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Abstract. Recent years have seen an increase in the frequency of extreme weather events globally, and 
these have resulted in severe impacts on the transport system. To the means by which the transport 
system can be maintained under extreme weather events is an emerging topic in transport studies, 
and this is augmented by a growing concern about climate change. This paper considers transport 
system as dual-network composed of an interrelated operation level and management level that 
has some similarities with the theory behind the Wardrop Principle. Evidence from the case study 
on the snow event in South China in early 2008 is used to draw the dual-network formulation to 
generalise the law of maintaining the transport system under extreme weather. The mathematical 
models of the dual-network focus on entropic dynamics in the operation network and matching 
control activities in the management network. Quantitative evidence is provided to prove the 
methodology. Interactions through the form of information communication and organisational 
collaboration within and between networks are highlighted. Incentive mechanisms are emphasised 
for achieving effective anticipation, prevention and collaboration to coping with extreme weather 
events. This paper contributes to a better understanding about the role of networks, collective 
behaviour, information interchange and inter-organisational collaboration in influencing the 
maintenance of transport system under extreme weather conditions.
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Introduction

Climate change has increased the likelihood of extreme weather phenomena, and these events 
refer to severe or unseasonal weather that are rare and occur only 5% or less in the historical 
meteorological distribution (IPCC 2001; IPCC 2007; Zhu, Thot 2001). Such extreme weather 
events often lead to disasters. However, there is difference between an extreme weather event 
and a disaster. The concept of a disaster can be defined as “Severe alterations in the normal 
functioning of a community or society due to hazardous physical events interacting with 
vulnerable social conditions, leading to widespread adverse human, material, economic or 
environmental effects that require immediate emergency response to satisfy critical needs 
and that may require external support for recovery” (IPCC 2012). Many extreme events occur 
but they are only disasters when the community experiencing the event is not prepared to 
cope with it. Thus, preparation to cope with an extreme weather event is critical to prevent it 
evolving into a disaster. However, people are often not good at this. In the past year (2011), 
twelve extreme weather events occurred in the US, each costing more than $1 billion (Peralta 
2011). Extreme weather has become a sort of severe threat to sustainable development (Mirza 
2003; Kovats et al. 2005).

The impacts of extreme weather on transport system may range from an increase in the 
discomfort to travellers to increase in the system vulnerability (Nagurney et al. 2010) and de-
gradation of the transport system (Al-Deek, Emam 2006). The disturbances to the transport 
system may further cause substantial economic and social strains and threaten life and health 
(Jenelius 2009). The effects of extreme weather on transport system have been mainly mentioned 
in the context of network reliability and vulnerability but not in the specific context of extreme 
weather conditions (Sumalee et al. 2011). Suarez et al. (2005) have noticed that “transport sector 
in general is not considering adaptation as a solution to these potential impacts”.

Unlike most previous work that focused on transport network reliability and vulnerability, 
this paper considers the transport system as a dual-network composed of the operation level 
and the management level. Besides the introduction, the paper includes three parts. Part I 
(section 1) provides fact and analysis about the snow event in early 2008 in South China relat-
ing to the operation level and management level. Part II (sections 2, 3, 4, 5) uses the fact and 
evidence presented in part I and explains the utility of the formulation that has been developed 
in Part II, and further confirms the methodology by quantitative evidence. Part III (sections 6 
and 7) draws on evidence and analysis presented earlier.

