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ARTICLE INFO ABSTRACT

Received: 31 Dec 2024 The adoption of autonomous vehicles (AVs) in the UK is potentially rising in the future with no

exception in Leeds. With the Leeds City Council aiming to tackle climate change through their

transport strategies, the adoption of AVs might introduce positive or negative impacts.

Accepted: 28 Feb 2025 Meanwhile, AVs adoption in Leeds is still very little discussed in the transport strategy document.
Through the system dynamic approach, the adoption of AVs in Leeds is analyzed based on four
main transport strategies targets. Four main scenarios and a sensitivity analysis have been
simulated using VENSIM. The result shows that AVs implementation potentially reduces the
total vehicle emission with the zero emission power grid and reduces traffic accidents in Leeds
which involves SDG 3 and 7. However, a traffic accidents spike should be anticipated in the lower
AVs market penetration. Meanwhile, the AVs adoption might generate more traffic where the
empty cruising AVs ability can result in additional trips which make the road more congested.
Therefore, the local government should provide better alternatives to private vehicles (PV) and
implement policies to discourage PV trips which are beneficial to SDG 11. A drastic policy and
huge cost might be involved to achieve the sustainability goals.

Revised: 20 Feb 2025
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INTRODUCTION

The number of autonomous vehicles (AVs) in the UK is projected to rise in the upcoming future based on the current
market trend. This phenomenon can bring new opportunities in the transportation sector, including the improved
safety due to the minimal human factor risk involved, reduced transport externalities, and improved traffic
performance according to [1], [2], and [3]. Local authorities in the UK such as Leeds City Council composed
Connecting Leeds Transport Strategies to address future transport challenges which are climate change, inclusive
growth, as well as health and wellbeing [4]. As shown in Table I, four main targets are proposed in the transport
strategies. In addition, the document also mentioned the potential presence of AVs but the detailed strategies are yet
to be provided. Therefore, the adoption of AVs in Leeds is yet to be understood. Looking at high level AVs with the
fully functional driverless abilities that differs from the regula human driven vehicles, they might introduce new
behaviors that need to be analyzed and anticipated. It typically revolves around the AVs ability to do driverless vehicle
trips which makes empty cruising or return to home trips possible and allow users with no driving abilities to use a
car according to [1] and [5]. Furthermore, an unseen disadvantages might also emerged such as the effect of induced
demand if the people is more attracted to own the AVs with their additional benefits [6]. This study intends to analyse
and understand the implication of the adoption of autonomous vehicles in Leeds within the scope of transport
strategies proposed by the city council. For that, the A660 road is selected as the scope of the research. Furthermore,
the discussion will revolve around the main targets of the Connecting Leeds Transport Strategies as stated in Table
I
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Table 1: Connecting Leeds Transport Strategy Primary Targets

Aspect Target

Reduce car usage and improve public transport and

Mode Split sustainable modes such as walking and cycling.

Climate Emergency | In 2030, aim to make Leeds carbon neutral.

Reduce 30% of car trips in the city which amount to

Distance Travelled .
900 car miles per year on average.

Reduce fatalities or seriously injured victims of

Vision Zero . . .
traffic accidents to zero in 2040.

Source: Leeds City Council

LITERATURE REVIEW
Autonomous Vehicles (AVs)

Typically, autonomous vehicles will be divided into several categories based on the levels of human driver
involvement and the degree of the automation. Through this technology, there are several benefits and opportunities
that might affect the transportation sector. The benefits mainly talked about the improvement of mobility as well as
the reduction of energy usage and emissions [7]. However, the advanced impact of AVs adoption might be only limited
to the high leveled AVs (Level 4-5) that are able to unlock new transport behavior such as empty cruising and parking
finding [8]. The empty cruising or empty trip capabilities allow AVs to drop the passenger on the destination and
continue their journey without a driver [9]. Moreover, privately owned AVs can avoid parking costs by sending the
car home or to another cheaper parking location, providing some economic benefits to the owner. [10].

To assess the implication of AVs adoption, the market penetration of AVs in the traffic with human driven vehicles
(HDV) usually defines to what extent the adoption can affect various factors, positively or negatively [11]. More high
leveled AVs in the traffic typically results in the increased benefits such as increased safety, less driver stress, reduced
congestion and emissions [12]. Moreover, about fifty percent of the vehicle sales in 2045 are projected to be
autonomous, making half of the vehicle fleet autonomous in 2060 [12]. Furthermore, the adoption of AVs in the road
can be as early as 2035, depending on various factors including the willingness to pay, tech price drop, and regulation
[13]. In this research, the model will simulate different AVs adoption rate and behavior on privately owned AVs.
Therefore, only high level AVs with the highest automation (level 5) will be the main focus on the model and will be
compared with vehicles with lower level of automation. Furthermore, the market share of AVs will also be analyzed
based on the mode choice model.

