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OF TRAFFIC AND TRANSPORT SYSTEMS IN INDUSTRIAL  

AND URBANIZED AREAS 
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Abstract. This paper describes the results from an exploratory study that assessed 
the reliability of the Port of Rotterdam transport system. The study was to a 
considerable extent based on obtaining available knowledge through interviews 
and a workshop. This research method is assessed and its results are discussed. It 
appears that the acquired knowledge strongly represents current interests and 
concerns of involved professionals. It is argued that reliability issues require new 
developments in ITS, specifically for non-recurrent, rare conditions, more so than 
is reflected by the discussions with the interviewed professionals 

1. Introduction 
Areas with dense industrial activities are of great economical value. It is clear that such 
areas rely strongly on their transport systems: the timely delivery of goods is essential to 
organize logistical processes. This is even more essential in ports: without a good transport 
connection to the hinterland a port cannot function. Obviously, in such areas disturbances 
in transport need to be avoided. 

While the importance of the reliability of transport is already generally acknowledged, 
reliability issues currently receive increased attention due to international developments, 
specifically, the (perceived) risk of terrorism. As a consequence, in cooperative research 
between the Port of Rotterdam and the Delft University of Technology research was carried 
out into the vulnerabilities of the Port of Rotterdam transport system and into possible 
measures against these vulnerabilities [1]. The study was strongly based on an inventory of 
available knowledge, combined with a preliminary categorization of possible risks and 
measures. This paper describes the results from the study, and pays attention to both the 
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appropriateness of the research approach and the implications of its results. Based on the 
research, follow-up studies in the field of new ITS developments are planned. 

2. Investigation method for reliability issues in the Port of Rotterdam 
Typically, in industrialized and urban areas disturbances in traffic operations occur on a 
daily basis. Such recurrent situations are caused by - more or less normal - fluctuations in 
traffic demand and infrastructure capacity, and, although they can be problematic, it is 
possible to cope. In contrast, there are also situations possible that have far more severe and 
extensive impacts, and that are caused by unexpected and exceptional conditions. The 
probability of such non-recurrent disturbances may be small; they are, however, of major 
importance from the point of view of the transport reliability, because: 

• they are unpredictable, which strongly complicates possible anticipation, 
• the extent of the impacts may be very large, possibly including casualties. 

Consequently, when the reliability of traffic and transport is considered, the focus should be 
in particular on non-recurrent disturbances that have large impacts. 

Reliability of traffic and transport is principally of foremost importance in areas that 
strongly depend on the transport system. A clear instance of such an area is the Port of 
Rotterdam, which is described in the next section. This is followed by a discussion of 
appropriate methods to evaluate the transport reliability of such an area. 
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Figure 1. Schematic representation of the Port of Rotterdam Area 

2.1. A short overview of the Port of Rotterdam transport system 
The large area of the Port of Rotterdam (Figure 1, circa 40 by 10 km; throughput of 352.4 
million tons in 2004) includes ports and industrial and commercial facilities. It is strongly 
west to east oriented and stretches from the Rotterdam conurbation (600.000 inhabitants) to 
the west (the North Sea). The oldest ports are situated within Rotterdam itself, but in the 
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second half of the last century the port has extended increasingly to the west. Currently, in 
the most western part developments are underway for a large new sector (‘Maasvlakte 2’). 

The infrastructure matches the port’s west to east orientation, both for road, rail, and 
water infrastructure. An important characteristic of the infrastructure system is that the 
traffic is concentrated on only a few lines: the A15 motorway, the port rail line, and the 
‘New Waterway’. Thus, within each modality, traffic relies strongly on a single connection, 
and disturbances can have major consequences. Furthermore, the three transport links pass 
through an area that is strongly industrialized with activities such as oil refineries. These 
can be considered rather safe, but if an accident does occur, the impacts are considerable. 

2.2. Research method for the evaluation of transport vulnerability 
Methodological options 
When the vulnerability of traffic and transport and possible counter-measures are 
considered, ideally an in-depth investigation is carried out to establish an inventory of all 
possible threats, including probabilities and impacts. These enable to calculate the actual 
expected costs of every threat, on the basis of which the threats with the highest priority can 
be selected. Similarly, with respect to possible counter-measures also preferably a 
comprehensive investigation is carried out to obtain an overview of possible measures, their 
costs and their effectiveness, so that the most suitable measures can be selected. 

An inventory of all threats can be generated through analyses of the underlying causes. 
Based on such analyses probabilities of these causes can be considered, resulting in 
information on the occurrence of the individual causes, and also of their combined 
occurrence. The identified causes, individually or combined, lead to certain impacts on 
traffic and transport. To determine the extent of the impacts, extensive calculations can be 
required that assess the consequences of the disturbances on the transport system at hand. 