1. Case study about the transport system under the snow event  
in South China in early 2008

1.1. Disorder in the operation level

Between January 10 and February 2, 2008, there were four episodes of severe and persistent 
snow, low-temperature and freezing weather in the Yangtze River basin, in the South China 
and South-West China regions (Shi et al. 2010). It had seldom snowed in South China, so the 
heavy snow surprised many people, and they had no experience of how to respond to this rare 
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event. The snow closed highways, as well as stranding millions of passengers. As reported by 
Xinhua News Agency on 27th January 2008, there were “more than 40,000 passengers in at least 
5,000 broken-down vehicles on expressways between Guizhou province and neighbouring 
Guangxi Zhuang Autonomous Region; the delays of at least 136 trains in Hunan Province, a 
result of power failure, stranded almost 150,000 passengers at Guangzhou Railway Station on 
Saturday night” (Xinhua News Agency 2008) (Locations of provinces, autonomous regions 
and municipalities are shown as Fig. 1). By the end of January 2008, the number of stranded 
passengers in Guangzhou Railway Station has exceeded 100,000. However, the public were 
not told about the expected weather conditions in advance, and travel information was 
only limited in its relevance and quality. As a result, more passengers streamed into railway 
stations and they were trapped there. The slow response of local government caused public 
resentment and social unrest. As the complaints increased, emotions were raised, and there 
were disturbances in some stations. The state in these stations became difficult to control. 
China’s premier Wen Jiabao had to visited several railway stations to placate the stranded 
passengers. This sequence of the event illustrates the causal chain effects resulting from the 
extreme weather, causing subsequent collective behaviour, and it resulted in the increased 
risk of disturbance. This event demonstrates the interconnectedness between the sectors and 
the important role that transport plays in maintaining social harmony.

Fig 1. Map of China: locations of provinces, autonomous regions and municipalities
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1.2. Defects in the management level

There is an obvious neglect on planning based on climatological probabilities. Many officials 
in South China believe snow events always happen in the northern regions and so they do 
not need to consider that matter themselves. “Warm winter” gossip had become popular in 
recent years, as it seems that winter is really not cold any more. Therefore, there is a prominent 
oversight on dealing with the potential problem of snow defence.

Starting in 2004, the total pre-arranged emergency plans in China had amounted to 
24,293 items as of March 15, 2006 (Shi et al. 2007), however, the vast number of pre-arranged 
emergency plans did not achieve desired results in the snow event response. The transport 
sector did not receive any relevant emergency training prior to the event and it did not es-
tablish effective advance emergency management systems.

The transport sector did not make special analysis, evaluation and judgement on the 
information from the weather forecasting sector. The land and the air transport sectors 
continued to sell tickets to passengers even when the heavy snow was already beginning to 
fall, and this resulted in passengers being stranded in stations. More frustrating was the fact 
that the central government had issued a warning notice to local officials, however, these 
individuals failed to forward this message to those in the subordinate areas, as a matter of 
urgency. Full use was not made of the early warning time to try to control danger, and this 
resulted in the “golden time” being lost.

Almost all the severely affected southern provinces demonstrated an acute shortage of 
snow clearing equipment. One typical example was that a highway in Jiangxi province pos-
sessed only one snow removal vehicle, and such a severe shortage of equipment led to traffic 
jams in this area that lasted for three days.

Besides, human capital in emergency response process has not been fully mobilised. 
Public participation can improve the efficiency in coping with extreme weather events, as 
this can involve the vast, extensive and quick response characteristics of civic society. If this 
potential can be fully activated, the ability of the transport sector to respond effectively would 
be considerably enhanced. Although China’s emergency response planning clearly states 
the need to increase public participation, the real situation is far from satisfactory. There is 
an obvious gap between officials and citizens in terms of their ability to communicate and 
cooperate with each other. For example, some local governments have issued several notices 
to urge citizen to participate in the snow and ices cleaning, however, few people are actively 
involved in this process.

In facing large-scale extreme weather events, it is unwise for the transport sector to act 
alone. It is better to cooperate with other related sectors so that the full range of actions can 
be taken in the emergency response process. However, handicaps in the coordination and 
communication with other sectors were prominent in the snow event. For example, the 
railway sector wished to resume the rail operations as soon as possible, and they publicised 
information that trains would restart in a few days. However, the local government in the 
affected area wished to comfort the stranded passengers, and they released contrary inform-
ation to instruct the passengers to stay at the station and to celebrate the Spring Festival. The 
conflicting information made the stranded passengers, who have already become restless and 
strained with rising concerns resulting from the prolonged stay at the station, become even 
more annoyed, and this resulted in civil disobedience.
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1.3. Crisis digestion through matching control

With the visiting of China’s premier Wen Jiabao to several railway stations, temporary 
special office for transport coordination was constituted in each stricken province. These 
special offices communicated among each other and cooperated with the railway sector. 
Take the most severely affected Guangdong Province as an example, the special office in 
Guangdong Province informed the other special offices to suspend departure to Guang-
zhou (the provincial capital of Guangdong Province) direction for a period of time to ease 
the pressure of the Guangzhou station. Besides, in the late night of February 1, 2008, the 
Guangzhou government enabled the Pazhou International Convention and Exhibition 
Centre and other five primary and secondary schools as temporary places for stranded 
passengers and storing relief supplies. By the end of February 5, 2008, the crisis in Guang-
zhou railway station gradually lifted.

