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Executive summary 
 
Transport planning belongs to the most important functions of the GET Service platform since it 
uses the information provided by the platform for finding the optimal plan needed for a successful 
transport execution. The planning functionalities are subdivided into offline planning and online 
planning. In case of offline planning the transport plan is created before the execution of the 
transport based on the available data, whereas online planning serves for re-planning during the 
transport execution in cases where the original plan cannot be fulfilled due to a disruption or delay. 
Since Task 5.2 deals only with offline planning, this deliverable describes the approach used for 
offline planning and does not consider any online planning activities which will be the main research 
agenda of Task 5.3. 
 
In order to develop an intermodal planning algorithm, it is necessary to take into consideration a 
number of specific factors. The intermodal transport chain usually consists of a number of transport 
legs served by different transport modes. Between the transport legs there are terminals where 
transhipment needs to be modelled considering capacities, costs and emissions. Departure times 
can be considered as another important factor since they are relatively flexible for road transport but 
fixed for trains and vessels because they usually operate according to a fixed schedule. Moreover, 
the requirements of the Client regarding the type and amount of goods, origin and destination, pick-
up and delivery dates as well as optimization objectives have to be reflected by the model. The 
possible objectives can be transport costs, time or CO2e emissions which can be also combined 
depending on the weights assigned to each of the objectives. Last but not least, the uncertainty and 
possible disruptions happening in the real world have to be taken into account. 
 
In order to include all necessary factors into the planning model, the service network design (SND) 
was chosen as the optimization modelling approach. In this approach transports are modelled as 
services between two terminals characterized by a certain vehicle, capacity, route, departure time, 
travel time, costs and emissions. The feasible services for a certain transport order have to be 
chosen before the optimization which then shows the optimal result according to the chosen criteria. 
The model can be run either in a deterministic or a stochastic version. The deterministic version 
considers only certain data about the transport services and state of the infrastructure known at the 
planning moment. In addition to that, the stochastic version takes into account historical data and 
probabilities of occurring for certain events such as congestion or accidents. This version is solved 
using the sample average approximation (SAA) method in which a number of scenarios with 
different probability realizations are run and then the most robust route is used. In this way the 
probability of arriving on time is increased and the need for re-planning is reduced. 
 
The performance of the model is illustrated on two scenarios. The first scenario considers the 
transport of goods by inland vessel from Budapest to Regensburg. In this case low water levels can 
lead to situations where the vessel cannot continue the journey on a certain section and the goods 
have to be transhipped to another transport mode which leads to delay, the need of re-planning and 
increased costs and emissions. The scenario shows how the risk of disruption can be reduced by 
considering historical data about water levels and therefore reducing the capacity of the vessel 
during critical periods. In order to find the optimal transport plan, different transport alternatives were 
compared using deterministic information about costs, transport time and emissions. 
 
The second scenario deals with the transport of goods by truck between main European airports. 
The flexibility of road transport allows to choose different routes which have different transport 
times. As the analysis of data about more than 300 trips between each of the chosen origin-
destination pairs showed, the travel times can even significantly differ on the same route due to 
congestion and disruptions. As a result, a route with the shortest uncongested transport time might 
lead to delays because of a high risk of congestion. The results of the planning therefore showed 
how the inclusion of travel time distributions from historical data can help to choose a route where 
the risk of delay or disruption is reduced and the probability of on-time delivery is increased.  
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1 Introduction 
 
This deliverable presents the aggregated planning algorithm of the GET Service project. This 
section provides the background to this deliverable, by presenting the goal of the project as a whole, 
the goal of the work package of which the deliverable is a part, and the goal of the deliverable itself. 
It then goes on to present the approach that was used to arrive at that goal. Finally, it presents the 
structure of the remainder of the deliverable. 
 

1.1 Project goal 
 
The GET Service platform provides transport planners with the means to plan transport routes more 
efficiently and to respond quickly to unexpected events during transport. To this end, it connects to 
existing transport management systems and improves on their performance by enabling sharing of 
selected information between transport partners, logistics service providers and authorities. In 
particular, the GET Service platform consists of components that: (i) enable aggregation of 
information from the raw data that is shared between partners and transport information providers; 
(ii) facilitate planning and re-planning of transport based on that real-time information; and (iii) 
facilitate real-time monitoring and control of transport, as it is being carried out by own resources 
and partner resources. By providing this functionality, the GET Service platform aims to reduce the 
number of empty miles that is driven, improve the modal split, and reduce transport times and slack, 
as well as response times to unexpected events during transport. Thus it reduces CO2e emissions 
and improves efficiency. 
 

