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In the modern world, a lot of people and organizations are impacted both 
directly and indirectly by the micromobility sector, which is one of the most 
significant subheadings of the sharing economy model. The existing condition 
should be made public, and any hazards should be identified in order to 
reduce the negative consequences and take the appropriate actions. This 
study identified the hazards associated with the micromobility sector after 
looking at the sharing economy and risk allocation concepts. The optimal 
option is then identified using the AHP approach. It is a chance to direct and 
distribute accountability for the applications that will be submitted after that. 
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1. Introduction 
 

Governments and businesses are continuously working to develop infrastructure and offer 
services to everyone by expanding options because the transportation sector, which gives people 
and businesses access to the economic market, is a significant area that directly affects issues like 
economic development, environmental development, urbanization, and the determination of living 
spaces [1], [2]. 

Micromobility has emerged as a transportation alternative driven by shifting mobility demands, 
evolving commuting habits, advances in transportation-related technologies, and the expanding 
economic scope of the mobility market. Defined by the use of lightweight and environmentally 
friendly vehicles for public benefit, micromobility has gained increasing attention due to its potential 
to reduce reliance on fossil fuel-powered cars, which have become a growing concern in recent years. 
Reducing the use of automobiles is thought to enhance air quality, reduce noise pollution, reduce 
greenhouse gas emissions, and ease traffic congestion [3]. From the drivers’ perspective, it is 
anticipated that driving will become more enjoyable, particularly as lightweight and folding scooters 
proliferate [4]. By combining micromobility’s accessibility and flexibility with the services offered by 
public transportation, which provides quick travel over both short and large distances, it seeks to 
decrease the usage of private vehicles and establish a sustainable mode of transportation. 
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In a technical aspect, e-bikes and e-scooters are personal motor vehicles (e-PMVs) powered by 
rechargeable lithium-ion batteries, offering faster and more flexible mobility than conventional 
bicycles. Emerging as a micromobility alternative in urban areas, they are valued for avoiding traffic 
congestion, low carbon emissions, low maintenance costs, and economic accessibility. Also, these 
two-wheeled vehicles are used not only for personal travel but also for utility and cargo transport. 
Their electric assistance enables longer trips and higher speeds than bicycles, contributing to their 
growing popularity in European cities. However, the usage of sidewalks by these vehicles that allow 
speedy mobility may result in accidents and injuries. 

Among micromobility options, electric scooters are the most common and prominent vehicles. 
Their widespread adoption is primarily driven by ease of parking and the ability to travel 
independently of public transportation systems and existing infrastructure quality. [5]. Difficulty in 
finding parking spaces, the inadequacy of public transportation and taxi facilities, changes in 
demographics and urbanization, and the emergence of new business areas are among the reasons 
for the increased interest in micromobility. In that sense, the transportation sector is currently 
experiencing a shift in its service perspective, where the primary motivation is to develop 
infrastructure systems that serve people from all social classes, rather than prioritizing fast and long-
distance travel of people and goods, which has traditionally characterized motorized transportation 
[6]. It also shows that economic and social needs intersect with each other.  

However, there are concerns about the widespread use of e-scooters. It is revealed in a study 
that the primary driver behind the popularity of e-scooters is the desire to lessen traffic, with air 
pollution and the battle against climate change appearing to be the secondary drivers [7] Due to the 
need for legal rules in some cities, e-scooters, which gained popularity due to their perceived ease 
and speed of transit, may be implemented with delays and pauses in practice. Before e-scooters are 
put into service, health and safety issues, the usage of public areas, speed limits, and irresponsible 
driving are highlighted as major issues in media outlets. 

Applications for bike sharing, which have become a green solution to the last-mile problem, which 
can be defined as the issue of short-distance transportation between one's home and public 
transportation or between one's place of employment and public transportation, could help bridge 
the gap and establish an integrated transportation system. Other potential benefits of this system 
can be shown as increased mobility opportunities, economic savings, reduced traffic congestion, low-
priced service and operation opportunities, reduced fuel consumption, increased use of public 
transportation, and health and environmental awareness. From an economic point of view, another 
important investor in these services, which are generally financed by local governments, is 
advertising companies. Examining environmental impacts, Reductions in CO2 emissions are seen 
through the decline in personal car use. Improvements must be made to lessen the environmental 
harm caused by fossil fuel vehicles used in the redistribution of bicycles. In addition to that, bicycle 
access and vehicle tracking using electronic cards must be developed in order to prevent bicycle theft. 
Limited infrastructure systems, theft, expensive technology investment costs, financing, and security 
concerns stand out as crucial issues to be taken into consideration when the barriers to these 
systems' adaptation are explored. [3]. 

Considering the rapid expansion of micromobility services within the sharing economy, selecting 
an appropriate operation and management model has become increasingly important for urban 
transportation systems. Different governance structures may lead to varying outcomes in terms of 
efficiency, risk distribution, and public benefit. This study aims to evaluate and compare alternative 
operation and management approaches for micromobility projects using a multi-criteria decision-
making framework. In this context, the identified alternatives are assessed based on a set of 
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predefined evaluation criteria, and sensitivity analysis is conducted to examine the robustness of the 
results. The findings are intended to support decision-makers in selecting suitable strategies and to 
contribute to more informed and resilient micromobility policies. 

