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Hosting a successful Mega Sport Event (MSE) such as the FIFA World Cup (WC) is a formidable expedition, especially
under adverse challenges such as climate change and rapid urbanization. Today, more than half of the world’s population
lives in cities, and experts expect this number to reach two-thirds of the world’s population by 2050. This accelerated
urbanization trend has led to capital concentration in cities, converting them into development hubs. However, in many
cases, ill-planned expansions increased loads on infrastructure and caused degradation in service quality. At the same
time, political tensions and climate change have increased the rate, intensities, and impacts of disasters in recent years,
adding more loads on the infrastructure systems. These challenges have caused a paradigm shift in design mentality and
fueled the research in infrastructure resiliency in the past decade. Hosting a successful MSE with tremendous popularity,
such as the WC, is an important milestone in any nation’s history and a testimony to its capabilities and development.
However, a critical factor in organizing a successful event of such a scale is a robust and efficient transportation network
that can accommodate the influx of a huge number of fans and preserve functionality under perplexing and unpredictable
threats; in other words, a resilient transportation system is required.
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| 1. Introduction

Hosting a successful Mega Sport Event (MSE) such as the FIFA World Cup (WC) is a formidable expedition, especially
under adverse challenges such as climate change and rapid urbanization. Today, more than half of the world’s population
lives in cities, and experts expect this number to reach two-thirds of the world’s population by 2050 . This accelerated
urbanization trend has led to capital concentration in cities, converting them into development hubs BB However, in
many cases, ill-planned expansions increased loads on infrastructure and caused degradation in service quality BIEIZ, At
the same time, political tensions and climate change have increased the rate, intensities, and impacts of disasters in
recent years, adding more loads on the infrastructure systems BII8I19 These challenges have caused a paradigm shift in
design mentality and fueled the research in infrastructure resiliency in the past decade BRI Hosting a successful
MSE with tremendous popularity, such as the WC, is an important milestone in any nation’s history and a testimony to its
capabilities and development (2. However, a critical factor in organizing a successful event of such a scale is a robust
and efficient transportation network that can accommodate the influx of a huge number of fans and preserve functionality
under perplexing and unpredictable threats; in other words, a resilient transportation system is required.

| 2. Resiliency in Transportation Systems

Resiliency is a relatively new concept in the engineering field with varying definitions and assessment methods. The first
mention of system resiliency in the academic literature is by Holling 24 in 1973, where the term is used to describe an
ecological system’s ability to regain its original state after a disturbance. However, the concept only found its way to urban
planning and engineering literature about two decades ago because of the increasing amount of unpredictable disasters
and their impacts, especially with an ever-growing capital concentration in urban centers BILSIL8IL7I18] 5q far, there is no
consensus on the definition of resiliency in engineering systems and critical infrastructures, which is attributed to the
varying nature of threats and assessment frameworks BI28I171 According to various researchers, resiliency is a
combination of several systems’ properties, most notably, vulnerability, robustness, flexibility, and reliability, that describe
its response and reaction to disturbances 2. Despite the variance, most definitions proposed in the literature converge at
two qualities to measure system resiliency, impact resistance, and the amount of time required for recovering an
acceptable performance (1,

Transportation system resiliency assessments are distinct from other critical infrastructure resiliency assessments. For
instance, water and electrical infrastructures have a directed continuous flow with a source-sink theme Bl2021122] \yhile
communication infrastructure has area coverage and wireless connectivity in most urban areas El23. On the other hand,



transportation networks usually enjoy two-way connectivity, especially on highways and main roads, with no main,
distinguished source-sink 22241231 Fyrthermore, transportation networks enjoy a discrete nature of flow, which allows for

the usage of methodologies, such as agent-based modeling and simulation, to assess their performance and resiliency
[26][27](28]

However, the level and scale of the transportation network that is under investigation can profoundly affect the resiliency
assessment method. Many methods are proposed in the literature, ranging from analytical methods to simulation and
even logical methods, depending on the available resources and addressed threats, whether it is a natural disaster, an
intentional attack, something else that is affecting the city’s network, or an origin-destination group of links 2217129
Simulation methods, such as agent-based or Monte Carlo simulations, can provide high-resolution results that can be
used to assess the effectiveness of various improvements under different scenarios, but they are resource-demanding,
hard to scale up, and need calibration to reflect the real world, which makes them only suitable for small-scale networks or
networks with a limited number of elements and links BY[E1. | ogical methods, such as optimization and game theory, and
their applications, are mainly used to address intentional attacks or to draft informed development strategies, depending
on the informed payoff value; however, the accuracy of the mathematical formulation of the impacts, each strategy’s
actual cost, and the probability of predicting each side behavior affects their feasibility 233134 Analytical methods
include complex networks theory (CN) and simple performance measurements, such as pace and shortest path length;
these are the most often-used methods in resiliency studies since they are the least resource-demanding and provide
metrics with a reasonably acceptable level of accuracy [B2IS6I37](38]139]