Potential Impact of Autonomous Vehicles

Typically, AVs can introduce new impact or behavior to the transportation sector. According to [7] and [13], with
optimized traffic through platooning abilities, travel time can be reduced and road capacity can be improved when
the high leveled AV market penetration is high. Traffic microsimulation analysis on highways shows speed advantage
of AVs after 40% market penetration on a road without dedicated AVs lanes [14]. The advantage improved when
utilizing the dedicated AV lane on the simulation. Meanwhile, on the urban road, the average speed tends to increase
in the medium AVs adoption before it dropped on the higher AVs market penetration based on [13] and [15]. This
speed aspect also reflects on the travel time of the studies which shows a similar pattern. Moreover, the utilization of
the empty cruising abilities might induce more demand where the vehicle kilometer traveled (VKT) might increase
up to 77% [16]. This means that the road potentially becomes more congested as more trips are generated with the
implementation of the autonomous vehicles.

From a safety perspective, the impact of AVs adoption might not be completely positive as suggested. With the
absence of human factors, the risk of traffic accidents should be significantly eliminated as a human driver is one of
the biggest factors on road accident occurrences based on [17] and [18]. On the other hand, several studies indicate
that when the traffic between human drivers (HDV) is mixed with fully automated vehicles, the risk of traffic
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accidents is increased until it reaches a certain point. The behavioral mix between vehicle automation and human
driven vehicles on the road result in an increase of traffic accident risk specifically in a low AVs market penetration
where the effect gradually decreases with higher AVs fleet penetration in the road according to [19], [20], [21], [22],
and [23]. By separating HDV and AV through dedicated AV lanes, the risk of conflict can be reduced as high as 85%
in the lower AVs market share [22]. Moreover, when the traffic is filled with driverless vehicles, a very positive impact
is expected as it potentially reduces the traffic accident to zero.

Regarding the emission aspect, overall vehicle emissions are reduced in the long run with the adoption of AVs [16].
Furthermore, 20% of fuel can be saved through the AVs platooning ability [7]. In addition, as automation becomes
more common on electric vehicles [24], the emission generated will depend on the source of electricity which is
generally lower than fossil fuel [16]. Therefore, the vehicle emission needs to be calculated based on the fuel type and
emission factor across different types of vehicles.

With the additional advantage of autonomous vehicles, the people's transport mode choice will be affected as the
adoption of AVs introduces new features and attributes [25]. Using the mode choice model based on the utility
function, the utility of various transport types can be quantified from various observed variables to measure the
choice of a transport mode over the other alternatives [26]. In this case, socio-economic traits such as travel cost,
income, and travel time are generally used as the main factors to analyze the transport mode choice [27]. These
various implications of AVs are summarized in Table II.

Table 2: Expected Simulation Behaviour on the Model

Aspect Expected Behaviour

Mode Share and | Using choice modelling studies to determine the mode share while L5 AVs market

AVs adoption share simulated on 3 scenarios, reaching 50% market as early as 2045.

Traffic Traffic performance depends on the AVs market penetration. Increased VKT due

to the empty cruising behavior.

Safet Higher traffic accident risk on low AVs market share. Very low accident on full AVs
Y adoption.

Emission Based on the fleet composition as well as vehicle and fuel types.

System Dynamic Modelling

A comprehensive approach is needed to analyze all of the targets from the Connecting Leeds Transport Strategies for
the adoption of driverless vehicles in Leeds. In this study, the system dynamic (SD) modelling is used as it can utilize
the feedback mechanism to analyze and generate change in the defined system over time [28]. Various different
scenarios and policies can be analysed using this approach [29] which will be beneficial in this study. Typically, SD
modeling takes the user to set the model boundaries or scope, create and test the model through user-defined
scenarios simulation within the software [30].

Recent study on the adoption of autonomous vehicles using SD shows that AVs will eventually replace conventional
vehicles as the main mode choice side by side with public transport which still become the majority of people’s choice
in Australia [31]. However, the impact on the safety and environmental aspects is still not discussed in the model.
Meanwhile, another SD modeling on AVs focuses on the economical perspective which can affect the mode choice
and traffic [32] while another study analyze the growth of autonomous vehicles market in Beijing, China [30]. It
means that different types of models have different use and scope, depending on their own research purposes. In this
research, Table II will be treated as the basis behavior that is expected on the model.

