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Abstract

The application of tradable mobility credit scheme as a method to regulate traffic has been raising interest among researchers for
the past decade. Whilst conceptual and quantitative research works have been published on this topic, the implementation is still
absent. Former studies classified heterogeneous users mainly considering different values of time. Urban freight distribution (UFD)
vehicles, which contribute to 30% of pollution and 20% of traffic in cities, are scarcely considered. This paper tries to fill this void.
Our scheme design is based on four aspects: the initial allocation, charging and transaction of credits and the reuse of revenues.
We consider UFD users and individual users. UFD users travel longer distances and spend more time on the streets than private
users. Equity issues among private users are considered as well. For both types of users, we determine the credit units, the number
of credits, their allocation method and consumption rates. The number of credits is decided by four parameters: traffic status,
limitation of vehicle-kilometer traveled, limitation of total emission and other generated externalities. Also the regulation of credit
transactions has been set and we propose the cost functions of different types of users. Home delivery and eCommerce deliveries
need regulation, especially in the city centers. We finally discuss the implementability of our tradable mobility credit scheme,
considering both individual and UFD users, in Barcelona.
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1. Introduction

Cities around the world have been long concerning about the externalities caused by vehicles. Although electric
vehicles are going to replace petrol and diesel vehicles and improve the issues of pollution and noise, street traffic will
still be a problem. As congestion pricing schemes are proved efficient but raise inequity concerns, the scheme of
tradable mobility credit (TMC) was then introduced for transportation demand management and started to attract
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attention in the past decades. The basic idea is to allocate users some initial credits to pay for driving in specific links
or areas and allows the transaction of credits among users. Unlike congestion pricing which prices people off the street,
TMC can induce people off the street with profits by selling their unused credits.

Since the late 1990s, the concepts of the application of tradable credit scheme in transportation demand management
have been proposed (Verhoef et al., 1997; Viegas, 2001, Raux, 2002). Then more detailed studies on scheme design
started to emerge and then followed by numerical analysis and simulations since 2010 (Yang & Wang, 2011; Nie &
Yin, 2013; de Palma et al., 2018; Balzer & Leclercq, 2022). In recent years, studies start to insight into more specific
topics such as public acceptance (Dogterom et al. 2018; Krabbenborg et al., 2021), equity, users’ behaviors (Tian et
al. 2019), and transaction market (Brands et al. 2020). Some review papers have concluded this development (Fan &
Jiang, 2013; Lessan & Fu, 2019; Li & Robusté, 2021). Provoost et al. (2023) summarize that there has been no study
which has proposed a comprehensive framework for the design of tradable credit schemes as a policy instrument for
demand management and they develop a framework based on ownership, transfer and consumption.

The selection of users is an important precondition of this policy. Currently, studies of heterogeneous users mainly
focus on the feature of value of time (VOT). Only a few further consider the different types of street users besides
private vehicles. He et al. (2013) state that the authority needs to deal with not only individual travelers but
transportation firms (like transit agencies and logistic companies) as well. But by now there is no scheme takes freight
distribution vehicles into account. On the other hand, there are also lack of discussion of the choosing of private users
in the previous studies. The definitions of private users are various in studies. For example, the private users were
referred such as vehicles (Goddard, 1997), drivers (Verhoef et al., 1997), local inhabitants (Viegas, 2001; Yang &
Wang, 2011, Xu & Grant-Muller, 2016), vehicle owners (Kockelman & Kalmanje, 2005). But studies hardly have
deep discussions for the reason why choose such an entity. Krabbenborg et al. (2021) conclude four types of recipients
and found that the group of ‘all residents of the municipality + people who work there and own a car’ gain the highest
support.

Thus, this paper is going to develop a conceptual design of a TMC scheme that considers the urban freight
distribution (UFD) users and also discuss the selection of appropriate credit receivers. The rest of the paper is structured
as follows. The next section proposes the conceptual scheme design of TMC with consideration of UFD vehicles.
Then the third section discusses the implementability of this scheme in Barcelona. And the final section concludes the

paper.
2. Scheme design

The goal of this scheme is to develop a TMC scheme that considers UFD users to manage urban traffic and
altogether, care about the equity issues which are widely criticized in current congestion pricing schemes. Besides,
revenues are expected to be collected from the procedure, to subsidize sustainable mobility modes, as Singapore and
Stockholm do so.

The scheme of TMC is depicted in Fig. 1. There is an authority or an authorized agent in charge of the whole
operation. The authority needs to define the regulations, build infrastructures and supervise the entire procedure. The
scheme can be divided into four steps as follows.

