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Article 

“Car Tonnage” as a Parameter for Calculating the 
Impact of Vehicles on Urban Sustainability and for 
Supporting Space Retrofitting Policies 

Ario de Marco 

Laboratory of Environmental and Life Science - University of Nova, Vipavska cesta 13, SI-5000, Rožna Dolina 
(Nova Gorica), Slovenia; ario.demarco@ung.si; Tel.: +0039-3452352647 

Abstract 

In the last century, cities evolved adapting their structure to vehicular traffic and this condition 
determined that a significant share of the urban surface has been devoted to host infrastructures such 
roads and parking lots for cars. Such design is a major obstacle to the transformation of the urban 
fabric into more resilient forms capable to cope with climate conditions that are more extreme than 
in the past in term of both high temperatures and precipitation intensity. Decreasing the share of 
impervious surfaces and reconverting them into green areas is the objective of many administrations 
that introduced a mix of disincentives (reduced number of parking lots, accession fees, limited 
accessibility to specific zones) and incentives (more reliable public transportation, support of active 
mobility) to decrease the overall vehicular traffic. These measures can be effective but often miss to 
target preferentially those vehicles that are the most inconvenient in terms of encumbrance, and 
danger, because particularly heavy and bulky. Here a proposal is presented that identifies the “car 
tonnage” as the parameter to refer to for a selective disincentive policy. Car tonnage has been 
conceived as an index incorporating weight and volume of the vehicles and should be treated 
independently with respect to the motorization type. The idea is discussed for its environmental, but 
also social and economic implications. 

Keywords: sustainable cities; green infrastructures; transport policies; active mobility; urban space; 
parking places; impervious surfaces 
 

1. Introduction 

More than one century of mobility centered on the use of private cars determined the 
identification of this transport modality with the “natural way” to access to services and jobs. This 
perspective guided the design of urban infrastructures and resulted in a large share of impervious 
urban surfaces devoted to motorized vehicles in the form of roadways and parking lots. Such 
infrastructures are responsible for several different environmental costs, such as increased storm 
runoff, pollution of freshwater systems, urban heat island effect, blockade of ecological corridors and 
are biologically inert [1]. In USA, on average more than 20% of the urban surface is occupied by 
parking lots, with cities in which this number reaches 45%, namely a surface that largely exceeds that 
of parks and that, at the same time, is also significantly underused [2]. Furthermore, roughly a quarter 
of urbanized land is taken by roadways and, also in this case, according to the cost-benefit analysis, 
their share seems oversized [3]. Altogether, these data indicate that half of the urban surface is 
occupied by infrastructures designed mostly for cars and that these surfaces are not efficiently used. 
Several authors conclude that the policies focused on roadway expansion should be abandoned and 
the space rather used for alternative activities. Redundant roadways and car parking facilities have 
been identified in cities outside USA as well and their conversion is considered a major opportunity 
to improve the sustainability of urban areas [4–6]. 
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Traffic congestion, air pollution and the consequences of climate change in terms of extreme 
precipitations and overheating of urban areas urge re-thinking the idea of car-centered city and 
moving towards more sustainable formats [7]. Cities need to reduce their impervious surfaces, 
multiply the greening, support active mobility and improve the life quality by increasing the 
environments suitable for social activities. These modifications require a reorganization of the urban 
space, namely a transformation of the use destination of part of it that should be taken away from 
cars and allocated to support functions that improve resilience. In other terms, since the space is 
limited and already saturated, it would be necessary to reconvert it, eliminating some infrastructures 
designed for car use to accommodate elements suitable for alternative fruition. In contrast to such 
option, the prevalent broadcasted message follows the marketing campaign of automotive industry 
that suggests that the mobility green revolution will be achieved by the simple substitution of private 
cars with internal combustion engines with others supplied by batteries. What is removed from this 
narrative is the hypothesis to switch from a city in which the transport is based on private cars to a 
more sustainable urban model in which active modes and public transport will cover most of the 
mobility needs. Then, since the infrastructures for such mobility model are less demanding in terms 
of space [8], there is a potential net gain of urban space that would become available for further uses, 
such as greening. 

