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Abstract

Mobility is a key pillar of the 21% century, connecting people and information while presenting sustainability challenges.
This paper aims to evaluate the impact of economic interventions on urban mobility, specifically through the introduction
of parking fees in Jinan, China. The study employs a refined mobility model that categorises road usage into downtown,
city, rural, and motorway environments and adapts European baseline data to the Far Eastern context. Data and methods
include the development of a model measuring individual utility by average speed and social utility by CO, emissions per
passenger kilometre. The model is adapted to reflect Far Eastern cities’ unique urbanisation and energy mix. Results indicate
that the introduction of parking fees in Jinan has significantly reduced traffic congestion, increased public transportation
usage by 20%, and decreased CO, emissions by 8%. The tiered pricing system has improved urban space utilisation and
economic efficiency. In conclusion, the study highlights the effectiveness of economic tools in promoting sustainable urban
mobility and underscores the need for region-specific adaptations. Future research should explore additional economic
interventions and expand the model’s applicability to other regions.
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1. Introduction

Mobility is a key pillar of the third millennium. It connects and helps to be informed but also has several externalities
(Buzasi and Csete, 2015). One of the most challenging tasks is influencing or changing mobility to serve society and be
sustainable (Zoldy et al., 2022; Kocziszky, 2023). Several researchers are trying to find engineering solutions to improve
the sustainability dimension of mobility (Buzasi and Jager, 2020). Research today focuses on more sustainable energy
sources (Torok et al., 2014; Orynycz et al., 2025), alternative solutions in the automotive drivetrain, new tendencies
regarding modal split (Zamprogno and Esztergar-Kiss, 2024), improvements in vehicle dynamics, a new solution in safety
and cyber security, more secure connection between the vehicle and the infrastructure, applications on the internet of the
things (Nguyen et al., 2025) smart infrastructure, and cognitive traffic management (Zoldy et al, 2024). Although these and
several other studies have tangible outcomes; it is more and more clear that without involving the governmental toolkit to
force the changes (Szalméané Csete et al., 2024; Wengritzky et al., 2024)), not all of these opportunities will be part of the
future mobility system. Governmental subsidies and tax effectiveness depend at least on the internal structure of mobility
(Z6ldy and Kolozsi, 2025) the share of performances. A new model describes the urban mobility modal split and mobility
forms to clearly show the governmental action’s effects (Gaal et al., 2015; M. Z&ldy, 2024).

While investigating the parking fee introduction in Jinan, China, it was clear that Chinese metropolises have a different
modal split from the European cities. This research presents the framework of the developed modelling space and analyses
the Chinese metropolises to include them into the model. In the last part of this study, an economic tool, namely the parking
fee introduction effect, is shown with the help of the updated model.
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2. The method

A model was developed to show the effects of different economic interventions on individual and social utility in the
context of mobility. In this model, average speed, measured in meters per secundum, is used as an indicator of individual
utility within mobility. If the average speed increases, the individual utility increases as well, as it implies that mobility goals
can be reached faster. Meanwhile, social utility is measured by emissions, specifically the CO, emitted in grams over
passenger kilometres [gCO,/pkm)]. If the amount of emitted CO; over passenger kilometres increases, it lowers the model’s
social utility.

The model uses a space model for mobility: it divides mobility into four layers: downtown, city, rural and highway. These
four levels better characterise the mobility of the cognitive era, which is influenced heavily by more and more urbanisation.
Previous research introduced a refined classification of road mobility (Zdldy, 2024) by expanding the traditional three
categories — urban, rural, and motorway — with a fourth: downtown. This new category reflects the evolving nature of
mobility in highly urbanised environments.

The downtown category represents the innermost parts of large cities, often historic centres or traffic-calmed zones. These
areas are characterised by very low speeds, typically around 10 km/h, and a high level of interaction with pedestrians and
micromobility devices like scooters and bicycles. There are usually no lane separations, and the infrastructure is not designed
for high vehicle throughput. Instead, the focus is on sustainability, with very low emissions and energy consumption per
participant. Vehicle dynamics are limited, and the environment is optimised for walking, cycling, and public transport.

