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ABSTRACT 

A resilient urban mobility system should be able to absorb the effects of disturbances (threats) while preserving 

its essential state of functionality. Given the scarcity of studies concerning the concurrent impacts of threats to 

urban mobility systems, a comprehensive analysis considering essential components of transport systems and their 

interrelationships is necessary. Thus, this doctoral research aims to describe and analyze the dynamics involved in 

a resilient urban mobility system to different strands of threats (such as environmental, anthropogenic, fuel-related, 

and health-related threats) and quantify the system’s resilience to those threats using system dynamics modeling. 

The method for assessing resilience comprises: characterization of cause-effect relationships; formulation and 

validation of qualitative models; formulation, validation, and sensitivity analysis of quantitative models; 

simulation of scenarios. Up to now, we have developed the characterization of cause-effect relationships, as well 

as the formulation and validation of qualitative models.  
   

1.  INTRODUCTION 

The capacity of urban systems to resist, adapt or transform themselves in the face of threats is 

known as urban resilience (Leichenko, 2011). A resilient urban mobility system should be able 

to absorb the effects of threats while preserving its essential state of functionality (Zhao et al., 

2013) within and between subsystems. Although there is a wide body of literature addressing 

the impacts of climate change and extreme weather events on transport systems (e.g., Chopra 

et al., 2016; Mattsson and Jenelius, 2015; Mostafavi and Inman, 2016), few are related to urban 

mobility systems. There is also a scarcity of studies considering the impacts of increased fuel 

prices, peak oil, and pandemics on urban mobility systems and addressing holistic analysis 

methods, such as system dynamics. 

 

Given that urban mobility systems are dynamic in time and in space, a systematic analysis 

framework that integrates different stakeholders is helpful. Hence, the present study explores 

the components of urban mobility systems and their causal relationships considering a specific 

time horizon, aiming at describing, analyzing, and quantifying the resilience of urban mobility 

in the face of threats through system dynamics modeling. To illustrate the method, we intend 

to carry out two case studies: the case of São Carlos, SP, in Brazil, and the case of Vienna, in 

Austria. Therefore, we intend to answer the following research questions: RQ1 - What are the 

main components of and threats to urban mobility systems? RQ2 - What are the dynamics 

involved in urban mobility systems in their essential state of functionality and when exposed to 

threats? RQ3 - How resilient are urban mobility systems in the face of threats? 

 

2.  THEORETICAL BACKGROUND 

This Section presents a concise review of the literature on urban mobility systems, resilience of 

urban mobility, and system dynamics modeling.  



  

 

2.1. Urban mobility subsystems 

There is still no consensus on the divisions and nomenclature of urban mobility systems into 

subsystems. Based on comprehensive studies (Meerow et al., 2016; Ostadtaghizadeh et al., 

2015; Fernandes et al., 2017, 2019), Lara and Rodrigues da Silva (2021) proposed dividing 

urban mobility systems into eight subsystems, namely:  Institutional, Social, Economic, 

Material and energy flows, Infrastructure, Natural, Demand, and Transport mode. 

 

2.2. Resilience of urban mobility: Concept and threats 

Fernandes et al. (2017, 2019) adapted the concept of resilience proposed by Folke et al. (2010) 

to urban mobility. Considering these authors, Lara and Rodrigues da Silva (2021) defined 

resilience as the “system’s ability to maintain the current conditions or rapidly return to the 

original mobility status (persistence), absorb the first damage and reduce the impacts from a 

disturbance by adopting different alternatives to the essential mobility conditions (adaptability), 

or adapt to change (transformability) across temporal and spatial scales”. 

 

Threats to urban mobility systems can cause the system to collapse and cause negative impacts 

on trip patterns, economy, etc. Thus, urban systems must be resilient. After an extensive search 

in the literature on threats that specifically affect the resilience of urban mobility systems, we 

identified 37 types of threats. We then aggregated similar threats into common names that are 

representative of the original individual meanings. For instance, terrorism, targeted 

destructions, malevolent attacks, and pranks were called malicious hazards. The final list was 

reduced to 17 threats. Natural disasters (39.4%), climate change (15.5%), malicious hazards 

(9.9%), and technical failures (8.5%) were the most frequent threats, whereas peak oil (5.6%) 

and increased fuel price (4.2%) were the least frequent.  