Apart from general considerations about the energetic budget of electric cars (from where does 
the electric energy necessary to load the batteries come? What are the environmental and energetic 
costs of battery manufacturing and recycling?), the mere substitution of cars will not impact the urban 
space distribution and, as a consequence, will further postpone the development of infrastructures 
suitable for cycling and more efficient circulation of public transport as well as the recovery of public 
space for social/leisure activities and environmental scopes. However, even in the case of a 
conservative policy preserving the present mobility share, space can be gained by favoring the use of 
small cars with respect to large vehicles. This option would oppose the present reality, namely the 
trend supported by the car industry that goes in the direction of proposing bigger and bigger cars in 
terms of dimensions and weight, independently on the motorization type [9–12]. These vehicles 
occupy more space and are more dangerous as well because heavier, their bulky structure prevents 
the complete view of the surrounding environment to all the road users, and they favor a safety 
feeling in the drivers that is associated to aggressive and risky driving behavior that increases 
progressively together with the vehicle size [12–17]. 

Individual mobility is a basic right that should not collide with collective needs. This means that 
access restrictions should not impair reaching jobs and service centers and should not affect 
preferentially who is already disadvantaged because forced to live in areas badly served by public 
transportation. Therefore, it would be fair to conceive mobility modalities providing everybody with 
the same opportunities, avoiding space waste due to individual over-proportional occupancy of 
public soil and the accumulation of other shared social costs (congestion, noise, emissions, 
infrastructure building and maintenance, health) [8]. These considerations lead to the necessity of 
(taxation) policies aimed at discouraging not automatically the urban use of private cars to free car-
used urban space, but rather to charge progressively the vehicles that represent the major load and 
danger because of their physical features. Several approaches have been successfully introduced, 
mostly in North Europe cities, to render car driving in urban environment expensive enough to 
promote a modification of the mobility behavior. Nevertheless, such measures are often 
indiscriminate or based on motorization type, favoring new (electric) cars that are too expensive for 
many citizens. In several cities worldwide, gentrification is progressively pushing low-income 
workers towards peripheries scarcely served by public transportation, implicitly imposing to them 
the necessity to possess a private car to reach jobs and services, and resulting in commuting time and 
costs that increase faster than for middle-class employees [18]. In Paris, in contrast to people with 
well-paid jobs renting accommodations in central areas, unqualified, low-income workers travel on 
average more than 10 Km to reach their workplace [19] and their commuting costs can account for as 
much as 25% of their total income [20]. 
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The proposal presented here has the specificity to not target cars indiscriminately or based (only) 
on the contribution of their exhaust fumes to air pollution but according to their encumbrance impact, 
namely to their spatial footprint [21]. Larger and heavier cars require more space on the roads as well 
as in the parking slots, they contribute more to the wear of infrastructures and their dimension also 
incrementally reduces the visibility of any person moving in the traffic, independently on the used 
mean. Therefore, a discouraging penalty should address this element, that here will be called “car 
tonnage”, and it should be highly progressive for being effective. Car tonnage is a combination of 
volume and weight since both factors contribute to the environmental footprint and the related cost 
of that specific car in terms of urban hindrance and danger. 

2. Materials and Methods 

Cars occupy public space that could be otherwise used for alternative scopes. To be more precise, 
they occupy a surface (steric hindrance that impairs another object to use that area) and a volume 
(visual impairment) when they move as well as when they are parked. Since cars need to park in 
different places at different times (working, shopping, leisure activities…), parking lots are 
structurally oversized and underused. Furthermore, vehicle weight contributes to pollution 
(emissions in the case of internal combustion engines, small particles produced by friction, mostly 
due to breaks and tires, in all the cases) and danger in case of accidents (high impact). Therefore, it is 
rational to identify approaches to disincentive the use of large and heavy cars. Our proposal is to 
combine encumbrance and weight in a unique value, the “car tonnage”. This is the product of the car 
volume (width x length x height: vehicle 3D) for its weight. Such car tonnage value might be used to 
calculate a corresponding (local) fee that should cover the costs for infrastructure maintenance and 
retrofitting (Table 1). Of course, the tax entity will vary according to the factor used to multiply the 
extrapolated car tonnage value. Since the meaning of this taxation is to charge more who exploits 
more urban space and public infrastructures with uselessly oversized vehicles, it makes sense to have 
it progressive rather than linear. Possibly, the amount should be elevated enough to induce the 
reduction of bulky and dangerous vehicles in the car fleet over time. Two simulations relative to six 
models are reported in Table 1. In the first case, the car tonnage was simply multiplied for 10 and in 
this scenario the difference between highest and lowest hypothetical fees for the reference cars is less 
than 6-fold. When the car tonnage is multiplied for itself, the difference becomes 34-fold. 
Independently on the modalities to calculate the tax, the qualifying point of this proposal is that 
indicates a new perspective, namely considering public space/volume occupancy and danger as the 
major parameters for charging car ownership. 