The railway authorities also took actions to support the local governments and managers 
to alleviate the crisis. The railway sector enabled the diesel locomotive for railway transport 
to restore the Beijing-Guangzhou railway running order. The Guangzhou Railway Group 
deployed 411 diesel locomotives to participate and the Ministry of Railways mobilised 
146 diesel locomotives from the adjacent Nanning and Wuhan Railway Bureau to support 
the response. Besides, from January 28 to February 9, the Guangzhou Railway Group offered 
a total of 4,326 tons of diesel oil to support the diesel locomotive ferry. The railway sector 
also provided information about railway transport capacity several times daily to the special 
office for transport coordination and collaborated with local government in publishing of 
information via a variety of ways to guide travelers. Such corresponding matching control 
contributed to the gradual digestion of the crisis.

2. Analysis of dual-network characteristics of transport system

Transport system is a man-made complex system which has been constructed for people, 
vehicles, roads and other infrastructures. The human element has adaptability and it is the 
most active part of the system. Since the term “adaptation build complexity” (Holland 1995) 
has emerged from the literature, the transport system can be seen as a kind of Complex Ad-
aptive System (CAS) (Hongler et al. 2010). This system may emerge through two kinds of 
networks, that is, the operation network and the management network. This interpretation 
has some similarities with the two levels implied in the Wardrop principle (Wardrop 1952) 
where traffic distribution optimization takes place at two levels, namely the user level and 
the system level (manager level).

This paper considers these two levels as a dual-network and it will focus on the network 
effects and the interrelations between networks. However, unlike the Wardrop theory, the 
dual-network has broader meanings. For the operation network, it covers all kinds of operating 
elements from infrastructures to vehicles and travellers. While at the management network, it 
covers the managers not only in transport sector but also in other related sectors. Transport 
emergency management under extreme weather events involves various information and 
resources from transport sector and other sectors. So the dual-network is more complex and 
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involves more factors and actors than the two levels expressed in the Wardrop theory. The 
dual-network can be defined as follows:

Let ( ),o oG O E=  denote the operation network. Where, ( )1 2, , , nO o o o=   denotes the 
set of elements; ( ){ },o i jE o o= , , 1,2, ,i j n=  , denotes the set of relations. Therefore, ( ),i jo o  
denotes the connections or some interactions between the elements io  and jo .

Let ( ),m mG M E=  denote the management network. Where: { }1 2, , , lM m m m=   denotes 
the set of managers; ( ){ },m i jE m m= , , 1,2, ,i j l=  , denotes the set of relations. Therefore, 
( ),i jm m  denotes the interactions between manager im  and jm .

The management network and the operation network are inter-embeded. The interactions 
between the two networks can be further formulated as follows:

The situation, one type of manager has influence on some operating elements, and this 
can be denoted as:

 ( ) ( ){ }, , 1i j j i jO m o o O m o= ∈ η = , 

where: ( )iO m  denotes the set of operating elements affected by one type of manager im ; 
( ), 1i jm oη =  denotes the influence that one type of manager im  has on the operating element 

jo , 1,2, ,j n=  . Therefore, n  denotes the number of operating elements.
The situation where one operating element is influenced by some managers can be de-

noted as:

 ( ) ( ){ }, , 1i j j i jM o m m M o m= ∈ λ = , 

where: ( )iM o  denotes the set of managers who have an influence on the operating ele-
ment  io ; ( ), 1i jo mλ =  denotes that io  is influenced by manager jm , 1,2, ,j n=  . Where n  
denotes the number of managers.

The above formulas depict the static relations. As the networks are dynamic and interact 
with the help of information transmission, there is a “flow”, which is an important concept 
in the CAS theory. Transport system can be seen as a system composed of the operation-
management dual-network (Fig. 2).