METHODOLOGY

This study will mainly utilize the system dynamic to model the impact of AVs adoption in the transportation sector.
The construction of the model as well as the simulation will be conducted using the VENSIM PLE program. The main
variables to be analyzed in the model are obtained from the key targets of the Connecting Leeds Transport Strategy,
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which includes all of the aspects mentioned in Table II. After the basic model is built, additional AVs variables are
then integrated in the model with the planned model flow shown on Fig. 1. The A660 road segment in Leeds is selected
starting from the junction of A6120 to A58(M) junction with a total length of 5.3 km.

|
[ 1

Private vehicles Public transport

l Traffic —
EV (AV)
182 ] Emissions |«~—  Other modes
Safety

Fig. 1. System Dynamic Model Flow Summary

From Fig. 1, the SD model starts from the population variable which is then filtered to only capture the commuters
in the study area. After that, a portion of the commuters will select their mode through the mode split with the focus
on private vehicles (PV) and public transport (PT) based on the utility function study [33]. On the PV aspect, there is
also a choice model which determines the driver choice on the ICE of AFV which will affect the fleet composition and
other variables that will be analyzed further. The ICE and AFV adoption model is based on [34] and [35] for the ICE
and AFV utility function.

To support the model, various relevant data for the model will be obtained from official data such as the UK Office
for National Statistics, Department of Transport, Department for Energy Security and Net Zero, etc. Relevant variable
assumptions are also based on the journal and relevant studies.

The transport related policies as shown in Table III will be implemented in the SD model and will be adjusted
according to the proposed scenarios. To analyze the impact of the AVs implementation, several AVs adoption rate is
provided as illustrated in Fig 2 based on various studies. From Fig 2, the adoption rates will influence various aspects
of the model which will give insight on the key variable performance and will be used for the policy evaluation. This
adoption level is then combined with several policies and become the simulation scenarios. The adopted policies are
explained in Table IIT and proposed scenarios are explained in Table IV.

Share of LS5 AV

0.5 /
//J’(
/
U e
2030 2040 2050 2060
Time (Year)
—— High - High Level AVs —— Low-High Level AVs
—— Medium - High Level AVs —— NoHigh Level AVs

Fig. 2. Level 5 AVs Market Adoption Scenario in the Model
Table 3: Transport Policies in the Model
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Policy Detail
Grant polic A reduction on the purchase price of alternative fueled vehicles (AFV) by providing
potcy grants that affect the utility function of AFV to boost the adoption of AFV.
ICE limitation polic The ICE sales will be banned in 2035 if activated. Furthermore, ban the usage of ICE
poticy in the road if the street ban policy is activated.
Dedicated AV lane Aims to separate the traffic of AVs with HDV with additional lanes. After 70% high
leveled AV market share, the traffic can be combined again.
Public transport Reducing bus fare while also improving the bus operational speed as well as
prioritiza-tion increasing the parking cost for private vehicles.
. The AFV emission factor will be set to 0 value in 2035 when the electricity grid is
Green power grid .
decarbonised.

Table 4: Proposed Simulation Scenarios

Scenario Summary
. This scenario aims to understand the simulation behavior when the policies are
Do nothing . .
Inactive.
. Scenario where ICE sales are banned and further banned from the traffic. AFV grant is
Vehicle ban . . .
also given to see the impact on the AFV adoption.
Mixed In this scenario, the policies are mixed including the combination of vehicle banning

and the usage of dedicated lanes. The AV tech level is also adjusted.

Public transport | This scenario will try to assess the impact of public transport prioritization combined
prioritiza-tion with the previous scenarios.

Mode choice between private car and
Based on speed-flow relationship public transport

equation 4— Mode Split =T
- =

Public
Transport

AV Tech Level

Policy Control
Panel

AV T _ T — Private vehicles
raffic
T - . Using UK GHG emission Using ICE-AFV utility function
Related to the dedicated TN - = factor and market share model

lane policy

Fig. 3. Full System Dynamic Model and Section Summary



970 J INFORM SYSTEMS ENG, 10(32s)

From Fig 3, the full system dynamic model is illustrated which is divided based on the transport strategy main targets
with the simulation starting time is 2023 and will end in 2060. Furthermore, a sensitivity analysis will be conducted
to understand further implication on the topic. This sensitivity analysis mainly involves the behavior adjustment of
empty trips in the model.

RESULT AND DISCUSSION
Do Nothing Scenario

This scenario tries to simulate the impact of AVs in the study area according to the existing trend and without any
drastic policy enabled. From Fig. 4, the mode share of buses is increased by the end of the year likely due to the
increasing number of L5 AVs that also escalate the risk of traffic accidents on the low market penetration. Without
the effect of green power grid policy (DN-UGP), the market share of AFV is still behind the basic do nothing (DN)
scenario. However, the difference in utility is not that significant due to the nature of the utility function on the model
where purchasing price is still the major factor influencing the choice of vehicle type. Meanwhile, the result on the
traffic aspect generates a slight increase on the VKT aspect where the empty trip is slowly increasing. Despite the
decreasing number of PV users, the VKT has increased which shows that there are more trips generated even on the
low AFV market share. On the other hand, as expected beforehand, the number of traffic accidents have increased as
the market penetration of L5 AVs is still low, which affects the driving behavior of HDV on the road. As the adoption
of AFV is still low, the trend of vehicle emission is still growing until the end of the simulation year.