1) Allocation of credits. The authority decides the eligible credit receivers (or users) and calculates the initial
number of credits for every period then allocates the credits to users.

2) Charging of credits. The authority defines the regulation of credit charging and users pay credits to drive within
the delineated restricted area.

3) Transaction of credits. There should be a supervised market for users to sell and buy credits. Importantly,
commission fees are collected from transactions.

4) Reuse of revenues. The collected commissions are firstly used to cover the operational costs of the system and
meanwhile, extra revenues are also considered and will be used to subsidize sustainable mobility modes.
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Fig. 1. Description of the scheme.
2.1. Allocation of credits

The first step of the procedure is to allocate credits to users. In this scheme, all eligible users will receive free
credits at the beginning of the period. The authority needs to decide the eligible receivers and the total amount of the
credits.

2.1.1. Selection of credit receivers

The selection of receivers can influence the allocation, transaction, costs as well as the equity of the policy. The
number of participants impacts the efficiency and costs of operation and transaction. A huge group of receivers will
dilute the initial credits and lead to increasing number of transactions. In contrast, a smaller group of receivers may
benefit the efficiency but could lead to inequity among other uninvolved social groups. Thus, it is crucial to compare
the users’ features in terms of various definitions.

First, we discuss the individual users. There are disparities of the definition of users in different former studies
where they may be defined as drivers, taxpayers, vehicle owners, inhabitants, or all people in-age, et al. We summarize
four definitions of private credit recipients as vehicles, vehicle owners, drivers and local inhabitants, and analyze the
advantages and disadvantages of each in the policy.

If allocate credits to vehicles, it will give those people who have more than one vehicle the privilege to receive
more credit and even may induce high-income people to possess more cars, causing inequity among other street users.

If the receivers are defined as vehicle owners, then the allocation of credits is regardless of the number of vehicles
that one owns. This can avoid the inequity problem of the former scenario. And in terms of this case, the number of
users is limited, providing higher efficiency and lower cost of operation. But here emerges another problem that how
to deal with drivers that don’t own a car. These people may be casual drivers and share the car with families or some
groups. Then this solution will cause barriers for them and may also encourage them to buy vehicles.

Thirdly, in terms of local drivers as receivers, which refers to the driving license holders, this will be a significantly
larger group than the former two. The idea is that every driving license holder has the possibility to drive in the city
thus, their potential demands should be considered. The former scenarios, especially only allocating to vehicle owners,
may set barriers for those casual drivers without vehicles. But on the other hand, this policy may induce people to
obtain driver’s licenses and then gain profit from the system.

But generally, everyone in the city has the right to access the street infrastructures and has the potential possibility
to drive. Therefore, the last definition of receivers is all the local inhabitants that can drive or obtain a driver’s license.
This is a group that includes a huge number of users than the other three just mentioned above, which means this
system will be less efficient and more costly. But on the other hand, because all the potential street users have the
right to get credits for using or selling, it will be the most equal scheme. In such a scenario, when the total number of
credits is settled by traffic and other externalities, those eligible receivers will only be allocated with a very small
volume of credits, causing a large quantity of transactions later. The revenue of every seller will be diluted and most
of the commission charge needs to fill the high cost, resulting in a suboptimal system.
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Fig. 2 shows a summary of the influences of the four different definitions of receivers in five dimensions: the
number of users, (in)equity, efficiency, cost and the amount of transactions. For example, allocating credits to all
eligible local inhabitants can show the highest level of equity but also results in the lowest level of system efficiency
and the highest level of cost.

The choice of receivers determines who can benefit from the policy. As TMC is introduced to avoid the inequity
problem of congestion pricing, it seems the group of all inhabitants can be the most ideal recipients of credit
endowment. However, if the receivers are all in-aged inhabitants, which means that all the non-license holders will
gain revenues by selling credits, it will cause a big portion of users can directly receive fixed net income from the
system. In this situation, most of the money goes to the non-license holders. Then the revenues collected by the
authority will be limited. If the recipient group is the drivers, it can avoid such a problem while encouraging the drivers
with low VOT to shift their travel modes. Consequently, to balance equity, cost and efficiency, local registered drivers
should be the appropriate group.

Low ===) High

Number of users  Owner Vehicle Dri_
Inequity Inhabitant Driver Owner V.

Efficiency Inhabitant Driver Veh_

Operational costs = Owner Vehicle Driver Inh.
Amount of transactions  Owner Vehicle Dri_

Fig. 2. The influence of different receiver definitions in five dimensions.