 
2. Literature Review 
2.1 Sharing Economy 
 

Rising economic costs and environmental concerns have made traditional product ownership 
increasingly challenging, leading to the growth of the sharing economy, where access to products 
and services is prioritized over ownership. This shift is driven by changing consumer habits and the 
widespread use of digital platforms, mobile applications, and secure online services that enable fast 
and convenient access. In the sharing economy, which appears to be a hybrid mixture of the 
traditional and the new business model when analyzed as an economic model, service suppliers 
generate economic income by attracting users to use their services [8].  

The sharing economy, which is driven more by economic considerations than by social or cultural 
ones, refers to the capacity to access and utilize both actual goods like automobiles and intangible 
ones like money and time through online platforms. With the widespread use of mobile phones, 
people have the opportunity to access services in line with real-time information, and service 
providers have the opportunity to provide services using real-time information. These intermediary 
platforms help to create economic movements by providing integration between the product and 
the user. These intermediary platforms help to create economic movements by providing integration 
between the product and the user.  

There are 2 elements of the sharing economy, which are the temporary possession of products 
and services by consumers without owning them, and the provision of these services via the internet. 
While short-term product rentals create revenue in the business models developed in this field, free 
product use combined with advertising revenue stands out as an alternative and appears to be a 
cutting-edge industry for the future [9]. 

Today, the largest component of the sharing economy is the shared transportation sector, which 
includes the sector of micromobility [10]. To support, when the shared transportation sector is 
examined, the micromobility industry is the one that receives the most investment and has achieved 
significant market success after the shared driving sector [11]. Despite advancements in public 
transportation, last-mile connectivity remains a challenge due to limited short-distance travel 
options, and IoT-enabled micromobility vehicles provide a practical solution by facilitating access to 
transit nodes while reducing reliance on conventional transport modes [12]. To expand the context, 
the development of information and communication technology could make it possible to obtain 
real-time information through shared transportation applications, and altogether they help to 
increase the recognition and efficiency of shared micromobility.  

 
2.2 Micromobility  
 

Shared micromobility is a sub-title of shared transportation, and it defines the use of vehicles such as 
bicycles, e-bikes, scooters, and e-scooters according to the preferred service model within the scope of 
service regions where services are provided by using online payment methods temporarily in line with 
short-term needs, as in shared transportation. Traditional bicycles, pedal-assist electric bicycles (e-
bikes), and electric scooters (e-scooters) are the most common shared micromobility items [13] 
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 Shared micromobility consists of 2 main areas: bike sharing and scooter sharing. According to [14], 
bike-sharing systems are classified into three service models: station-based (docked), station-free (dockless), and 
hybrid. In station-based systems, bicycles are picked up and returned at designated stations, whereas dockless 
systems allow bicycles to be left anywhere within the service area; hybrid models combine both approaches by 
permitting bicycles to be picked up and returned either at stations or at flexible locations. These three are the 
primary models used to operate shared devices in the USA. 

Scooter-sharing services, on the other hand, are the name given to the service that allows users 
to travel with access to electric or motorized, or human-powered scooters as a result of joining 
service provider organizations. Scooter-sharing services are categorized into two main types: electric 
scooters, which are used while standing, and moped-style scooters, which are used while seated and 
operate with either electric or gasoline-powered motors [15], [16] 

The bicycle is one of the most accessible and cost-effective transportation modes, and since the 
early 2000s, it has been increasingly promoted by governments as an alternative to private car use, 
particularly in urban areas where terrain and road networks are suitable [17], [18]. Although bicycles 
have been used as a means of transportation in cities for many years, traditional bicycles have begun 
to have difficulties in meeting this need due to the effects of urbanization. Even while bicycles have 
long been a popular mode of transportation in urban areas, the effects of urbanization have made it 
harder for traditional bicycles to match this demand. Today, the 4th generation process of bike 
sharing has begun, due to bicycles that can move with an electric motor without the need for human 
power, and the ability to provide services such as tracking and payment of vehicles regarding the 
development of information and communication technologies. 

Through increasing Technologies, it is anticipated that bicycle sharing, a subheading of shared 
transportation, will address the first-last mile issue. Bike-sharing service providers are responsible for 
operations such as charging, maintenance, distribution, and tracking of vehicles and earn money 
from their users by charging per minute or distance [16] With the introduction of bike-sharing 
services, opportunities have emerged for cities to demonstrate their commitment to tackling 
problems such as climate change, public health problems, traffic congestion, and fossil fuel 
dependence. 

In contrast, e-scooter sharing services have gained popularity recently, particularly in America, 
Europe, and China. Their capacity to travel farther and faster, especially with the help of electric 
motors, has made them the preferred mode of transportation. Service providers are in charge of 
operations like maintenance and charge redistribution. They also disperse the vehicles throughout 
the cities they serve and make them readily accessible to the public [16]. 