Vehicle Banning Scenario

In this scenario, the ICE vehicles can be either sales banned (SLB) or forbidden to enter the road (STB) with the
simulation result provided in Fig 4. A huge jump on the private vehicle mode share is seen on the street ban policy
with high rate of L5 AVs adoption and AFV grant (STB-High2) as the number of traffic accidents dropped due to high
fleet composition of driverless vehicles. PV mode share is shown to drop before the jump caused by the negative
impact of traffic accidents on lower L5 AVs market share. Furthermore, the market share of AFV skyrocketed as
expected as the street ban policy restricts the usage of ICE vehicles in the study area. Compared with the DN scenario,
the AFV and L5 AVs market share is greatly increased through these policies. Meanwhile, the number of bus users
falls as PV generates additional benefits from the AVs adoption.

On the traffic aspect, the average travel time is increased as well as the total trips, VKT, and VC ratio. The positive
benefit of AVs platooning on average vehicle speed seems to be outweighed by the impact of a more congested road.
This is further worsened by the increasing number of empty trips which affect the V/C ratio on the simulation that
nearly reached 1. On the other hand, the impact on the safety variable is very positive especially near the end of the
simulation year with high penetration of L5 AVs. Moreover, this positive impact on the safety aspect in the STB-
High2 scenario is earlier than the other scenarios. This shows that these policies were able to boost the adoption of
fully automated vehicles on the road so that the critical stage of crash risk caused by the mix of AV and HDV traffic
passed faster. More positive impact can be seen in the emission variable as the SLB scenario is able to moderately
reduce the total vehicle emission while STB scenario flattened the emission curve compared with the do nothing
scenario. This is expected as the emission trend is based heavily on the composition of vehicles while these policies
force the sales of very low emission vehicles as well as restrict highly polluted vehicles. Therefore, when the electricity
grid is decarbonised, the impact will be stronger as it makes the emission trend stop growing.

Mixed Scenario

Through the mixed scenario (Mixed), the benefits of SLB and STB scenarios are further boosted with the dedicated
lane policy enabled as shown in Fig. 4. The positive impact of dedicated lanes on the safety aspect is visible as the
traffic accident peak is lower compared with the other scenarios without dedicated lanes. This means that the
separation of AV with HDV traffic can bring benefits to the road users. However, this benefit also affects the utility of
PV so that the mode share of private vehicles is increased further, making the bus more unattractive. Meanwhile, the
VC ratio jumped in 2047 as the AVs were allowed to enter the usual mixed car lane with the HDV which affected
travel time and other related factors.
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Public Transport Prioritization Scenario

With the more attractive public transport through this scenario (PT), the PV mode share is significantly reduced as
displayed in Fig. 4. However, with the SLB and STB policy enabled, the impact on the mode share is not long lasting
as the utility of PV grows with lower traffic accidents on the road. Compared with the result from the mixed policy,
this effect of mode share reduction is still lower. By the end of the simulation year, this policy is able to achieve lower
average travel time compared with do nothing scenarios and other scenarios. This might be happening due to the
controlled PV users growth while PV oriented policy with AVs adoption will generate higher traffic. Another impact
can be seen on the empty trips aspect. With the lower PV mode share, the empty trips value on this scenario is slightly
lower. No significant change on the safety and emission aspect compared with the mixed scenario as it relies on the
high leveled AVs market penetration.
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Sensitivity Testing

After all of the scenarios are simulated, a specific variable is further analyzed, especially the empty trip variable (DT)
with the result provided in Fig. 4. As the base model simulation sets the double commuting value to 10% of total trips,
the sensitivity analysis tries to simulate a scenario when that value is set between 0% to 30%. With no double
commuting happening, the safety is improved while the PV mode share is consequently increased. However, when
the value is increased to 20% and 30%, the PV mode share is further reduced compared to the do nothing scenario.
The lower number of PV mode share is actually caused by the higher fuel cost due to the double commuting behavior
so that the generalized PV cost increased. Meanwhile, the public transport remains unchanged so that it becomes
more appealing to commuters. If the PV and AVs benefits on the fuel consumption and productivity is not taken into
account in the utility function, the mode share of PV might increase further so that the congestion can be worse. On
the safety aspect, the impact is typically positive according to which L5 AVs adoption rate is used. Faster L5 AVs
adoption means that the impact on traffic accidents can be achieved earlier than the other adoption rate.
Furthermore, the effect of the decarbonised power grid is quite similar to the other scenarios. However, as the double
commuting value is adjusted, on a higher value, the emission trend might be much worse if the power grid is not
decarbonised as the VKT is increased from the additional empty trips.