On the other hand, freight vehicles are responsible for 20% of traffic and 30% of pollution in urban areas around
the world generally. And UFD users have quite different travel behaviors from individual users. Accordingly, it is
necessary to treat UFD vehicles apart from the others. An appropriate way to allocate the credits in the UFD sector is
to base on the delivery vehicles. In such a scheme, the UFD companies need to register their duty vehicles and the
authority will allocate the credits to each delivery vehicle. And because commercial delivery companies care about
their profits, it will not be profitable to operate more vehicles to gain credits if the credit price is appropriate. The
policy will force the UFD operators to optimize their delivery strategy more sustainable.

2.1.2. Number of credits

Our goal is to better the congestion problem and meanwhile, reduce traffic emissions. In this case, a distance-based
credit scheme, which can not only limit the vehicle-km traveled (VKT) directly but also correlates with emissions and
energy consumption, is suitable. As Verhoef et al. (1997) argue, the distance-based credit scheme has a strong
connection with externalities, like energy consumptions and emissions, caused by vehicles.

In this policy, the total amount of credits does not depend on the number of eligible users but depends on the goal
of controlling externalities (mainly distances travelled). Thus, this is a quantity-limited scheme where the total VKT
of a period is limited. To start with, we need to know the travel behaviors of the private users and UFD users
respectively. Normally, most of the private users do point-to-point trips. They drive from one point to another and
park for some while, except those for car-hailing services. A typical example is work-related trips that people drive to
work during the morning peak and then drive back home after work. In this case, the main externalities are generated
during their regular trips and VKT-based credit charging can be effective.

However, the VKT cannot reflect the total externalities caused by other street users, like UFD vehicles that cruising
in the city to deliver goods and parcels. Normally they follow preplanned routes and stop frequently to accomplish
delivery duties. During deliveries of goods, drivers park trucks or vans by the street, putting burden on traffic and
occupying public spaces. Private vehicles pay parking fees in parking lots. But logistics vehicles, when couriers make
delivery, normally park by the streetside without charging, influencing street capacity. Especially now e-commerce
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plays an increasingly important role in people’s daily life and demands of parcel deliveries keep growing. Those
delivery vehicles may not travel very long distances but spend much time parking for delivery. Hence, this externality
should also be considered when dealing with UFD users, otherwise, it will be unfair for private users.

The total number of credits are jointly depended by rush-hour traffic status #, limitation of vehicle kilometer traveled
d, emission limitation e and other generated externalities 7.

M=f(1,d, e, r) M)

The rush-hour traffic status is controlled by macroscopic fundamental diagram (MFD). And during non-rush hours,
the credits are determined by variables of VKT, emission and space occupancy. The distance travelled and emission
is strongly related but also depend on the proportion of fossil fuel vehicles cruising in the city. Other externalities
mainly consider the occupation of the street spaces by delivery vehicles and represent by the non-travel time of
delivery vehicles during duties.

2.2. Charging of credits

The charge of credits mainly depends on the travel distance of the users. The agent has to track the activities of
users. And for UFD users, besides the VKT-based charging, there is another charging based on their waiting time. To
reduce the emissions in urban areas, we charge vehicles differently based on emissions. According to different
standards, the vehicles can be categorized variously. To simplify the situation, we consider 3 types: alternative fuel
vehicles (mainly electric vehicles), gasoline vehicles and diesel vehicles. A basic rate is set to charge from alternative
fuel vehicles, and higher charging rates are implemented on petrol and diesel vehicles. Therefore, private user i needs
to pay ad , for the trip, where 4 is the coefficient of vehicle engine type while UFD user j needs to pay aid .+ fi .,
with the charge of parking time. @ and f is the coefficient of distance-credit and time-credit respectively. Then we
can establish the cost functions of users. Equation 2 and 3 are the cost functions of individual users and UFD users
that use up all the credits, where 7 is the travel time, @ is users’ VOT, my is the initial number of credits and p is the
credit price.

C,=0T +(al,~m)p 2)

Cj=6Tj+(allj+ ﬂtj— mo)p 3)
2.3. Transaction of credits and revenue reuse

In the market, there is a minimum price pmi» that depend on the externalities (traffic, emission and space occupancy)
generated by vehicles’ travelling. This can guarantee that commissions can cover the system costs as well as gain
certain profits. Then based on this minimum price, the auction market decides the actual transaction prices of credits.
One of the main concerns of TMC schemes is the high operational costs. The agent will charge a fixed rate of
commission from every transaction to cover the costs. Thus, the cost function of the users who gain revenues (as
my2 all i) can be described as Equation 4, where P' is the revenue gained by credit sellers after commission charge.

Ci=9Ti—(mO— (Mli)p' @)

Furthermore, the agent can play a more active role in this system. Not all the credits need to be free allocated to
the users. There could be some reserved credits in the hand of the authority but doesn’t like a super-player with
unlimited credits that is designed in some TMC cases. The total number of credits is still limited by Equation 1. This
can bring several benefits. First, the authority can use reserved credits to regulate the market price of credits. Besides,
by directly selling some certain number of credits to users with high VOTs, the system can increase revenue, avoiding
too much money flowing to sellers. Also, this can be a measure to raise funds for certain projects of mobility
improvement. But these reserved credits should be limited, otherwise, it will make the policy become another
congestion charging and harm the equity of low-income users.

Then, the final step is revenue reuse. The first objective of the commission charging is to cover the operational
costs of the system. The authority adjusts the charging rate on demand for revenue raising. Thus, a stable revenue can
be expected. The revenue is the remaining of the total commission charge less operational costs.
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How to redistribute the revenues is a key factor for the success of charging schemes. For example, in the case of
Singapore and Stockholm, the revenues collected by congestion charging are reused to increase public transportation
and active modes to ensure the equity of the policy. Therefore, for a similar concern, as people without driver’s licenses
are excluded from the allocation, the revenues should be used to promote their mobility experiences as well. The
solution can be the improvement of infrastructure and service or the subsidy of tickets, depending on the total amount
of the revenue. And meanwhile, the increase of sustainable modes can attract mode shifts of some drivers. But in the
TMC scheme, the revenues collected are far less than that of congestion pricing schemes. Because most of the money
goes to credit sellers in the market and only a limited portion of money can become public funding.

Then for this policy, the objectives such as maximizing revenues, maximizing social welfare, and minimizing
operational, minimizing traffic or emissions costs can be considered to use to optimization the scheme to determine
the number of credits, the minimum credit price and the commission fee.

3. Implementability in Barcelona

In practice, implementation cases of TMC are still absent as far. Further detailed implementability discussions are
needed in terms of different objective cities. In this part, we discuss the potential implementability of this TMC scheme
in Barcelona. Currently, there are several policies in Barcelona that are related to our new scheme. Barcelona is now
trying measures to reduce the externalities caused by vehicles. The low emission zone (LEZ) has been set to limit the
use of pollutant vehicles within a restricted area (as shown in Fig. 3). The LEZ is roughly depicted by the ring road of
B-10 and B-20. And in terms of urban logistics, UFD vehicles can park at dedicated spaces for delivery for free within
30 min. But on the other hand, due to increasing online e-commerce orders, Barcelona starts to charge parcel delivery
vehicles for the occupation of public spaces during deliveries. Also called ‘Amazon Tax’ informally, this policy levies
each parcel an extra tax rather than a vehicle-based charge. Our new TMC scheme matches the objectives of these
policies and can take them into account. The area of LEZ can be applied to the mobility credit charge zone. And under
the TMC policy, pollutant cars face extra credit charges based on VKT and UFD vehicles paying credits for delivery
parking time.

AREA EXCLOSA o

g
VIES EXCLOSES e P maué!\_\ e
i e 4
ESPLUGUES / DRI, 5 3 |
DE LLOEIREQIA'[V = Fy 2 | _VIESEXCLOSES
(T MERIDIANA
. Jisf 7y :
CORNELLA“./ \ o
DELLOBREGAT . ' /e 7 BARCELONA bl
DE LLOBREGAT ~ .GRANVIA ’ S“i‘.ADRIA
— \,\[ S?g::L i / DEL BESOS
AREA EXCLOSA — ; & U.\;V‘;IEEL%WE%"’;

Low Emission Zone
Excluded area

Excluded roads

Fig. 3. Map of Barcelona’s low emission zone (Source: Ajuntament de Barcelona).

Besides, the potential implementation in Barcelona needs to consider the city’s future planning. After trials in
several neighborhoods, Barcelona is expanding superblocks throughout the city gradually, which transforms some of
the streets for local resident use only and mainly dedicate to active mobility modes as well as public spaces. Outside
traffic will be restricted to enter superblocks and can only cruise on arterial streets. Thus, the city’s network is going
to change, and the traffic capacity is going to decrease. In that case, the number of credits that are determined by MFD
will be influenced, resulting in a reduction of the total credit supply. In addition, vehicle travel demands will also
change as vehicles need to choose other routes to avoid superblocks and some private users may shift their mobility
modes. This will lead to market volatility. Therefore, in Barcelona, the credit supply needs to coordinate with changes
of the network as well as travelers’ behavior in driving and in the market.
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4. Conclusion