Cars are assessed according to their 3D encumbrance and weight, independently on the 
propeller used by their motor. Tonnage is calculated as the product of these two values and fee values 
can be inferred by multiplying the tonnage value for an arbitrary factor. Two examples have been 
proposed, in green and red, respectively. The values of encumbrance and weight reported in the table 
are indicative, since depend on the different setups of single models. 

Table 1. Simulation of tonnage tax for vehicles. 

Car model Encumbrance 
LxWxH (m3) 

Weight 
(t) 

Tonnage Fee 
factor 

Total 
fee (€’) 

Fee 
factor 

Total 
fee (€) 

Porsche 
Cajenne 

16.54 2.4 39.70 10 397 39.70 1,576 

Dacia 
Dokker 

14.15 1.2 16.98 10 169.8 16.98 199 

Jeep 
Cherokee 

14.34 1.9 27.24 10 272.4 27.24 742 

Toyota 
Yaris 

8.57 1.05 9.00 10 90 9.00 81 
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Ineos 
Grenadier 

19.37 2.7 52.30 10 523 52.30 2,735 

Tesla 
model Y 

14.77 2.0 29.55 10 295.5 29.55 873 

3. Results and Discussion 

3.1. Urban Space (Re)Distribution 

In the worst cases, the urban space occupied by roadways, streets and parking lots can reach 
half of the total urban surface [2,4] and only a minimal part of it is allocated to activities different than 
car driving and parking, such as sidewalks, bicycle lanes and green infrastructures. This condition is 
the result of a city development policy centered on private car as the almost exclusive mean 
responsible for individual mobility. Such land use has been challenged in several cities that decided 
to implement actions aimed at contesting the conventional car-centered spatial distribution and at 
replacing systematically a consistent portion of the space previously dedicated to motorized mobility 
with infrastructures for active mobility and greening [22–25]. The modification of the streetscape 
relies mostly on innovative street design and overall reduction of parking places that can be obtained 
by decreasing the demand. This objective can be approached by increasing the offer of mobility 
means alternative to private car through policies that promote active mobility, public transport, car 
sharing and the use of automated vehicles. The retrofitting of public space has been justified by the 
necessity to reduce traffic congestion and pollution, to improve proximity economy and ecological 
sustainability as well as to provide socialization opportunities [26]. In the last years, a further major 
driver towards urban regeneration has been the conversion of impervious surfaces into vegetated 
and permeable areas obtained by de-paving parking places, as well as dismissed areas [6,25], to 
mitigate the impact of extreme weather events that cause flooding and urban heat island effects 
[27,28]. The problem for the administrations remains how to find the equilibrium among the often-
colliding interests of different user groups and convince car drivers that limiting the space allocated 
to private vehicles will result in a net benefit for everybody. Recent strategies proposed for reducing 
the on-street parking places start from management optimization. They consider that the overall 
parking surface could be significantly decreased by better exploitation of vacant parking 
opportunities either in other external parking lots or in garages that are present in the same areas and 
often have redundant capacity. Such smarter use of the resources can be obtained by centralized car 
parking facilities, commercial apps and AI-powered systems designed for optimal management 
[6,29–31], all solutions that have as well the capacity to reduce idle cruising to search for available 
parking places [32]. Once defined the unnecessary parking places, these can be reconverted into 
infrastructures for cycling and pedestrians. In addition, de-paving redundant parking provides space 
for green infrastructures that are requested for their positive effect on the control of stormwater and 
excessive heating. The resulting sponge tree-lined streets improve water infiltration and reduce 
significantly the amount of pollutants and sediments that otherwise enter the sewers. Furthermore, 
they represent as well a new source of green space at the neighborhood scale, suitable as a carrier for 
flora and fauna and representing an aggregation place for citizens looking for pleasant outdoor 
environments [33]. 