IMPLICATIONS TO THE POLICY ASPECT

The sensitivity analysis result on Fig. 4 shows various effects on the adoption of driverless vehicles in Leeds. From
these results combined with the result from the discussion section, the policy implication and recommendation will
be discussed in this section.

Mode Share Aspect

According to the Leeds City Council target, the mode share in this study needs to be reduced to 42% share of PV in
2030 compared to bus. The simulation result shows that the combination of policies that encourage the usage of
public transport and discourage the usage of PV with additional cost imposed on PV users generates the desired
outcome. This means that the related stakeholder may consider to reduce the bus fare and improve the bus facilities
and operations to attract more users while also increasing the cost of parking. Moreover, looking at the current fleet,
the bus is still able to accommodate additional users that potentially shift with these policies with bus occupancy still
below 60%. However, the benefits of AVs will start to appear in the later year in several scenarios which might attract
the bus users back to the private vehicles. In addition, the increased parking cost might also encourage the private
AVs owner to do the return to home tips to avoid additional charge. Therefore, the local authorities need to consider
additional means to discourage the usage of private vehicles such as the utilization of road charging which might be
able to maintain the desired mode share in the long run.

Traffic Aspect

With AVs abilities to do return to home trip, the Leeds City Council goals to reduce the VKT might be hampered. As
shown in the simulation result, the total number of trips and VKT are increased in general which also reflect the
traffic condition in the study area. Furthermore, even if the double commuting is not implemented, the AVs are still
able to attract more PV users so that the VKT increase is also expected. Moreover, the behavior of AVs returning
home can be detailed further. In one case, the AVs' empty cruising abilities might encourage a household to reduce
the number of private vehicle ownership as one vehicle can be used on several different trips. This behavior might
introduce economical benefits to the user depending on the scenarios [5]. For example, when the parking cost in the
destination is based on an hourly pricing basis, the user might choose to send their AVs back home to save the parking
cost or be used by another household member [5]. Therefore, other policies that affect the cost of parking might
encourage the AVs owner to make the AVs return to home trip, making the traffic more congested. The simulation
result on Fig. 4 on the Mixed-High2 scenario shows the V/C ratio approaching 1 with 10% of AVs trips doing the
return to base behavior. This implies that if more users are doing the same behavior, the traffic condition might be
much worse. Therefore, the city council needs additional means to control the traffic flow on the existing road.

Safety Aspect

The impact on the safety in this model relies heavily on the interaction between AVs and HDVs so that the market
penetration of L5 AVs becomes the key parameter. Therefore, any policies that boost the adoption of AVs should be
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able to reap the benefits while a half-hearted approach might increase the risk of traffic accidents. As various studies
and simulation results show a traffic accident peak on a lower L5 AVs market penetration, the city council and related
stakeholder should anticipate this surge if they want to achieve the vision zero target in 2040. Meanwhile, the traffic
accident peak can be further lowered with the implementation of dedicated lane policies which basically separate the
two main sources of traffic accident risk in the road. Looking at the existing road, additional lane construction might
not be possible or cost effective. Therefore, the existing bus lane might be considered by the local authority to be used
with the AVs but further studies are required. As traffic accidents number might increase with the presence of AVs,
the local authorities can consider limiting the speed in the study area to reduce the risk of fatalities. In addition, the
city council might encourage commuters to use alternative modes of transport at least until the market penetration
of AVs is already on the level that generates minimal number of traffic accident risk. Further studies are also needed
in the field of vehicle safety as vehicle failure can also hinder the intended benefits of AVs [12].

Emission Aspect

The simulation result of this study shows potential benefits on the environmental aspect especially when the adoption
of AFV and AVs is favored. Low effort on AFV adoption affects the emission trend slightly better compared to the do
nothing scenario. However, combined with the decarbonisation policy on the power grid, the impact is significantly
higher as the vehicles should not emit emission anymore, directly or indirectly. This implies the importance of the
power grid decarbonisation if related stakeholder aims to achieve the net zero target with electricity as its main power
source. Meanwhile, subsidies provided for AFV adoption only help to boost the shift to cleaner vehicles slightly.
Different story with the vehicle banning policies, it can encourage PV users to shift to AFV drastically. However, it is
still not taking into account the potential policy refusal from the perspective of existing PV users. Therefore, combined
with the decarbonisation of the energy sector, these policies will effectively boost the reduction of vehicle emission
trends. However, if the city council wants to achieve the target according to their timeline, these policies might need
to be implemented before 2030 which is surely a challenge for the related stakeholders.

