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Abstract. The urban rail transit (URT) system, a crucial component of urban
transportation infrastructure, plays an indispensable role in ensuring the seamless
operation of cities. The resilience of the URT system, defined as its capacity to
withstand, absorb, and recover from disruptions, encompasses attributes such as
robustness and survivability. This concept has become a focal point of academic
and practical research. A diverse array of methodologies, including topology
analysis, virtual simulation, data - driven approaches, and model optimization
techniques, have been developed to evaluate URT system resilience. These re-
search efforts have laid a solid foundation for enhancing the resilience of URT
systems. However, several challenges remain. There is significant room for im-
provement in integrating multi - source data and enhancing the accuracy of sim-
ulations in complex scenarios. Looking ahead, the integration of emerging tech-
nologies such as big data analytics and artificial intelligence holds great promise.
Leveraging these cutting - edge tools can facilitate more in - depth interdiscipli-
nary research, thereby strengthening our understanding and practical application
of URT system resilience. By addressing real - world challenges through these
advancements, we can promote the sustainable development of URT systems and
enhance their pivotal role in urban development.
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1 Introduction

Over the past few years, the uncertainty and instability became the new status of the
public transport, and it causes negative impacts of urban rail transit system. In order to
improve the ability of preventing consequences of damages, The State Council of China
enacted the Plan of the Comprehensive National Transport Network, it stated that the
transport network resilience and the ability of address the risk will be improved signif-
icantly by 2035. Although the experts have stated different definition on the “resili-
ence”, the core implication of the “resilience” is the resistance, ability of absorption
when the system faced disruptions and the capability of recovery after disruptions.
Urban rail transit system (URT system) will be affected by the facility malfunction,
signal malfunction, electrical malfunction, the trouble caused by passengers, explosion,
terrorist attack and climate and other perturbations during operation. If the service of
the URT system have been interrupted, it would cause the delay of traveling of massive
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number of passengers, it would even cause the congestion, and the stampede, increasing
the risk of the public security. Therefore, the safeguard of the security of the URT sys-
tem and the capability of addressing the abrupt public security incidence is vital. Base
on this, people started to use the indicative “resilience” to measure the performance of
the URT system.

The traditional study utilized the network topology indicator, the vulnerability of the
network been disrupted and the robustness and the reliability of the network remaining
operating normally to measure the network resilience. Nevertheless, the indicator based
on the URT network resilience conforms to the definition of the resilience more, indi-
cating the resilience of an URT system by investigating the change of the system per-
formance by the time.

This passage will consider the effect of different disruption on the passenger flow of
the URT system and construct a model, in order to better evaluate the capability of the
response when an URT system facing different disruptions.

The structure of the passage is as follows: First, the study background and the im-
portance of studying the resilience of a URT system will be discussed; Next, the current
status of the study on the URT system resilience will be reviewed; Then the quantitative
method of the URT system resilience analysis will be introduced; Finally, the content
will be concluded and the approaches of future study will be stated.

2 Literature Review

Urban rail transit (URT) systems are integral to modern urban infrastructure, carrying
a vast number of passengers daily and ensuring the smooth functioning of cities. How-
ever, these systems are susceptible to various disturbances, such as natural disasters,
operational accidents, and terrorist attacks. As a result, the resilience of URT has
emerged as a crucial area of research in recent years.

In the research conducted by Jiateng Yin and al., the authors suggested a combina-
tion of approach based on knowledge and data for quantitative investigation of resili-
ence in for modelling the causal relationships to compute the relevance of different
disruptions to the general resilience standards. The authors build a group of key units
associated to the risk assessment and system resilience by utilizing historical data of
Beijing Metro. Next, the authors established a training program by utilizing the struc-
ture of Bayesian Network and historical data. Finally, the authors insert this hybrid
research into software that is practiced to Beijing Metro network. The results reveal
that the system resilience is associated with different categories of disruption. [1]

In the study by Jinqu Chen and al., researchers built a resilient assessment model
based on train schedule for assessing the URT network resilience in case of natural
disasters, discussing the crucial gap in actual research. By looking at numerical data of
Chengdu Metro, the researchers explore that the travel time based performance indica-
tor can assess the performance of the network successfully, it shows that the train sched-
ule could affect the resilience of a network largely. The researchers also state that
Shuangliu and Wuhou are defined as districts in Chengdu that are vulnerable to rain-
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storms and strong wind, respectively. Additionally, this research discovers that the net-
work resilience could be influence by parameter and proposes some policy suggestions
according to the results the researcher got. [2]