Management level

Operation level

Fig 2. Abstracted dual-network structure
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3. Formalising the way to high states of disorder in the operation network level

A direct impression about the impact of extreme weather events on the transport system 
might be a major traffic accident and a paralysed traffic system. In fact, there are various 
ways that extreme weather events may impact on the transport system. Since the operation 
of transport is interdependent (Johansson, Hassel 2010) with other critical infrastructures, 
which may cover power grid, gas network, communication network and so on (Bosher et al. 
2007). The interdependency of critical infrastructures (Eusgeld et al. 2011) might induce 
cascading failures (Santella et al. 2009; Zio, Sansavini 2011) during a disaster caused by an 
extreme weather event and result in a worse transport state beyond expectation.

We may foresee intuitively that disasters generated by extreme weather events usually 
hit physical components first and arouse cascading failures of critical infrastructures. If 
handled improperly, the impact will upgrade and shake social components, causing panic, 
unrest and crisis. Since the human is the most active element in transport system even in 
any socio-technical system, extreme weather events will affect the cognition and behaviour 
of involved people, inducing accidents, resulting in extensive panic, and this might push the 
involved people into a disorder state. The following cognitive and psychological analysis will 
explain the impact transition.

Irrational collective behaviour might arise in passenger groups when outside condition 
gets worse under extreme weather events, and passengers are left in a stage of information 
shortage. They are anxious about the current situation and the coming. Cognitive and psycho-
logical knowledge can help in analysing the panic emotion that contributes to the transition of 
disorder state from physical systems to social systems. The uncertainties of extreme weather 
may induce passengers’ strain because passengers do not know about the likely duration of 
the event, the exact situation with respect to the event, whether the situation is controllable, 
and what might happen.

In this situation where there is a rare extreme weather event and an information shortage, 
the behaviour of a passenger is unavoidably influenced by others. Most individuals usually 
consider others’ behaviour as being a conceivable choice to follow, rather than taking their own 
decision based on rational thinking. This phenomenon has universality, as social psychology 
studies have shown that such behaviour will become public information sources when the 
objective reality is blurred (Quarantelli 1957; Kelley et al. 1965). Individuals often consider 
mass action as being valid, as other information and viable options are absent during the 
emergency situation. The most influential research to support this view is a set of articles 
published in Nature (Low 2000; Helbing et al. 2000). Helbing et al. (2000) summarised some 
common characteristics about collective behaviour under emergency conditions.

The cascading dynamics of collective behaviour can be modelled by consulting herd 
behaviour theory (Lux 1995). A passenger, who obtains segmental information, tends to 
follow others’ behaviours under emerging circumstances. The dynamics can be analysed by 
mathematical models (Miao et al. 2011):

Let 2N  denote the sum of passengers. Let n−  denote the sum of panicky passengers who 
are likely to follow irrational behaviour and n+  denote the sum of calm passengers who are un-
likely to act in an abrupt manner. 2n n N+ −+ = . Let ( )0.5n n n+ −= −  and /x n N= ,  [ 1,  1]x∈ −  . 
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When x  is nil, there is an equivalent number of panicky passengers and calm passengers. When 
0x < , it means that the panicky passengers are in the majority. When 0x > , it means that the 

calm passengers are in the majority. When 1x = − , there are no calm passengers. When 1x =  , 
there are no panicky passengers.

The transformation probability of calm passengers to panicky passengers can be denoted 
as P+− . In the same way, the transformation probability of panicky passengers to calm pas-
sengers can be denoted as P−+. P+− and P−+ are determined by the distribution of x  or n :

 ( ) ( )P P x P n N+− +− +−= = ; (1)

 ( ) ( )P P x P n N−+ −+ −+= = . (2)

Equations (1) and (2) reflect the assumption that the emotion or attitude of one passenger 
will be influenced by others. To simplify this problem, suppose the perception of a passenger 
will alter just once, that is, a panicky passenger may become calm and vice versa. Then, as-
sume the conversion probability is the same for any passenger. Therefore, let P n+− −  denote 
the number of passengers transferred from panicky to calm, and P n−+ +  denote the number 
of passengers transferred from calm to panicky.

The transformation ratios can be formulated as per the formulations demonstrated by 
Miao et al. (2011). Therefore, the dynamics of the collective behaviour can be depicted as:

 

( ) ( )
( ) ( ) ( ) ( )

1 1

2 sinh cosh 2 cosh tanh

ax axdx x ve x ve
dt
v ax x ax v ax ax x

−= − − + =

   − = −    . (3)

Information cascade (Banerjee 1992; Bikhchandani et al. 1992) is an important concept 
in supporting the study on dynamics of the collective behaviour. “An informational cascade 
occurs when it is optimal for an individual, having observed the actions of those ahead of him, 
to follow the behaviour of the preceding individual, without considering his own information” 
(Bikhchandani et al. 1992). This argument can explain the forming of collective behaviour.