CONCLUSION

Overall, the presence of autonomous vehicles in Leeds potentially can help the city council achieve the 4 key targets
of the transport strategy. However, additional time might be needed as the utilization of AVs might interfere with
some of the key targets, especially the traffic and mode share aspect. An opposite effect is introduced as the trips and
the mode share of private vehicles is potentially increased. Leeds City Council need to further analyze this potential
impact if AVs is included in their strategies with more resources potentially required to mitigate the negative risk
from the AVs adoption. However, this should be further analyzed through the cost benefit analysis as this might
introduce additional benefits especially regarding the SDGs. With reduced vehicle emission and traffic accidents, it
will contribute to the SDG 3 and 7. Moreover, SDG 11 can also be improved by providing better public transport to
the people.

It should be noted that this study still has some limitations with its limited scope. As there are very limited studies
regarding utility function of mode and vehicle choice in Leeds, the outcome might not accurately reflect the condition
in Leeds. This includes the utility function on the private vehicle choice that is very sensitive so that the impact from
the total VKT and empty trips increase might not be properly reflected. Meanwhile, the calculation on the risk of
traffic accidents should also incorporate the total trip for its variable so that it not only depends on the market
penetration of L5 AVs. However, these assumptions should be based on the actual research on the study area so that
the relevant stakeholder should work together to assess the detailed impact of AVs adoption in Leeds.

Acknowledgment

We thank Brian Nararya Nugraha, Simon Shepherd, Sutanto Soehodho, and Gari Mauramdha for their contribution
to this research. Special thanks to University of Indonesia and University of Leeds for their assistance and the
Ministry of Transportation Republic of Indonesia for the financial support.

Funding Statement

This research was funded by a collaboration program between the University of Indonesia and the Ministry of
Transportation's HR in implementing the double degree program. In this collaboration, UI through the Department
of Civil and Environmental Engineering, Faculty of Engineering, provides a post-graduate program in Civil



974 J INFORM SYSTEMS ENG, 10(32s)

Engineering for specialization in transportation. As for the foreign universities that will be addressed, the University
of Leeds through the Institute for Transport Studies (ITS) which provides master’s programs in various fields of
transportation expertise.

Data Availability

This research use public data available from the official UK government website including the UK Office for National
Statistics, UK Department for Transport, and UK Department for Energy Security and Net Zero.

Conflict of Interest
There is no conflict of interest in this study that was declared by the authors.
REFERENCES

[1] S. A.Bagloee, M. Tavana, M. Asadi, and T. Oliver, "Autonomous vehicles: challenges, opportunities, and future
implications for transportation policies,” Journal of Modern Transportation, vol. 24, no. 4, pp. 284-303,
2016/12/01 2016, doi: 10.1007/540534-016-0117-3.

[2] T.Li, F.Guo, R. Krishnan, A. Sivakumar, and J. Polak, "Right-of-way reallocation for mixed flow of autonomous
vehicles and human driven vehicles," Transportation Research Part C: Emerging Technologies, vol. 115, p.
102630, 2020/06/01/ 2020, doi: 10.1016/j.trc.2020.102630.

[3] A. Nikitas, K. Michalakopoulou, E. T. Njoya, and D. Karampatzakis, "Artificial Intelligence, Transport and the
Smart City: Definitions and Dimensions of a New Mobility Era," Sustainability, vol. 12, no. 7, p. 2789, 2020,
doi: 10.3390/su12072789.

[4] Leeds City Council, Connecting Leeds Transport Strategy, leeds.gov.uk: Leeds City Council, 2020. [Online].
Available: https://democracy.leeds.gov.uk/documents/s226223/Connecting%20Leeds%20Report%20
Appendix%201A%20111021.pdf. Accessed on: 7/2/2024.

[5] A. Galich and K. Stark, "How will the introduction of automated vehicles impact private car ownership?," Case
Studies on Transport Policy, vol. 9, no. 2, pp. 578-589, 2021/06/01/ 2021, doi: 10.1016/j.cstp.2021.02.012.

[6] K. M. Hymel, K. A. Small, and K. V. Dender, "Induced demand and rebound effects in road transport,"
Transportation Research Part B: Methodological, vol. 44, no. 10, pp. 1220-1241, 2010/12/01/ 2010, doi:
10.1016/j.trb.2010.02.007.

