, then coupling (materialization, and carbonization) is taking place.

Similarly, if one of the two objective conditions is met, a coupling-process is taking place

as one of the two conditions is missing. In this regard, if the objective quotient is met but

not by the trend condition, there is "coupling by trend," alluding to the possible coupling-

process arising from this source. Likewise, if the objective quotient is not met but that of

the  trend  does  so,  there  is  "coupling  by quotient,"  suggesting  this  as  the  cause  of  the

coupling-process (Tables 3.3.2).

Even though past information is being incorporated through the trend, the study is concise.

To enrich this analysis, one can detail whether the variations are caused by increases or

decreases in the numerator or denominator (sensitivity analysis), as done by Tapio (2005),

Loo and Banister (2016). However, such an analysis goes beyond the scope of this paper

since our study focuses on the first difference.

25



4 Results and Recommendations

Key economic and environmental variables have been examined using transport intensity

indicators in the context of decoupling. The methodology described in Section 3 guided the

four-phase analysis. The first phase studies aggregate variables from the period 1996-2018,

while the second phase disaggregates them at the sectoral level, highlighting the evolution

of the transport sector.

The third phase further breaks down data on surface-transport modes by road and rail. The

fourth phase focuses on modal transport-volume (t-km), defined as above, where goods and

passengers  are  combined  to  produce  transport-volume  data  (To  see  all  indicators  and

meaning for disaggregate level and category see Appendix A.1 and A.2). This multilevel

analysis  supports  the  hypotheses: i)  Transport-volume  growth  outstrips  economic

expansion,  signaling  a  decoupling  opportunity.  ii)  CO2 emissions  from  transport  may

increase less than economic growth, suggesting decoupling potential  but needing deeper

analysis.

It is important to note that the analysis focuses only on the quotient value and the trend,

excluding absolute or relative coupling-decoupling (in deed this analysis exceeds the scope

of this study); although it is possible to infer, based on GR (see section 3.1) that most of the

indicators  represent  expansive  relative  coupling-decoupling,  in  accordance  with  the

elasticity  analysis  (see  section  2.2.2  and 3.1,  Appendix  A.3 to  A.8,  Loo and Banister,

2016). 

A decoupling-process (immaterialization-decarbonization)  occurs when the quotient  r<1

and the trend decreases (see section 3.3). Meanwhile, a coupling-process (materialization-

carbonization)  is  when  r<1 and  upward  trend.  If  it  is  a  quotient  coupling-process

(materialization-carbonization),  the  trend  downwards  (TD),  but  r>1.  If  it  is  a  trend

coupling-process the quotient is r<1 and the trend upward (TU).
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4.1 Aggregate results 

In the first phase, the aggregate transport intensity indicators show (Table 4.1) that Spain,

Mexico and USA show an immaterialization-process in TPES/GDP, indicating a reduction

in energy use per unit of GDP. In CO2/TPES, Spain and USA present a carbonization-

process by quotient (r>1,TD),  while Mexico shows Carbonization (r>1,TU). The three

countries  exhibit  a  decarbonization-process  in  CO2/GDP.  Regarding  GDP/T,  a

Materialization-process (r>1,TU) is observed in the three countries, although in the case of

USA it is by quotient (r>1,TD). Finally, in CO2/T and TPES/T, all countries show trends

towards Decarbonization and immaterialization respectively.

4.2 Results by Sector
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According to the second level of analysis (sectoral), (Table 4.2), the intensity of transport

CO2-Emissions to IGDP indicates that USA show a decarbonization-process. While Mexico

and Spain present a carbonization-process (r>1,TU) in both indicators (IGDP & TGDP),

which indicates that industrial activity contributes to increase in transport  CO2-Emissions.

The T/TGDP and T/IGDP indicators relate transport and industrial GDP to the transport-

volume (t-km), showing a materialization-process (r>1,TU) in Spain, (r<1,TD) in  USA

and Mexico exhibits both cases. That is, the industry is closely linked to the increase in

transport. Finally, CO2T/T compares transport CO2-Emissions from the transport sector and

the transport-volume (t-km); Spain and the US are achieving a decarbonization-process,

while Mexico shows carbonization by quotient (r>1, TD). 

