
Author's Accepted Manuscript

Vulnerability analysis of complementary
transportation Systems with Applications to
railway and airline Systems in China

Min Ouyang, ZheZhe Pan, Liu Hong, Yue He

PII: S0951-8320(15)00162-3
DOI: http://dx.doi.org/10.1016/j.ress.2015.05.013
Reference: RESS5322

To appear in: Reliability Engineering and System Safety

Received date: 24 September 2014
Revised date: 10 May 2015
Accepted date: 19 May 2015

Cite this article as: Min Ouyang, ZheZhe Pan, Liu Hong, Yue He, Vulnerability
analysis of complementary transportation Systems with Applications to
railway and airline Systems in China, Reliability Engineering and System Safety,
http://dx.doi.org/10.1016/j.ress.2015.05.013

This is a PDF file of an unedited manuscript that has been accepted for
publication. As a service to our customers we are providing this early version of
the manuscript. The manuscript will undergo copyediting, typesetting, and
review of the resulting galley proof before it is published in its final citable form.
Please note that during the production process errors may be discovered which
could affect the content, and all legal disclaimers that apply to the journal
pertain.

www.elsevier.com/locate/ress

http://dx.doi.org/10.1016/j.ress.2015.05.013
http://dx.doi.org/10.1016/j.ress.2015.05.013
http://dx.doi.org/10.1016/j.ress.2015.05.013
http://dx.doi.org/10.1016/j.ress.2015.05.013
http://dx.doi.org/10.1016/j.ress.2015.05.013
http://dx.doi.org/10.1016/j.ress.2015.05.013


1 

 

Vulnerability Analysis of Complementary Transportation Systems with 

Applications to Railway and Airline Systems in China 

Min Ouyang
1
, ZheZhe Pan

2
, Liu Hong

3*
, Yue He

4 

Abstract: Most of existing studies on vulnerability analysis of multiple infrastructure 

systems mainly focus on negative effects of interdependencies, which mean that 

failures in one system can propagate to other systems and aggravate the initial damage. 

In reality, there also exist positive effects of interdependencies, which are shown in 

complementary systems and mean that if one system fails another system can provide 

alternative services to satisfy customers’ demands. Different types of transportation 

systems in a city or country are typical complementary systems. Taking railway and 

airline systems in China as an example, this paper proposes a network-based approach 

to model the vulnerability of complementary transportation systems, and based on this 

model, this paper further introduces a dynamic complementary strength metric, which 

can help decision makers design or select better complementary topologies from the 

vulnerability perspective. Also, based on a simple genetic algorithm, this paper 

analyzes whether critical components for single systems are still important when 

taking two systems as a whole for analysis. Results show that a protection strategy of 

hardening a few critical components is also good strategy for the combined system. In 

addition, the findings and several assumptions are further discussed to close the gap 

between theory and practice.   
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