There are different limits in different countries regarding the hardware features of micromobility 
vehicles. Since the legal regulations in the world are generally made up of bicycles, the regulations 
regarding scooters that have just entered the market are insufficient. The speed limit in Europe is 25 
km/h for electrically powered micromobility vehicles, 20-32 km/h in the United States, and 25 km/h 
in Asia [19]. As the years pass, The International Transport Forum (ITF) categorizes micromobility 
vehicles into four types based on vehicle weight and design speed: Type A includes powered or 
unpowered vehicles weighing less than 35 kg with a maximum design speed of 25 km/h; Type B 
covers powered or unpowered vehicles weighing between 35 kg and 350 kg with a maximum design 
speed of 25 km/h; Type C consists of powered vehicles weighing less than 35 kg with design speeds 
between 25 km/h and 45 km/h; and Type D includes powered vehicles weighing between 35 kg and 
350 kg with design speeds between 25 km/h and 45 km/h [20].  
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3. Methodology 
3.1. Analytic Hierarchy Process (AHP)  
 

Developed by Saaty in 1971, the Analytical Hierarchy Process (AHP) method is an approach that 
could be applied in both social and physical domains, particularly when making decisions based on 
multiple criteria and comparing them to one another [21]. In the evaluation method designed 
according to the hierarchical structure created, the criteria are brought together according to the 
homogeneity axiom. Three key guidelines should be considered when applying the AHP method: 
separation, comparison, and concretization of the priority rankings that are obtained. The criteria are 
divided based on their levels during the separation process, and an assessment is conducted starting 
at the highest level and working down to the lowest. Comparatively speaking, criteria at the same 
level are assessed, and their relative importance levels are determined. To determine local and global 
priority values during concretization, the priority levels derived from each level are multiplied by the 
lower levels. 
 
3.1.1 Axioms of AHP 
 

In the following, the fundamental axioms of the Analytic Hierarchy Process (AHP) are briefly 
presented to outline the basic assumptions underlying the method [21]. 

• Reciprocal Axiom: This proposition, which forms the foundation of AHP logic, states that when 
assessing the relative importance of the second criterion to the first criterion, the numerical 
equivalent of the first criterion's importance to the other criterion among the two criteria 
compared should be used as the opposite. That is, it should be in the form of aij = 1 /aji in the 
evaluation matrix. In this way, inconsistencies are avoided. 

• Homogeneity Axiom: It is a claim that the sub-criteria and the upper criteria should logically 
depend on one another, and that the status and level of the criteria being compared should be 
related to one another. Results from binary evaluations between this axiom and the criterion are 
more reliable. Furthermore, it is impossible to conclude that one criterion is inherently superior 
to another. 

• Dependence Axiom: This concept asserts that criteria and alternatives at lower levels of the 
hierarchical structure should not affect the priority levels of criteria at the same level. To put it 
another way, the criteria ought to be assessed separately from the options. 

• Expectations Axiom: It claims that every criterion and option is covered by the hierarchical 
structure. If not all criteria are present in the hierarchical structure used, the decision makers' 
assessments will result in flaws, and the evaluation will be inconsistent. 
Decision-makers are frequently employed to make judgments in the process of analyzing 

viewpoints from environmental, social, and political perspectives in order to make rational and useful 
conclusions in the decision-making process on complicated multi-criteria situations. The AHP method 
is a helpful strategy in this regard. In this way, several aspects should be analyzed to construct a 
hierarchical structure in circumstances where uncertainty and hazards are high. When individual 
methods are inadequate in terms of expertise and experience, the best outcomes can be obtained in 
conjunction with a benefit-cost analysis of several options, allowing decisions to be made with the 
interests of the majority in mind. 
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Effective decision-making processes should allow for the easy construction of a decision 
structure, apply to both individual and group use, and enable stakeholders to reach consensus 
without requiring specialized knowledge. Accordingly, the AHP framework begins with a clear 
problem definition and the selection of key factors, which are then evaluated based on stakeholders’ 
judgments and expressed in numerical form. One of the biggest advantages of AHP is to help people 
reach judgment by reflecting on the emotions, experiences, and approaches of people to the 
decision-making process together [22]. 

In another study, [23] found that seven elements are the optimal number based on the flow of 
information that people can accurately assess simultaneously because the information is 
dimensionless and immeasurable. He defined this as the appropriate decision-making width.  

People are known to have varying memory and appraisal capacities, which are influenced by the 
flow of information. 

In a study on the ideal number of elements, [24] analyzed the relationship between the size of 
pairwise comparison matrices and consistency measures, concluding that increases in the number of 
elements reduce improvements in consistency. Based on these findings, it was suggested that the 
ideal number of criteria should be seven or fewer, with an upper limit of nine criteria. In the case of 
group decision-making, the geometric mean should be used to reveal the general approach of the 
group by bringing together individual evaluations. In this way, the importance levels of individuals 
are reflected in the evaluation [25]. 