4.3 Results for transport Modes 

In  both  tables  (4.3.1  and  4.3.2),  TC/GDP  and  TF/GDP  demonstrate  a  materialization

process  (r>1,  TU)  for  all  three  nations,  suggesting  transport-volume  (t-km)  growth

outpaces economic growth in certain instances. The CO2TC/TC and CO2TF/TF indicators

present a  decarbonization  process across these countries,  implying reduced modal  CO2-

Emissions  despite  transport  expansion.  For  CO2TC/TGDP  and  CO2TF/TGDP,  Spain
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undergoes decarbonization, whereas Mexico and USA exhibit Carbonization by quotient (

r>1,TD)  in  the  former,  meaning  road  transport  CO2-Emissions  outweigh  GDP

contributions. Yet, both nations lean towards decarbonization in the latter. Notably, recent

trends in Spain and Mexico hint at either deviating from decoupling or intensifying the

coupling scenario (detail in section 4.4). 
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4.4 Results Transported services (Goods & Passengers)

The three  countries  present  materialization-process  (Table  4.4.1).  The result  suggests  a

connection between the Economic-Activity and freight transport-volume (t-km). In USA

the materialization-process is due to quotient (r>1, TD). For passenger transport (Table

4.4.2), results mirror freight transport, with most exhibiting a Materialization-process (r>1

,TU)  in  both  road  and  rail.  Some  trends  vary  as  quotient  or  trend,  indicating  diverse

Economic-Activity  transport  ties.  In  essence,  these  indicators  reveal  each  nation’s

equilibrium between economic growth and transport´s environmental effects from 1996-

2018.  Country  and  modal  nuances,  while  slight,  are  crucial  for  a  comprehensive

understanding. 
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4.5 Results: Freight transport Emissions (M&CO2)

Considering road and rail are chiefly influenced by freight transport-volume (t-km) with

most CO2-Emissions  tied to freight  (Table 4.5),  a decarbonization-process for the three

countries (1996-2018) can be observed. 
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4.6 Recommendations

Several  factors  may  contribute  to  the  observed  trends  in  transport.  For  instance,  the

industrial sector's demand to move goods can be indicative of materialization. Furthermore,

international  trade affects  the transport  of goods (t-km) within and outside the country.

Although reducing trade is not an option to reduce transport activity, there are measures

that can be adopted to minimize transport related impacts on emissions through decoupling

transport from economic expansion. 

As far as the coupling and decoupling results from sections 4.1 to 4.6, the following four

actions can help mitigate the intensity relations (1996-2018) to weaken the path of the trend

from coupling towards decoupling. These four actions have already been proposed, along

with another 32 actions (Helmreich & Keller, 2011); and they strongly promote emission

reductions  and  the  modal  shift  from  road  to  rail  (McKinnon,  2007).  Likewise,  these

measures are equally valid (universal) and can be implemented in both geographical zones

to change the coupling trajectories. To achieve modal shift from road to rail the following

four measures  are  recommended although there  are  far more measures  available  in  the

policy literature, these are most essential. 

4.7.1 Internalization of External Costs

External costs are those borne by society that are not reflected in the market price of goods

and services produced. In the case of transport, these include congestion, CO2 emissions,

and other  environmental  impacts,  etc.  Thus,  the  internalization  of  external  costs  is  the

inclusion of costs not considered in production in market prices. This action is aimed at

promoting  sustainable  transport  (influencing  the  behavior  of  users  and  providers).  Its

implementation  can  be  through price  differentiation  based on external  costs,  taxes  that

reflect  costs,  incentives  for  sustainable  transport,  funds  in  support  of  efficiency

(Streimikiene,  2017;  Euchi  and Kalle,  2021).  Mexico  nor  the  USA has  not  introduced

carbon taxes to internalize externalities; while Spain has imposed a fuel duty on diesel.   
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4.7.2 Price Differentiation by Type of Load

This price differentiation is to establish different prices for different groups of users or

different service characteristics. This action can improve resource allocation in transport, as

well as influence users'  modal choice,  manage congestion,  and promote efficient use of

infrastructure.  It  can  be  carried  out  by  differentiating  by  the  type  of  user  (passenger-

freight), by origin and destination, by route within the transport network (Van der Weijde,

2014).   None  of  the  countries  have  implemented  price  differentiation  for  transport

movements.