1.2 Work package goal 
 
Many transport and route planning tools are available in the industry but very often they are based 
on deterministic data and consideration of real-time and stochastic data is only limited. However, the 
world in which transports are conducted does not fit into a deterministic and static straitjacket. 
Moreover, any decision, action, plan or schedule built on these unrealistic assumptions is bound to 
be sub-optimal once realized. Hence, a comparison and review of the available tools and their 
specifications needs to be conducted in order to identify their gaps with respect to the usage 
scenarios and use cases defined in Deliverable 1.1. These gaps serve as a basis for the 
development of improved offline planning algorithms using alternative objectives (e.g. transport 
costs, time, CO2e emissions) and additional data sources made available by GET. Moreover, online 
planning algorithms using real-time information for re-planning in case of disruptions during 
transport execution are developed. 
 

1.3 Deliverable goal 
 
The deliverable´s goal is to develop an offline planning model which meets several requirements 
predefined by GET Service and integrate it into a prototype. Regarding the functionality of such an 
offline planning model, robustness is an important issue to be dealt with. The aim of the planning 
model is to minimize the likeliness of re-planning and as a consequence make schedules more 
applicable in real-life environment. This feature is performed by taking variations of traffic conditions 
as well as external risks and uncertainties into account.  
 
The next point to be considered is multi-objectivity. As CO2e reduction is one of GET Service´s main 
targets, it has to be taken into account by the model, besides of costs and duration of transport. In 
order to reflect this goal, the objective function is comprised of three factors (CO2e emissions, 
transport time and transport costs). Not only does the model have to deal with multiple objectives, it 
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also has to handle multiple orders at a time (multiple-order approach). In that respect, the positive 
network effect which the GET Service platform strives for is enabled.  
 
In addition to that, intermodality will be supported by the model. As defined by the European 
Conference of Ministers of Transport (1993), intermodal freight transport is a specialization of 
multimodal transport. It consecutively uses multiple modes during one transport while moving the 
goods within a single, not changing, loading unit. Thus, the goods themselves don't have to be 
handled, but only the loading unit. As this loading unit mostly is a standardized container, intermodal 
transport often is referred to as containerized transport. 
 

1.4 Deliverable structure 
 
The remainder of this deliverable is structured as follows. Chapter 2 gives a brief overview about the 
planning framework developed for GET Service platform in D1.1 and D1.2 and describes offline 
planning and data sources used in the planning model. Chapter 3 presents a short literature review 
regarding the actual trends in intermodal transport modelling and the approach chosen for GET 
Service platform. Chapter 4 depicts the problems and challenges to be faced when modelling 
intermodal transports with a service network design (SND) approach. Chapter 5 describes the 
mixed-integer linear mathematical model developed within this deliverable as well as its application 
to two evaluation scenarios. These evaluation scenarios are based on real-life data and show 
different advantages of the chosen approach. The first evaluation scenario (Evaluation scenario 3, 
cf. Section 5.2) is based on the basic deterministic version of the model (cf. Section 5.1) and shows 
the robustness of the model based on changes of the infrastructure as well as its application to an 
intermodal setting. The stochastic mathematical model presented in Section 5.3 offers - in addition 
to the deterministic model - the possibility to include uncertainties of travel times. This advancement 
to SND research and its influence on routing decisions is shown via the second evaluation scenario 
(Scenario 2, cf. Section 5.4). The new research methods developed are then summarized in 
Chapter 6. 
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2 Transport planning in GET Service context 
 
Transport planning is one of the core components of the GET Service platform dealing with 
optimizing the transport chains for specific transport orders entered into the platform by the Clients. 
As already described in the Deliverables 1.1 (GET Service project, D1.1, 2013) and 1.2 (GET 
Service project, D1.2, 2013), planning functionality of the GET Service platform can be divided into 
offline planning and online planning. The scopes of online and offline planning are depicted in 
Figure 1. 
 

 
Figure 1: Overview of planning functionalities 

(Source: GET Service project, D1.2, 2013, p. 13) 

 
Offline and online planning differ in the point of time when the planning is done and the scope of 
information which is taken into account. In case of offline planning, the transport plan is created 
before the transport execution is started based on the available information regarding the 
schedules, routes, capacities and current infrastructure state. In this sense offline planning might 
take into account information about possible delays, disruptions or planned closures of transport 
links if the information is available at the moment of planning. If there is a substantial change in the 
order or other planning parameters before the start of the transport (e.g., order cancellation, change 
of origin or destination, cancellation of service), a new offline plan has to be created running the 
offline planning algorithm with the updated information. Online planning comes into play only after 
the transport execution has started and re-planning is needed due to a disruption or another event 
which makes the execution of the initial offline plan impossible. Since the scope of Task 5.2 is 
limited to developing a planning algorithm for offline planning, online planning is not considered in 
this deliverable and will be described in Deliverable 5.3. 
 