3.2. Vehicle Encumbrance and Danger 

From the point of view of city sustainability, vehicles represent a double problem: when they 
are in movement, because generate traffic congestion, noise and pollution, and when they are 
stationary, because they occupy space. To be precise, the space issue is true for any vehicle, 
independent if stationary or in movement, but what matters is the infrastructure dimension each 
vehicle claims, that is proportional to its encumbrance. A thumb rule says that it is possible to allocate 
six to ten bicycles in the place of a single car. In Europe, the standard on-street parking place measures 
2.2 x 6 m, an off-street parking place 2.5 x 5 m. These dimensions were conceived in a period in which 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 20 August 2025 doi:10.20944/preprints202508.1464.v1

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202508.1464.v1
http://creativecommons.org/licenses/by/4.0/


 5 of 11 

 

the average car was significant smaller than nowadays. However, car shape has increased constantly 
in all dimensions (2 cm length/year) for all classes in the last decades, furthermore the share of extra-
large vehicles such as SUV and light trucks has become higher [9–12,21]. It means that at the present 
on average cars require more individual space than in the past, reason for which there are requests 
to increase the dimensions of single parking places, justified for instance by the necessity to reduce 
the high rate of accidents that happen in parking parks [13]. Of course, accepting such logic would 
support the trend of using larger and larger cars. In contrast, to avoid further space to be allocated to 
the car pool, it would be necessary either reducing their total number or at least encouraging the 
substitution of large with smaller models. 

The conversion of street design has an esthetical impact, since citizens appreciate streetscapes 
rich in trees and plants [34], but even more relevant are probably the functional effects, as illustrated 
above relatively to the mitigation effect of green infrastructures. Furthermore, reducing the width of 
the lanes reserved to motorized vehicles to create space for greening has a direct positive impact on 
traffic safety because the crossing distances are shorter and the severity of the crashes significantly 
lower [35,36]. Systematic studies confirmed that there is a correlation between lane width and actual 
vehicle speed: specifically, users drive almost 20 Km faster when the lane pass from the minimal 
street width of 2.75 m to 4 m [37]. Since the momentum of any object is given by its mass multiplied 
for its velocity, increased speed will determine higher momentum. This would be already an excellent 
reason to reduce the danger represented by vehicles by imposing roadway building design that 
controls velocity. The other factor determining how violent a crash will be is the mass of the objects, 
namely of vehicles when considering the roadway scenario. From a practical point of view, at the 
same velocity the momentum will increase according to the vehicle weight and this will enhance as 
well the distance necessary for breaking, the forces involved in a potential collision and, 
consequently, the overall danger. Because of their different kinetic energy, in the case of two vehicles 
of 1.5 and 3.0 t, both proceeding at the velocity of 50 Km/h, the distance necessary to stop will be also 
double (roughly 70 and 140 m, not mentioning the driver reaction time). On the top of this, heavy 
and imposing cars such SUV are usually also higher and this has an effect on the point of impact in 
the case of an accident, especially when they collide with pedestrians, cyclers or drivers of smaller 
cars, that results in more serious consequences [38–40]. The conclusion is that traffic objective danger 
would be decreased by substituting the present fleet with lighter and smaller cars. 