4.7.3 Investment in Infrastructure

This  is  the  allocation  of  financial  and  technical  resources  for  the  development,

maintenance,  and improvement  of transport-related  infrastructure.  Therefore,  policies  in

this area must consider sustainable development and regional integration (electric vehicles,

expansion  of  public  transport,  bicycle  lanes),  planning  (innovative  technologies  and

promotion of sustainable mobility),  innovation, and technology (collaboration of public-

private partnerships for the development and implementation of infrastructure) (Kadyraliev,

et al., 2022; Ur Rehman, et al., 2023). Mexico has been less successful in this regard than

other countries due to lack of available development finance, large external debt payments

and slower economic growth.

4.7.4 Optimization of Transport Network

It  focuses on the design of a cargo logistics network (people) that minimizes  the costs

associated  with transport  and maximizes  benefits  in terms of efficiency,  reliability,  and

service  capacity  (sustainable).  This  design can optimize-minimize  the  use of  resources,

emissions, and vehicular congestion. This can be achieved through planning among various

entities, the use of technologies, and electric vehicles. (Bai, et al., 2018 and Aloui, et al.,

2021). 

5. Conclusions
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Our results confirm our first hypothesis: the growth of transport-volume disproportionately

exceeds economic growth, indicating that that relationship enters a phase of coupling below

the threshold is fulfilled for next reasons: The intensity indicators of transport produce a

ratio,  r>1 in the relationship between the transport-volume and economic activity (GDP)

with an upward trend, or both, at all levels studied; this ratio is also present at all levels for

the countries in question. Thus, it is possible to conclude that the ratio of absolute intensity

(the  transport  sector:  goods  and  passengers  (t-km)  as  a  quotient  of  economic  activity)

remains greater than 1. The confirmation of this hypothesis will have strong implications

for the future: our indicators show a growing trend, and thus a setback in decarbonization

trends.

The findings also confirm the second hypothesis: the increase in CO2-Emissions caused by

surface-transport grows less than proportional to economic growth, which could signal a

phase of decoupling because the transport-economy relationship lies above the threshold,

this decarbonization process (decoupling phase) was observed, primarily in Spain and the

United States, and to a lesser extent in Mexico, across all levels of indicators. There is a

reduction in  environmental  damage intensity  (confirmed by the proposed threshold and

trend  in  our  methodology)  concerning  both  sets  of  variables:  economic  activity  and

transport-volume (t-km) in the transport  sector  (road and rail).  This  result  confirms the

hypothesis for specific cases (Spain and the United States), but not in a general sense.

The main results, as described above, were obtained by analyzing the trends and quotients

of efficiency and intensity  indices calculated using three groups of variables:  economic

activity variables, material production-consumption variables, and environmental damage

variables (with their respective units of measurement) during the period 1996-2018. The

variables were analyzed from the most aggregated level to the least disaggregated level

possible and through their basic units.

The standardization into basic units proposed allows obtaining information with economic

significance, unlike the sensitivity analysis of other authors (Tapio, 2005 and 2007; Loo

and Banister, 2016), in which an analysis of the economic significance of those units is

omitted. This information is useful for the formulation of objectives, goals, and evaluations

with economic interpretation (linked to the variables). Generally, these studies are carried
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out over time spans of 5-10 years or more (Stead, 2001; Banister & Stead, 2002; Tapio,

2005 and 2007; Loo and Banister, 2016). This causes the loss of information within both

the study periods and the unconsidered interval. This paper focuses on the general trend and

not a more specific one (obtained by only two points).

To avoid omitting essential information, all available information (by obtaining the trend of

the data) is used, a threshold (the quotient) is identified that starts from the concept of the

slope  of  a  function  when  representing  the  intensity  of  the  movement  of  one  variable

(numerator)  given  the  movement  of  the  other  (denominator).  The  conjunction  of  these

characteristics helps in the formulation of policies oriented towards the sustainability of

transport.

