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Abstract: Daily mobility in urban areas is crucial for the successful implementation of an energy transition aligned with
decarbonisation and sustainability objectives. Using the case of the Valencia metropolitan area, this study examines
empirical evidence to determine whether there is a decline in private car use and the conditioning factors influencing
this trend. The primary data sources include car ownership and driver census data from the General Directorate of
Transport (Spanish government), monthly average daily traffic data from Valencia City Council, and passenger statistics
from various transport companies in the region. Urban mobility data are analysed in relation to socio-economic and
territorial factors. Within the conceptual framework of the peak-car hypothesis, we present evidence suggesting a
decoupling between economic trends and the evolution of motorisation and car use. This finding highlights the ne-
cessity of exploring additional influencing factors, including territorial, political, cultural, and socio-demographic dy-
namics. Notably, the policy shift towards more sustainable mobility, initiated a decade ago, appears to have been
significantly effective.

Keywords: car ownership; car use decoupling; urban form and design; urban mobility policies; Valencia Metropolitan
Area (Spain)

Highlights:

® The peak-car concept remains a useful tool for analysing mobility transitions.

e A decoupling process between car use and the economic cycle is underway.

® Public policies regulating the use of public space are the most effective, even in scenarios with limited financial
resources.

@ The recent decline in urban residential density does not appear to be a significant factor in reducing car use.

Commons Attribution (CC BY) license. e The dramatic increase in public transport usage following the COVID-19 pandemic is not accompanied by the nec-

eure essary public investment to expand and improve its quality.
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1. Introduction

There is broad consensus that the necessary transition to a low-carbon economy requires changes in freight and passenger transport pat-
terns and modes. According to the latest report from the Intergovernmental Panel on Climate Change (IPCC, 2023, p. 44), the transport sector is
currently responsible for an estimated 15% of total greenhouse gas emissions. This figure has proven resistant to decline, as improvements in
fossil fuel efficiency are outweighed by the overall increase in emissions driven by population and income growth, expanding urbanisation, and
unsustainable urban development. However, significant reductions—estimated at 67% of emissions by 2050 compared to baseline levels (IPCC,
2023, p.103)—are achievable through a combination of low-cost mitigation measures (such as public transport and cycling) and policies that can
be readily implemented at the urban scale (such as land use planning and urban development), offering a high potential for synergy. Much of the
focus is placed on the need to alter mobility patterns by reducing travel demand (in terms of both frequency and distance), promoting active
mobility (such as walking and cycling), and limiting private car use. These changes are closely linked to the transformation of urban form towards
denser, more diverse, and well-designed neighbourhoods (Cervero and Kockelman, 1997).

However, the future role of the private car in urban mobility extends beyond its impact on climate change. To assess this, it is necessary to
consider all the externalities of car use—both local and global—as well as shifts in public attitudes, policy directions, and, more broadly, the
evolving urban model. Over recent years, a significant body of theoretical and empirical research has emerged around the peak-car concept, which
analyses changes in mobility patterns—particularly the rise and decline of the private car as the dominant mode of transport—from a multidimen-
sional, long-term perspective (Metz, 2013).

Within this framework, the primary objective of this article is to assess the extent to which the peak-car concept is applicable to Spain’s
third-largest urban area, the Valencia Metropolitan Area (VMA). The VMA has recently undergone significant urban expansion, and its growth and
mobility trends may provide valuable insights for other middle-income countries. In particular, this study aims to examine the dynamics surround-
ing the tipping point of peak-car, identifying key factors that may act as triggers or contributors to a new mobility model. Given that the VMA is a
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middle-income city that has recently experienced rapid growth—albeit with notable deficiencies in public transport provision—its case study can
shed light on the mobility processes occurring in second-tier metropolitan areas, aligning with the concept of “ordinary cities” as proposed by
Robinson (2006).

To achieve this, the paper first provides a brief review of the peak-car phenomenon and the various explanations that have been proposed.
This is followed by an in-depth analysis of the VMA, identifying the scope and timing of peak-car within the region and examining the factors that
may explain or accompany this shift. Finally, conclusions are drawn in relation to the theoretical framework outlined earlier.

2. Literature Review

Since the early 21st century, a trend towards the stabilisation of per capita levels of private motorisation and car use has been observed in
some developed countries, albeit with varying timelines and intensities (Schipper et al., 1993; Millard-Ball & Schipper, 2010; ITF, 2013; Focas &
Christides, 2017). In certain cases, there has even been a decline following a peak reached around 2005, a phenomenon primarily observed in
advanced Western European countries such as the UK, the Netherlands, and Sweden (Focas & Christides, 2017). The emergence of a new, dema-
terialised mobility paradigm is reshaping the dominance of the car in social and spatial relations (Sheller & Urry, 2006). However, in light of recent
developments, the concept of peak-car remains elusive, as it is highly dependent on conjunctural dynamics and specific territorial factors, making
it difficult to form a clear and generalised understanding of the processes at play. Recent developments over the past decade have raised doubts
about both the imminence and scale of the peak-car phenomenon. In the EU-27 as a whole, private motorisation has continued to grow, although
a certain slowdown has been evident since 2019, particularly in countries with already high motorisation rates, such as France and Germany.
However, overall car ownership continues to rise, especially in Southern and Eastern European countries where initial levels were lower, such as
Portugal, Poland, and Romania. A decline in private car ownership has been observed only in a few wealthier nations (e.g., the Netherlands,
Switzerland, the Scandinavian countries) and in Spain, which diverges from the broader Southern European pattern.

This context supports Goodwin's (2012) assertion that analyses of peak-car should move beyond the national scale, as national-level assess-
ments introduce significant biases and distortions. Instead, urban case studies should be prioritised, considering the specific characteristics of each
territory, the orientation of public policies, and the role of various intervening factors. Given Spain’s recent and notable shift, a more detailed
analysis of its case may provide useful insights into the current validity of conventional explanations for peak-car and enhance understanding of
the broader phenomenon.