By referring to the basic ideas from Bikhchandani et al. (1992), the influence of emergent 
collective behaviour under extreme weather is analysed. Suppose every passenger has two kinds 
of behaviour, either rational or irrational, denoted respectively as A  and B, assume that each 
has a probability of 0.5. Let L  and H  denote the private information (Hey, Morone 2004). 
When V A= , it is more possible that individual has owned the information H; when V B=  , 
it is more possible that individual has owned the information L. That is:

 ( | )P X H V A p= = = ; (4)

 ( | ) 1P X H V B p= = = − , (5)

where: 0.5 1p< < .
Similarly:

 ( | )P X L V B p= = = ; (6)

 ( | ) 1P X L V A p= = = − . (7)
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In addition to private information, every passenger tends to observe what others do and 
considers the observed as reference before his decision-making.

The first passenger takes action according to his own private information. Because of 
Bayesian formula, if he owns private information L, he is more likely to exhibit behaviour B. 
That is:

 ( ) ( ) ( )
( ) ( ) ( ) ( ) ( )

0.5 0.5
0.5 1

P L V B P V B pP V B L
p pP L V B P V B P L V A P V A

= × = ×
= = = >

× + −= × = + = × =
. (8)

The second passenger takes action based on his own private information and the behaviour 
of the first passenger. If his private information is L and he sees the first passenger has exhib-
ited behaviour B, he will naturally exhibit behaviour B, too. If H  is his private information, 
he has to make decision based on contradictory information, then he will choose A  or B  
by chance or seek other information for reference.

The third passenger takes action according to composite consideration of his own private 
information and the behaviour of the previous two passengers. If he sees both of them have 
chosen B, he will be convinced that the previous two passengers possess private information L. 
According to Bayesian formula, even if the third passenger has owned private information H, 
he will still tend to exhibit behaviour B. This is due to ( )0.5P V A= >  and information cascade 
of the B will form. The occurrence probability of information cascade can be mathematically 
deduced as 2(1 )p p− + . Therefore, if 2A BN N− ≥ , an information cascade may emerge and 
this will lead to collective behaviour.

Extreme weather conditions may generate disasters, which likely pose life-threatening 
situations and trigger stampedes of group people (Keating 1982), so passengers tend to feel 
strained and apperceive sensitive information, and this situation will increase the possibility 
of panicky collective behaviour without clear cause (Helbing et al. 2000). Therefore, on one 
hand, extreme weather will debase the connectivity and capacity of transport system; on the 
other hand, the collective behaviour triggered by panicky emotion and information short-
age will easily lead to people’s turbulence, which will in turn make the transport condition 
even worse. It is necessary to control collective behaviour to avoid greater losses. It is vital 
that public information is provided in a timely manner, and is of such a nature as to lead to 
behaviours that optimise societal outcomes. Once the proper information is understood by 
passengers, the improper collective behaviour will get mitigation. The formulation developed 
in this section is supported by and accounts for the facts about the formation and dissipation 
of the collective behaviour in the snow event in South China in early 2008.

4. Modeling the matching control from the management network level

Under the risks of extreme weather events, the transport management department should 
send early warning information about the coming extreme weather, make quick response to 
accidents as they occur, and release relevant information to travellers that promotes calm, 
rational decision making that doesn’t endanger others. Effective assessment on the situation 
and swift response to accidents are critical in reducing the secondary effects and losses 
in the face of uncertainties under extreme weather. Information collection is a necessary 
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precondition for assessment and decision making. It is important to possess the following 
information: (1) Basic information, including time, location, road type, weather conditions and 
traffic flow information, etc.; (2) Event information, including the damage of infrastructures, 
casualties, condition about stranded vehicles and passengers, etc.; (3) Resource information, 
including relief supplies, evacuation spots, technical equipment, etc. The acquisition of the 
above information needs to make full use of traffic detection devices, geographic information 
system and other transport management equipment. In addition, close collaboration with 
other sectors is important in information acquisition and release.