[7] K. Othman, "Exploring the implications of autonomous vehicles: a comprehensive review," Innovative
Infrastructure Solutions, vol. 7, no. 2, p. 165, 2022/03/01 2022, doi: 10.1007/541062-022-00763-6.

[8] A. Ribeiro Pimenta, M. Kamruzzaman, and G. Currie, "Long-term effects of autonomous vehicles on the built
environment: a systematic scoping review towards conceptual frameworks," Transport Reviews, vol. 43, no. 6,
pp. 1083-1117, 2023/11/02 2023, doi: 10.1080/01441647.2023.2189325.

[o0] A.Mondal, N.R. Juri, C. R. Bhat, and A. Mirzaei, "Accounting for Ride-Hailing and Connected and Autonomous
Vehicle Empty Trips in a Four-Step Travel Demand Model," Transportation Research Record, vol. 2677, no. 3,
pp. 217-228, 2023, doi: 10.1177/03611981221115072.

[10] M. W. Levin, E. Wong, B. Nault-Maurer, and A. Khani, "Parking infrastructure design for repositioning
autonomous vehicles," Transportation Research Part C: Emerging Technologies, vol. 120, p. 102838,
2020/11/01/ 2020, doi: 10.1016/j.trc.2020.102838.

[11] M. Al-Turki, N. T. Ratrout, S. M. Rahman, and I. Reza, "Impacts of Autonomous Vehicles on Traffic Flow
Characteristics under Mixed Traffic Environment: Future Perspectives,”" Sustainability, vol. 13, no. 19, p. 11052,
2021, doi: 10.3390/su131911052.

[12] T. Litman, Autonomous Vehicle Implementation Predictions Implications for Transport Planning, vtpi.org:
Victoria Transport Policy Institute, 2023. [Online]. Available: https://www.vtpi.org/avip.pdf. Accessed on:
24/06/2024.

[13] K. Kockelman et al., Implications of Connected and Automated Vehicles on the Safety and Operations of
Roadway Networks: A Final Report, library.ctr.utexas.edu: University of Texas at Austin, 2016. [Online].
Available: https://library.ctr.utexas.edu/ctr-publications/0-6849-1.pdf. Accessed on: 10/08/2024.

[14] B.v.Arem, C.J. G.v. Driel, and R. Visser, "The Impact of Cooperative Adaptive Cruise Control on Traffic-Flow
Characteristics,” IEEE Transactions on Intelligent Transportation Systems, vol. 7, no. 4, pp. 429-436, 2006,
doi: 10.1109/TITS.2006.884615.

[15] Y. Dinar, Impact of Connected and/or Autonomous Vehicles in Mixed Traffic, mediatum.ub.tum.de: Technical
University of Munich, 2020. [Online]. Available: https://mediatum.ub.tum.de/doc/1597450/2qb70sqx0aiwea
brh38ccrfaj.Yousuf%20Dinar%20Master%20Thesis%20(final).pdf. Accessed on: 09/08/2024.

[16] C.Karolemeas, S. Tsigdinos, E. Moschou, and K. Kepaptsoglou, "Shared autonomous vehicles and agent based
models: a review of methods and impacts," European Transport Research Review, vol. 16, no. 1, p. 25,
2024/05/17 2024, doi: 10.1186/512544-024-00644-2.



975

J INFORM SYSTEMS ENG, 10(32s)

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

S. S. Alavi, M. R. Mohammadi, H. Souri, S. Mohammadi Kalhori, F. Jannatifard, and G. Sepahbodi,
"Personality, Driving Behavior and Mental Disorders Factors as Predictors of Road Traffic Accidents Based on
Logistic Regression," (in eng), Iran J Med Sci, vol. 42, no. 1, pp. 24-31, Jan 2017.

D. McCarty and H. W. Kim, "Risky behaviors and road safety: An exploration of age and gender influences on
road accident rates," (in eng), PLoS One, vol. 19, no. 1, p. €0296663, 2024, doi: 10.1371/journal.pone.0296663.
R. Arvin, A. J. Khattak, M. Kamrani, and J. Rio-Torres, "Safety evaluation of connected and automated vehicles
in mixed traffic with conventional vehicles at intersections," Journal of Intelligent Transportation Systems, vol.
25, no. 2, pp. 170-187, 2020/10/28 2020, doi: 10.1080/15472450.2020.1834392.

G. Hou, "Evaluating Efficiency and Safety of Mixed Traffic with Connected and Autonomous Vehicles in
Adverse Weather," Sustainability, vol. 15, no. 4, p. 3138, 2023. [Online]. Available: https://www.mdpi.com/
2071-1050/15/4/3138.

A. Karbasi and S. O’Hern, "Investigating the Impact of Connected and Automated Vehicles on Signalized and
Unsignalized Intersections Safety in Mixed Traffic," Future Transportation, vol. 2, no. 1, pp. 24-40, 2022.
[Online]. Available: https://www.mdpi.com/2673-7590/2/1/2.