Much of the discourse surrounding peak-car revolves around two fundamental questions:

a) Whether the phenomenon is purely conjunctural or represents a permanent, long-term shift.

b) The nature of the underlying factors—whether economic variables alone are sufficient in explaining the trend or whether broader social,

political, or territorial factors must also be considered.

These two issues are closely interconnected. Arguments for a conjunctural and cyclical interpretation often centre on economic variables
such as the income of a population and the costs of owning and using a car. On the other hand, the notion of a long-term, structural shift is often
linked to profound transformations in social, political, and territorial dynamics.

In this context, Goodwin (2011, 2012) categorises explanations for the nature and determinants of peak-car into three overarching hypoth-
eses, each centred on a distinct concept:

a) Interrupted growth: This hypothesis attributes peak-car to economic factors, including slow household income growth, persistent un-
employment levels (particularly among young people), and rising costs associated with the purchase and use of a vehicle—especially
fuel prices (Bastian et al., 2016). Accordingly, once economic growth resumes, motorisation levels would be expected to recover and
potentially increase.

b) Saturation of mobility demand: This perspective is based on the 'travel time budget' concept proposed by Zahavi (1974), which posits
that the time people are willing to spend commuting is fixed and limited. Once a certain threshold is reached, further income growth
does not necessarily translate into increased mobility demand (Metz, 2010). As income elasticity declines, motorisation levels may grad-
ually decouple from economic conditions and stabilise at a high level.

c) Multidimensional civilisational change: An increasing number of scholars argue that understanding peak-car requires consideration of
the broader changes taking place in social, cultural, and political spheres (Metz, 2013). For example, peak-car could be linked to demo-
graphic variables such as the ageing population (Metz, 2012; Kuhnimhof et al., 2013), changes in the life cycle (Paul & Blumenberg, 2023)
or a growing immigrant population (Goodwin, 2012). Additionally, shifts in social attitudes—such as the diminishing significance of ob-
taining a driving licence, particularly among young men (Delbosc & Currie, 2013; Hjorthol, 2016)—and increasing awareness of the
environmental problems associated with car use (Lee-Gossein, 2017), are influencing mobility patterns. Furthermore, mobile devices
and the hyper-connectivity they enable are reshaping behaviours in several aspects of social life, including e-commerce, teleworking,
and leisure, thereby reducing the demand for mobility (Olde et al., 2021). From a policy perspective (both local and regional), new
approaches to land use and urban planning that promote active mobility (e.g., cycling and walking) and the provision of public transport,
also help provide alternatives to car use, especially in urban areas with high residential densities, mixed land uses and pedestrian- and
cyclist-friendly infrastructure (Cervero & Kockelman, 1997). Collectively, these processes are expected to contribute to a reduction in
the demand for travel and motorisation, giving rise to a new mobility paradigm, characterised by shorter travel distances, increased
pedestrianisation, a renewed emphasis on proximity and walkability, and the growth of active mobility (Bartzokas-Tsiompras, 2022;
Bartzokas-Tsiompras & Bakogiannis, 2023; Moreno, 2023).

Of course, these three explanations are not mutually exclusive and may interact with each other, leading to varying territorial trends and
developments. Therefore, conducting specific case studies—preferably at the metropolitan level—can provide valuable insights into the variables
and driving factors shaping car use. Such analyses can help determine whether factors beyond economic development play a significant role in
explaining car ownership and usage patterns. While there is a degree of income elasticity of car use—both at individual and societal levels—that
indicates a certain dependence on the economic cycles (Litman, 2017), other long-term trends may also be at play. If these trends contribute to a
decline in car use, they could serve as critical levers for public policies aimed at promoting urban sustainability.
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3. Materials and Methods

3.1 Analysis and data sources

This study used the metropolitan area of Valencia as a case study to assess whether there has been progress towards a more sustainable
mobility pattern, characterised by reduced dependence on private cars. If such a transition is occurring, the study aims to identify its underlying
factors and determinants. Within the conceptual framework of peak-car, the initial step involved examining the co-evolution between car owner-
ship and use and key economic variables such as employment and gross domestic product. This potential co-evolution was first assessed graph-
ically to identify sub-periods exhibiting similar behaviour. Where necessary, moving averages and time-series smoothing techniques were applied
to monthly or quarterly data to eliminate seasonal variations. In each identified sub-period, Pearson correlation tests were then conducted to
determine both the strength and direction of relationships between variables—either direct (R with a positive sign) or inverse (R with a negative
sign). A negative Pearson correlation coefficient in the context of employment and economic growth could indicate a decoupling process between
private car use and the business cycle. This methodology aligns with previous research that has sought to detect the emergence of the peak-car
phenomenon (Millard-Ball & Schipper, 2011; Goodwin, 2011, 2012; Focas & Christidis, 2017). However, in this study, our analysis was strengthened
by employing statistical correlation technigues. Moreover, whenever possible, the different areas within the metropolitan region were examined
separately, acknowledging their distinct territorial characteristics and mobility patterns.

Table 1. Variables and data sources. Source: Authors’ own elaboration.

Variable Description Period Frequency Data source (link)

Car ownership Private cars/1000 inhabitants 2015-2023  Yearly General Directorate of Traffic

Number of vehicles passing through auto-

Average daily traffic mated traffic-counters (roads)

2008-2023  Monthly Mobility maps. Valencia City Council

Employment Number of people employed 2008-2023  Quarterly Labour force survey (INE)

Gross Domestic Product  Euros 2008-2023  Yearly Spanish regional accounts (INE)

T llers i bli Number of trips started bli . . :
raveliers in public UMbEr oT trips started on a public 2016-2023  Yearly Statistical yearbook. Valencia City Council

transport transport mode

Number of bicycles passing daily through

f bicycl
Use of bicycles automated traffic-counters (bike lanes)

2016-2023  Monthly Mobility maps. Valencia City Council

General Directorate of Cadastre

Urban density Residents per hectare of urbanised space 1990-2023  Yearly Population statistics (INE)
P t f lati d 65 and
Ageing Os;cren age of population age an 2015-2023  Yearly Population statistics (INE)
Immigrant population Percentage of foreign-born residents 2015-2023  Yearly Population statistics (INE)
Percentage of residents aged 18 and over General Directorate of Traffic

Driving licences 2015-2023  Yearly

holding a driving licence Population statistics (INE)

Once the degree and direction of co-evolution between economic variables and private car use had been established, the study examined
the role of additional factors in shaping mobility patterns and potential car abandonment. In line with existing literature, three broad categories
were considered: territorial factors related to urban form and density, transport accessibility relating to the availability and use of alternative
modes (cycling, public transport), and socio-demographic factors relating to an ageing population, immigration, and driving licence acquisition
(See Table 1).

