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Abstract

Self-loop is a unique phenomenon observed in the daily operations of bike-sharing sys-
tems, characterized by bike returning to its original starting point after several trips within
the bike mobility chain. The bike mobility chain concept involves forming new bike chains
with a minimal fleet size. By understanding self-loop behavior, we can optimize fleet man-
agement and reduce operational costs. This study specifically investigates the self-loop
behavior within the bike mobility chain while considering potential demand, using the case
of the dockless bike-sharing system in Shanghai, China. An advanced multiply censored
Tobit model is utilized to incorporate potential demand into origin—destination (O-D) data
and reconstruct the bike mobility chain. The formation mechanisms of self-loop chains
based on the land use and geographic location are analyzed. Our model achieved an R? of
0.871, significantly outperforming the baseline model. The results indicate that 76% of the
bike chains can form self-loops within a 2-week period. Campus areas exhibit the highest
self-loop rates, while suburban campuses can sustain operations with minimal or no sched-
uling required. This study not only reveals the back-and-forth behavior but also provides
insights for scheduling and deployment strategies to enhance the environmental sustain-
ability of bike-sharing systems.

Keywords Bike-sharing system - Tobit model - Bike mobility chain - Self-loop analysis -
Shared micro-mobility service

Introduction

Dockless bike-sharing systems were first introduced in China in 2016, and since then,
their presence has significantly expanded across major cities in the country (Cao and
Shen 2019), working as micro-mobility services to be a supplement of multi-modal
public transportation system (Yang et al. 2023). The introduction of bike-sharing led
to notable environmental and economic benefits for urban areas (Qiu and He 2018; Sun
and Ertz 2022; Yu et al. 2020). However, the increasing number of shared bike systems
has put pressure on cities and raised operational costs (Litan et al. 2023). Recently, a
novel perspective based on the bike mobility chain offers new opportunities for mobility
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ARTICLE INFO ABSTRACT

Handling Editor: Panos Seferlis Shared micro-mobility systems (SMMS) have the potential to reduce CO, emissions of urban transportation.
However, the reduction varies with fleet sizes (i.e., the number of different types of bikes in the market) and
layouts. The excessive commercialization of SMMS has resulted in a decline in carbon benefits. In this study,
Shared micro-mobility system we propose an agent-based model integrated with a lifecycle assessment (LCA) approach to evaluating the
Life cycle assessment model carbon benefits of unknown shared bike scale scenarios by establishing a brand-new SMMS. The proportion of
Fleet size deployment satisfied actual trip demand and bike utilization rates also be analyzed for exploring the inherent mechanisms
Data-driven simulation of SMMS. Take San Francisco, California, as an example, the evaluation of free-floating shared electric bikes and
station-based shared-bikes analyzes five different layouts, each consisting of 121 different combinations. The
results indicate that, for an area of approximately 100 km? with a daily travel demand of over ten thousand, a
fleet size of 4500-7500 bikes is suggested, potentially leading to a weekly carbon reduction of 10,000-11,000
kg CO,-eq. This study will provide insights for launch plan and scale management of SMMS from a sustainable

Keywords:
Agent-based model

perspective.
1. Introduction investigated the carbon benefits of shared bike (SB) or shared electric
bike (SEB) systems from a life cycle perspective (Wang et al., 2020).
Road traffic, with its high carbon emissions, poses a significant However, research has indicated that the over-commercialization and
barrier to building low-carbon cities globally (Kazancoglu et al., 2021), low utilization rate of shared micro-mobility can render it an environ-

and contributing to severe air pollution (Yu et al., 2023). According to
the International Council on Clean Transportation (ICCT, 2020), there
is an estimated increase of more than 70% in global CO, emissions
related to transportation by 2050 (Zhong et al., 2023). It is necessary
for the transportation sector to quickly undergo a low-carbon devel-
opment transformation as part of a global effort to address climate

mentally unfriendly mode of transportation (Mao et al., 2021). The
large-scale production and inadequate recycling of SBs can result in
significantly negative environmental impacts (Mao et al., 2021). It
has also been observed that the potential benefits of GHG emissions
reduction from shared micro-mobility systems (SMMS) are significantly

change (Zhi-Yi et al., 2021). contingent upon its lifecycle mileage (Sun and Ertz, 2022). These

Recent technological advancements have led to the rapid emergence studies highlight a critical issue: despite the inherent environmental
of shared micro-mobility services (Reck et al., 2021). Shared micro- friendliness of the SMMS, a critical threshold in terms of its scale
mobility services involve the use of small and lightweight human- or necessitates careful consideration. Consequently, it becomes imperative
electric-power bikes shared among multiple users (Choi et al., 2023), to thoroughly investigate the relationship between fleet size and carbon
and these transportation modes have the potential to reduce green- efficiency.

house gas (GHG) emissions (Liu et al.,, 2022). Many studies have
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Abstract: Dockless Bike-Sharing (DBS) is an eco-friendly, convenient, and popular form of ride-
sharing. Metro-oriented DBS systems have the potential to promote sustainable transportation.
However, the availability of DBS near metro stations often suffers from either scarcity or overabun-
dance. To investigate the factors contributing to this imbalance, this paper examines the nonlinear
influences and interactions that impact the DBS system near metro stations, with Shenzhen, China
serving as a case study. An ensemble learning approach is employed to predict the imbalance state.
Then, the machine learning interpretation method (i.e., SHapley Additive exPlanations) is used to
quantify the contribution of effects, discover the strength of interactions between factors and uncover
their underlying interactive connections. The results indicate the influence of external factors and
the relations between pairwise variables (e.g., road density and the day of the week) for each imbal-
anced state. Provide two quantized sets of factors that can result in the supply-demand imbalance
and support future transport planning decisions to enhance the accessibility and sustainability of
Metro-oriented DBS systems.

Keywords: dockless bike-sharing (DBS); metro-oriented DBS system; imbalanced state; nonlinear
influence; interaction effect; SHapley Additive exPlanations (SHAP)

1. Introduction

Road traffic poses a significant obstacle to developing low-carbon cities worldwide
due to its high carbon emissions [1]. In response, dockless Bike-Sharing (DBS) has been
getting more focus in recent years due to its potential to promote greener travel habits,
reduce carbon emissions, and lower energy use [2-5]. Even though issues like blocked
sidewalks from parked bikes and infrequent use of helmets have been noted [6], people
generally appreciate the flexibility that DBS systems offer. By the end of 2019, urban rail
systems had been launched in forty cities in mainland China, with more cities planning to
introduce such systems [7]. As these urban rail systems continue to grow, DBS programs
can serve as a practical way for people to travel the first and last miles to and from metro
stations [8], further promoting sustainability in urban transport.

However, DBS near metro stations is often scarce or overabundant, resulting in a
phenomenon known as imbalance [9]. The underlying cause of this phenomenon is the
imbalance between supply and demand, which predominantly occurs during peak hours.
This imbalance, with its spatiotemporal characteristics, poses a challenge for the manage-
ment of Metro-oriented DBS systems. Although there has been a growing interest in the
combined use of DBS and metro [10], few articles have specifically investigated the factors
influencing this imbalance. To fill this gap, this study aims to explore the relationship
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