Situation analysis is the next important step. Based on the information obtained, it is 
imperative to make a quick analysis of the situation with the assistance of intelligent transport-
ation equipment about the following: (1) Road network capacity, as this can be considered as 
a reference point to start a certain pre-arranged emergency plan; (2) Traffic congestion state, 
as this determines whether to provide relief and response; (3) Relief requirements, as this 
involves the information that will be released, the measures taken and the instruments used.

Situation prediction is a further important step. The risk evolution under extreme weather 
events is a random and uncertain process. With the expansion and transmission of the impacts 
of some accidents, swift prediction about what will happen next and what actions should be 
prioritised are critical. It is important to foresee the following aspects: (1) Potential danger to 
people, as this will directly affect the subsequent rescue and evacuation arrangements; (2) Po-
tential damage to society, as this will influence further resource allocation and warning release.

In brief, the activities in the management network level are to match the requirements in 
the operation network level. Such a matching process is affected by various complex factors, 
such as the reliability of information source, speed of response, uncertainty of environmental 
change, etc. Therefore, the matching process has strong levels of uncertainty, and this is re-
flected in two aspects: the first is that the matching process is a fuzzy process that may not be 
accurately measured; the second is that the matching process will give rise to some random 
incidents that may be difficult to be foreseen. So it is better to consider the matching character 
from fuzziness and randomness view.

The theory about fuzzy cognitive matching (Atanassov 1986) might provide a way to 
understand the essence of activities in the management network level and provide a means to 
describe the internal relationships between the dual networks under extreme weather events.

Let U  denote a given universe, and let G  denote a fuzzy cognitive subset in the uni-
verse U, that is:

 ( ) ( ){ }, ,G GG x x x x U= µ γ ∈ , (9)

where: ( ) : 0, 1G x U  µ →    denotes membership function of G; ( ) : 0, 1G x U  γ →    denotes 
non-membership function of G .

For any x U∈  that belongs to G, there is:

 ( ) ( )0 1G Gx x≤µ + γ ≤ . (10)

If U  is a continuum, then:

 ( ) ( ), ,x G GG x x x x U= µ γ ∈∫ . (11)
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If U  is discrete, that is, { }1 2, , , nU x x x=  , then:

 ( ) ( )
1

, , , 1,2, ,
n

G G i i
i

G x x x x U i n
=

= µ γ ∈ =∑  . (12)

For any fuzzy cognitive subset of U, ( ) ( ) ( )1G G Gx x xπ = −µ − γ  denotes the cognitive 
index of x  to G  and is a kind of estimation about the degree of uncertainty of x  to G.

For fuzzy cognitive matching, the expected precondition to adopt a series of emergency 
arrangements is denoted as G, and the actual phenomenon is denoted as G′. Since G′ cannot 
totally comply with G, an easy way to determine whether to adopt a series of emergency 
arrangements can be based on the comparison between G′  and G. If the similarity is greater 
than a cognitive nearness λ, then transport managers can decided to start these emergency 
arrangements.

Cognitive nearness λ  expresses a kind of fuzzy similarity between two situations. If let X  
and Y  denote fuzzy sets corresponding to two situations respectively, the cognitive nearness 
( ),X Yλ  can be defined as:

 ( ) ( )1, • 1
2

N X Y X Y X Y = + − ⊗  , (13)

where:

 ( ) ( ) ( )( ) ( )( ){ }1• 1 1
2 X Y X YU U

X Y x x x x  = ∨ µ ∧µ + ∨ − γ ∧ − γ    ; (14)

 ( ) ( ) ( )( ) ( )( ){ }1 1 1
2 X Y X YU U

X Y x x x x  ⊗ = ∧ µ ∨µ + ∧ − γ ∨ − γ    . (15)

Therefore: ∨ denotes taking the maximum; ∧ denotes taking the minimum; •X Y  denotes 
inner product; X Y⊗  denotes outer product. When nearness is utilised to express matching 
degree, greater value of nearness implies better matching.

The formulation developed in this section reflects the essence of the matching control 
and may provide a kind of effective explanation about the digestion of the crisis induced by 
the snow event in early 2008.