With respect to a comprehensive overview of possible counter-measures a suitable 
approach appears to principally consider how traffic and transport can be steered. Such an 
analysis can first consider transport at an abstract level, and then be detailed further up to 
practical measures, from which those can be selected that improve reliability. Insight in 
both the costs and effectiveness of such measures is required for the most suited measures. 

Although the described approaches may lead to the most comprehensive results, there 
are also several complications. Firstly, the generation of comprehensive inventories of 
threats and measures requires vast research efforts, while it is likely that even then some 
threats and measures are overlooked. Also, the quantitative assessment of probabilities and 
impacts of (often rare) threats, and of costs and effectiveness of measures is problematic. 
Finally, policy choices are not only based on objective, quantitative data, but also on more 
subjective, political convictions, in which factual information, of course, does play a part. 

As a compromise between comprehensiveness and effectiveness, it was decided to rely 
strongly on existing knowledge available through professionals active in the Port area, and 
at the same time carry out preliminary research of a more fundamental nature. The aim was 
twofold: gather a reasonable first overview of threats and measures as a basis for further 
research, and assess whether the expert knowledge approach results in adequate results. 



640 T. Dijker, H. van Zuylen 

Description of the applied research approach 
It was chosen to obtain the existing knowledge through a number of interviews and a 
workshop. The interviews considered possible threats, the workshop covered the results 
from the interviews, and measures against the identified threats. Their results are given in 
Section 3. Parallel to the interviews and workshop a more systematic approach was 
considered to determine threats and counter-measures. The results of from this preliminary 
approach were confronted with the results from the interviews and workshop (see Section 
4, together with a further discussion of the general applicability of the study’s results). 

It was decided to use the term ‘event’ in the interviews and workshop, with events 
defined as ‘situations as a whole in which a disturbance occurs in the transport system’. 
Events thus comprise both causes and impacts, and could also be called scenarios. It was 
expected that there exists a discrete, limited number of categories of events that are most 
relevant, and that discussions in terms of events are best suited for practitioners. 

The interviews were held with nine persons, with varying backgrounds and employers. 
They were followed by a workshop with 18 participants, 6 of whom also were involved in 
the interviews. The quality of the results from the interviews and workshop depends on the 
number of participants, their backgrounds, and their involvement in policy making [2, 3]. 
According to [2, 3] the number of participants should not be too small, but also does not 
need to be exceptionally large: circa 30 is the maximum effective number. 

3. Overview of identified events and counter-measures 

3.1. Possible events 
The interviews and workshop resulted in a list of 58 events. These events were mostly 
described in rather general terms (‘computer malfunction’, ‘vandalism’), while some were 
more specific, for instance with respect to the (affected) location.  

To generate more structure, events can be grouped according to the origin of their 
causes. The following eight categories can be used (with the number of events per category 
given between parentheses): 1. events caused by industry (9); 2. caused by shipping (4); 3. 
caused by road transport (8); 4. caused by rail transport (11); 5. caused by autonomous 
physical infrastructure failure (7); 6. caused by natural disasters (4); 7. as a result of 
fighting other events (evacuations) (6); 8. events with other causes (9). 

Each participant was asked to choose five events to be considered the most important. 
The meaning of ‘important’ and its assessment were left to the participant. The following 
events were chosen: (threat) of terrorist attacks, accidents in (petro-)chemical industry, 
accidents with road transports of dangerous goods, flooding, leaks or explosions of tanker 
ships, rail accidents of transports of dangerous goods, and airplane crashes. 

3.2. Possible measures against the identified events 
Section 3.1 listed the seven events that were identified as the most important for the Port of 
Rotterdam transport system. In the workshop 55 possible counter-measures against these 
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events were proposed. As with the identification of events, many measures were only 
described in rather general terms. When their actual application is considered, it is clear that 
many aspects need to be considered, both technological and organizational. 

The majority of the proposed measures concerned intervention in the organization of 
transport (16) and in infrastructure design (21). Further, 7 measures in traffic management 
were mentioned, 7 in the maintenance and management of infrastructure, and only 2 in 
respectively spatial planning and in the organization of emergency services. In the 
workshop a selection was made for subjects for further research. The subjects selected most 
were: improvement of the network structure to increase its robustness, the development of a 
system that dynamically reroutes transport when a calamity occurs, the design of services to 
rapidly remove the source of disturbance, a system that limits transport of dangerous goods 
during certain periods of the day, and the application of a dynamic lane allocation system. 

4. Discussion of the research results 
So far possible events and measures identified specifically for the Port of Rotterdam were 
described. This section considers the more general implications of these results. This is 
preceded by a discussion in Section 4.1 that assesses the applied research method. 