This  study  seeks  to  complement  the  studies  previously  carried  out  by  expanding  the

analysis of intensities (quotient of variables at levels). Elasticities are not used in this study

(quotient of variations of the involved variables), and this has the advantage of i) extending

the  analysis  to  more  subperiods  within  the  study  period  and  ii)  the  establishment  of

thresholds that complement the evaluation of the indicators. The interpretation of the results

means that the level of intensities should decrease within the study periods, and that the

ratio of the indicators should be "small." The proposed methodology captures these notions

by introducing the concept of trend (decreasing or increasing, based on the proposed ratio)

within the study period and the ratio (r < 1, depending on how the relationship between the

variables is defined).

The  aggregated  indicators  (first  phase)  show  a  decoupling  for  Spain  between  the

relationships  TPES-GDP, TPES-T,  and CO2-GDP, CO2-T (r<1 and a decreasing trend).

However, there is coupling between GDP-T (r>1 and increasing trend), and coupling based

on the ratio between CO2-TPES (r>1, decreasing trend). On the one hand, the first case of

coupling (GDP-T) is the most concerning as it doesn't meet any of the desired conditions.

On the other hand, the second case (CO2-TPES) shows a decreasing trend, and if the trend

continues, the decoupling goal will be achieved, and the ratio will register as <1.

In the sector-specific indicators (second phase), Spain shows that the relationship CO2T-

TGDP could achieve decarbonization, just like the other indicators in the same category.

However, there is clear materialization in the second phase. Regarding modal indicators

36



(third  phase),  materialization  is  evident,  with  a  more  severe  impact  in  the  road  mode.

Nevertheless, decarbonization is tangible in both modes in this phase. As for indicators of

freight  and  passenger  transport  (fourth  phase),  there  is  a  strong  trend  towards

materialization. Although it is expected that there will be decoupling in the coming years in

freight transport by train and passenger transport by road. Finally, the indicators for freight

transport in both modes show advanced decarbonization; this is shown by 10 indicators out

of 12.

In the first phase, Mexico shows the same results as Spain. The only difference between

Mexico and Spain is that the GDP-T relationship in the former could potentially decouple

soon if the trend continues. However, in the second phase, there is a significant coupling

challenge for Mexico.

The  next  phase  presents  an  encouraging  trend  in  road  transport,  and  if  the  current

momentum is maintained, decoupling can be achieved in all indicators. In contrast to road

mode, rail transport shows the opposite, with a possible coupling.

In the fourth phase, materialization of both freight and passenger transport is evident. Road

transport  for  both  freight  and  passengers  seems  to  be  on  track  to  meet  the  proposed

decoupling  conditions.  Finally,  decarbonization  is  favorable  in  road  and  rail  freight

transport, although attention needs to be paid to the decarbonization of rail freight transport.

In the first phase, for the USA, it is analogous to the one described for Spain, with the

caveat that the TPES-T relationship could potentially couple in the coming years. In the

second phase, there is decoupling in all indicators if a decreasing trend is maintained, and if

the increasing trend in the CO2T-T relationship is reversed.

The third phase reveals a situation similar to Mexico, with the difference that there are no

signs of a change in the decarbonization trend of rail transport, which could lead to future

coupling.

In the fourth phase, there is also coupling. In freight transport, the current trend needs to be

continued to achieve decoupling, while in passenger transport, the current trend reflects a

ratio for that sector that is increasing and moving away from the desired level. Finally, like

Spain and Mexico, there is possibly a faster decarbonization in the USA, especially in road
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and rail  freight  transport. This  work helps  identify  trends  that  favour  energy transition

policies based on the decarbonization of transport.

38



Appendix 

39



40



41



42



43



44



Bibliography

Acheampong,  A.,  Dzator,  J.,  Dzator,  M. and Salim (2022).  Unveiling  the  effects  of  transport

infrastructure and technological innovation on economic growth, energy consumption and

CO2 emissions. Technological Forecasting & Social Change, 182, 1-40.