5. Quantitative evidence analysis

Here, we try to provide a quantitative evidence to prove the above methodology from other 
objective approach by searching relevant news reports in Baidu, the largest Chinese search 
engine of the world. The Baidu news include news from the following types of sites: (1) the 
official publication of newspapers and magazines and the network version of official radios 
and televisions; (2) the official website of governments and relevant organizations; (3) the 
website portal, the local information harbour or the industrial information website that has 
a high-quality original news content or has a certain degree of user awareness with a faithful 
reading group in its target areas. Therefore, the news included in Baidu is convincing and 
influential and the news amount about an event can be seen as a proxy of the social concern 
and impact of the event.
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The keywords for the searching are Chinese words corresponding to “Guangzhou”, “railway 
station”, “passenger” and “stranded”. We use the retrieval strategy “(Guangzhou) + (railway 
station) + (passenger)” or “(Guangzhou) + (railway station) + (stranded)”. Baidu can list the 
resulting items in chronological order that provides an objective data source. Baidu can also 
automatically delete repeated news and classify reprinted news. Therefore, the resulting new 
items are all original. The temporal distribution of these news items serves as a proxy to disclose 
the evolutionary process and social impact variation of the crisis in the Guangzhou railway 
station under the snow event that provide quantitative evidence to prove the above methodology.

Since the snow event start on January 10, 2008, we choose a time span long enough to 
cover the evolutionary process of the crisis in the Guangzhou railway station. The time span 
is from January 10 to the end of March 2008. The news amount per day is listed in Table 1 
and the corresponding data distribution is shown as Fig. 3.

Table 1. The news amount per day

No. Date News 
amount

No. Date News 
amount

No. Date News 
amount

No. Date News 
amount

1 Jan 10 14 22 Jan 31 1000 43 Feb 21 128 64 Mar 13 8
2 Jan 11 41 23 Feb 01 978 44 Feb 22 54 65 Mar 14 2
3 Jan 12 16 24 Feb 02 1010 45 Feb 23 42 66 Mar 15 3
4 Jan 13 20 25 Feb 03 848 46 Feb 24 11 67 Mar 16 6
5 Jan 14 95 26 Feb 04 650 47 Feb 25 90 68 Mar 17 9
6 Jan 15 110 27 Feb 05 427 48 Feb 26 81 69 Mar 18 5
7 Jan 16 98 28 Feb 06 218 49 Feb 27 36 70 Mar 19 7
8 Jan 17 107 29 Feb 07 140 50 Feb 28 52 71 Mar 20 4
9 Jan 18 101 30 Feb 08 114 51 Feb 29 54 72 Mar 21 6

10 Jan 19 72 31 Feb 09 112 52 Mar 01 12 73 Mar 22 1
11 Jan 20 88 32 Feb 10 168 53 Mar 02 18 74 Mar 23 1
12 Jan 21 131 33 Feb 11 180 54 Mar 03 80 75 Mar 24 3
13 Jan 22 151 34 Feb 12 156 55 Mar 04 44 76 Mar 25 9
14 Jan 23 120 35 Feb 13 230 56 Mar 05 16 77 Mar 26 13
15 Jan 24 148 36 Feb 14 255 57 Mar 06 56 78 Mar 27 11
16 Jan 25 107 37 Feb 15 149 58 Mar 07 20 79 Mar 28 13
17 Jan 26 157 38 Feb 16 95 59 Mar 08 6 80 Mar 29 5
18 Jan 27 272 39 Feb 17 80 60 Mar 09 3 81 Mar 30 2
19 Jan 28 796 40 Feb 18 155 61 Mar 10 14 82 Mar 31 2
20 Jan 29 1020 41 Feb 19 151 62 Mar 11 18
21 Jan 30 1040 42 Feb 20 107 63 Mar 12 16

From Table 1 and Fig. 3, we can see that although the now started on January 10 and official 
news media have sensed the deteriorating situation of the operation level in the Guangzhou 
railway station, the emergency response from the management level was not enough so that the 
“golden time” of half a month to save the situation was lost. Ultimately, the crisis in the Guang-
zhou railway station burst out and we can see this on Fig. 3 highlighted by sharply increased 
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relevant news reports, which represent the severity of the situation, extensive social attention, 
huge social impact and surged information provision. Under the pressure from various aspects, 
the actors in the management level have to act collaboratively to adopt matching control to 
cope with the crisis. By Feb 05, the situation got control, which is represented in Table 1 and 
Fig. 3, that is, the relevant news amount fell below 400 per day and did not rebound any more. 
However, the social impression and impact of the crisis sustained for quite a time, which is 
represented by uninterrupted relevant news reports in the subsequent one month.