To calculate residential densities, built-up areas were extracted from cadastre records, which provided annual data on the growth of urban-
ised areas over an extended period of time—an advantage not offered by other land use databases. The surface area obtained included only
buildings, excluding roads, parks, and other public spaces, meaning that the estimates were somewhat underestimated. However, using this data
source enabled the identification of key land use trends over time. Given that the current urban form is largely dependent on past development
processes, this methodological approach made it possible to observe the process from 1990 onwards, distinguishing between four key real estate
cycles in Spain: a) 1990-1997, b) 1997-2008, c) 2008-2015 and d) 2015-2023.

Data on socio-demographic variables and transport use by mode have been collected since 2015-2016, a period that coincided with a turning
point in economic dynamics. This shift marked the beginning of a new phase of growth, raising the possibility of a decoupling between the eco-
nomic cycle and car use. Additionally, 2015 marked the start of a new political cycle, with a left-ecological coalition taking office at both the local
and regional levels. In this context, the study also examines the role of public policies in enhancing the sustainability of metropolitan mobility, as
well as the challenges that must be addressed to optimise their impact.
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3.2 The Valencia Metropolitan Area (VMA) as case study

With the exception of Barcelona, Spain does not have officially designated metropolitan areas (Tomas, 2023). Consequently, for this case
study, we adopt the functional urban area proposed by the EU-OECD (EUROSTAT, 2017). Additionally, to account for variations in behaviour, we
differentiate three areas within the VMA: a) the central city, b) an inner conurbation comprising municipalities adjacent to the central city, and c)
an outer peripheral area, which has commuting links with the rest of the metropolitan area but lacks physical continuity (see Figure 1).

The VMA is the third-largest metropolitan area in Spain, following Madrid and Barcelona, with a population of just over two million. Feria
(2013) classifies it as part of a second-tier metropolitan region within the Spanish urban system, alongside Seville and Bilbao. However, its recent
demographic dynamism, driven by intense immigration (see Table 2), has made its growth trajectory more comparable to that of Madrid and
Barcelona, the leading urban centres in Spain. Between 2015 and 2023, the VMA’s population grew by 5%, reinforcing its role as a key urban hub.
As a consolidated metropolitan area, the VMA has reached a high level of maturity and a complex internal structure. Notably, only 39.7% of its
population resides in the central city, while the remaining 60.3% is distributed across the wider metropolitan region. Although intra-metropolitan
mobility and flows remain predominantly radial, defining a markedly monocentric territorial structure, the emergence of new sub-centres suggests
a gradual transition towards a more complex and polycentric urban form. While all parts of the VMA have experienced population growth, outer
areas have seen the highest increase (8.9%), followed by the inner conurbation (6.1%), whereas the central city has expanded at a more modest
rate (2.7%).

Table 2. Population dynamics in the Valencia Metropolitan Area. Data source: National Statistical Institute (2024a).

2015 2023
% Growth
2015-2023
Population % Population %
Central city 786,189 40.7 807,693 39.7 2.7
Inner conurbation 597,719 31.0 634,356 31.2 6.1
Outer functional area 545,846 28.3 594,266 29.2 8.9
Valencia Metropolitan Area 1,929,754 100.0 2,036,315 100.0 5.5

The metropolitan evolution of Valencia has unfolded over a period of more than 150 years, shaped by both railway expansion and the rise
of automobile use (see Figure 1). Transport infrastructure has played a defining role in the transformation of the urban structure and the distribu-
tion of the population. According to Zornoza (2022), between 1900 and 1970, municipalities without railway access experienced slow population
growth or even decline, whereas those served by rail grew rapidly. On the other hand, during the period between 1981 and 2021, cities without
railway connections experienced the highest growth rates, signifying a shift towards the car as the most important means of transport. The railway
system historically concentrated development, creating high-density nodes around its stations. By contrast, the proliferation of private car own-
ership allowed urbanisation to extend across the entire metropolitan area, resulting in low-density settlements. Despite ongoing changes, the
VMA remains predominantly monocentric, a characteristic still evident in both its road network and public transport infrastructure, which includes
trains, metro, trams, and buses.

oS

Main roads
— Railroads
Central city
Inner conurbation {
. 0 5 10 ¢l
Outer tunctional area \

Figure 1. Main roads, railways and spaces in the VMA. Data source: Valencian Spatial Data Infrastructure.
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Figure 2. Modal split in the seven Spanish metropolitan areas with populations exceeding 1 million. Data source: Metropolitan Mobility Observa-
tory (2023).

As illustrated in Figure 2, in the VMA, cars account for 41% of total trips, while active mobility (walking and cycling) constitutes 43%, and
public transport represents just 14%. From a sustainability perspective, this mobility model indicates an overreliance on private cars, particularly
when compared to Barcelona and Bilbao. This disparity may be attributed to the poor performance of public transport. However, the high share
of active mobility suggests a more compact and pedestrian-friendly urban structure, particularly in comparison to Madrid and Seville (Albertos,
2014; Maestro & Albertos, 2017). The sustainability of mobility patterns improves considerably when focusing solely on the central city of Valencia,
where car use drops to 22%, active mobility rises to 55%, and public transport usage increases to 22%. However, the situation is markedly different
for commuting between the city centre and the suburbs, where car dependency reaches 69%, public transport usage rises slightly to 24%, and
active mobility remains minimal at just 5%. These figures highlight that, in the case of the VMA, the key challenge in decarbonising mobility and
reducing car dependency lies at the metropolitan scale, where improving public transport accessibility and reliability will be essential to fostering
a more sustainable transport system.