Agnolucci, P. and Bonilla, D. (2009) UK Freight Demand: Elasticities and Decoupling. JTEP, 43,

3, 317-344. 

Alali,  L.,  Niesten,  E.  and Gagliardi,  D. (2022).  The impact  of UK financial  incentives  on the

adoption of electric fleets: The moderation effect of GDP change. Transportation Research

Part A, 1621, 200-220.

Aloui, A., Hamani, N., Derrouiche, R. and Delahoche, L. (2021). Systematic literature review on

collaborative  sustainable  transportation:  overview,  analysis  and  perspectives.

Transportation Research Interdisciplinary Perspectives, 9, 1-15.

Bai, R., Woodward, J., Subramanian, N. and Cartlidge, J. (2018). Optimization of transportation

service  network  using  k-node  large  neighbourhood  search.  Computers  and  Operations

Research, 89, 193-205.

Banco  de  Información  Económica,  INEGI.  (2023).  Banco  de

https://www.inegi.org.mx/app/indicadores/?tm=0 

Banister, D and Stead, D. (2002). Reducing Transport Intensity. European Journal of Transport and

Infrastructure Research, 2, 161-178.

Banister,  D  and  Loo,  B.  (2016).  Decoupling  transport  from economic  growth:  Extending  the

debate to include environmental and social externalities. Journal of Transport Geography,

57, 134-144.

Bellingall,  J.,  Steel,  D.  and  Briggs,  P.  (2003).  Decoupling  Economic  Activity  and  Transport

Growth: The State of Play in New Zeland. Ministry of Transport, AT RF 03, 1-24.

45

https://www.inegi.org.mx/app/indicadores/?tm=0


Domingo, E. (2000). El protocolo de Kioto y su desarrollo en España. El fenómeno de las energías

renovables  y  de  la  cogeneración  eléctrica  como  intrumento  de  lucha  frente  al  efecto

invernadero. Documentación Administrativa, 256, 171-200

Du,  H.,  Chen,  Z.,  Peng,  B.,  Southeorth,  F.,  Ma,  S.  and  Wang,  Y.  (2019).  What  drives  CO2

emissions from the transport sector? A linkage analysis. Energy, 175, 195-204.

Engo,  J.  (2018).  Decomposing  the  decoupling  of  CO2 emissions  from  economic  growth  in

Cameroon. Environmental Science and Pollution Research, 25, 35451-35463.

Engo,  J.  (2019).  Decoupling  analysis  of  CO2 emissions  from  transport  sector  in

Cameroon. Sustainable Cities and Society, 51, 1-10.

Euchi, J. and Kallel,  A. (2021). Internalization of external congestion and CO2 emissions costs

related to road transport: The case of Tunisia. Renewable and Sustainable Energy Reviews,

142, 1-12. 

Heinonen,  S.,  Hietane,  O.,  Lyytimaki,  J.  and  Rosenstrom,  U.  (2005).  How  to  approach  the

sustainable  information  society?  Criteria  and  indicators  as  useful  tools.  Progress  in

Industrial Ecology. An International Journal, 2, 303-328.

Helmreich, S. and Keller, H. (2011). Freightvision Sustainable European Freight Transport 2050.

Springer.

Hinterberger, F and Schmidt-Bleek, F. (1999). Dematerialization, MIPS and Factor 10 Physical

sustainability indicators as a social device. Ecological Economics, 29, 53-56.

IEA. (International Energy Agency), 2023. https://www.iea.org/countries 

IEA. (International Energy Agency), (2023). https://www.iea.org/data-and-statistics 

IEA.  (International  Energy  Agency),  2000-2020.  CO2 Emissions  from  Fuel  Combustion

Highlights. OECD Publishing Paris.

INE. (Instituto Nacional de Estadística), 2023. https://www.ine.es/dyngs/INEbase/es/operacion.htm?

c=Estadistica_C

46

https://www.ine.es/dyngs/INEbase/es/operacion.htm?c=Estadistica_C
https://www.ine.es/dyngs/INEbase/es/operacion.htm?c=Estadistica_C
https://www.iea.org/data-and-statistics
https://www.iea.org/countries


INECC- Instituto Nacional de Ecología y Cambio Climático. (2018). Evaluación estratégica del

avance subnacional de la política de cambio climático. Coordinación de Evaluación.