 
3.1.2 Making a Pair-wise Comparison 
 

Using the 1–9 comparison scales developed, the evaluation's numerical equivalents are derived 
when doing a pairwise comparison. Because of the reciprocal proposition, n × (n − 1)/2 comparisons 
are conducted in an evaluation with n criteria, and a square matrix is created by describing which 
criterion is more important and how much more essential. The AHP evaluation rating scale is 
displayed in Table 1 below [22].  

 
Table 1 
Rating Scale of AHP 

Intensity of 

Importance 

Definition Explanation 

1 Equal Importance Two activities contribute equally to the objective. 

3 Moderate 

Importance 

Judgment slightly favors one activity over another. 

5 Strong Importance Judgment strongly favors one activity over another. 

7 Very Strong 

Importance 

An activity is favored very strongly over another. 

9 Extreme Importance Favoring one activity over another is of the highest possible order of affirmation. 
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3.1.3 How does AHP Work? 
3.1.3.1 Problem and Goal Definition 
 

First of all, the problem and purpose are clearly defined. A hierarchical structure is created so 
that the criteria and sub-criteria required to achieve the determined goal are related to each other. 
Afterwards, the alternatives to be used to achieve this goal are determined and evaluated. 
 
3.1.3.2 Creating the Comparison Matrix 
 

The most crucial step in the AHP approach is the creation of the pairwise comparison matrix and 
the evaluation of the criteria against one another. To begin, a square matrix of size n x n is produced 
if there are n examined criteria. Then, using the verbal scale given in Table 1 among the matrix 
elements, the upper triangular part of the matrix is filled in such a way that each element aij is bigger 
than 0. Then, the lower triangular part is filled in line with the reciprocal proposition so that aij = aji, 
and the comparison process is completed. In cases where extra criteria are compared, if the condition 
aij = aik / ajk is satisfied, this matrix is consistent, and its maximum eigenvalue is equal to n (λmax = n). 
Then, the element weights of this matrix are found by solving the eigenvector problem Eq.(1).  

𝐴 ×  𝑤 =  𝜆𝑚𝑎𝑥 ×  𝑤.             (1) 
Mathematical representation of the matrix is shown as Eq.(2): 

 

[

1 𝑎12 ⋯ 𝑎1𝑛

1/𝑎12 1 ⋯ 𝑎2𝑛

⋮ ⋮ ⋱ ⋮
1/𝑎1𝑛 1/𝑎2𝑛 ⋯ 1

]  𝑥 [

𝑤1

𝑤2

𝑤3

𝑤4

]  =  𝜆𝑚𝑎𝑥 𝑥 [

𝑤1

𝑤2

𝑤3

𝑤4

]        (2) 

 
where w represents the priority eigenvector and λmax represents the principal eigenvalue, and here 
A is a comparison matrix that is filled by experts. Then, the value of each matrix element aij is 
normalized by dividing it by the sum of the values of the elements in the column, and is expressed as 
Eq.(2): 
 

𝑥𝑖𝑗  =  
𝑎𝑖𝑗

∑ 𝑎𝑖𝑗𝑖
                    (3) 

 
where xij represents the normalized value of aij.  

Then, the weights of the criteria are found with the arithmetic mean of the elements in the row 
in the normalized matrix, and the eigenvector is obtained and expressed as Eq. (4): 

 
𝑤𝑖 =  ∑ 𝑥𝑖𝑗/𝑛𝑛

1                      (4) 

 
where wi is the weight of the criteria and n is the number of elements in the row where xij is defined 
before. 

 
3.2 Consistency of AHP 
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Verifying the consistency of the evaluations is one of the most important AHP concerns. Because 
individuals are subjective, they are unable to make completely consistent judgments because they 
are impacted by their knowledge, feelings, and assessments of intangibles. According to [25], 
inconsistency, no matter how minor, is essential for new ideas to arise and be accepted, since without 
it, inconsistency would not be feasible. For this reason, it is accepted that the rate of inconsistency 
should not exceed 10% for the evaluation made in the AHP analysis to be taken into account. If the 
participant comments that X is 3 times more important than Y, 5 times more important than Z, and 
then evaluates that Z is 7 times more important than Y, inconsistent results will emerge, and the stage of 
re-evaluation should be returned. Not all reciprocal matrices must produce consistent findings, even 
if every consistent comparison necessitates the creation of one. This is because human nature makes 
it impossible to fully define the relationship between many criteria in the dual comparison process. 

After the weights are found, the principal eigenvalue is calculated to measure whether the 
evaluation made is consistent. The principal eigenvalue is found as Eq.(5): 

 

𝜆𝑚𝑎𝑥 =
1

𝑛
𝑥 ∑

𝑎𝑖𝑗 𝑥 𝑤𝑗

𝑤𝑖

𝑛
1                   (5) 

where λmax is the principal eigenvalue. Here, aij represents the elements of the comparison matrix, and 

wi is the weight of the criteria.  