In the process of offline planning a number of feasible transport chains are created for a specific 
transport order which are then compared between each other and the optimal alternative is chosen. 
The selection of the optimal transport chain is based on criteria pre-specified by the Client in a 
transport order containing the amount and type of goods, origin and destination of the transport as 
well as weights for the criteria transport costs, transport time and CO2e emissions according to the 
preferences of the Client. The available transport services are based on schedules (e.g., for trains 
and ships) as well as on information coming from logistics service providers (LSP) and GET Service 
project partners. In this respect the transport mode, departure and arrival time, route and capacity of 
the service are considered. The calculated optimal transport chain is then proposed to the planner 
who has to confirm the chosen transport plan before capacities are reserved on the respective 
vehicles and in the terminals and the transport starts. 
 
An important factor for the planning accuracy is the scope of the data and data availability. As 
depicted in Figure 1, the data used for offline planning can be divided into deterministic and 
stochastic data. Deterministic data consists of input parameters which are taken as certain for the 
planning and can be either time-independent (e.g., speed limits, weight limits, bridge heights, 
vehicle capacity, tolls, etc.) or time-dependent (e.g., driving bans, terminal opening times, etc.). 



30 September 2014  Public Document 

GET Service ICT-2012-318275 ©GET Service consortium 11 

Deterministic data can be enhanced by stochastic data which can offer more information about the 
uncertainty related to the input parameters based on historical data and probability distributions. 
Taking travel time as an example, a deterministic travel time can give information about a normally 
expected travel time, but it is not able to show possibly high risk of congestion or disruption on a 
specific route which can possibly be seen using stochastic travel time distributions based on 
historical data. If travel time distributions are available, it might be more convenient to choose a 
route with a longer expected travel time but a lower probability of congestion and disruption. In this 
way the robustness of the resulting transport plan is increased since the probability of arriving on 
time is higher and therefore delays and the need of re-planning is avoided.  
 
However, the historical data might not always be available for each transport alternative. Therefore, 
the offline planning model within the GET Service platform offers flexibility with regard to the input 
data which means that it is able to optimize the transport chains according to the deterministic data 
but also includes stochastic data, if available. The flexibility is offered also regarding the values used 
for different input variables (e.g., vehicle parameters, data for emission calculation) where either 
default values can be used or specific values for a certain vehicle can be entered.  
 
The offline planning model, its scientific background and specific issues used in the modelling 
approach as well as the application of the model for a deterministic and a stochastic scenario are 
described in the following chapters. A more detailed description of the scenarios as well as the 
integration of the planning component into the prototype of the GET Service platform can be found 
in the Deliverable 2.4.1. 
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3 State-of-the-field 

3.1 Literature review 
 
Intermodal transport has numerous advantages next to the noted flexibility offered by multimodal 
transport. Standard sizes and faster transhipments as well as reduced packaging expenses due to 
the container as transport unit are essential benefits to shippers with large volumes (Jennings, 
1996). And even though intermodality is - by definition - mostly designed for intercontinental 
transport, recent trends show that next to growing international intermodal transport volumes via 
20/40ft ISO containers, especially domestic intermodal transports are the drivers of growth in 
intermodal transport volumes (IANA, 2013). 
 
Along with increasing trade volumes, also the research within this sector has picked up within the 
last decade. Multiple publications have identified the criticality of Operations Research (OR) for 
specifics of intermodal transport (networks) (e.g., Macharis and Bontekoning, 2004). 
 
One of this identified areas of need for OR solutions is the reliability and accuracy of model outputs - 
the vehicle routing plans - in case of uncertainties. Rising awareness of the importance of low levels 
of tied-up capital (and thus inventories) leads to an increasing need for dependable on-time 
deliveries. Therefore, the reliability of model outputs is more and more considered as a key 
deliverable of an optimization model. A direct consequence of this changed operating environment 
is raising interest in optimization techniques that account for time-dependent variables, such as 
travel times, in a network (see e.g., Chang et al., 2009; Guener et al., 2012). 
 
Owing to tremendous achievements in both fields of OR and computer science, optimization models 
have been adapted such that uncertainties can be taken into account. Their main purpose is to 
account for variabilities beforehand in order to be able to develop transport plans which are more 
accurate and also more robust to external influences. Improved collection of real-time traffic flow 
information over the last decade, which enables the identification of traffic flow distributions, builds 
the data basis for such approaches. On an operational level within the transport sector especially 
the Vehicle Routing Problem (VRP) and its multitude of extensions play a pivotal role in this context 
(Eksioglu et al., 2009). 
 