There is then another effect related to vehicle dimension. Safety perception is not objective and 
is perceived differently by the distinct traffic actors because they are dissimilarly exposed to risky 
conditions [41]. Since the perception of safety is critical for the choice of riding bicycle in urban traffic, 
this parameter has been frequently questioned to understand what design could improve active 
mobility [42,43], but the analysis remained almost exclusively limited to the infrastructure 
characteristics [44,45]. Unluckily, these studies neglected the impact of the dimensions of the vehicles 
present on the roadways. For instance, their height can impair the surrounding overview that is 
necessary to cyclers to evaluate potential risk conditions and anticipate them. This could explain why 
SUV negatively affects not only congestion but also safety significantly more than smaller cars [46]. 
Altogether, the literature analysis indicates that reducing the share of oversized vehicles would have 
multiple beneficial effects, from increased safety to reduced requirement of urban space (Figure 1). 
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Figure 1. Schematic representation of alternative street profiles. a) Conventional space distribution in a roadway 
with on-street parking in the presence of a majority of voluminous cars. Cyclers have no possibility to look over 
the adjacent vehicles and anticipate maneuvers of other drivers. b) The combination of reduced carriageway and 
car dimension frees space for street trees; the cyclers’ safety is improved by the wider visibility over the 
surrounding traffic. 

3.3. Mobility-Related Disincentive Policies 

Cities have long recognized that the uncontrolled use of private cars represents a major problem 
for traffic congestion as well as for pollution. More recently, it became evident that vehicles represent 
an issue for themselves, even when stationary, since they claim urban space that would be better 
allocated for green infrastructures and social activities. Consequently, local administrations enforced 
measures to reduce the access or the use of vehicles in urban areas. These measures have been 
designed following different strategies. Congestion tolling and on-street paid parking are the 
simplest to implement, since they charge any driver entering or parking in a specific area during a 
specific time but has been repeatedly questioned because regressive on income [47–49]. This has to 
do with population, jobs and services distribution in urban regions. Despite homogeneous 
distribution of jobs and accommodation opportunities would be economically the most effective 
solution to reduce travel costs [50], the reality usually shows a clear territorial separation of zones 
developed for providing alternative services. Gentrification has determined that low-income 
employees find housing prevalently in peripheral areas. Consequently, they have to travel longer 
distances and spend a consistent part of their budget for transport because they do not simply have 
longer commuting trips, but these very often depend on the use of private cars due to poor public 
transportation services in dispersed outskirts. In other words, to reach their working places low-
income employees spend more for commuting than high-income citizens who can decide where to 
live. It means as well that the accessibility issue will affect proportionally much more their budget 
with respect to those who can afford living in city center and who can choose among alternative 
modes to organize their mobility [51]. Therefore, it is unfair to tax who has no practicable alternatives 
to (often old) private car and has already transportation costs very often more elevated than housing 
costs [20,52] using the same parameter suitable for citizens who do not rely exclusively on cars for 
reaching the daily destinations (working places, services, leisure/socialization points). From this 
point of view, taxation based on the effective use of the car might turn being even more unfair, 
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whether no alternative affordable transport opportunities are offered [53]. Furthermore, it should be 
considered that not only motorization type, but also vehicle weight and velocity can strongly affect 
pollution and infrastructure wear. Consequently, the impact of driven distances weights differently 
according to the physical characteristics of the vehicle models. In this perspective, any limitation 
based only on theoretical exhaust production would be approximate, because it does not consider the 
complexity of pollutant factors. The mere replacement of polluting vehicles with internal combustion 
engine with electric cars has been directly or indirectly promoted by several local administrations 
[54,55]. The objective can be successfully supported by congestion pricing that excludes electric cars 
and can positively affect air quality [56]. However, the conversion of old cars with new cars with 
greener engine technologies usually requires an investment that exclude poorer commuters and 
consequently also such policies tend to be regressive. Furthermore, they do not tackle the problem of 
wear pollution and do not consider the necessity to recover space to convert car-centered 
infrastructures into spaces suitable for providing higher sustainability. In general, the conventional 
concepts developed to control the access to cities tend to be discriminatory and address only some of 
the issues related to the use of the urban space. The problem represented by large and heavy cars in 
terms of contribution to traffic danger and congestion has been acknowledged but no explicit 
proposal for reducing their number has been formulated. 