 

2.3. System dynamics modeling 

System dynamics (SD) models are commonly used for policy analysis and design aimed at 

solving problems in complex systems (Sterman, 2002). The method relies on qualitative - 

Causal Loop Diagrams (CLD) - and quantitative - Stock and Flow Diagrams (SFD) - procedures 

to analyze the system’s behavior over time. Qualitative models provide an in-depth 

understanding of the dynamics involved in a system, allowing a global view of the entire 

functioning of the system. This is particularly important to identify the impacts of decision-

making processes that might run counterintuitively, worsening functionalities, or intensifying 

the malfunction of the system. On the other hand, quantitative models use stock and flow tools 

to describe the dynamics between system elements.  Components of SFD can be added in the 

form of mathematical rules that can explain and predict their evolution in the short and long 

term (Lopes, 2010). Through this quantitative modeling phase, the analyst builds a simulation 

model to evaluate the system’s behavior under multiple scenarios (Sterman, 2002). SD is a 

method widely used to characterize and analyze systems in different areas of knowledge. 

However, we found relatively few studies using systems dynamics to assess the resilience of 

urban mobility systems in the face of threats (for example, Macmillan et al., 2018; Moradi and 

Vagnoni, 2018; Suryani et al., 2020, 2019).  

 

3.  METHOD 

The framework for assessing the resilience of urban mobility comprises the following steps:  

 



  

 

i) Characterization of cause-effect relationships:  Identification of cause and effect 

relationships and feedback between the primary system elements, as well as boundaries 

and time horizons. This step can be performed through literature survey, opinion of experts, 

decision-makers, and stakeholders, and search in official databases. 

ii) Formulation of qualitative models: Investigation of the causal beliefs, creation of causal 

loop diagrams (CLDs), structure and feedback processes. The causal loop diagrams (CLD) 

shall be created under different conditions, namely: essential state of functionality, affected 

by a disruptive event, and still functioning due to its resilience.  

iii) Validation of qualitative models: Careful examination of the model’s consistency and 

realistic representation of critical aspects of the problem through consultancy to local 

managers, community planners, engineers, decision-makers, and other relevant 

stakeholders, and comparison with historical data covering the time horizon of the 

simulation.  

iv) Formulation of quantitative models: Parameter estimations, setting initial conditions and 

checking model consistency, and creation of stock and flow diagrams (SFD). 

v) Validation of quantitative models.  

vi) Sensitivity analysis: Confirmation of the quantitative model’s consistency by testing if the 

model produces appropriate results when the inputs take extreme values such as zero or 

infinity, for example.  

vii) Simulation of best-worst scenarios: Synthesis of problems to evaluate the performance of 

quantitative models (SFD). Application of “what if?” model analysis based on the proposed 

strategy (Suryani et al., 2019).  

 

4.  PRELIMINARY RESULTS 

Up to now, the first and second steps of the framework have been completed. The third step is 

partially completed, and steps four to seven comprise the next research stage. 

 

The first step was a literature review, in which we identified an expressive number of variables 

to characterize urban mobility subsystems and their interrelations and interconnections. Similar 

variables were aggregated for the CLD to describe the system behavior in a meaningful and 

straightforward way. The most relevant causal relationships were subsequently selected. In the 

second step, we created qualitative models representing urban mobility systems under different 

conditions, namely: essential state of functionality, affected by disruptive events, and still 

functioning due to its resilience. The essential state of functionality corresponds to common 

system structures that represent the system’s behavior during a typical day, that is, the essential 

state is an archetype of the urban mobility system. Considering the system affected by threats, 

four strands of threats that may act concurrently were identified: environmental threats, 

anthropogenic threats, fuel-related threats, and health-related threats. We built a CLD for each 

strand of threat. Variables, links, and feedback loops important to describe a resilient system 

were identified in the system under threat. The CLD’s for a resilient system and for the system 

under threat are slightly similar. However, there is an important difference between these 

diagrams. In the CLD under threat, the dynamics have a reactive pattern, while in the resilient 

CLD, a preventive pattern is observed. The third step comprises the validation of the CLDs. 

This step is currently in progress. Data from the Community Mobility Reports of Austria from 

March 16 to December 26, 2020, were used to validate the system behavior when affected by 

health-related threats (COVID-19 pandemic). The remaining CLDs still need to be validated. 



  

 

Acknowledgment 

This study was financed in part by the Coordenação de Aperfeiçoamento de Pessoal de Nível Superior - Brasil 

(CAPES) - Finance Code 001. 

 
REFERENCES 

Chopra, S. S.; T. Dillon; M. M. Bilec and V. Khanna (2016). A network-based framework for assessing 

infrastructure resilience: a case study of the London metro system. Journal of the Royal Society Interface, 

v. 13, n. 118. https://doi.org/10.1098/rsif.2016.0113 

Fernandes, V. A.; R. Rothfuss; V. Hochschild; M. A. da Silva; W. R. da Silva; S. Steiniger and T. F. dos Santos 

(2019). Urban resilience in the face of fossil fuel dependency: The case of Rio de Janeiro’s urban mobility. 

