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ENGLISH Summary 
 

Effective integration of AVs into the transport system requires pricing and regulation that 
reflect societal costs, support the zero-growth objective, and ensure that automated mobility 
complements rather than undermines public transport. Marginal damage costs associated with 
AV mobility vary substantially by geographic context and time of day, with the highest costs 
occurring in dense urban areas during peak periods. These cost estimates provide a useful 
lower bound for assessing AV impacts, but they do not capture several important effects, 
including local pollution, land use change, use of public space, health impacts, and indirect 
resource use. Taken together, the analysis points to a preferred sequence of AV pathways in 
which solutions resembling public transport (shared, scheduled, and station based) are 
prioritised first, with progressively more exclusive, on-demand, and door-to-door services 
considered only where prioritised options are not suitable.

 

Autonomous vehicles (AVs) are widely expected to become part of future urban transport 
systems, but their societal implications remain uncertain. Depending on how they are 
introduced, regulated, and used, AVs may either contribute to more efficient and sustainable 
mobility or reinforce existing challenges related to traffic growth, congestion, expenditures, 
health, and land use. One way to structure this uncertainty is to focus on marginal damage 
costs of road use, for which there already exists a substantial analytical and empirical 
knowledge base. This report uses marginal damage costs as a point of departure for discussing 
AVs, highlighting the shifting boundary between public and private transport, the pricing and 
regulation of road use, the scalability of pricing models, and broader societal costs. The report 
combines established cost calculations with scenario analysis to examine how different forms 
of automated vehicle services may interact with existing transport segments and use cases. 

Marginal damage costs 
Marginal damage costs represent the additional societal cost generated by one extra vehicle 
km. As discussed in the report and formalised in the marginal damage cost framework 
developed by Rødseth et al. (2019), these costs consist of several components, including 
congestion, traffic accidents, local air pollution, noise, climate emissions, and infrastructure 
wear. The relative importance of these components varies by geographic context, vehicle 
technology, traffic conditions, and time of day. For urban areas, congestion and local 
environmental impacts typically dominate, while climate costs depend on vehicle energy use 
and powertrain assumptions. In line with current expectations, the analysis assumes that 
automated vehicles will primarily be zero emission vehicles, which reduces local air pollution 
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and climate related marginal costs compared to conventional internal combustion vehicles, 
while leaving other cost components largely unaffected. 

Marginal damage costs by scenario 
Building on this framework, the report combines marginal damage cost estimates from 
Rødseth et al. (2019) with the four AV scenarios developed in the Oslo Study (COWI | PTV 
Group, 2019). Rødseth et al. provide damage cost estimates differentiated by rural, small city, 
and large city contexts, while the Oslo Study specifies distinct AV scenarios based on AV modal 
adoption by car and public transport users. By applying damage cost profiles to each of the 
four Oslo Study scenarios across the three geographic contexts, the analysis derives twelve 
combined scenario variants. These estimates are used here as a reference framework for 
discussing how AV services may perform under different assumptions. The results illustrate 
that marginal damage costs vary considerably across contexts, with the highest values typically 
observed in dense urban areas during peak periods, where congestion costs dominate. 

Table S.1: Marginal rush-hour damage costs for passenger car transport (per km), by AV scenario and 
geographic context. 

Context Scen. Change from 
car use to… 

Change from public 
transport to… ∆ Vkm Sum damage 

costs (NOK) 
Sum damage costs 

with AV (NOK) 
Large urban 1A Exclusive AVs No change 1.26 4.37 5.51 
Large urban 1B Shared AVs No change 0.86 4.37 3.76 
Large urban 2A Exclusive AVs Exclusive AVs 1.97 4.37 8.61 
Large urban 2B Shared AVs Shared AVs 1.31 4.37 5.72 
Small urban  1A Exclusive AVs No change 1.26 1 1.26 
Small urban 1B Shared AVs No change 0.86 1 0.86 
Small urban 2A Exclusive AVs Exclusive AVs 1.97 1 1.97 
Small urban 2B Shared AVs Shared AVs 1.31 1 1.31 
Rural 1A Exclusive AVs No change 1.26 0.19 0.24 
Rural 1B Shared AVs No change 0.86 0.19 0.16 
Rural 2A Exclusive AVs Exclusive AVs 1.97 0.19 0.37 
Rural 2B Shared AVs Shared AVs 1.31 0.19 0.25 

 

Rather than producing new cost estimates, the report uses these values to highlight how the 
societal cost implications of automated vehicles depend strongly on where and when they 
operate, and on whether they substitute for private car use or for public transport services. 

Context, timing, and omitted costs 
A key finding of the analysis is the importance of geographic context and temporal patterns. 
The Oslo Study provides detailed modelling of AV scenarios, but relies on specific assumptions 
about demand, network structure, and service quality. Peak period travel emerges as 
particularly critical, as marginal damage costs are substantially higher during rush hours than 
outside them. This implies that automated vehicle use during off-peak periods may have very 
different societal implications than use during peak times. 

At the same time, the marginal damage costs represent a baseline rather than a complete 
assessment. Several relevant factors are not included in damage cost calculations, such as fine 
particulate matter, local air and water pollution, effects on land use, the opportunity cost of 
urban space, public health, and infrastructure investments. By linking the damage cost 
discussion to the scenarios and pathways developed by George and Aarhaug (2024), the report 
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shows how different organisational and operational choices may amplify or mitigate these 
broader impacts across different trip types and use cases. 