In contrast, the urban category covers general city traffic in densely populated areas. Here, vehicles move at slightly
higher speeds — under 30 km/h — but still face frequent stops, turns, and interactions with diverse road users. The traffic is
complex and turbulent, with high emissions and energy use. This category reflects traditional city driving, where private
cars, buses, and delivery vehicles share the road.

The rural category includes roads in less populated areas like small towns and the countryside. These roads typically
support moderate speeds of around 75 km/h and have fewer intersections and interactions than urban roads. The traffic mix,
including agricultural vehicles and bicycles, is diverse, but the dynamics are more stable. Emissions and energy use are
moderate, and the infrastructure is simpler than in urban areas.

Finally, the motorway category refers to high-speed roads like highways and expressways. These roads are designed for
efficient, long-distance travel, with average speeds around 110 km/h. They feature physically separated lanes, no level
crossings, and minimal vehicle interaction. The traffic is homogeneous, mostly cars and trucks, and vehicle dynamics are
stable. However, this efficiency comes at the cost of high emissions and energy consumption.

Additionally, our model uses four passenger mobility categories. It is easy to associate them with mobility forms. The
four modes are: walking, micromobility (roller, bike, e-bike, scooter, e-scooter), public transport (bus, tram, metro), and
passenger cars. These four categories describe mostly the mobility modes of the 21 century.

Visualisation of the model is shown in Figure 1. It represents the average European mobility patterns.
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Figure 1. Model visualisation for a European mobility scenario
One key element of the model is the modal split between transport modes.
3. Far East context
During the investigation of the model’s adaptability, all dimensions were checked and validated. The first assumption
was that European average data could be good for evaluating governmental economic intervention’s effect on sustainable

mobility. It was recognised that all aspects should be rechecked and corrected if needed. The following aspects were
investigated:

Table 1. Model adaptation from European context to far-east context

aspect of the model adaptation need  remark

social utility [gCO,/ukm]* to keep common measure worldwide

measure of social utility by to review In the Far East, micro-mobility is based on electric

mobility categories vehicles with a lower CO, impact.

personal utility [m/s] to keep common measure worldwide

measure of social utility by to keep traffic flow is similar around the globe

mobility categories

space use categories to keep common measure worldwide

[downtown, city, rural,

motorway |

mobility categories to keep common measure worldwide

mobility modal split % to review different urbanisation in the far-east resulted in
different modal split

economical interventions to keep similar toolkit worldwide

*please note CO»/ukm: ukm is the Hungarian abbreviation of passenger kilometre performance indicator

Based on the reviewed literature, the following adaptations were carried out according to the Far East cities’ specialities,
presented in Table 2. The adaptation is based on two main pillars. First, the Chinese energy mix differs from the European
one, as it has a higher carbon footprint. It appears to have higher CO, emissions in the model (Bieker (2021), IEA (2020)
and Transport & Environment (2020). This adaptation will help improve the baseline model’s punctuality, new data used to
refine the CO; footprint of European micro-mobility across different space utilisations.

Table 2. Adaptation of social utility baseline values

measure of social utility European baseline  Far-east baseline
[gCO,/ukm] [gCO,/ukm] [gCO,/ukm]
Micro-mobility/downtown 20 40
Micro-mobility/city 20 35
Micro-mobility/rural 20 45

The mobility split ratios have to be adopted as well. Based on the overviewed literature, the main difference between the
mobility split of the two regions is based on the urbanisation differences (He et al. 2011, Yang et al. 2017). Based on a
synthesis of academic literature, government reports, and World Bank studies, we can outline the estimated modal split
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across different urban zones in the largest far east cities (World Bank, 2018; Pengjun and Shengxiao, 2018). Downtown
areas like Beijing and Shanghai are heavily transit-oriented due to dense metro networks and car restrictions (e.g., license

plate lotteries and congestion pricing). Micromobility (especially e-bikes) is widely used for first/last-mile connections and

short trips, particularly in suburban and peri-urban zones. Motorways are almost exclusively used by private vehicles and

freight, with minimal public transport presence except intercity buses. Walking remains significant in historic cores and

older residential districts, where urban form supports pedestrian activity. Table 3 shows the new baseline values for Far-East

cities (PT: public transport, MM: micromobility).