While VRP's offer extensive methods for mostly unscheduled transports (on the road), lots of 
transport activities in multi-/intermodal transport networks follow a fixed schedule. Especially train 
and flight connections as well as carriages on waterways, but also long-distance transports on the 
road come to mind. In such cases, service network design (SND) provides intriguing possibilities for 
the reproduction of transport flows on more than one mode. A service, thereby, is “... characterized 
by its origin, destination, and intermediate terminals, its transportation mode, route, and its service 
capacity” (SteadieSeifi et al., 2014, p. 6). It, thus, coincides with the definition of a leg between 
transhipments (connection points). SND offers approaches on the tactical as well as on the 
operational level. While SND on the tactical level is especially concerned with the frequency a 
service should be operated with per time frame (Frequency Service Network Design) and the 
itineraries of the offered services in order to properly serve the demand, SND problems on the 
operational level deal with the selection of available services for specific transports. On each level, 
and while SND research on the tactical level is much more sophisticated, SND offers advantages for 
the consolidation of transports as well as the consideration of multiple modes (Bektas and Crainic, 
2007; Crainic, 2000; Crainic, 2003; SteadieSeifi et al., 2014). 
 
In order to include uncertainties into SND formulations, SND methodologies can be divided into 
static and dynamic problems. While for static problems all of the characteristics of (possible) 
services are fixed, dynamic problems allow for modifications of the values of at least one variable. 
The research for dynamic SND problems is still in its early days, though, which leads to a lack of 
applications to as well as the development of new methods for service network environments. Most 
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of the limited publications in this sector are dealing with demand uncertainty while only a minority 
takes travel time uncertainties into account. Input from practitioners, though, suggests that travel 
time uncertainty is - next to demand uncertainty - one of the two most important sources of 
variability to consider when trying to make accurate routing plans. 
 

3.2 Approach 
 
Therefore, the planning model is formulated as a SND problem in order to realize the goal of 
Task 5.2. Thereby, the transport network is represented via services which connect the 
nodes/terminals of the network. In that way, different modes and their characteristics can be 
replicated. Each service, thereby, is capacitated. 
 
The SND problem is mathematically formulated as a Mixed Integer Program (MIP). In order to take 
into account the green aspect of transport scheduling, the objective function is not only composed of 
costs and time factors, but also CO2e minimization. This being the case, the model is formulated as 
a problem with multiple objectives in the objective function. Assuming that these objectives are at 
least partly conflicting, it is not possible to find a single solution where all objectives are at their 
optimum. According to this fact, multi-objectivity problems are harder to solve than single-objectivity 
problems.  
 
As already mentioned, this prototype of the model is an offline approach. Hence, it will consider 
planning schedules and possible variations of traffic conditions or disruptions before transport 
execution. Since re-planning tasks can be seen as additional expenses, it is one of GET Service´s 
main objectives to reduce the amount of empty trips which require re-planning. Therefore, the 
services chosen for the execution by the model have to be robust. A robust solution, as defined 
within this research work, is a solution which delivers reasonably well results for the whole set of 
input parameters (Soerensen and Sevaux, 2009). The term robust implies that it is necessary to 
bring the model closer to reality, reflecting existing variations. This can be achieved with 
stochasticity. Since conventional stochastic methods are not applicable for realistic problem sizes, 
sample average approximation (SAA) is applied. It is an approach which takes samples based on 
underlying distribution functions and deterministically solves the problem in respect to the sample 
set taken.  
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4 Problem definition 
 
The problem considered is about the selection and sequencing of already scheduled services in 
order to fulfil multiple demand orders via robust routing plans within an intermodal transport network. 
Thereby, the interpretation of the underlying network and its schedules is described in Section 4.1. 
The approach taken in order to include environmental criteria is depicted in Section 4.2 while 
Section 4.3 describes the problem faced when including travel time uncertainties in a SND 
environment. 
 

4.1 Modelling services 
 
The term service is defined as a scheduled transport with a specific vehicle. A service, thereby, is 
specified by its scheduled start as well as travel time (=service time) and route. While the start times 
are constant, travel times can take on values of varying degrees; dependent on the traffic state and 
infrastructure utilization. As there can be multiple scheduled transports between terminals, the 
network has to be able to represent multiple schedules between terminals. As already mentioned 
before, the focus is not on the tactical scheduling of services, but on their operational sequencing to 
routing plans which fulfil the demand and provide robust solutions in respect to the uncertainties 
considered. 
 