URBE-Revista Brasileira de Gestão Urbana, v. 11. https://doi.org/10.1590/2175-3369.011.e20180160 

Fernandes, V. A.; R. Rothfuss; V. Hochschild; W. R. da Silva and M. P. de S. Santos (2017). Resiliência da 

mobilidade urbana: uma proposta conceitual e de sistematização. Revista Transportes, v. 25, n. 4, p. 147-

160. https://doi.org/10.14295/transportes.v25i4.1079 

Folke, C.; S. R. Carpenter; B. Walker; M. Scheffer; T. Chapin and J. Rockström (2010). Resilience Thinking: 

Integrating Resilience, Adaptability and Transformability. Ecology and Society, v. 15, n. 4. 

https://doi.org/10.5751/ES-03610-150420 

Leichenko, R. (2011). Climate change and urban resilience. Current Opinion in Environmental Sustainability, v.3, 

n. 3, p. 164-168. https://doi.org/10.1016/j.cosust.2010.12.014 

Lara, D. V. R. and A. N. Rodrigues da Silva (2021). Resilience of urban mobility systems: Combining urban 

subsystems and threats with a system dynamics approach. In Gervasi O.; B. Murgante; S. Misra; C. Garau, 

I. Blečić; D. Taniar; B. O. Apduhan; A. M. A. C. Rocha; E. Tarantino and C. M. Torre (eds.), 21st 

International Conference on Computational Science and its Applications - ICCSA 2021 (1st ed., pp. 93-

108). Springer, Cham. https://doi.org/10.1007/978-3-030-87010-2_7 

Lopes, S. B. (2010). A sustainable mobility planning tool based on an integrated land use-transport model. (Ph.D. 

Dissertation). São Carlos School of Engineering, University of São Paulo, São Paulo. 

https://doi.org/10.11606/T.18.2010.tde-13122010-161312 

Mattsson, L.G. and E. Jenelius (2015). Vulnerability and resilience of transport systems - A discussion of recent 

research. Transportation Research Part A: Policy and Practice, v. 81, p. 16-34. 

https://doi.org/10.1016/j.tra.2015.06.002 

Meerow, S.; J. P. Newell and M. Stults (2016). Defining urban resilience: A review. Landscape and Urban 

Planning, v. 147, p. 38-49. https://doi.org/10.1016/j.landurbplan.2015.11.011 

Mostafavi, A. and A. Inman (2016). Exploratory analysis of the pathway towards operationalizing resilience in 

transportation infrastructure management. Built Environment Project and Asset Management, v.6, n. 1, p. 

106-118. https://doi.org/10.1108/BEPAM-03-2015-0011 

Ostadtaghizadeh, A.; A. Ardalan; D. Paton; H. Jabbari and H. R. Khankeh (2015). Community disaster resilience: 

A systematic review on assessment models and tools. PLoS Currents, v. 7. 

https://doi.org/10.1371/currents.dis.f224ef8efbdfcf1d508dd0de4d8210ed 

Sterman, J. D. (2002). System dynamics: Systems thinking and modeling for a complex world (ESD-WP-2003-

01.13; Working Paper Series). 

Suryani, Erma; R. A. Hendrawan; P. F. E. Adipraja; A. Wibisono and L. P. Dewi (2019). Urban mobility modeling 

to reduce traffic congestion in Surabaya: A system dynamics framework. Journal of Modelling in 

Management, v. 16, n. 1, p. 37-69. https://doi.org/10.1108/JM2-03-2019-0055 

Zhao, P.; R. Chapman; E. Randal and P. Howden-Chapman (2013). Understanding resilient urban futures: A 

systemic modelling approach. Sustainability, v. 5, n. 7, p. 3202-3223. https://doi.org/10.3390/su5073202 

 

 Daniela Vanessa Rodriguez Lara (daniela.lara@usp.br)   

Antônio Nélson Rodrigues da Silva (anelson@sc.usp.br) 

Departamento de Transportes, Escola de Engenharia de São Carlos, Universidade de São Paulo 

Av. Trabalhador São-carlense, 400 - São Carlos, SP, Brasil  

Paul Pfaffenbichler (paul.pfaffenbichler@boku.ac.at) 

Department of Landscape, Institute for Transport Studies, University of Natural Resources and Life Sciences 

Vienna   

Powered by TCPDF (www.tcpdf.org)

http://www.tcpdf.org