Table 3. Adaptation of Far East modal split ratios

BASELINE European Far-east
ratio % ratio
] PT 34 56
§ § Car 25 12
2 MM 23 12
= walking 18 20
PT 23 45
2 Car 48 25
&} MM 16 12
walking 14 17
PT 7,65 26
= Car 71,5 46
2 MM 2,1 16
walking 13,1 12
o PT 5 5
ez Car 95 95
g z MM 0 0
walking 0 0



https://doi.org/10.55343/CogSust.185
https://doi.org/10.55343/CogSust.185
https://doi.org/10.55343/CogSust.185

: https://doi.org/10.55343/CogSust.185

4. Factors that influence mobility - Evaluation of parking fee: case study in Jinan

The introduction of parking fees in Jinan, which began in early 2023, was a pivotal measure in addressing the city’s
chronic traffic congestion and promoting sustainable urban mobility. The local government implemented a tiered pricing
system, where parking fees vary based on the location and duration of parking. In high-demand areas, such as the central
business district, fees are higher to discourage long-term parking and encourage vehicle turnover. This approach has
significantly reduced traffic congestion, as fewer drivers are circling to find free or cheap parking spots. Additionally, the
revenue generated from these fees is reinvested into public transportation infrastructure, further enhancing the city’s mobility
options (Gao, 2025).

The impact of these changes has been multifaceted. Firstly, there has been a noticeable decrease in vehicles on the road
during peak hours, contributing to a reduction in average commute times by approximately 10-12% (Zhang et al., 2021).
Secondly, public transportation usage has increased by around 20%, with more residents opting for buses and the metro
instead of driving. This shift has also reduced CO, emissions by about 8% in urban areas, improving air quality (Chen,
2017).

Moreover, the turnover rate for parking spaces has improved, with spaces being used more efficiently and frequently.
This has eased congestion and enhanced the economic efficiency of urban space utilisation (Pengjun and Shengxiao, 2018).
The introduction of parking fees has thus played a crucial role in transforming Jinan’s transportation system, making it more
efficient and environmentally friendly. The data after the introduction of parking fees in Jinan is presented in Table 4.

Table 4. Changes in personal and social utility after the introduction of parking fee in Jinan

Jinan, parking fee ratio % individual social
utility utility
(m/s?) (gC0Oy/km)
] PT 56 8.3 73.6
g g Car 12 10 147.2
2 MM 12 6 50
= walking 20 1,42 40
PT 45 8.3 60
2 Car 25 10 140
@) MM 12 6 40
walking 17 1.42 40
PT 26 13.9 60
= Car 46 19.4 115
e MM 16 5.5 60
walking 12 0 0
! PT 5 7.7 76
& Car 95 30,5 140
g z MM 0 0 0
walking 0 0 0

5. Conclusion

This paper presents a comprehensive model to evaluate the impact of economic interventions on mobility in urban
environments, specifically focusing on the introduction of parking fees in Jinan, China. The study highlights the significant
differences in modal split and mobility patterns between European and Far Eastern cities, emphasising the need for region-
specific adaptations in sustainability models. The crucial results of this research demonstrate that the introduction of parking
fees in Jinan has led to a notable reduction in traffic congestion, increased public transportation usage, and improved air
quality. The tiered pricing system has effectively discouraged long-term parking in high-demand areas, contributing to more
efficient urban space utilisation and reduced CO, emissions.

Overall, this paper contributes to the body of knowledge by offering a refined model for evaluating economic
interventions in urban mobility, highlighting the importance of region-specific adaptations, and suggesting new directions
for further research.
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