The network is modelled by means of nodes and arcs. The nodes are intermodal transport terminals 
while the arcs represent scheduled services. In contrast to traditional graphs describing transport 
networks, though, the network can consist of multiple arcs (=scheduled services) between two 
nodes in order to represent the problem described above (e.g., Andersen et al., 2009). 
 
Supplemental to the scheduled start time as well as the service time itself, each service is 
characterized by its free capacity in terms of loading units (=containers) as well as its 
(approximated) costs and consumption of CO2e emissions (cf. Section 4.2) when using one of these 
open container slots. The services, thereby, have varying specifications which can be modelled as a 
problem with heteregeneous fleet (cp. Andersen et al., 2009). 
 
The demand orders to be fulfilled are specified by the amount of containers demanded, origin and 
destination node as well as the earliest departure and latest arrival time of the delivery. In order to 
improve the computability of the mathematical model, the scope of the network is reduced 
beforehand. In doing so, the network is carefully downsized by service options definitely 
inappropriate for the fulfilment of the demand orders. This is done by only selecting the most viable 
route options for the origin-destination pair of each considered demand order via deterministic 
shortest path algorithm (bidirectional A*). The considered transhipment points then result from the 
remaining, as viable possibilities considered, services. 
 

4.2 Modelling emissions 
 
The amount of emissions caused by transport is dependent on the energy needed for moving the 
vehicle which can be expressed as its fuel consumption. There exist a number of models for 
calculating fuel consumption as shown by Demir et al. (2011, 2014) and also in GET Service 
project, D1.3 (2013). The main factors considered by these models are the vehicle characteristics, 
represented by the air and rolling resistance, engine and transmission efficiency and energy needed 
for auxiliaries; route and driving characteristics, such as gradient, number of accelerations and 
decelerations, speed of the vehicle and driving behaviour; and also the load factor of the vehicle. 
However, the use of these models requires detailed input data which is in many cases not available. 
Therefore a number of models and calculators based on real-world measurements and 
recommended values for the important factors have been developed (e.g., Eichlseder et al., 2009; 
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EcoTransIT, 2011; Boulter and McCrae, 2007). These models can be used for calculating emissions 
using predefined data for a representative vehicle as well as for cases when the input data for a 
concrete vehicle is known. 
 
In case of road transport the Passenger car and Heavy duty vehicle Emission Model (PHEM) 
developed by TU Graz is an important basis for the Handbook on Emission Factors for Road Traffic 
(HBEFA) that offers fuel consumption factors for vehicles with different engine types driving on 
different road categories. These factors are based on real-world measurements simulating 
predefined driving cycles and give the fuel consumption for an empty as well as fully loaded vehicle 
(Eichlseder et al., 2009). As noted by Bauer et al. (2010), there exists a linear relationship between 
the load factor and the fuel consumption of the vehicle and therefore the fuel consumption can be 
calculated easily for different loads. In addition to the road category and load factor, the gradient 
also plays an important role. According to EcoTransIT (2011), the influence of gradient on fuel 
consumption in road transport is 5-10% which means that the emissions calculated for flat countries 
have to be multiplied by 1.05 for hilly and by 1.1 for mountainous countries. 
 
The emissions of rail transport are also dependent on a number of factors, such as rolling and 
aerodynamic resistance, speed and acceleration profiles as well as gradient (Boulter and McCrae, 
2007). However, as the comparison with real-world values shows, energy consumption of a train 
can be related to its gross weight in tons as shown in the following formula (EcoTransIT, 2011)  
 

                 
 
where EC ist the energy consumption of the train in kWh and GWT is its gross weight in tons. The 
values calculated in this formula are valid especially for trains between 600 and 1,800 tons gross 
weight which is a range typical also for container trains. The results are valid for hilly countries and 
therefore have to be multiplied by 0.9 for flat countries and by 1.1 for mountainous countries 
(EcoTransIT, 2011). In order to calculate the amount of emissions from the energy consumption, the 
result has to be multiplied by the specific emission factor. Here it has to be differentiated between 
the diesel train causing emissions by burning diesel and the electric train where the emissions are 
caused only by energy production and not by energy consumption (Kranke et al., 2011). 
 
For the calculation of emissions from inland waterway transport (IWT) the available calculators 
usually use a fixed average emission factor per ton kilometre (tkm) (e.g. EcoTransIT, 2011; IFEU, 
2012) or use the same methodology for IWT and sea transport (NTM, 2008). These methods are 
employed due to the fact that a detailed calculation of emissions from IWT requires a high amount 
of input data which is not always available. However, the results are inaccurate and do not show the 
real performance of IWT. