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The traffic-engineering methods of planning based on the predict-and-provide principle have self-enforcing effects

of induced traffic and an unhealthy environment for humans as well as for the planet. Regardless of the huge

negative effects and the recognition that a paradigm shift is emerging as the sum of methods and achievements

developed by the community of academics, experts, practitioners, policymakers, and urban communities. Findings

can have practical, effective implications as the determinants of a new transport policy paradigm that shows the

way out of the trap of path dependency. The originality of the approach lies in having expanded and applied the

concept of anomalies of the theory to the adverse effects of technologies and the mismatch between people and

the modern urban environment. 

transport planning  transport technology  sustainability

1. Introduction

The word “paradigm” was first used in scientific debate by Thomas Kuhn in The Structure of Scientific Revolutions

italics because it’s a book title . A scientific paradigm is not simply the current theory, but an entire worldview; it

refers to the network of conceptual, theoretical, and methodological commitments shared by a scientific community

in a given field. It develops when predictions turn out to be accurate.

Kuhn also used the term paradigm in another sense, as a concrete achievement, an exemplar that can replace

explicit rules as a basis for the solution of problems in a field. In this second sense, it denotes an element of the

network, “the concrete problem-solutions which, employed as models or examples, can replace explicit rules as a

basis for the solution of the remaining puzzles (problems)”.

A paradigm shift occurs, according to Kuhn, when scientists encounter anomalies, problems that are not solvable

by known rules and procedures or equipment that fails to perform in the expected manner. When enough

significant anomalies have accrued against a current paradigm, the scientific discipline is thrown into a state of

crisis. During this crisis, new ideas, perhaps ones previously discarded, are tried and new achievements provide

model problems and solutions. In the end a new paradigm is formed that gains its own new followers, and an

intellectual battle takes place between the followers of the new paradigm and the holdouts of the old paradigm.

After a given discipline has changed from one paradigm to another, this is called a scientific revolution or a

paradigm shift.
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The cycle—anomalies, crisis, paradigm shift—can be applied to all purposed systems that follow the same logic of

theories. Whether in science , in technology , or in institutions , the logic of development seems similar.

The first attempts to apply these concepts to urban mobility were made beginning in the 1990s by some

economists and urban planners . At that time, researchers and practitioners were sharing a paradigm to

deal with the rapid automobilisation of urban transport. The enthusiasm for the new transport mode was lost when

the application of the paradigm showed the first anomalies, mainly the side effects of new road infrastructures:

induced demand, urban sprawl, increasing travel distance, more congestion. These were anomalies, unintended

consequences, or violations of expectations that attracted the increasing attention of researchers, practitioners,

and decision makers. The effects were explained through a better articulation of the theory  and a partial

paradigm shift that delivered patchy changes in the applications . How the planners were seeing the problem

can be found in a paper based on a case study of the Oslo western ring road . In recent years, the idea of a

paradigm shift has focused on innovative technologies (car automation) and digital business models , on

congestion as a tool to limit traffic , and on traffic safety .

But urban mobility is more complicated and needs a more comprehensive interdisciplinary approach to find

evidence of a paradigm shift. Urban transport is not reserved to a community of researchers and their theories. In

this case, the paradigm is not only related to natural phenomena but to the social system, the constant evolution of

technology where the citizens, the organisations, and the institutions are directly involved.

2. The Unresolved Problems of the Status Quo

2.1. The Anomalies of the Conventional Paradigm

The automobile began as a curiosity, a new-fangled invention, which soon began to replace the horse-drawn

carriage and penetrate the market as a luxury. Within a few years, in 1908, the Ford Model T brought the car to “the

great multitude”. It represented freedom and speed—until, with millions of vehicles clamouring for space,

everybody was stuck in traffic.

Urban planning made the problem worse. In the second half of the twentieth century, it was marked by the

functionalist stance that envisions the city as a collection of uses to be accommodated: residence, work, leisure,

and the traffic systems that serve them. Activities should not mix; hence zoning and car-friendly urban planning are

key elements of the functionalist city. There was resistance, but despite partial successes the development has

been more complex and contradictory .

Engineers were called in. Predictably, they took an intuitive, linear, practical approach:

Roads were congested; traffic was on the rise and public transport was losing users.

The main goal was to meet the growing demands of car traffic.
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The method was linear and based on the predict-and-provide principle.