The quantitative evidence highlights the social impact of the disorder in the operation 
level and the delayed matching control from the operation level. It further strengthened the 
viewpoint that the activities in the management network level should match the requirements 
in the operation network level under extreme weather events.

6. Discussion

The now event in South China in Early 2008 as a example confirmed the theoretical dual-net-
work structure of transport system under extreme weather, and highlighted the importance 
of anticipation and collaboration in achieving effective matching control.

Extreme weather events may not only impact on the physical components of transport 
system but it may also induce social and psychological strain. Therefore, transport manage-
ment under extreme weather risks should pay attention to not only physical aspects but also 
psychological and behaviour aspects of the situation. The task of transport managers as well 
as other critical infrastructure managers and local governors is to swiftly build firewalls for 
physical systems and social systems to block the impact evolution path of extreme weather. 
Here, the firewall refers to risk reduction strategies, which include strategies related to key 
preparatory measures for the physical systems to withstand extreme events if the engineering 
is deficient, strategies related to the forecasting and warnings systems and strategies related 
to the information management processes.

Fig 3. The distribution of the data
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To identify the impact evolution path of extreme weather event swiftly and make prompt 
response to built proper firewalls, it needs not only some critical resources but it also needs 
incentive compatibility mechanism (Miao et al. 2010) to guarantee the smooth implement-
ation of relevant tasks.

Preparedness and response to extreme weather events need a mass of information and 
resource, both of which require extensive collaboration between the different sectors. An active 
transport sector would anticipate the risks and send early warning messages to the operation 
network. Active anticipatory action can reduce the economic and life loss. A preferable sys-
tem for transport management under extreme weather risks would be to: (1) distinguish the 
risks from potential extreme weather events and inform the operation network; (2) capture 
important information from the operation level and make swift response after extensive 
collaboration. In contrast, a passive transport management waits for accidents to happen 
and then makes a limited response.

The snow event also highlighted the importance of effective information provision in 
guiding travellers’ psychology and behavioural responses. Uncertainty needs to be reduced 
through information provision to help travellers improve their self-adjustment capability, 
and this is an important topic for intelligent transportation system research. For example, 
information dissemination channels are commonly used with radio, television, internet and 
other public media (Khattak, DePalma 1997). To ensure the accuracy and authority, local 
government needs to be involved in the construction and management of a dynamic inform-
ation release system that covers wireless communication technology, transport geographic 
information system, database technology, and other devices (Zavadskas 2008). These need 
to be combined in a systematic way to reduce the loss caused by extreme weather events, and 
to direct daily traffic and enhance efficiency.

Conclusions

Extreme weather events are difficult for the transport sector to cope with, as it is often the 
transport system itself that is disrupted. However, that same transport system is needed to 
provide the means by which emergency workers and supplies can get to the affected area. 
Anticipation and early warning, together with sufficient preparedness and swift response are 
all critical components in providing the means to reduce the impacts of extreme weather 
events. However, all these elements require close collaboration between the various sectors, 
each of which might be affiliated to different regions or different administrative organisations. 
Such social-techno system exhibits complexity in the dual-network. The operation network 
may present collective behaviour and induce new challenges for transport management. The 
effectiveness of emergency response lies in the matching of the activities in the management 
network with the requirements of operation network. Information transmission plays a crit-
ical role in such matching process. Evidence from the case study on the snow event in South 
China in early 2008 partly supports the theoretical formulation given in this paper. However, 
other aspects need further research. These include the types and forms of information to 
be provided, clear leadership and coordination between the different agencies involved in 
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responding to events, more consideration being given to anticipatory as well as responsive 
actions, and further exploration as to the means by which the public can be better engaged 
in playing an active role in event response. Although this paper focuses on transport system, 
the viewpoint and finding have potential broad significance to system of systems engineer-
ing (Bristow et al. 2012), which call for a dual-network perspective and system thinking for 
governance. To extend this basic research, relevant policy, legislation, strategies, approaches 
or methods that have practical implication might be good aspects for further research, which 
may contribute to not only risk and emergency management but also sustainable development 
of economy and society.
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