CN can form the base for other methods and even leverage other disciplines and technologies. CN provides a simple yet
efficient abstract of a network’s components and their relationships, allowing for the analysis of these relations by other
methods, such as game theory or Monte Carlo simulations B9[4d. This combination of methods can significantly reduce
the computational resource demands and provide comparability between various methodologies B4442] Moreover, CN
can leverage other technologies, such as geographic information systems (GIS), to give the network abstract spatial
meaning and more accurate representations 3144l This coupling of GIS with CN also allows for scenario simulations,
using powerful GIS spatial analysis tools, and reflects the results on the network’s connectivity and centrality measures.
This application is widely applied in the literature BI45146] Fyrthermore, GIS can measure the shortest paths and the
levels of walkability in areas of interest, giving the abstract further information or weighting other than the normal
connectivity of links; this potential could be employed to measure the effect on the commuting time between points of
interest and used as an additional resiliency metric 471481149

| 3. Mega Sports Events and Resilience

Mega Sport Events (MSES) present a great opportunity and a formidable challenge to the host nation. Hosting an MSE
presents a possibility of boosting the economy in multiple sectors, including tourism and construction, and creating a
lasting legacy for the nation 13IBYBL, On the other hand, it also requires renovating infrastructures to meet the sudden
increase in demands that is presented by the influx of spectators (which, in the case of the 2022 FIFA WC in Qatar, is
expected to reach 50% of the population) without creating “white elephant projects” 31521531 Fyrthermore, host nations
are increasingly expected to apprehend strict environmental obligations and are encouraged to achieve carbon neutrality,
promoting a trend of compact MSEs, as in the 2022 WC in Qatar, where all the stadia are within the Doha metropolitan
area and the furthermost distance between venues is less than 60 km [L8I52I34] This compactness means concentrating
the demands on the supporting infrastructures throughout the event, which in the WC case, extends over a month, and
ensuring that these infrastructures can sustain the expected disturbances; such disturbances can range between natural
hazards, intentional attacks, accidents, and failures propagated between interdependent infrastructures [B3I56I57]
However, in the face of these disturbances, the main focus during MSEs should be on preserving functionality over
recovery, as this is essential for maintaining an acceptable service level and ensuring a remarkable visitor experience.
Among these infrastructures, the road networks play a critical role in providing mobility throughout the city and between
points of interest, such as fan zones and event venues, and in affecting the visitors’ experiences and the event's success
(6],

For this study, we will focus our resilience assessment on the system’s ability to preserve functionality; functionality
evaluation here refers to the evaluation of suitable performance metrics for each level. For example, it is widely accepted
in the literature to use, at a network level, network centrality and cohesion as performance criteria and resilience metrics
3141431581591 Wwhile representing a small part of the system level, it is more common to use the shortest path to travel
between point A and point B or to use changes in travel pace instead [A28I6AEE2] Both assessment methods would
result in a performance degradation metric, which can easily be compared under different scenarios and generalized for
other purposes and interests.



To the best of our knowledge, no published work has suggested a framework to evaluate the resilience of road networks
during MSEs to date; thus, the main objective of this research is to suggest a framework for assessing the resilience of
road networks during MSEs, paving the way for considering resilience as a criterion in evaluating future host cities’
nomination profiles. The additional contribution of the suggested framework is addressing the network’s resilience on
multiple levels, rather than the common approach of focusing on a single, certain level. Furthermore, the flexibility of the
suggested framework to produce a combined and weighted index under different threats of interest allows for the
comparability of different development plans and the evaluation of their effectiveness under the credibility of possible
threats. The suggested framework focuses on urban areas and assumes that the event’s activities would be compacted to
be contained in a metropolitan area. However, in the case of multiple host cities, the framework concepts could be
adopted and modified to accommodate related complications, but that is out of the scope of this paper.
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