INEGI-  Instituto  Nacional  de  Economía,  Geografía  y  Estadística  (s.f).

https://www.inegi.org.mx/app/indicadores/?tm=0  

Jaunky, V. (2011). The  CO2 emissions-nexus: Evidence from rich countries. Energy Policy, 39,

1228-1240.

Kadyraliev, A., Supaeva, G., Bakas, B., Dzholdosheva, T., Dzholdoshev, N., Bolova, S., Tyurina,

Y.  and  Krinichansky,  K.  (2022).  Investments  in  transport  infrastructure  as  a  factor  of

stimulation of economic development. Transportation Research Procedia, 63, 1359-1369.

Loo, B., Tsoi, K. and Banister, D. (2020). Recent experiences and divergent pathways to transport

decoupling. Journal of Transport Geography, 88, 1-18.

Mrtiínez,  J.  and  Fernandez,  A.  (2004).  Cambio  climático:  una  visión  desde  México.  Instituto

Nacional de Ecología, Secretaría de Medio Ambiente y Recursos Naturales. México, D.F.

McKinnon, A. (2007). The Decoupling of Road Freight Transport and Economic Growth Trends in

the UK: An Exploratory Analysis. Transport Reviews, 27, 37-64.

Nakicenovic, N. (1996). Decarbonization: Doing more with less. Technological Forecasting and

Social Change, 51, 1-17.

Namahoro,  J.,  Wu,  Q. and Xue, S.  (2021).  Impact  of energy intensity,  renewable energy, and

economic  growth on  CO2 emissions:  Evidence  from Africa  across  regions  and income

levels. Renewable and Sustainable Energy Review, 147, 1-13.

Narayan, P. and Narayan, S. (2010). Carbon dioxide emissions and economic growth: Panel data

evidence from developing countries. Energy Policy, 38, 661-666.

Nasreen, S., Ben Mbarek and Atiq-ur-Rehman, M. (2020). Long-run causal relationship between

economic  growth,  transport  energy  consumption  and  environmental  quality  in  Asian

countries: Evidence from heterogeneric panel methods. Energy, 192, 1-39.

47

https://www.inegi.org.mx/app/indicadores/?tm=0


Nelson,  E.  and  Warren,  P.  (2020).  UK  transport  decoupling:  On  track  for  clean  growth  in

transport? Transport Policy, 90, 39-51.

ORNL.  (Oak  Ridge  National  Laboratory).  2023.  Transport  Energy  Data  Book.

https://tedb.ornl.gov/data/ 

OECD. (Organisation for Economic Co-Operation and Development), 2000. Indicators to Measure

Decoupling of Environmental Pressure from Economic Growth. Technical Report.

OECD. (Organisation for Economic Co-Operation and Development),2023. iLibrary. 

https://www.oecd-ilibrary.org/economics/data/oecd-stat/data-warehouse_data-00900-en

OECD. (Organisation for Economic Co-Operation and Development), 2023. Passenger transport: 

Inland passenger transport(Road Passenger Transport). https://stats.oecd.org/index.aspx?

r=544338 

OECD. (Organisation for Economic Co-Operation and Development), 2023. Passenger transport: 

Inland Passenger transport (Rail Passenger transport). https://stats.oecd.org/index.aspx?

r=544338 

OECD. (Organisation for Economic Co-Operation and Development), 2023. Freight transport: Rail

freight transport. https://stats.oecd.org/index.aspx?r=544338 

OECD. (Organisation for Economic Co-Operation and Development), 2023. Freight transport: 

Road freight transport. https://stats.oecd.org/index.aspx?r=544338 

OTLE. (Observatorio del Transporte y Logística en España), 2023. 

https://observatoriotransporte.mitma.es/inform/es/2022/5-sostenibilidadambiental/

51consumo-y-eficiencia-energetica/511consumo-energetico-del-transporte 

Ozkan, O., Adewale, A. and Sunday, T. (2023). Environmental benefits of nonrenewable energy 

intensity in the USA and EU: Examining the role of clean technologies. Sustainable Energy

Technologies and Assessments, 58, 2-9.