The consistency index value is found by using the principal eigenvalue. In the case of having an 
inconsistent matrix, since λmax ̸= n will occur, the principal eigenvalue is used as an index of deviation 
from consistency since it is known to have principle eigenvalue is bigger than n in measuring this 
inconsistency level because all elements of matrix A are bigger than zero. By averaging other 
eigenvalues starting from i = 2. We calculate how far our n − 1 matrix eigenvalues are from the 
consistent case. The consistency index value is obtained as Eq.(6): 

 

𝐶𝐼 =
𝜆𝑚𝑎𝑥 − 𝑛

𝑛 − 1
                    (6) 

 
where CI is the consistency index value, n is the number of criteria, and λmax is the principal 
eigenvalue.  

Finally, using the consistency index value, the consistency ratio value is calculated. In this 
calculation, the random consistency index value created by Saaty that changes according to the 
number of criteria is used, which represents the average CI values calculated from randomly 
generated reciprocal matrices. In obtaining the RI value, [21] randomly generated 500 diagonally 
symmetric matrices filled with 1-9 verbal scales and calculated whether they came lower than 0.10. 
The RI values used are shown below. It was stated by Saaty that the CR value should not exceed 0.1. 
For this reason, he showed that the number of evaluated criteria should not be large, and he stated 
that if the number of criteria is more than 10, the effects on the inconsistency calculation will be less. 
The random consistency index table is shown in Table 2. 

 
Table 2 
Random Consistency Index. 

Order 1 2 3 4 5 6 7 8 9 10 11 12 

R.I 0 0 0.52 0.89 1.11 1.25 1.35 1.40 1.45 1.49 1.52 1.54 
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The consistency ratio can be found by using a consistency index and a random index. By dividing 

the consistency index by a random index, a consistency ratio can be obtained. This is expressed as 
Eq.(7): 

 

𝐶𝑅 =
𝐶𝐼

𝑅𝐼(𝑛)
                          (7) 

where CR is the consistency ratio, CI is the consistency index, and RI represents the random 
consistency index. 
 
4. Problem Definition 
 

Micromobility systems have rapidly become part of urban transportation networks, creating new 
challenges in terms of operation, regulation, and responsibility allocation. The diversity of 
governance and management approaches increases the complexity of decision-making for 
micromobility projects. Therefore, identifying an appropriate operation and management model has 
emerged as a critical problem that requires systematic evaluation. Firstly, focusing on government-
led control, operation, and management of the micromobility industry as a centralized approach to 
regulate services and mitigate potential risks. Second, focusing on the operation and management 
of the micromobility sector by private companies, emphasizing market-driven efficiency and 
flexibility in service provision. Third, focusing on the operation and management of micromobility 
projects through cooperation between the public and private sectors, aiming to combine regulatory 
oversight with operational efficiency. This study proposes that the order of preference of these 
alternatives was evaluated using 11 different criteria. 
 
 
5. Definition of Alternatives and Criteria 
5.1 Definition of Alternatives 
 
A1. Governments' control, operation, and management of the micromobility industry 
 

State control is the potential for the state to have an impact on important business choices, such 
as choosing the managing bodies of the company, allocating earnings, or creating the company's 
strategy [26]. In that sense, the primary driving force behind the government-run system for 
micromobility sector implementation is the state's ability to use a more thorough and appropriate 
approach when establishing and implementing national and international standards. For the good of 
society, it is believed that the state will be more sensitive to matters like the need for laws, security, 
public space utilization, and data security. 
 
A2. Operation and management of the micromobility sector by private companies 
 

Empirical research has demonstrated that innovative businesses typically perform better, and 
nations that allocate public funds to innovation also enhance the environment for economic growth 
[27], [28]. The significance of the private sector can be seen by the fact that new technical 
investments often increase based on venture capital, and that, as a result of company competition, 
the quality of goods and services will rise while prices fall. 
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A3. Operation and management of micromobility projects in cooperation with the public and private 
sectors 
 

Public–private partnerships involve private firms participating in the design, financing, 
construction, ownership, and/or operation of public facilities, offering an alternative to traditional 
public service delivery by combining the complementary strengths of public and private sectors [29]. 
In this context, public-private sector cooperation could increase the possibility of successful 
implementation, especially depending on the state’s providing a financially and politically suitable 
environment. While the government determines service and usage standards through legal 
regulations, it explains that the private sector is taking on more duties and responsibilities in business 
and operational processes. 
 
5.2 Definition of Criteria 
 
Economic Aspect 
C1. Vehicles are open to problems such as theft and hacking 
 

Micromobility systems are particularly vulnerable to theft and hacking, as shared vehicles can be 
physically stolen or digitally compromised through attacks targeting onboard controllers, 
communication channels, or firmware [30]. In addition to the fact that vehicles used and parked in 
dockless services are not insured against theft, it also relates to the possibility of vehicle damage if 
micromobility vehicles are carelessly utilized on inappropriate roads. 

 
C2. High vehicle maintenance and redistribution transaction costs 
 

In shared micromobility systems, economic viability is strongly influenced by the total cost of 
ownership, which is largely driven by vehicle durability, maintenance requirements, and operational 
costs throughout the product lifecycle [31]. To add, it alludes to the high expense of distribution 
activities in various service places when micromobility vehicles are gathered for charging and upkeep. 