The paradigm used was based on the subdivision of an area into zones and on the four-step model with an

evaluation procedure based on cost–benefit at the end. The engineers preferred not to think about the complexity

of human behaviour. As in classical economics, users of the networks were presumed to be rational, well informed,

without history, symmetrical in their evaluation of gains and losses, and able to optimise time and costs. Density of

population and jobs and the mix of activities within each zone were assigned a uniformly distributed average value.

Land use was an input of urbanists that transport planners transformed into intrazonal trips for the transport system

to provide.

The four-step model succeeded because it supplied the response that everyone expected—more roads. Planning

was an approach from above, and the pronouncements of experts were accepted more readily than today.

The concept of traffic as a fluid—which even attracted the attention of a Nobel laureate —changed the nature of

cities. The results were radically altered allocation of urban space with new expressways, the removal of road

space from pedestrians, bicyclists, and public transport, the enormous urban sprawls, the path-dependent

developments in oil, the internal combustion engine (ICE) vehicles, with technological lock-in. But traffic keeps

growing; cities were (and are) stuck in traffic; and the linear simplistic solution of traffic engineers (“more traffic,

more roads”) becomes the problem. Everyone thinks first of the linear interpretation, even engineers. Evolution did

not equip humans with the mental ability to handle the complex systems of modern cities .

The first interpretations of traffic as a multi-loop non-linear feedback system, and the effects of induced traffic, date

to the beginning of the 1960s. They included: the Law of Peak-Hour Expressway Congestion  that states that

“the opening of an expressway could conceivably cause traffic congestion to become worse instead of better, and

automobile commuting times to rise instead of fall”; the vicious circle of growth of the automobile and decline of the

bus , and the black hole of road investments —a downward spiral (process of cumulative causation) as the

quality of road transport gradually deteriorates.

In the end, all policies based on more road capacity seem to differ only in how quickly the congestion returns .

The induced traffic compromises any urban transport planning strategy based on increasing road capacity; 40% of

new capacity is used up immediately and 100% of it within four years . The same occurs with intelligent

transport systems aimed at more efficient use of road capacity . Increasing capacity just increases congestion,

due to its impact on public transport (PT) quality, with further worsening of the modal split . It is surprising that

Braess’s paradox, according to which the addition of a new link to a road network can result in longer travel times,

has received no attention in transport policies. It has figured only in the German theoretical literature  and, after

37 years, also in the English-language literature .

Figure 1 represents the phenomena described as two circular concatenated processes. The first is a continuous

process of growth of dependence on the automobile, which influences the land use and generates the induced

demand for more road transport. Consequently, in a second process, a cumulative decaying of PT begins. The
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four-step model, based on equilibrium assumptions, is unable to account for circular cumulative processes where

growth encourages growth and decline leads to further decline.

Figure 1. The vicious cycle of predict and provide.

2.2. Adverse Effects of Transport Technology

The adverse effects of a technology are its negative and unavoidable impacts in the automotive sustainability

assessment framework shown in Figure 2.
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Figure 2. The automotive sustainability assessment framework. Source: adapted from .

When new purposes arise and circumstances change, the existing technologies are pressed to deliver more and

differently. Their supporters seek out internal replacement with better components, improved architecture, fine-

tuning, and balancing to survive and compete. Additional components are added to work around its limitation. The

technology becomes more complex and tends to be locked in. The mature technology performs better than its

nascent rivals; it is supported by powerful interests, and so the old technology persists longer than it should. The

technology is adapted and elaborated until it is strained beyond its limits. The overall cycle resembles Kuhn’s 

and represents very clearly the development and tenaciousness of ICE vehicles.

The assessments of impacts listed in Figure 2 are based on the literature and interviews , and are considered

over the whole life of an automobile. Despite great progress, including the regulation of many of the impacts, the

automobile is an inadequate technology and in profound crisis. Car pollutants cause immediate and long-term

effects on the environment and are one of the major causes of global warming. Cars affect biodiversity through

pervasive, incremental intrusion into the habitat such as that caused massively by urban sprawl. The environmental

damage extends to soil, lakes, rivers, flora, fauna, and human health. Nitrous oxide reduces the ozone layer.

Sulphur dioxide and nitrogen dioxide combine with rainwater to make acid rain. Particulates, hydrocarbons, carbon

monoxide, and other pollutants are harmful to human health. Atmospheric pollution has both acute effects and

chronic effects on every organ of the body . Energy, minerals, and land use are most affected. Reuse and
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recycling help reduce mineral depletion. Energy efficiency per passenger-km is 50 times lower in a car than on a

bicycle, and transport consumes 26% of all extracted oil .

The industrial complex, the numerous car lovers, and the political-institutional system maintain the status quo

without regard to international accords on climate change. A dramatic example of the convergence of the three

actors is the enormous increase of greenhouse gases that follows the fatal attraction of the SUV , especially in

the rich world, without any public reaction.

Mass exacerbates all the impacts: it increases rolling resistance, the need for road maintenance, wear on brakes,

fuel consumption, and pollution. The sources of the particulate produced by traffic are mainly resuspension and

brake and tire wear; exhaust gases account for only a fraction of the total and improve with the technology.

Although electric vehicles (EV) eliminate exhaust gases and partially reduce the particulate with regenerative

braking, lightweight EVs emit an estimated 11–13% less non-exhaust PM2.5 and 18–19% less PM10 than

conventional vehicles. Heavier EVs reduce PM10 by only 4–7% and increase PM2.5 by 3–8% relative to

conventional vehicles . 

The automobile has altered distances: everything is farther away or less accessible. Walking or cycling to shops,

work, or school is often difficult and dangerous. In 2019, EU road accidents with fatalities numbered 22,660 and

those with serious injuries 120,000, 38% of them in urban areas . Vulnerable road users accounted for 30% of

the victims—yet Europe still boasts the best road safety record of any region in the world. The amount of space

cars occupy is unsustainable for an urban environment; cars need more than 10 m  for parking and more than 100

m  on the road at 50 km/h . Traffic noise pollution is often underestimated as a health hazard, but the World

Health Organization (WHO) ranks it second after atmospheric pollution.

“The paradigm of the modern transport systems is unsustainable in its current outputs of pollutants and GHG, toll

on human health and dependence on oil” , but it is very well rooted in the economies. It has multiplier effects on

economic growth. The costs over the life cycle of the car contribute to profits, to taxes, and definitely to GDP.

The automobile industry represents a relatively small share of the overall size of OECD economies in terms of

value added and employment. But this hides large variation across countries. It accounts for almost 4% of total

output in Germany and 3% in the USA, whereas it is almost non-existent in several countries; 14 million Europeans

work in the auto industry (directly and indirectly), accounting for more than 6% of all EU jobs.

The lifetime cost of driving a car is very high. For low-income groups it can represent an expense equal to that for

housing . But citizens, policymakers, and planners underestimate the full private costs of car ownership as well

as the social costs. Automobile subsidies and investments tend to be regressive. Those who drive less than

average, mostly lower- and moderate-income people, subsidise those who drive more than average, generally

high-income people.

2.3. Evolutionary Mismatch of People
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A mismatch exists when some feature of the modern environment does not match the ancestral conditions under

which bodies and minds slowly evolved over millions of years. Evolutionary psychology helps to identify and

examine the mismatch, or wrong combination, between modern and ancestral contexts . Mismatch can arise in

modern societies through human-induced changes. Two types of mismatches are “forced”, when a new

environment is imposed on an organism, and “hijacked”, when a mechanism favours novel stimuli over stimuli that

it evolved. A natural forced mismatch occurred when the ancestral environment changed from forest to savanna.

The human lineage originated about 2.5 million years ago, and human bipedalism evolved as a direct result of

human ancestors’ transition from an arboreal lifestyle to one on the savannas. To procure food, humans had to

walk and run.

Walking, which exploits inverted pendulum motion, is very energy efficient . When humans foraged for food,

mobility was not a demand derived to reach a destination, except a spring or a cache of stones. It was needed to

eat. The few modern forager women average 9 km a day and men 14 km . Bipedalism made the search for food

easier. The eyes were higher, so prey could be sighted and new areas, with less competition, discovered. The

hands were free to carry food, use tools, and develop technology.

Despite this intense physical activity, the forager’s goal was to procure the needed calories with the least amount of

work . Thus, a tendency to sedentariness has been transmitted as genetic heredity , but not to conserve

calories. Recent studies have shown a weak relationship between the level of physical activity and total energy

consumption, a relatively stable physiological feature, more a product of common genetic inheritance than of

lifestyle . A recent hypothesis holds that keeping physical activity at the minimum level needed to procure food

favoured survival because it reduced exposure to risks . 

The adaptive output has always demanded enough physical activity to prevent the so-called noncommunicable

diseases (NCDs), such as cardiocirculatory problems, diabetes, and some types of cancer , but that is no

longer true today. 

Millions of years from the trees to the wheel, but only a few thousand from horseback and oxcarts to the railroad

train and the Model T! The stone-age brains have not had time to adapt to such dramatic changes. Furthermore,

because damage to health usually appears only after the reproductive years, the genetic variants that promote

sedentariness have no effects on selection. “People become addicted to human-created technologies that exploit

evolved preferences, and addiction is associated with a whole battery of adverse psychological and physical

outcomes” .

Rarely has technology provided as satisfying an answer as the car to the exigencies and motivations deriving from 

genetic inheritance. The automobile overcomes the physiological limitations of human locomotion and satisfies the

desire to be sedentary and at the same time need to speed. The car is a consummate status symbol, and

competing for status is implanted by evolution. It provides protection in environments perceived as unsafe,

potentially a key aspect explaining the popularity of SUVs .
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However, car drivers are physiologically and psychologically inadequate to the act of driving, and the faster they

go, the greater the gap. The enormous tribute of deaths and injuries make the automobile an unprecedented

example of the mismatch between humans and technology. Running on foot at speeds up to 30 km/h, humans can

see a nearby prey or a predator to either side. A driver going 50 km/h cannot see a pedestrian or a bicycle next to

the car.

Calculating the distance and speed of a car ahead to observe a safety distance strains depth perception beyond its

limit, and the limits may be even lower depending on age and physical condition.

3. The Push for Change

3.1. Preferences Change over Time

The automobile as means of urban transport par excellence, after almost a century of continuous growth, seems to

have peaked and begun to decline in cities with medium-high per capita income . At the same time, public

transport (PT) and active transport (AT), that is, walking and pedaling, are in a growth phase. Another important

tendency is the return of residents and work to the city, in areas where alternative transport to the automobile exists

and is competitive. Those who are outside the city, in zones served by rail transport, find it advantageous and are

using it more and more. These tendencies began before the 2008 financial crisis and continued with little sign of

reversal  until the pandemic.

3.1.1. The Car Has Peaked

The use of the automobile grew in the middle of the 20th century, when public transport was in free fall; car use

peaked at the beginning of the 21st century and has begun to decline with the revival of PT in dedicated lanes .

This phenomenon of stabilisation and successive decline affected all developed countries. An example is the

decline of motor vehicle traffic in the main metropolitan counties of the UK, between two and four points in the

period 2006–2013, and London, with almost 10 points. The causes of this tendency are multiple: revival of public

transport and demographic, economic, cultural, and technological effects. The variations are strongly dependent on

age. Whereas persons aged over 60 took 10% more trips per capita on average, those aged 35–59 reduced them

by 8%, and younger people by almost 20%. The greatest reductions occurred in the largest towns with the best

public transport and highest density .

4.1.2. The Demographic Effects

Young people are less likely today to seek a driving license . Figure 3 gives the percentage of young people

aged 16–19 with driving license from 1967 to 2018 in the United States. After the peak in 1983, there was a decline

of tens of percentage points up to 2018. The phenomenon is general in developed countries and results in a

reduction in trips. Young people drive less; the maximum of trips occurs at age 50. Car use discriminates by

income, age, and gender. Women make only 40% as many trips as men.
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Figure 3. Percentage of youths aged 16, 17, 18, and 19 with a driving license in the USA. Source: US Federal

Highway Administration data.

Many reasons are cited for this disaffection with the car, such as, in the UK, the decline in private home ownership,

increased urbanisation, increased used of information communication technology (ICT), rise of pro-environmental

attitudes, decline in cars as status symbols, rise of shared mobility, and social media .

3.1.3. The Return of the Bike

The rebirth of the bicycle, after the heavy decline in the years after the end of the Second World War, began in the

1970s in the dense areas of all the great cities of the Western world . The movement spread from the centre to

the peripheries of the big cities and to the centre of medium-sized cities. It should also be noted that, despite the

increase in cycling, the overall impact has so far been in general relatively modest in terms of long-term changes in

transport demand: in 2018, bicycles represented only 2.5% of all trips in London, even though bike trips had

increased 2.6 times since 2000.

The tendency is a further sign of the decline in car dependence and contributes with economical and efficacious

solutions to sustainability and to overcoming the sedentary epidemic. However, adding an electric motor to the bike

can cancel out the advantages of physical exercise and favour speed at the expense of safety. When destinations

are near, the choice of AT is favoured, which respects the tendency to have a constant time budget for travel .