In the research conducted by Jie Liu and al., models are developed to enhance the
URT system structure and resilience of URT system. The researchers developed a bi-
level programming model in order to improve URT network’s global accessibility and
its efficiency to the largest extent. In order to improve the resilience of a disrupted URT
network by enhancing the restoration arrangement of stations that are disrupted, the
researchers suggested a simulation repair strategy. To enhance the Chengdu Metro net-
work resilience, the researchers used these models. Results reveal that the bi-level pro-
gramming model build a useful experience for the planning of new lines to upgrade the
structure of Chengdu Subway network. The network’s operators need to focus on op-
erations of major important stations to prevent pertubation from causing negative im-
pact on the network’s normal operations. The simulation repair strategy works better
than traditional strategies because of its efficiency on the Chengdu Subway network
resilience is higher. [3]

In the research conducted by Xin Wen and al., researchers introduced a quantitative
measuring method by first exploring the definition of the resilience in URT system and
clarify related concepts, then categorized the commonly used resilience metrics as net-
work topology metrics, supply-demand-based metrics, and comprehensive metrics,
next the passage summarized the common URT system resilience measurement ap-
proaches in URT system, including the topological, data-driven, optimization and sim-
ulation approaches. Finally, the researchers gave some strategies and recommendations
for improving the resilience of the URT systems and suggests the topics for future re-
searches. [4]

In the research conducted by Yun Wei and al., the researchers describe the URT
resilience’s definition, which is the ability of the system to absorb, resist the effect of
disruption and recover from it, and its properties is also stated, which contains robust-
ness, vulnerability, rapidity and redundancy. The passage also states the metrics and
approaches based on topology, characteristic, and performance to evaluate the resili-
ence of URT. Then the passage compares each metrics and approaches and discovered
that current researches combines conventional methods, such as network analysis and
operations optimization theory and new methods, such as big data as well as intelligent
computing technology. Finally, the passage identifies potential trends for future re-
searches: analyzing resilience using multisource data, optimizing train diagram in mul-
tiple scenarios, accurate response to passenger demand through new technologies, and
other method to analyze resilience. [5]

In the study by Zhiao Ma and al., researchers planned a life-cycle resilience assess-
ment model of URT faced to passenger service. Researchers used this method to ana-
lyze the Beijing Rail Transit network resilience. Researchers discover that the im-
portance of stations counts on the topology and the passenger flow and alternatives
redundancy. The results show that the loop line has better resilience and has the capa-
bility to efficiently evacuation passengers in case of disturbance, whereas the hub trans-
fers stations that connects to the suburb does not perform well. [6]
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In the study by Wen Hua and Ghim Ping Ong, researchers present an approach to
measure the ability to survive and recover of an urban rail-bus network when it is ex-
periencing a disruption. To work out the number of passengers affected during a dis-
ruption in a rail transit network, the researchers created a maximum survivability-min-
imum recovery time approach, the passenger number who needs to change transport
mode and the duration of recovery. The researchers also do a case study of Singapore
MRT to proof the applicability of these proposals. These proposals could provide in-
sights on the state of the rail network resilience when experiencing different disruption
scenarios and evaluate the recovery time after disruption. [7]

In the research conducted by Nikola Besinovic, the researcher targets to set up a
definition of resilience in railway transport and provide an inclusive, advanced discus-
sion of railway resilience papers which is mainly about quantitative approaches. The
review analyzes past papers from the recent decades. The results show that numerous
papers published in recent years have been increased. The review categorizes metrics
and approaches for measuring resilience. The results show that it has been recognized
that system-based metrics have a better ability to seize the impacts on railway transport
services its demand. Moreover, mathematical optimization reveals a great potential to
evaluate and reinforce resilience of railway systems. Alternatively, data-driven ap-
proaches have a potential use for detailed ex-post investigation of past disruptions. Fi-
nally, the researcher identifies numerous emerging future topics for study, ranging from
learning from historical data, to put interdependent critical systems and community re-
silience into consideration. [8]

In the research conducted by Junhong Hu and al., the researchers examine the exist-
ing research on resilience assessment and recovery strategies for urban rail transit net-
works. Firstly, the researchers analyze the characteristics of urban rail transit network
and the method of model construction. Secondly, the researchers define the urban rail
transit network resilience based on the combination of system resilience, while classi-
fying and summarizing the conventional resilience metrics and assessment indexes. Fi-
nally, the researchers investigate and discuss the failure situations and recovery meth-
ods of urban rail transportation network. The research results show that scholars has
been widely concerning about the URT network resilience. Moreover, in three aspects
of resilience connotation, resilience assessment and recovery strategy, various results
have been achieved. Nevertheless, these aspects need further researches. The research-
ers suggests future research directions including exploring modeling methods aligned
with actual network topologies, building unified indexes for resilience assessment and
focusing on resilience assessment and recovery strategies under uncertain disturbance
events. [9]