4. Results

4.1 Co-evolution of car ownership, usage, and the economic cycle (2008-2023)

Recent evidence on peak-car in Spain's main metropolitan areas presents an ambivalent picture (Table 3). While motorisation levels gen-
erally increased during the post-2015 economic recovery phase, there has been some slowdown since 2019, and, in some cases, even a recent
decline. The situation and trajectory of each metropolitan area depend on a unique combination of factors, including urban form and structure,
size, transport infrastructure and facilities, wealth, socio-demographic characteristics, social attitudes, and public policies (Escolano et al., 2024).
The metropolitan areas of Madrid and Barcelona, despite their similar size, exhibit stark contrasts (Gutiérrez, 2005, 2007; Marquet & Miralles,
2017). Madrid has a high and increasing motorisation rate, approaching 600 cars per 1,000 inhabitants, whereas Barcelona has a low and declining
motorisation rate, having fallen below 400 cars per 1,000 inhabitants since 2019. In 2015, the difference between the two metropolitan areas was
around 100 cars per 1,000 inhabitants; by 2023, this gap had widened to nearly 200 cars per 1,000 inhabitants.

Table 3. Car ownership Spanish metropolitan areas with populations over 1 million (2015-2023). Data source: General Directorate of Traffic (2024).

Car ownership (cars per 1,000 inhabitants) A Car ownership
Metropolitan area
2015 2019 2021 2023 2015-19 2019-21 2021-23

Madrid 512 568 576 589 +56 +8 +13
Barcelona 409 418 409 397 +9 -9 -12
Valencia 459 485 488 478 +26 +3 -10

Sevilla 453 485 492 493 +32 +7 -9

Bilbao 464 501 502 496 +37 +1 -6
Zaragoza 433 454 455 455 +21 +1 =

Malaga 396 417 422 421 +21 +5 -1
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Within this national context, the VMA occupies an intermediate position. Since 2019, motorisation levels have stabilised, with a downward
trend only emerging from 2021 onwards. To better understand these dynamics, it is essential to analyse trends across different zones within the
metropolitan area. (Table 4). Car ownership is notably lower in the central municipality of Valencia and increases towards the periphery. This
spatial variation has also shaped recent trends: in the central city, motorisation has remained almost stagnant and has not recovered to 2015
levels, whereas in the outer metropolitan area, it has seen sustained and more intense growth. In 2015, the total metropolitan area was relatively
homogeneous in terms of car ownership (a 34-point difference between the central city [446 cars per 1,000 inhabitants] and the outer metropol-
itan area [480 cars per 1,000 inhabitants]). However, by 2023, this gap had more than doubled to 76 points.

Table 4. Car ownership in the VMA (2015-2023). Data source: Data source: General Directorate of Traffic (2024).

Car ownership (cars per 1,000 inhabitants) A Car ownership

2015 2019 2021 2023 2015-19 2019-21 2021-23
Central city 446 455 459 443 +9 +4 -16
Inner conurbation 458 490 492 483 +32 +2 -9
Outer functional area 480 521 524 519 +41 +3 -5
Valencia Metropolitan Area 459 485 488 478 +26 +3 -10

)

— Access roads
Inner ring

Second rine
ccond ring 005 1 o ki

Third ring
£

Figure 3. Main access roads and ring roads in Valencia. Data source: Valencian Spatial Data Infrastructure.

Index. 100 = value of may-2008
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Figure 4. Average daily traffic in the main access and ring roads in Valencia (2008-2023). Moving average of the previous 12 months. Data Source:
Valencia City Council (2024a) and National Statistical Institute (2024b, 2024c)
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The peak-car phenomenon can also be analysed in terms of car usage, a variable that is more sensitive to cyclical fluctuations but is critical
for the transition towards sustainable mobility models. We can observe car use patterns by analysing traffic flow data. Here, the territorial scale
of travel is particularly relevant. Therefore, Figures 3 and 4 distinguish between: 1) traffic within the central city (measured along Valencia’s three
internal ring roads) and 2) traffic entering and exiting the central city via main access roads. The first measure assesses the impact of car mobility
within Valencia, while the second reflects metropolitan-scale commuting patterns. To illustrate the potential impact of economic trends on these
patterns, we also examine the evolution of GDP and employment levels.

Between 2008 and 2013, traffic volumes in Valencia declined significantly, mirroring the economic downturn during the global financial
crisis (Figure 4). This decline was observed across all ring roads. However, from mid-2013 onwards, the parallel correlation between traffic volume
and economic growth weakened. During the economic recovery period (2013-2017), the volume of traffic initially stabilised before starting to
decline, especially in central areas (notably, the inner ring near the old city walls). However, this decline also extended to the second and third
ring roads. Notably, the reduction in traffic was not only confined to the central city: traffic on access roads to Valencia, indicative of metropolitan-
scale commuting, exhibited a similar downward trajectory. Between 2008 and 2017, metropolitan traffic closely followed the economic cycle of
crisis and recovery. Recovery begins in 2013 and reaches its peak in late 2017, though it never managed to return to pre-crisis 2008 levels. How-
ever, from 2018 onwards, metropolitan traffic entered a phase of significant decoupling from the broader economic expansion. The disruption
caused by the COVID-19 pandemic to mobility patterns did not fundamentally alter these trends.

Table 5. Pearson correlation coefficients between economic variables and traffic on selected roads. VMA (2008—2023). Data source: Valencia City
Council (2024a) and National Statistical Institute (2024b, 2024c).

2008-2013 2013-2018 2018-2023
Traffic roads
Emplovment Gross Domestic Emplovment Gross Domestic Emplovment Gross Domestic

ploy Product ploy Product ploy Product
Access roads 0.964 0.995 0.955 0.971 -0.933 -0.595
First Ring 0.943 0.976 -0.535 -0.540 -0.897 -0.528
Second Ring 0.905 0.941 0.501 0.543 -0.915 -0,639
Third Ring 0.989 0.988 0.963 0.969 -0.977 -0.717

All coefficients are significant with a p-value of less than 0.005 (one tailed).

More formally, the co-evolution of economic and transport variables can be assessed by calculating correlation coefficients for the three
distinct periods (Table 5): 1) 2008-2013, 2) 2013-2018, and 3) 2018-2023. Using both employment and GDP as economic indicators, the resulting
correlation coefficients are notably high and statistically significant for both for metropolitan traffic—measured on radial access roads—and traffic
within the central city. The key findings are as follows:

e  Astrong positive correlation was observed during the economic crisis (2008—-2013), when declining employment and economic activity

led to a sharp reduction in mobility.

e  From 2013 onwards, as the economy began to recover, this correlation weakened. Although traffic on access roads and the third ring
road continued to increase in line with economic variables, a clear decoupling emerged in the inner rings. Traffic on the first ring road
declined, resulting in a negative correlation, while the second ring road showed early signs of a similar trend. This suggests that central
urban areas were at the forefront of a shift towards new mobility patterns.

e Inthe most recent period (2018-2023), decoupling has become widespread, with consistent declines in all forms of transport across
all territorial scales. Correlation coefficients are now negative in all cases. It is also interesting to note that this decline in transport
activity preceded the decline in car ownership, indicating that behavioural changes occur before individuals decide not to have a car
or to replace it.

4.2 Urban density: has anything changed?

The overall urban density of the VMA (see Table 6) has decreased drastically from 1990 to the present. This trend aligns with the broader
urban development patterns observed since the advent of motorised transport (Dupuy, 1995; Monclis,1998; Bretagnolle, 2009). In Europe, this
process began in the 1970s (Monclus, 1996), although each city has followed a distinct trajectory. In the VMA between 1990 and 2008, urban
sprawl was particularly pronounced: while the population grew by 22%, the built-up area expanded by 49%, leading to a 20% decrease in density—
from 135 to 110 inhabitants per hectare. This phenomenon was especially pronounced in suburban areas, where the built-up area increased by
55% (3,790 hectares), but the population grew by just 157,000, resulting in a low density of 41 inhabitants per hectare. This low-density metro-
politan expansion coincided with the housing and credit bubble, which collapsed in 2008, occurring in a context of weak territorial planning and
metropolitan governance. This lack of regulation led to inefficient public resource allocation and contributed to the creation of a car-dependent
urban landscape (Burriel, 2008; Romero, 2010; Romero et al., 2018). During the peak of the real estate boom (1997-2008), the built-up area
expanded at an unprecedented rate of 381 hectares per year, with 78% of this growth occurring on the periphery of the metropolitan area, further
exacerbating urban sprawl. Following the economic crisis (2008—2015), densities continued to fall as the built-up area increased while the popu-
lation experienced a slight decline. However, from 2015 onwards, a shift in this trend became evident, with urban density beginning to increase
modestly from 2021, largely driven by overall population growth, including in the central city.
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Table 6. Urban density, population and built-up area (1990-2023). Data source: National Statistical Institute (2024a) and General Directorate of
Cadastre (2024).

Urban density (inhabitants/Ha.)

1990 1997 2008 2015 2019 2021 2023
Central city 457.0 408.7 378.8 353.0 354.2 349.9 356.4
Inner conurbation 143.7 1334 126.0 122.0 122.6 123.7 126.2
Outer functional area 54.0 51.0 49.7 48.7 49.0 49.5 51.1
Valencia Metropolitan Area 1349 121.8 110.3 105.2 105.4 105.3 107.6

Population (inhabitants)

1990 1997 2008 2015 2019 2021 2023
Central city 752,909 739,412 814,208 786,189 794,288 789,744 807,693
Inner conurbation 457,738 485,085 591,041 597,719 608,959 618,286 634,356
Outer functional area 374,619 403,971 532,384 545,846 558,310 572,291 594,266
Valencia Metropolitan Area 1,585,266 1,628,468 1,937,633 1,929,754 1,961,557 1,980,321 2,036,315

Built up area (Ha.)

1990 1997 2008 2015 2019 2021 2023
Central city 1,647 1,809 2,150 2,227 2,242 2,257 2,266
Inner conurbation 3,185 3,637 4,692 4,899 4,967 4,997 5,025
Outer functional area 6,932 7,926 10,722 11,210 11,397 11,552 11,631
Valencia Metropolitan Area 11,764 13,372 17,564 18,336 18,606 18,806 18,922

Urban form and density are strongly related to mobility patterns. Miralles (2002) describes this relationship as an “imperfect binomial”
because of the inefficiency of treating them separately in urban planning. In the VMA, population density decreases with distance from the met-
ropolitan centre, correlating with a higher reliance on private cars in peripheral areas. Over the long term (1990-2023), the number of residents
in these low-density suburbs has grown by 219,647, increasing from 23.8% to 29.2% of the total VMA population. Many former Valencia residents
have relocated to the outskirts, converting second homes into primary residences, while new low-density neighbourhoods continue to emerge.
These developments are heavily car-dependent, posing a real challenge to the sustainability of metropolitan mobility. Furthermore, although the
recent demographic recovery (2021-2023) of the denser central city is a positive trend in terms of sustainability, it remains small and short-term.
In conclusion, while recent trends in urban density suggest a gradual shift towards more sustainable mobility, the existing territorial metropolitan
model—shaped largely during the years of the property boom (1990-2008)—continues to reinforce the dominance of private car use.

4.3 Mobility in alternative transport modes

The decline in car use (Figure 5) is particularly pronounced within the city of Valencia, where it has decreased by 14% between 2016 and
2023, compared to just 2% in the metropolitan area. This suggests that the central city is at the forefront of the transition to sustainable mobility,
whereas the metropolitan peripheries are slower to adopt this new behaviour. A key factor in this disparity is the varying accessibility of alternative
modes of transport. The recent expansion and interconnection of a high-quality cycling paths in Valencia have led to a significant surge in bicycle
usage, which has increased by 80% since 2016. Similarly, public transport usage has experienced a strong resurgence following the abrupt decline
caused by the COVID-19 pandemic. Between 2016 and 2023, public transport journeys in Valencia increased by 15%, contrasting with the concur-
rent 14% decline in traffic.

At the metropolitan level, where car dependency remains high, the future of mobility is particularly critical (Figure 6). Notably, even in this
car-oriented environment, motorisation rates have recently begun to decline, and car usage for journeys to and from Valencia has slightly de-
creased. While these trends are undoubtedly promising, the most significant change has been in the number of passengers using public transport
for trips within the city. Between 2016 and 2023, the number of passengers using public transport increased by 43%, more than doubling from
the lows recorded during the pandemic. The demand for mobility at metropolitan level is growing rapidly, and this increase is primarily benefiting
public transport rather than private car usage (Table 7). Consequently, the modal distribution of motorised trips between Valencia and its metro-
politan area is undergoing a substantial shift. Following the mobility crisis of 2020, overall travel has increased, surpassing 2019 levels by 2023.
Notably, while public transport accounted for only 19.3% of these trips in 2019, its share reached a record high of 24.4% in 2023.
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Figure 5. Mobility trends inside the city of Valencia. Data source: Valencia City Council (2024a, 2024b) and General Directorate of Traffic (2024).
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Figure 6. Mobility trends on a metropolitan scale in the VMA. Data source: Valencia City Council (2024a, 2024b) and General Directorate of Traffic
(2024).

Table 7. Public transport and private car use in daily motorised trips between Valencia and its metropolitan area (2016-2023). Data source: Valen-
cia City Council (2024a, 2024b).

2016 2017 2018 2019 2020 2021 2022 2023
By car (thousands) 360 374 379 375 328 332 356 356
By public Transport (thousands) 81 83 85 90 50 57 82 115
Total (thousands) 441 457 464 465 377 389 439 471
% by public transport 18.3% 18.2% 18.4% 19.3% 13.1% 14.6% 18.8% 24.4%

4.4 Socio-demographic changes

There are several other conditioning factors underpinning the observed trends of reduced car dependency. Among these, the role that
social, socio-demographic or technological processes might play is discussed here.

One factor that is often mentioned is the introduction of teleworking, which reduces the demand for mobility all together, not just by car.
The only available data on teleworking comes from the National Statistical Institute, which provides provincial-level figures for the past three years.
According to this, in 2023, 37.6% of employees were engaged in partial or full-time remote work, marking a slight increase from 2022. This pro-
portion is likely higher than pre-pandemic levels, though precise figures remain unknown. Despite this, total mobility in 2023 has already returned
to pre-pandemic levels, suggesting that the impact of teleworking on overall transport demand may be limited or confined to specific groups of
workers.

Recent changes in the socio-demographic composition of the population, driven by both ageing and migration, play a role. On the one
hand, ageing is typically associated with lower car usage due to the physical limitations of older people and a general tendency for reduced mobility
among older adults. Similarly, immigrant populations often exhibit different mobility patterns compared to native residents, which tends to be
associated with lower rates of car ownership and usage. The recent evolution of these two variables (Tables 8 and 9) suggests a modest decline in
car dependency, especially within the inner conurbation.
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Table 8. Population aged 65 and above (2015-2023). Data source: National Statistical Institute (2024a).

2015 2019 2021 2023 A 2015-2023
Central city 19.9% 20.9% 21.4% 21.5% +1.6%
Inner conurbation 15.4% 16.6% 17.1% 17.6% +2.3%
Outer functional area 16.3% 17.4% 17.8% 18.2% +1.9%
Valencia Metropolitan Area 17.5% 18.6% 19.0% 19.3% +1.8%

Table 9. Foreign immigrant population (2015-2023). Data source: National Statistical Institute (2024a).

2015 2019 2021 2023 A 2015-2023
Central city 119% 12.8% 13.3% 159 % +4.0%
Inner conurbation 7.6% 8.4% 9.6 % 11.8% +4.1%
Outer functional area 8.2% 8.6 % 9.8% 11.6% +3.4%
Valencia Metropolitan Area 9.5% 10.2 % 11.1% 13.3% +3.8%

Table 10. Population aged 18 and above with a driving licence (2015-2023).
Data source: General Directorate of Traffic (2024).

2015 2019 2021 2023 A 2015-2023
Central city 68.5 % 68.8 % 68.5 % 67.6 % -09%
Inner conurbation 71.5% 72.8% 71.7 % 70.6 % -1.0%
Outer functional area 73.5% 75.4 % 74.4 % 73.6 % +0.1 %
Valencia Metropolitan Area 70.8 % 719 % 71.2 % 70.3 % -0.5%

Finally, the declining propensity to obtain and renew driving licences, often influenced by sociological factors beyond transportation needs,
is another key factor influencing mobility trends. In Spain, the proportion of the population aged 18-24 with a driving licence has fallen from 62%
in 2009 to just 49% in 2023, a trend observed in both men and women (General Directorate of Traffic, 2024). This shift suggests that a segment
of younger adults, shaped by evolving consumption patterns and cultural values, may never become regular drivers. This is consistent with results
from other studies, which suggest that young adults are a key demographic contributing to the reduction in per capita car use (Garikapati et al.,
2016; van der Waard, 2013). In the VMA (Table 10), this lower propensity to obtain a driving licence is also observed, particularly in central areas.
Although the decline appears small, its long-term impact is amplified by demographic inertia, as generational shifts take time to manifest in broader
mobility patterns.

5. Discussion

The differences in car ownership between metropolitan areas cannot be satisfactorily explained solely by economic development orincome
levels. On the contrary, the factors that influence car ownership are primarily territorial. A comparison of Madrid and Barcelona in Spain provides
valuable insight into this issue. In Barcelona, urban sprawl has been more effectively contained, leading to greater density and better preservation
of various sub-centres of activity, both within the central city and at metropolitan level. As a result, the dynamics of proximity are more pronounced
in Barcelona, promoting a more sustainable modal split and reducing car dependency (see Table 3). This confirms the importance of conducting
case studies in specific metropolitan areas to fully understand the spread of the peak-car phenomenon. Generalised global perspectives, often
framed at the national level, may obscure the processes occurring at the local level, rendering them almost invisible. In this regard, Wittwer et al.
(2019) studied the peak-car phenomenon in several cities, including Berlin, Copenhagen, London, Paris, and Vienna using household travel surveys
to uncover interesting trends. They observed that car use peaked in Paris in the early 1990s, in Berlin, London, and Vienna in the late 1990s, and
in Copenhagen in the late 2000s. The study further found that differences in overall trip numbers were primarily attributed to a shift towards
public transport, cycling, and walking. Similarly, in Valencia, the most central and densely populated intra-metropolitan areas, which typically offer
better alternative transport options and facilitate cycling and walking, are at the forefront of this shift, while the suburbs remain more reliant on
car use. Itis therefore crucial that private car use begins to decline in these peripheral areas as well. This territorial pattern is evident both in terms
of car ownership (private cars per 1,000 inhabitants) and car use (road traffic intensity).

Moreover, the evidence we have collected reveals that the relationship between car use and the economic cycle has changed significantly
over the past decade. Traditionally, economic growth was associated with an increase in traffic, while downturns were linked to periods of crisis.
Consequently, fluctuations in car use and ownership were often interpreted as temporary, cyclical trends. However, we are now observing a
decoupling of these dynamics. This trend began during the economic recovery phase after 2013 and has intensified since 2018. Even highly dis-
ruptive events, such as the COVID-19 pandemic, have not interrupted what appears to be a strong, underlying trend of declining car use. The
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trajectory of the Valencia metropolitan area thus provides empirical evidence to support the peak-car hypothesis, both in terms of car ownership
and private car use. Interestingly, the decline in car use appears to precede the decline in car ownership, with a gap of three to five years between
the two processes. This gap is larger in the central city, where the decline in traffic began earlier, compared to the suburbs, where residents are
more reluctant to abandon car use.

If the economic cycle no longer provides a sufficient explanation for these trends, a broader range of factors—territorial, cultural, socio-
demographic, and political—must be explored to understand the ongoing processes. At the same time, territorial variations within the metropol-
itan area will offer insights into these dynamics. A key set of factors includes socio-cultural and behavioural changes. In this context, the decline in
the proportion of the adult population holding a driving licence is striking, representing a long-term trend, particularly pronounced in the central
city and inner conurbation. Additionally, the rise in the number of foreign migrant residents, which is higher in the central areas of the agglomer-
ation, also contributes to reduced car use: this group is less likely to own a car and more likely to utilise public transport. Finally, another long-
term trend, the ageing of the population, also contributes to a reduction in car use, both in terms of frequency and distance travelled.

While these socio-demographic trends support the overall shift away from car use, they alone do not fully account for the recent decline
in car use and ownership. The changes observed since 2015 are too small to provide a comprehensive explanation. Similarly, recent developments
in residential densities offer limited insight. The recent increase in densities, primarily driven by population growth and resumed immigration since
2021, has not been sufficient to reverse the extensive urban sprawl that occurred between 1990 and 2008. Thus, the peak-car phenomenon we
are witnessing is occurring within an urban landscape built around and for the private car, which previously promoted the use of the private car
until 2015.

Finally, the recent increase in public transport ridership aligns with the general growth in urban mobility. While private car use has stabilised
at levels below pre-COVID numbers, public transport has absorbed much of the increase in travel. However, this shift is taking place without a
corresponding increase in network capacity, whether in terms of infrastructure or rolling stock, leading to severe congestion and greater incon-
venience for users. In fact, the only improvements to the network in the past decade have been focused on tram lines within the city of Valencia,
with little attention given to the metropolitan area. Despite the limited recent improvements to public transport, the transfer of trips to this mode
takes advantage of previous investments and the underutilised transport capacity created by the 2008 crisis and the COVID-19 disruptions. Given
the inadequacy of economic, territorial, or socio-demographic factors alone to explain the reduction in car use, the role of mobility policies—
particularly those related to public transport—is crucial.

6. The role of mobility policies: past, present and future

Prior to 2015, the mobility policy in the VMA primarily focused on the development of a metropolitan railway network (Metrovalencia)
through the modernisation and extension of the existing metric-gauge railway network, which dated back to the early 20th century. Significant
milestones in this process included the underground connection between lines in 1988, the restoration of the tramway in 1994 (the first in Spain),
and the extension of a new line to the airport in 2007. These developments enabled the high-capacity urban transport system to grow from 7
million passengers in 1986 to 24 million in 1998 and 68 million in 2008. However, despite this substantial commitment to public transport, the
sprawling growth of the metropolis since 1990 has led to a surge in private car use and the expansion of the motorway network, with little progress
made in achieving a more sustainable modal split. The lack of effective metropolitan governance in both mobility and land-use planning, as evi-
denced by the absence of an independent metropolitan authority with executive powers, hindered further progress in this direction (Tomas &
Porfido, 2024). The economic crisis that began in 2008 had a significant impact, leading to budget cuts, a reduction in public transport services,
and a 10% decline in demand, while all expansion plans were put on hold.

In May 2015, a turning point in mobility policies occurred with a change of government, as left-wing and environmentalist coalitions took
office in both in the city of Valencia and at the regional level, ending more than two decades of conservative political dominance. Mobility policy
became one of the key features of the new political cycle (Baron, 2019), marking a radical shift towards promoting active mobility and the use of
public transport at the expense of private car use. Several key milestones defined this new policy direction and contributed to the decline in traffic
observed since 2015. Among these, the following should be highlighted:

e  2015: Extension of Metrovalencia Line 9 between Manises and Ribarroja.

e  2015-2017: Recovery of the Valencia Metropolitan Transport Authority, the body responsible for coordinating and integrating fares

across the different public transport modes serving the VMA.

e  March 2017: Opening of the “cycling ring” around the first ring road in the historic centre of Valencia, a cycle lane that integrates the
entire cycling network in the city. In addition, the Valencia cycling network was extended from 133 to 190 km, largely with support
from European Union funding, and with improved quality and safety standards.

e  May 2017: Ban on parking in the bus lane at night (22:00-8:00) in the city of Valencia.

e June 2019: Declaration of Valencia as a “City 30”, reducing the speed limit to 30 km/h (previously 50 km/h) on all roads with only one
lane in each direction, and on other roads in the city centre, affecting 64% of the city's road network.

e 2016-2022: Gradual integration of public transport fares, culminating in 2022 with the introduction of a single ticket for all modes of
transport (metro, tram, train, and bus), offering significant cost savings for users.

e January 2022: Re-regulation of private car parking on the streets through the introduction of new zones (green and orange), reserving
parking spaces for residents only.

e May 2022: Opening of Line 10 of the Metrovalencia tram network, the first extension since 2015.

e  June 2022: Presentation of the first Metropolitan Mobility Plan, outlining the main strategic lines to improve intermodality and sus-
tainable mobility in the city.

e  2023-2024: Additional measures in response to the inflationary crisis to reduce the price of public transport, including some services
being made free.

These policies have transformed the city of Valencia into an increasingly car-unfriendly environment, while facilitating safe mobility by
bicycle and reducing the cost of public transport. Housing densities have increased, but far more crucial for achieving sustainability goals are other
urban design elements, such as the reconfiguration of public space. This shift has altered the metrics of public spaces to create accessible and safe
environments where active mobility can flourish (Grosvenor & O'Neill, 2014). The intensity and persistence of these policies throughout the eight
years of progressive governments (2015-2023) appear to have had a clear impact. During this period, the city of Valencia has made substantial
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progress towards more sustainable, active, and less carbon-intensive mobility. What may happen following the change in local government in
2023 remains uncertain, although it is hoped that the underlying trends are strong enough to persist beyond the political shift.

Looking to the future of mobility policies, it is clear that further improvements are needed. Their impact could have been greater had more
far-reaching measures been implemented, such as the establishment of a Low Emission Zone (LEZ) in Valencia to restrict traffic and preserve air
quality. Although Spain's Climate Change and Energy Transition Law (2021) mandates that all cities with over 50,000 inhabitants must implement
a LEZ in place by 1 January 2025, Valencia has yet to meet this requirement. In fact, Valencia is the only Spanish city with over 500,000 inhabitants
that has not yet implemented a LEZ. The recently presented LEZ project lacks ambition, as it will not be fully implemented until 2028.

Furthermore, the lack of public resources has hindered the expansion of public transport to keep pace with rising demand. Between 2019
and 2023, the supply of public transport (measured in seat-km per inhabitant per year) decreased by 6%, while demand increased by 16% (Met-
ropolitan Mobility Observatory, 2023). Public transport in cities has faced increasing pressure in recent years, partly due to policies encouraging
its use. However, unless the public sector can provide the necessary resources to match this success, a crucial opportunity to accelerate the
transition to more sustainable, low-carbon, and car-free mobility will be missed. Despite the funding challenges faced by local and regional au-
thorities, now is the most opportune time to expand the network in response to increasing demand. Current plans to improve infrastructure and
increase frequency are undoubtedly timely. This is particularly critical in the wake of the significant damage caused by the floods of 29 October
2024, which severely affected the southern VMA, resulting in losses of €17 billion and 224 fatalities (Perez et al., 2025). Among other impacts, the
floods nearly destroyed the car fleet in the affected municipalities (around 128,000 cars), as well as the entire Metrovalencia railway network in
the affected area, which is not expected to be rebuilt and reopened until the summer of 2025. Despite the human tragedy of the floods, there is
now a window of opportunity if the reconstruction prioritises the public transport network and if economic aid to those who lost their cars is not
contingent on purchasing a new one.

7. Conclusions

Some tentative conclusions can be drawn from the findings presented above. First, the evidence gathered from our case study highlights
the ongoing relevance of the peak-car concept, especially when applied to urban areas and, more specifically, to their most central and densely
populated spaces. These metropolitan areas are at the forefront of the shift away from the private car as the dominant mode of transport. This
transition follows a temporal sequence in which younger generations first exhibit a lower propensity to obtain and maintain a driving licence,
followed by a decline in car use, and ultimately, a reduction in motorisation rates.

Furthermore, the recent decline in car use and ownership since 2015 has occurred against a backdrop of economic and employment
growth, meaning it cannot be attributed, as in the past, solely to fluctuations in the economic cycle. The decoupling of economic variables from
car use is becoming increasingly evident, a trend that remains unbroken even in the face of potentially disruptive events, such as the COVID-19
pandemic. Consequently, the first hypothesis put forward to explain the peak in car use, which is of an economic nature, seems to lose its validity.
In contrast, the second hypothesis, which focuses on the concept of mobility saturation, does not appear to be applicable in our case either. This
is because the decline in the relative importance of car use occurs simultaneously with an increase in overall mobility, which is reaching new
records. The saturation hypothesis is likely more relevant to larger and more mature metropolitan areas, such as Madrid and Barcelona, than to
Valencia, where the distances travelled and the frequency of daily trips still have significant room for growth. According to Kuhnimhof et al. (2013),
car travel per capita in France and the United States is strongly linked to changes in total travel demand. However, in Germany and the United
Kingdom, the decline in car use is more closely associated with the levelling off of motorisation and a shift to other modes of transport. This
observation aligns with trends in Valencia, where travel demand has continued to increase, yet it is not the car that has absorbed this growth.

These points lead us to support the third hypothesis to explain the peak in car use: we are witnessing a shift in the mobility model, driven
by new socio-demographic and technological factors, coupled with a new territorial model that is more conducive to active mobility. This is further
reinforced by a series of policies that promote sustainable transport. In this context, although many of the factors contributing to the reduction in
car use appear to be moving in the right direction, their evolution alone is not robust enough to account for the change. Factors such as the ageing
population, the weight of migrant populations, and urban form change gradually and have considerable inertia. It is here that the influence of
public policies on urban space design becomes pivotal. Such policies help create an urban fabric that is either more or less car-friendly, encouraging
the use of alternative modes of transport, including active mobility, cycling, and high-capacity public transport. The case of Valencia demonstrates
the power of persistent and focused local and regional policies. These policies can succeed even in a context of limited public resources, concen-
trating on low-cost measures to modify and regulate the use of public space. However, such policies are not without risk, as they can provoke
widespread opposition within the local community and become the focus of intense political struggles that extend beyond purely rational debates.
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