4.1. Assessment of the applied research method 
To efficiently obtain an overview of events and measures the study was strongly based on 
available knowledge of professionals active in the Port area. At the same time a preliminary 
effort was carried out to develop a more systematic approach. The latter remained 
approximate, but is helpful to assess the results from the interviews and workshop.  
Sketch of a systematic categorization of events and measures 
A systematic overview of possible events, respectively counter-measures, can be generated 
by searching for a hierarchical system of categories in which the events/measures can be 
grouped, starting at the highest, most abstract level, and then generating the underlying 
levels in more detail. The categories should be based on certain fundamental aspects of 
events/measures, so that it can be expected that a comprehensive overview results. 

In the case of possible events, points of view to establish main categories are the type of 
activity that causes the event, whether the cause of an event is internal or external to the 
transport system, its complexity, whether it lies in traffic demand or capacity restraints, 
whether impacts are local or area-wide, and so on. For counter-measures the categorization 
can also be based on several aspects: whether measures are preventive or responsive, 
whether they are of a technical or organizational nature, static or adaptive, etcetera. 

In the end, it was chosen to base the (rather) preliminary main categories for the 
possible events on the origin of the cause of the event and on the question whether this is 
internal or external to the transport system. With respect to the possible measures, the 
categorization was based on a layer model of traffic and transport that describes how the 
transport system fundamentally can be divided in several connected subsystems. It was 
considered how each of these subsystems can be used to manage traffic and transport to 
increase reliability. Further, both preventive and reactive measures were taken into account. 
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Evaluation of the results from the interviews and workshop 
The identified events cover a reasonable variety of underlying causes. Most events were 
described in quite general terms, and no quantitative information on risks or impacts was 
obtained. It appeared that opinions differed on the feasibility of quantification. With respect 
to selecting the most important threats, personal judgement played an important role. 

The proposed counter-measures were in a large majority aimed at prevention. Further, 
most proposals involved longer-term technical developments in the field of infrastructure 
and vehicle design, while also a number of transport management improvements were 
given. It appeared that the proposals missed some of the available options when compared 
with a more systematic overview. The selection of measures for further research shows the 
preferences of the participants, but the backgrounds behind the choices made are not clear. 

Overall, it appears an important characteristic of the interview/workshop approach that 
to a considerable extent the results reflect current concerns and interests of the participants, 
while a wider and more systematic view remains limited. Further, the inputs from the 
participants are rather general. These shortcomings correspond with recommendations of 
Van de Ven [2, 3] to have solutions prepared by a group of domain experts, after problems 
have been identified by a group of stakeholders. In the end, the interviews and workshop 
appear first of all useful to acquire an overview of the opinions and knowledge in current 
practice and to involve other professionals, but they need to be supported by a more 
systematic approach to obtain more comprehensive and better underpinned results.  

4.2. General applicability of the findings from the Rotterdam study 
The study for the Port of Rotterdam transport system was still of an exploratory nature, but 
it does already give an idea of the types of events that are perceived most threatening. They 
fall in 4 categories: 1. deliberate attacks or threats of attacks (terrorism); 2. accidents in the 
transport system (transport of dangerous goods); 3. location-specific external activities 
(petrochemical industry, airport); 4. location-specific natural disasters (flooding).These 
results were obtained for the Port of Rotterdam. In other industrial and urban areas there 
may be other issues, but it is expected the same classes of disturbances may be identified. 

The proposed measures were given in rather general terms and it is probable that in 
other areas with similar issues these would also be the first to come forward. It is striking 
that many of the proposals are aimed at prevention and concern infrastructural and vehicle 
technology developments. However, certainly in densely urbanized areas, changes in the 
infrastructure network are expensive, difficult to realize, and not feasible in the shorter 
term, and also developments in vehicle technology require significant time and effort. 
Further, even if the developments happen, still events can occur in which the transport 
system severely fails and effective management of the situation at hand is necessary. 

Both because of limitations in infrastructure and vehicle technology developments, and 
the general need to be able to respond to events when they do occur, it is argued that there 
is need for new ITS technologies aimed specifically at non-recurrent, deviant conditions. In 
the end, only such ITS can increase transport reliability, more so than was acknowledged in 
the interviews and workshop. This not only goes for the Port of Rotterdam, but for heavily 
used transport networks in general. 

It is expected that specific ITS developments are needed in the fields of data collection 
and prediction, communication, and traffic management, leading to robust but also flexible 
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systems that can cope with deviant, non-recurrent conditions. In further research, such ITS 
developments will be covered. It is intended to pursue concrete and practical applications 
and information, more so than could be presented so far in this paper. 
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