 
C3. Significant decrease in micromobility vehicle use in bad weather conditions 

 
Weather conditions significantly influence micromobility use, with lower temperatures, wind, 

and rainfall leading to reductions in usage levels, travel distance, and trip duration [32]. This effect 
highlights the sensitivity of micromobility demand to adverse weather conditions. 

 
C4. State’s interference in private sector competition and loss of private sector investors 

 
The government may restrict or prohibit private projects that increase risk levels, thereby directly 

shaping the scope of private sector activities [33]. Such constraints are typically implemented 
through legal regulations that define the boundaries of market competition and permissible private 
action. 

 
Environmental Aspect 
C5. More emissions during the collection and redistribution of scooters compared to public transport 
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Micromobility vehicles generally exhibit lower per passenger-kilometer emission values during 

the use phase compared to public transport modes. However, when life cycle assessment is 
considered, the total emissions of micromobility vehicles increase due to battery production and 
manufacturing impacts, bringing their emission levels closer to those of electric and hybrid public 
transport systems [34]. This indicates that operational and production-related factors play a critical 
role in determining the overall environmental performance of micromobility systems. 

 
C6. Visual pollution as a result of careless parking and stacking of vehicles 

 
Micromobility sharing systems have significantly transformed urban streetscapes, with these 

changes often described as a “mess” resulting from dockless vehicles left in public spaces and subject 
to vandalism or misuse [35]. This also reflects the improper use of shared micromobility vehicles 
within pedestrian spaces. 
 
Safety Aspect 
C7. High rates of serious injury and accidents 

 
The growing use of micromobility in urban areas has increased collision risks, highlighting the 

need for user training and information, especially given the lack of permit or traffic education 
requirements [36]. It refers to situations such as injury and death as a result of accidents, especially 
in vehicles used without personal protective equipment.  

 
C8. Low use of personal protective equipment 
 

Several safety precautions and protective equipment including as lights, high-visibility clothes, 
and helmets, can be employed to increase the security of micromobility users [37]. However, 
personal protective equipment is not used due to insufficient legal regulations and people’s 
preferences. These risks could be further intensified by the absence of mandatory safety 
requirements and standardized user training. 
 
Public Policy Aspect 
C9. Due to insufficient data, managers are insufficient in measuring micromobility vehicle 
performances and improve the process 

 
The growing popularity of micromobility has introduced challenges related to user safety, social 

and environmental impacts, and system efficiency, making data collection and analysis essential for 
effective planning and decision-making [38], [39]. In this context, usage data are predominantly 
collected by private operators, resulting in limited data availability for public-sector decision-making, 
particularly due to the novelty of usage patterns and the current insufficiency of long-term datasets 
for analysis. 

 
C10. Protection and sharing of personal data 
 

Cyberattacks are attacks that are carried out through networks and include direct attacks on 
control devices within micromobility vehicles’ systems, as well as acts like creating delays, inflicting 
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losses, or altering communication data [40]. In that sense, it indicates a situation in which personal 
data generated through shared micromobility systems may be exposed to cyberattacks, allowing 
malicious actors to gain unauthorized access to sensitive user information. 

 
C11. Lack of legal regulations on the use of micromobility vehicles 

Shared micromobility services initially operated in a regulatory blind spot, revealing the 
inadequacy of existing legal frameworks to address their impacts on public space and safety [41]. This 
situation leads to uncertainty and systemic challenges in the transportation system due to the 
absence of clear legal arrangements governing both service providers and users. 
 
6. Results 
6.1 General Overview  
 

The experts first compared the 4 main criteria among themselves using the 1-9 Saaty scale. Then, 
the global and local priority degrees were determined by comparing the sub-criteria of each primary 
criterion. Ultimately, three distinct options were assessed for each criterion, and the alternatives' 
priority levels were determined. The AHP approach mentioned above was applied during this 
assessment, and the outcomes were a result. 

The individual priority weights of the main and sub-criteria of micromobility were evaluated by 
nine experts, and the risk-sharing results among the alternatives were derived by averaging their 
joint assessments. According to the results, among the four main criteria, the security aspect was 
identified as the most significant, with a weight of 0.376, followed by the economic aspect with a 
weight of 0.333. These findings indicate that experts consider security and economy-related issues 
to be the most critical sources of risk. 

Within the economic sub-criteria, the state’s intervention in the private sector was ranked as the 
most important factor, with a weight of 0.386, followed by economic losses resulting from theft and 
hacking of micromobility vehicles, which received a weight of 0.290. To mitigate these two risks, the 
alternative with the highest priority was identified as state-operated micromobility practices. 

Regarding the environmental and safety aspects, the increase in GHG emissions due to 
micromobility operations emerged as the most significant environmental risk, with a weight of 0.698, 
while high accident and injury risks were determined to be the most critical safety-related criterion, 
with a weight of 0.809. 

Finally, within the public-policy aspect, the lack of legal regulations was identified as the most 
important risk criterion, with a weight of 0.409, followed by the insufficiency of data required for 
performance measurement and issues related to data protection and sharing. The resulting overall 
weights and priority rankings are presented in Table 3. 
 
Table 3 
General Overview of the Evaluation of Experts. 