3.1.4. Digital Transformation

Digital technologies allow more socialising at a distance more sustainably . The new places for virtual socialising

have become a major component of the popular culture. They dominate life today with infinite interactions. They

facilitate relations with anyone in the world via text messages, photos, and videos, all exchanged instantly at

minimal cost. They influence the lifestyle of young people, who can share their thoughts and feelings with their
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contemporaries instantly. This has created a fracture between the rapidity of virtual contact and the slowness of

physical contact. The change that is occurring is less car, greater attraction of the neighbourhood, and virtual

connections.

A first group of applications utilise the virtual connection for teaching, lectures, meetings, remote working, and

many other services that provide certificates, forms, and books. A second group is B2C e-commerce, which brings

a sharp reduction of trips for shopping and of distance travelled , but increases goods transport.

The gains in time thanks to the constancy of the time dedicated to the trips have rebound effects confirmed by two

studies. The first showed that, when teleworkers travel less often for work, they tend to travel more often for other

reasons . A tangible consequence of this, and of remote working in particular, is the congestion reduction from

Monday to Friday and the spread of congestion to Saturday and Sunday. Another study, in Newark, New Jersey

(USA), found that vehicle use has not fallen off at all with the growth of online shopping . The hypothesis is that

persons spend the time saved on other things, such as visiting friends. The intervention needed should orient such

activity locally and on AT or PT.

3.2. Mobility in the Time of Coronavirus

The tendencies towards decline of automobile dependence were accentuated during the 2020 coronavirus

lockdown. In the UK, of 20,000 persons interviewed , 22% indicated that after the pandemic they will drive less,

24% of those over age 65; 36% will walk, pedal, and run more; 51% will drive as before; and only 1% will drive

more.

At the same time millions of users abandoned public transport. It was a sort of natural experiment to assess equity

and auto dependence in urban transport. The ‘access for all’ without discrimination as to income, physical ability,

housing location, mode of travel, or any other factor was not respected . All the groups at risk of transport

disadvantage, particularly women and old people, were also more likely to report difficulties while avoiding public

transit.

The global mayors’ COVID-19 recovery task force, of the C40 cities network, have committed to healthier, more

equitable, and more sustainable cities. The coronavirus has been shown to be more aggressive where the air is

polluted with fine dust and nitrogen oxide . But the newest, most important factor is social media. Young

people have been the first to grasp the opportunities revealed by the COVID pandemic. Moreover, the automobile

has rightly been seen for what it really is: not a tool for socialising but a cocoon for social distancing.

3.3. The Innovation of the Urban Interventions

Hundreds of professionals, experts, and researchers have combined their efforts to reduce dependence on the

automobile and encourage PT and AT. The results are numerous innovative interventions. The four main types are:
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Redevelopment of neighbourhoods with activities and services nearby, accessible on foot and by disabled

people, giving priority to pedestrian and bicycle routes and keeping car routes and parking to the margins;

Development of dense and multifunctional settlements: residences, offices, shopping, and cultural venues,

around public transport nodes, transit-oriented development, with distances suitable for pedestrians or cyclists;

Elimination of large central arteries and redevelopment with green social spaces, cultural and sport activities,

priority to public transport, and pedestrian and bike routes;

Innovation in the system of urban distribution with non-polluting transport, distribution centres served by rail if

possible, and attention to recycling.

Italy has been closing historic centres to traffic since the 1960s. In Europe there are interesting examples in the

Nordic capitals of Copenhagen, Helsinki, Oslo, and Stockholm. The interventions emphasised PT accessibility with

new metros, trams, and dedicated bus lanes, while keeping traffic at least 250 m from the protected zone and

parking areas mostly at the margins. The closing has favoured AT and the distribution of goods, including e-

commerce. The result has been a revitalisation of the centre, now a pleasant place to socialise, with shops, cultural

activities, services, and offices.

For many years now, major road links in city centres  have successfully been eliminated. In the 1990s, San

Francisco (USA) removed significant segments of urban roads, the Embarcadero Freeway and the Central

Freeway, which launched the revitalisation of the surrounding areas and led to a 60% drop in traffic. New York has

removed traffic on parts of Broadway. In Asia, Seoul’s broad Cheonggye freeway was removed between 2003 and

2005. Examples in Europe include (among many others) the Georges Pompidou freeway in Paris, the M-30 in

Madrid, the seafront drive in Naples, and the Via dei Fori Imperiali, with the Colosseum, in Rome. Various attempts

have been made to return urban freight to rail . Paris offers an example of interventions to distribute goods

once again by rail and navigable canals .
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