S. Shin, Y. Cho, S. Lee, and J. Park, "Assessing Traffic-Flow Safety at Various Levels of Autonomous-Vehicle
Market Penetration,” Applied Sciences, vol. 14, no. 13, p. 5453, 2024. [Online]. Available: https://www.mdpi.
com/2076-3417/14/13/5453.

N. Virdi, H. Grzybowska, S. T. Waller, and V. Dixit, "A safety assessment of mixed fleets with Connected and
Autonomous Vehicles using the Surrogate Safety Assessment Module," Accident Analysis & Prevention, vol.
131, pp. 95-111, 2019/10/01/ 2019, doi: https://doi.org/10.1016/j.aap.2019.06.001.

C. Zhuge and C. Wang, "Integrated modelling of autonomous electric vehicle diffusion: From review to
conceptual design," Transportation Research Part D: Transport and Environment, vol. 91, p. 102679,
2021/02/01/ 2021, doi: https://doi.org/10.1016/j.trd.2020.102679.

A. Ulahannan and S. Birrell, "Designing Better Public Transport: Understanding Mode Choice Preferences
Following the COVID-19 Pandemic," Sustainability, vol. 14, no. 10, p. 5952, 2022. [Online]. Available:
https://www.mdpi.com/2071-1050/14/10/5952.

K. Krauss, M. Krail, and K. W. Axhausen, "What drives the utility of shared transport services for urban
travellers? A stated preference survey in German cities," Travel Behaviour and Society, vol. 26, pp. 206-220,
2022/01/01/ 2022, doi: https://doi.org/10.1016/j.tbs.2021.09.010.

W. Q. Al-Salih and D. Esztergar-Kiss, "Linking Mode Choice with Travel Behavior by Using Logit Model Based
on Utility Function," Sustainability, vol. 13, no. 8, p. 4332, 2021. [Online]. Available: https://www.mdpi.com/
2071-1050/13/8/4332.

E. Eidin et al., "Thinking in Terms of Change over Time: Opportunities and Challenges of Using System
Dynamics Models," Journal of Science Education and Technology, vol. 33, no. 1, pp. 1-28, 2024/02/01 2024,
doi: 10.1007/510956-023-10047-y.

L. Schoenenberger, A. Schmid, R. Tanase, M. Beck, and M. Schwaninger, "Structural Analysis of System
Dynamics Models," Simulation Modelling Practice and Theory, vol. 110, p. 102333, 2021/07/01/ 2021, doi:
https://doi.org/10.1016/j.simpat.2021.102333.

W. Mao, S. Shepherd, G. Harrison, and M. Xu, "Autonomous vehicle market development in Beijing: A system
dynamics approach,” Transportation Research Part A: Policy and Practice, vol. 179, p. 103889, 2024/01/01/
2024, doi: https://doi.org/10.1016/j.tra.2023.103889.

Y. Chen, P. Stasinopoulos, N. Shiwakoti, and S. K. Khan, "Using System Dynamics Approach to Explore the
Mode Shift between Automated Vehicles, Conventional Vehicles, and Public Transport in Melbourne,
Australia," Sensors, vol. 23, no. 17, p. 7388, 2023. [Online]. Available: https://www.mdpi.com/1424-
8220/23/17/7388.

A.D. May, S. Shepherd, P. Pfaffenbichler, and G. Emberger, "The potential impacts of automated cars on urban
transport: An exploratory analysis,” Transport Policy, vol. 98, pp. 127-138, 2020/11/01/ 2020, doi:
https://doi.org/10.1016/j.tranpol.2020.05.007.

J. Fox and B. Patruni, Model of Travel in London Phase 3: Mode and destination choice model estimation,
rand.org: RAND Corporation, 2021. [Online]. Available: https://www.rand.org/content/dam/
rand/pubs/research_reports/RRA1200/RRA1217-1/RAND_RRA1217-1.pdf. Accessed on: 15/06/2024.

J. Struben and J. D. Sterman, "Transition Challenges for Alternative Fuel Vehicle and Transportation Systems,"
Environment and Planning B: Planning and Design, vol. 35, no. 6, pp. 1070-1097, 2008, doi: 10.1068/b33022t.
R. P. Batley, J. P. Toner, and M. J. Knight, "A Mixed Logit Model of U.K. Household Demand for Alternative-
Fuel Vehicles," International Journal of Transport Economics / Rivista internazionale di economia dei
trasporti, vol. 31, no. 1, pp. 55-77, 2004. [Online]. Available: http://www.jstor.org/stable/42747687.