Trip types and potential use cases 
Different trip purposes are associated with different temporal patterns, distances, and 
tolerance for sharing, which in turn affects which automated vehicle pathways appear most 
relevant. Commuting trips during peak hours raise particular concerns due to high marginal 
damage costs and potential competition with public transport. Within this category, care-
related trips stand out as a particularly relevant use case for automated vehicles. Trips related 
to driving children to and from school and extracurricular activities contribute significantly to 
peak period traffic in dense urban areas where marginal damage costs are highest. Shared 
automated services that can substitute for individual car-based escort trips have the potential 
to reduce traffic volumes during these high-cost periods, particularly if they are designed to 
pool demand across households and neighbourhoods. More generally, the analysis points to 
shared use cases as especially important from a societal cost perspective, as higher vehicle 
occupancy improves capacity utilisation and reduces marginal damage costs per passenger. At 
the same time, the report does not rule out exclusive AV services. For certain trip purposes, 
user groups, or geographic contexts, exclusive use may be necessary to meet requirements 
related to safety, predictability, or care responsibilities. 

Discussion  
Governance and public-private boundaries. Public transport objectives have evolved over 
time, from a post war focus on service provision toward a broader role in shaping urban 
development. One objective that has remained constant is the mandate to ensure access to 
mobility. This implies that basic transport services must be available to all users at predictable 
and equitable prices. Such predictability requires a high degree of price standardisation, since 
neither operational costs nor marginal societal costs can be fully reflected at the level of 
individual trips without creating an overly complex pricing system. While limited 
differentiation, such as zone-based fares, can be appropriate, price structures must remain 
simple enough to preserve accessibility and public trust. These expectations differ 
fundamentally from those associated with taxi services, where prices vary by distance, 
demand, time of day, or user. In public transport, stable and standardised pricing constitutes a 
core element of the social contract. As AV services blur the boundary between public transport 
and more commercial mobility services, this difference in pricing logic becomes central for 
how responsibilities are allocated and how public and private roles are defined. 

Pricing and regulation of road use. The zero-growth objective has provided a clear and 
unifying framework for Norwegian urban transport policy by directing growth in travel demand 
toward public transport, walking, and cycling rather than private car use. At the same time, 
treating all vehicle km equally obscures large variations in societal costs by time and place. A 
km driven outside dense urban areas and outside peak periods generates far lower congestion 
and environmental costs than a km driven in dense city centres during rush hours. As 
automated transport systems develop, policies that differentiate between types of car use 
become increasingly important. Differentiated pricing, based on time of day, geographic 
context, and vehicle occupancy, can refine the zero-growth objective without abandoning it, 
allowing regulation to target the most damaging forms of travel while maintaining access for 
trips with relatively low societal costs. Automation enables such differentiation technically, but 
pricing must remain transparent and politically acceptable to sustain legitimacy and trust. 
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Scalable pricing and occupancy incentives. Pricing models in transport differ fundamentally 
between public transport, where prices are typically standardised per passenger, and 
commercial services such as taxis, where prices are set per vehicle and increasingly adjusted to 
individual willingness to pay. Neither approach reflects societal costs well. Service provision 
and external costs vary strongly by time of day and system capacity, with peak periods 
generating higher production costs and congestion-related externalities. Current fare 
structures therefore underprice peak demand and overprice marginal off peak travel. 
Automated mobility creates an opportunity to introduce new pricing models without 
entrenched user expectations. Pricing AV services according to capacity use, degree of sharing, 
and willingness to coordinate in time and space can better align prices with societal costs. 
Shared, coordinated, and station-based services should face lower prices than exclusive door-
to-door services. Such pricing structures must remain transparent and predictable to be 
perceived as fair. 

Land use, urban space, and equity. The societal effects of automated transport depend 
strongly on where and how such systems are deployed. In low density and rural areas, some 
growth in vehicle km may be acceptable and potentially socially beneficial, as automated 
services can improve basic mobility for groups with limited access to transport. In urban 
regions, however, automation does not alter the underlying rationale for compact 
development and coordinated land use and transport planning. Efficient shared and on 
demand services require sufficient density to achieve scale and avoid reliance on exclusive 
vehicle use. Automated mobility should therefore support, rather than undermine, established 
spatial strategies and high-capacity public transport systems, which must remain the backbone 
of regional mobility. 

Scenario dependency and policy choice. The analysis establishes a clear hierarchy among the 
different AV development pathways based on their ability to increase mobility without 
increasing traffic volumes. Shared services score highest, particularly station based, and 
timetable coordinated solutions that function similarly to automated public transport. Where 
this is not feasible, other shared variants with greater temporal or spatial flexibility remain 
preferable to exclusive services. Exclusive, door to door automated services score lowest, as 
they are likely to increase vehicle km faster than mobility gains. This hierarchy provides a basis 
for both policy prioritisation and pricing. Pathways that minimise external costs should be 
favoured through low user prices, while exclusive services should face higher prices to limit use 
to cases with clear need. Such a structure allows automated mobility to expand access while 
remaining consistent with the zero-growth objective, provided pricing and regulation are 
aligned with damage costs and system wide effects. 

Conclusion: Overall, the zero-growth objective remains a robust and necessary anchor for 
urban transport policy and should not be weakened in response to automated mobility. 
Rather, the introduction of AVs highlights the need to refine existing policy frameworks so that 
pricing and regulation better reflect variations in societal costs across time, place, and use 
cases. Marginal damage costs provide a useful lower bound for such assessments but must be 
interpreted alongside broader impacts related to land use, resource consumption, and equity. 
Automated mobility expands the policy toolbox, particularly for aligning prices with actual 
system impacts, but does not remove the need for strong public steering. The central 
challenge is therefore to use automation to increase access and efficiency while maintaining 
low overall traffic growth and safeguarding the most space efficient and socially beneficial 
elements of the transport system. 
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