Peake, S. (1994). Transport in Transition. London: Earthscan.

48

https://observatoriotransporte.mitma.es/inform/es/2022/5-sostenibilidadambiental/51consumo-y-eficiencia-energetica/511consumo-energetico-del-transporte
https://observatoriotransporte.mitma.es/inform/es/2022/5-sostenibilidadambiental/51consumo-y-eficiencia-energetica/511consumo-energetico-del-transporte
https://stats.oecd.org/index.aspx?r=544338
https://stats.oecd.org/index.aspx?r=544338
https://stats.oecd.org/index.aspx?r=544338
https://stats.oecd.org/index.aspx?r=544338
https://stats.oecd.org/index.aspx?r=544338
https://stats.oecd.org/index.aspx?r=544338
https://www.oecd-ilibrary.org/economics/data/oecd-stat/data-warehouse_data-00900-en
https://tedb.ornl.gov/data/


Sistema de Información Energética, SENER. (2023).  https://sie.energia.gob.mx/bdiController.do?

action=cuadro&cvecua=IE7C02 

St. Louis Fed. (Federal Reserve Bank of St. Louis), 2023. https://fred.stlouisfed.org/series/

Stead, D. (2001). Transport Intensity in Europe- Indicators and Trends. Transport Policy, 8(1), 29-

46.

Streimikiene, D. (2021). Review of Internalization of externalities and dynamics of atmospheric

emissions in energy sector of Baltic States. Renewable and Sustainable Energy Reviews,

70, 1131-1141.

Szaruga, E. and Zaloga, E. (2022). Machine learning in exploration the decoupling paradigm in

transport. Procedia Computer Science, 207, 3904-3914.

Tapio, P. (2002). Climate and traffic: prospects for Finland. Global Environmental Change, 12, 53-

68.

Tapio, P. (2005). Towards a theory of decoupling: degrees of decoupling in the EU and the case

road traffic in Finland between 1970 and 2001. Transport Policy, 12, 137-151.

Tapio, P, Banister, D, Luukkanen, J, Vehmas, J, and Willamo, R. (2007). Energy and transport in

comparison: Immaterialisation, dematerialisation and decarbonisation in the EU15 between

1970 and 2000. Energy Policy, 35, 433-451.

Tian, X., Geng, Y., Zhong, S., Wilson, J., Gao, C., Chen, W., and Hao, H. (2018). A bibliometric

analysis on trends and characters of carbon emissions from transport sector. Transportation

Research Part D: Transport and Environment, 59, 1-10.

Ur Rehman, F., Monirul Islam, M. and Miao, Q. (2023).  Environmental sustainability via green

transportation: A case of the top 10 energy nations. Transport Policy, 137, 32-44.

Van  der  Weijde,  A.  (2014).  Price  Differentiation  and  Discrimination  in  Transport  Networks.

Tinbergen Institute. Discussion Paper.

49

https://fred.stlouisfed.org/series/
https://sie.energia.gob.mx/bdiController.do?action=cuadro&cvecua=IE7C02
https://sie.energia.gob.mx/bdiController.do?action=cuadro&cvecua=IE7C02


Xiaoyu, H., Xu, Y., Kumar, A., and Lu, X. (2018). Decoupling analysis of transportation carbon

emissions and economic growth in China. Environmental Progress & Sustainable Energy,

00, 1-9.

Wang, Q., and Zhang, F. (2021). The effects of trade openness on decoupling carbon emissions

from economic growth–evidence from 182 countries. Journal of cleaner production, 279, 1-

13.

World Bank, 2023. World Bank National Accounts Data. https://data.worldbank.org/ 

Zhu, F., Wu, X. yandGao, Y. (2020). Decomposition analysis of decoupling freight transport from

economic growth in China. Transportation Research Part D, 78. 1-12.

50

https://data.worldbank.org/