In this study, we develop a conceptual design of a TMC scheme that considers UFD users. The whole policy
consists of four parts: allocation, charging, transaction and revenue reuse. In the part of allocation, we discuss the
problem of user definition in detail. This discussion contributes an insight of the advantages and disadvantages of
various credit receivers. Compared with vehicles, vehicle owners and all inhabitants, local drivers can be the most
appropriate group as credit receivers. Then a method to determine the total number of credits and charging are
proposed and we analyze users’ cost functions under this scheme. Then revenue reuse is discussed to enhance the
equity of the scheme. At last, we discuss the potential implementability of this scheme in Barcelona.

Finally, we propose two potential directions for the future research of TMC. We make a qualitative comparison of
the four types of users. There can be further quantitative works to analyze how those different types of users can
influence the efficiency and costs of the system. On the other hand, inspired by Barcelona’s plan of superblocks and
also some other cities that have proposed similar plans, studies can be carried out on how the changes of the street
network can influence the design and implementation of the TMC schemes.

Acknowledgements

The first author is funded by the Joint Scholarship of China Scholarship Council and Universitat Politécnica de
Catalunya.

References

Balzer, L., & Leclercq, L., 2022. Modal equilibrium of a tradable credit scheme with a trip-based MFD and logit-based decision-making.
Transportation Research Part C: Emerging Technologies 139, 103642.

Brands, D. K., Verhoef, E. T., Knockaert, J., & Koster, P. R., 2020. Tradable permits to manage urban mobility: market design and experimental
implementation. Transportation Research Part A: Policy and Practice 137, 34-46.

de Palma, A., & Lindsey, R., 2011. Traffic congestion pricing methodologies and technologies. Transportation Research Part C: Emerging
Technologies 19.6, 1377-1399.

Dogterom, N., Bao, Y., Xu, M., & Ettema, D., 2018. Acceptability of a tradable driving credit scheme in the Netherlands and Beijing. Case Studies
on Transport Policy 6.4, 499-509.

Fan, W., & Jiang, X., 2013. Tradable mobility permits in roadway capacity allocation: Review and appraisal. Transport Policy 30, 132-142.

He, F., Yin, Y., Shirmohammadi, N., & Nie, Y. M., 2013. Tradable credit schemes on networks with mixed equilibrium behaviors. Transportation
Research Part B: Methodological 57, 47-65.

Krabbenborg, L., Van Langevelde-van Bergen, C., & Molin, E., 2021. Public support for tradable peak credit schemes. Transportation Research
Part A: Policy and Practice 145, 243-259.

Kockelman, K. M., & Kalmanje, S., 2005. Credit-based congestion pricing: a policy proposal and the public’s response. Transportation Research
Part A: Policy and Practice 39.7-9, 671-690.

Lessan, J., & Fu, L., 2022. Credit-and permit-based travel demand management state-of-the-art methodological advances. Transportmetrica A:
Transport Science 18.1, 5-28.

Li, S., & Robusté, F., 2021. From urban congestion pricing to tradable mobility credits: A review. Transportation Research Procedia 58, 670-677.

Nie, Y. M., & Yin, Y., 2013. Managing rush hour travel choices with tradable credit scheme. Transportation Research Part B: Methodological 50,
1-19.

Provoost, J., Cats, O., & Hoogendoorn, S., 2023. Design and classification of tradable mobility credit schemes. Transport Policy 136, 59-69.

Raux, C., 2002. The use of transferable permits in the transport sector. In: Implementing Domestic Tradeable Permits. Recent Developments and
Future Challenges. In: OECD Proceedings, OECD, pp. 141-185.

Tian, Y., Chiu, Y. C., & Sun, J., 2019. Understanding behavioral effects of tradable mobility credit scheme: An experimental economics approach.
Transport Policy 81, 1-11.

Verhoef, E., Nijkamp, P., & Rietveld, P., 1997. Tradeable permits: their potential in the regulation of road transport externalities. Environment and
Planning B: Planning and Design 24.4, 527-548.

Viegas, J. M., 2001. Making urban road pricing acceptable and effective: searching for quality and equity in urban mobility. Transport Policy 8.4,
289-294.

Xu, M., & Grant-Muller, S., 2016. Trip mode and travel pattern impacts of a tradable credits scheme: A case study of Beijing. Transport Policy 47,
72-83.

Yang, H., & Wang, X., 2011. Managing network mobility with tradable credits. Transportation Research Part B: Methodological 45.3, 580-594.