Since selective taxation is one of the political tools that can be exploited to promote virtuous user 
choices in the perspective of saving urban public space, we suggest to extrapolate a parameter, the so 
called “car tonnage”, that has the aim to qualify vehicles according to their encumbrance and weight, 
and that can be used for discouraging the use of large and heavy cars in the cities. The product of 
vehicle length, height and width has been already used to generate the 3D spatial footprint of a 
vehicle [21] and this parameter acts as a reference for the definition of car tonnage presented here, 
that is arbitrary and might be formulated in other forms. What is relevant and innovative is the car 
tonnage concept: since the environmental costs and the overall danger of vehicles depend on both 
their dimension and their weight, these two elements should be quantified by an integrative factor, 
the “tonnage”. Furthermore, since the dimension of the vehicle produces an impact on the urban 
sustainability that is progressive, similarly progressive should be the disincentive effort. The tonnage 
calculated as the car encumbrance (3D value) multiplied for the weight can be used as the base for 
taxation (Table 1). The effect would be highly progressive if the number corresponding to the tonnage 
would be multiplied for itself to generate the fee values. It would make sense that such taxation 
would be local and that the budget generated from such fees would be allocated to projects devoted 
to the improvement of urban conditions, from mobility infrastructure maintenance and reconversion 
to greening and active mobility to space recovery for social and economic activities. So far, car 
taxation models have generally neglected to consider the vehicle encumbrance, but some legislations 
already consider vehicle weight as a relevant parameter, as in the case of Japan [57]. The rationality 
of this approach is supported by recent contributions that analyzed the surface and volume of car 
fleet and correlated these factors with traffic congestion and parking (reduced) accessibility [21]. Since 
high-income generally correlates with larger and heavier cars, the solution we proposed of taxing 
vehicles according to their tonnage is not discriminatory towards disadvantaged workers. Resources 
provided by such tax could be preferentially employed to mitigate the structural weakness, in terms 
of access opportunities to services and jobs, that suffer the inhabitants of disadvantaged 
neighborhoods by improving the quality of active mobility and public transportation of those areas 
[58]. Car industry has followed the trend of building larger and heavier cars [59] with the result that 
it became difficult to find enough buyers [60]. Maybe a taxation policy supporting the use of smaller 
vehicles might contribute to a rethinking strategy that goes behind the mere electrification of (large) 
models and seems anyway necessary for this industrial sector facing the crisis of the traditional 
symbolic dimension represented by private car [61]. The idea of introducing a car tonnage tax has for 
sure a provocative component and its approval can become a major political issue, but policy makers 
at national level, despite the probable pressure of economic lobbies, should accept that at local level 
city already took a turn to guarantee their sustainability and this implies the implementation of 
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actions that will significantly reduce the car occupancy of public space. As a consequence, also the 
industry should rather try anticipating this change and propose models adapted to the new reality 
instead of keeping on producing models that will not find anymore, literally, space in the cities of the 
future. 

As it has been pointed out, it is time to new metrics to better quantify the private car footprint 
[21] and car tonnage might represent an answer to this request for a holistic evaluation parameter. In 
combination with a progressive taxation scheme (Table 1), car tonnage has the characteristics of a fair 
measure to disincentive the possess and use of bulky and dangerous vehicles, contributing to free 
urban space that could be reallocated to functions able to improve the city sustainability. 

4. Conclusions 

Cities that aim at becoming sustainable must reconvert their limited urban space, reducing the 
share devoted to car infrastructures and using the gained surfaces for active mobility, green 
infrastructures and social scopes. The objective of the disincentive policies implemented so far has 
been mainly the indiscriminate reduction of the number of cars. The aim might be meaningful but 
this approach is regressive in nature and consequently unequal towards citizens living in marginal 
areas poorly served by public transportation and who rely on private car for commuting to 
workplaces and for accessing to services. It would be fairer to sanction the luxury waste of space 
caused by big cars that serve as status symbol rather than a needful mobility mean. Since cars differ 
significantly in terms of dimension and weight, and such factors contribute to pollution, space 
occupancy and danger degree for any road user, it is rational implementing policies aimed at 
reducing “car tonnage”, as defined in this contribution, of vehicle fleet. Therefore, independently on 
the policies designed to restrict the overall number of vehicles circulating in the cities, we propose a 
taxation approach that favors the substitution of large with smaller cars to shrink their space 
requirement and improve the safety on the urban streets and roadways. The taxation based on car 
tonnage can be designed as highly progressive and would oppose to the present trend supported by 
commercial advertising that promotes the use of oversized vehicles. 
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