EXPERT A 

Main Criteria Local 
Weight 

Risk Criteria A1 A2 A3 

Global Weight of Alternative 

Economic Aspect  
 

C1 0,03 0,03 0,03 

C2 0,01 0,03 0,02 
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0,33 C3 0,02 0,02 0,02 

C4 0,06 0,04 0,03 

Environmental 
Aspect 

 
0,16 

C5 0,06 0,03 0,03 

C6 0,03 0,01 0,01 

Safety Aspect  
0,37 

C7 0,16 0,07 0,08 

C8 0,02 0,02 0,02 

 
Public-Policy 

Aspect 

 
 

0,14 

C9 0,01 0,02 0,01 

C10 0,02 0,01 0,01 

C11 0,03 0,01 0,02 

 Priority of 
Alternative 

0,47 0,28 0,25 

 
 
6.2 Sensitivity Analysis 

  

After determining the priorities of all risk criteria with the AHP method, the sensitivity analysis 
method was applied to reveal which risk criteria are more important in terms of cost. Considering 
the uncertainties of the risks during the sensitivity analysis, the priority weights determined by the 
AHP were accepted as the realization probabilities. The probability of realization of the risk criteria is 
shown in Table 4 below. The most important risk criteria are selected and used in the sensitivity 
analysis. Their impact on economic evaluation is considered with the parameters that are changed 
during the implications of performance evaluations. 

 
Table 4 
Probability of Risk Criteria. 

Risk Criteria Probability 

Theft and Hacking %10 

High Maintenance and Redistribution Cost %5 

Bad Weather Conditions %6 

State Interference %13 

High GHG Emissions %12 

Visual Pollution %5 

High injury and accident Rates %30 

Absence of PPE %7 

Data inadequacy %4 

Data Protection and Sharing %4 

Lack of Regulations %5 
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A pilot program scenario was created for the sensitivity analysis. In the scenario created, it is 
assumed that 1000 micromobility vehicles provide service in operations for 1 month. In the sensitivity 
analysis, the following variables were used as variable parameters, respectively. 
• Life-span of Vehicles: If there are no hazards, the vehicles' service life is accepted to be 30 days. If 

hazardous materialized, the cost was calculated by varying the cars' usage duration. 

• Vehicles in Service (Month): The vehicles' duration of use and the total number of vehicles in 
service during a given month have been established. 

• Vehicle Cost: It is used to determine the cost of automobiles that result from accidents that happen 
over their lifetime. 

• Trip Duration: The vehicles' trip duration and the number of minutes they spend in a single use 
were calculated. A comparison between the time periods found in academic research and 
corporate data was undertaken. 

• Price of Trips: The duration of the trip obtained is used to determine the revenue generated by 
charging per minute. 

• Cost of Service: The overall average of maintenance, redistribution, and charging expenses per 
vehicle usage is utilized to calculate expenditures. 

• Number of Trips (Day): Cost calculations take into account how frequently a vehicle is used for 
trips during the day. 

Following parameter determination, the income-expense relationship was calculated using 
iterations for the six risk criteria that are anticipated to have the greatest impact on the cost to 
construct the profit-loss graph. 

 
6.2.1 Theft and Hacking Risk Criteria 
 

Both the reduction of the service area and the cost adjustments that will arise from having to buy 
the vehicle again have been considered as a result of the vehicles being removed from service 
following issues like theft or hacking. After the parameters are obtained, a three Iterations example 
of Cost Calculations is shown in Table 5 below. The total number of Iterations for the sensitivity 
analysis was obtained as 100. By using these parameters, changes in expanse, income, and profit are 
calculated for each risk criterion. 
 
Table 5 
Theft and Hacking Risk Criteria. 

 
 

Iteration 

 
 

Probability 

 
Lifespan of 

Vehicles 

 
Number of 

Vehicles 

Trip 

Duration(min) 

/Price of 1 Trip 

 
Cost of 

Service ($) 

 
Number of trips 

(per vehicle/day) 

1 0,13 162 4860000 9 1,80 1,93 4 

2 0,03 300 9000000 9 1,80 1,72 7 

3 0,15 151 4530000 7 1,40 1,91 2 

 
For sensitivity analysis, 5 different risk is selected in addition to theft and hacking risk criteria. 5 

different risk is used, and the same iterations table is created as follows: 
• High Redistribution and Maintenance Cost 
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• Decrease in Usage due to Bad Weather Conditions 
• State’s Interference in Private Sector Competition 
• Lack of Regulations 
• High Injury and Accidents Rates 

Given the impact of the risk criteria on the parameters and their financial provisions, the 
sensitivity analysis's findings indicate that the vehicles' maintenance, distribution, and charging 
operation costs rank highest among the risk criteria. Furthermore, it has been established that 
removing accident and injury hazards and fixing regulatory shortcomings are necessary to optimize 
income levels. As shown in the literature review, the relationship between these two risk criteria was 
also demonstrated by sensitivity analysis. The resulting profit-loss graph is shown in Figure 1 below. 