In the study conducted by Wei Bi and al., the researchers assessed the flood resili-
ence of an urban rail transit system, focusing on dynamic operational performance of
service delivery under realistic flood disruption scenarios. A model is tailored to incor-
porate a broader range of real-world factors into complex network modelling than
adopted previously, including physical URTS network features, plausible flood disrup-
tion scenarios, and resourcing for recovery. The researcher estimated the results for loss
of satisfied travel demand numbers in the different year span and its revenue loss. This
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research emphasizes that the popular normalized resilience index can detect system per-
formance loss. However, it has a low ability to evaluate recovery time, which is im-
portant when there is a long time for recover. This research provides a essen-
tial quantitative approach for assessing the current level of system resilience and paves
the way for testing the ability of potential precautions for reduction of disaster risk in
operation and management. [10]

To sum up, the study of the URT system resilience has been increased, numerous
researchers had been researching it, and formed significant results. By reviewing the
relevant papers, the definition of the URT system resilience is clarified as the ability of
a system to defend, absorb and recovery from the disruption, involving the robustness,
survivability, and recoverability, and it formed a conceptual foundation for further
study. It also includes topology analysis, virtual simulation, data-driven, model optimi-
zation as its multiple methodology. The topology analysis method analyzes the static
criteria such as the system efficiency, despite the simplicity, it lacks the description of
the dynamic operation status of the system; virtual simulation method can imitate the
disruption of the system to reveal the dynamic change of a system, but it lacks a general
framework; the model optimization method constructed a mathematical model based
on the actual operation of the network, while it faces the difficulties on the accuracy in
complex situation; The data-driven method, as a new approach, it provides a new per-
spective by using multiple data. All in all, these explorations construct a systematic
research framework and it stimulate the development on this field. However, the current
study still has some drawbacks.

3 The Methodology

The method of the calculation of the resilience of a URT system involves three meth-
ods, including the “resilience triangle”, “performance integral ratio” and “decrease ra-
tio” method. The "resilience triangle" method conceptualizes URT resilience as a func-
tion of three interrelated dimensions: robustness, redundancy, and rapidity, as shown in
Fig.1 . The "performance integral ratio" method takes a more data - driven approach. It
calculates the ratio of the integral of the system's performance over a specific time pe-
riod during a disruption to the integral of the performance during normal operation. The
"decrease ratio" method, in contrast, focuses on the magnitude of performance decline
during a disruption. It calculates the ratio of the difference between the system's pre-
disruption and post-disruption performance to the pre-disruption performance.

All three methods have its similarities, especially the starting steps are exactly the
same. The starting steps are:

a. to construct a grid including time(t) as x-axis and the efficiency of the rail transit
operation a y-axis;

b. to decide the efficiency of the rail transit system when operating normally and
drawing the normal-operation curve (100% curve);

c. to determine the time when the disturbance events happens (t1) and when the dis-
turbance events ends (t2);



718 S. Chen

d. to use the passenger flow data through the time to sketch the curve of the overall
efficiency change with the time (noted Q(t)).
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Fig. 1. The relationship between time and the efficiency

Nevertheless, for the precise calculation, three methods have its own feature.

For The Resilience Triangle method, the value will be using the integral of the nor-
mal-operation curve minus the integral of the disturbance curve (Q(t)) in the range of
the perturbation time. So this method is valid for calculating the efficiency loss of the
URT system.

For the Performance Integral Ratio method, the value will be using the integral of
the disturbance curve (Q(t)) divided by the normal-operation curve. This method is
valid for calculating the overall efficiency performance during the perturbation of URT
system.

For the Decrease Ratio method, the method will be more complex. First, the model
creating of this kind of perturbation is needed, then using the model to create the worst
situation of the perturbation, then use the lowest efficiency to make the calculation.
This method has the disadvantage: it does not include the resume time as a considera-
tion, which didn’t conform with the definition of the resilience.

Furthermore, a combination of these methods, known as hybrid approaches, pro-
vides a more comprehensive understanding of urban rail transit resilience, accounting
for the dynamic and complex nature of these critical transportation systems.

4 Conclusion

The urban rail transit system, as an important constituent of the urban transportation,
its resilience is vital for the stable operation of the city. The current study defined
clearly the URT system resilience as the ability of a system to defend, absorb and re-
covery from the disruption, and it involves robustness, survivability and other features.
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The topology analysis, virtual simulation, data-driven and model optimization and
other method are developed to assess the resilience. These progress made a foundation
for the improvement of the URT system resilience. However, it also has a space to
improve on the integration of the multiple data, the accuracy of the simulation in the
complex scenarios. In the future, the big data, the Artificial Intelligence and other new
techniques is proposed to be utilized to deepen the inter-disciplinary study, strengthen-
ing the understanding and application of the URT system resilience in order to face the
actual challenge, booth the sustainable development of URT system and playing an
important role on the urban development.
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