 

 
Fig. 1. Sensitivity Analysis for Risk Criteria 

 
7. Discussion 
 

This study evaluates the micromobility sector through identified risk criteria using the AHP 
method, a reliable multi-criteria decision-making approach based on expert assessments. Examining 
the results, it was found that each expert placed a distinct emphasis on risk criteria and options. This 
happens as a result of micromobility apps being a relatively new technology with a user experience 
that is still in its infancy. It also matches the scenario of being assessed from a single viewpoint, which 
is seen in scholarly research in this area. It should be taken into account that the economic, 
environmental, security, and public-policy aspects, which are the 4 main criteria determined in this 
study, are interconnected and that the improvement made in one area will reduce the possibility of 
risks in other areas. For this reason, the relations of the evaluated criteria, both separately and with 
each other, were taken into consideration when evaluating the results. 

The fact that the analysis's most significant finding was security indicates that customers have 
misgivings and that this is one of the primary reasons they do not prefer micromobility vehicles in 
their daily lives. One could argue that this is largely due to the insufficiency of local and national laws 
as well as the application of disparate legal systems in various geographical areas. This outcome is 
consistent with the study of [7], which found that public perception is the biggest barrier to the usage 
of micromobility equipment. 
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According to the findings of the experts' assessment, the state's intervention in the private sector 
should be justified by two primary factors. Of the sub-criteria of the economic aspect, which is ranked 
second in importance, this one stands out as the most significant risk scale. [42] identifies the first of 
these as the endeavor to avert competition with the state-installed docked sharing systems in the 
current transportation network, and the limitations to be implemented to safeguard the public from 
potential security issues with the municipalities' implementation of the micromobility sector. Private 
companies must implement licensing processes, vehicle maintenance controls, and infrastructure 
arrangements to address these shortcomings. More crucially, plans must be made in accordance with 
performance metrics and reciprocal data sharing to meet public demands. Additionally, since the 
micromobility market is unstable and prices are low because of intense competition, steps must be 
taken to improve service quality. Additionally, rules and regulations must be established before 
private companies can begin offering services without first obtaining the required permits to enter 
the market and then waiting for services to develop over time [43]. Because of this, attempts should 
be made to help reduce market errors as the most functional regulation model [42]. 

According to the regulations created, the environmental component is the one that is most 
impacted when it comes to the necessity of the restrictions. It should be taken into consideration 
because of its mutual linkages with the public-policy element, even if it was shown to be the third 
most important risk criterion in the evaluations. It is claimed that fewer people will drive their own 
cars, which will reduce GHG emissions and air pollution [44], [45]. In this regard, integration between 
micromobility vehicles and public transportation infrastructure should be ensured to reduce the use 
of individual vehicles. In addition, one of the most critical issues is to increase the level of accessibility 
to micromobility vehicles and public transportation stations and to provide equal access to all 
segments of the public. For this reason, it becomes inevitable for the state to cooperate with the 
private sector and create an equitable transportation system [4], [46]  

 
8. Policy Implications  
 

Although the sharing economy is sometimes viewed as a disruptive innovation for existing market 
actors, the lack of clear legal regulations creates uncertainty and discourages companies from 
entering the micromobility sector, leading them to demand privileges from governments. Therefore, 
cooperation between sharing economy companies and local and national authorities is essential. 
While data analysis and sharing are critical for the development of micromobility services, private 
operators often prioritize profit-oriented decisions over equitable public service, frequently avoiding 
low-density areas [47]. 

What’s more, policy measures should focus on creating a suitable service environment through 
planning and regulation. Providing accessible and affordable micromobility parking at public 
transportation stations can prevent visual pollution and the occupation of public space. Inequalities 
in access persist due to long distances to transit stations, inadequate infrastructure, high usage costs, 
and limited access to digital payment systems [45] 

Furthermore, data governance represents a major policy challenge. Existing datasets are often 
insufficient for performance evaluation and problem detection due to the reluctance of private 
companies to share data and limited data infrastructure [48]. Secure data-sharing frameworks should 
be established under governmental responsibility, while the commercial use of personal and travel 
data should be restricted [41], [49]. Including the public in data-driven planning processes is expected 
to reduce societal resistance and enhance public benefit [16]. 
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9. Conclusion 
 

Beyond users, the micromobility sector affects government, the private sector, and society as a 
whole. A comprehensive literature review was conducted to identify sector-related risks, and 
alternatives reflecting current conditions were defined by focusing on the roles of different 
stakeholders. A hierarchical structure was established using the AHP method to evaluate these risks 
through a reliable multi-criteria decision-making framework, in which economic, environmental, 
safety, and public-policy dimensions were defined as the main categories to ensure the inclusion of 
all affected stakeholders. 

Based on the AHP results, the study highlights that risks cannot be effectively addressed through 
a one-sided approach and emphasizes the necessity of cooperation between the state and the private 
sector to minimize these risks. This finding contributes to the academic literature by underlining the 
importance of cooperation, particularly in the context of the state’s limited capacity to rapidly 
establish adequate infrastructural and legal frameworks for private sector investments. Without such 
cooperation, the micromobility sector may fail to reach its potential and become dysfunctional 
before completing its development. 
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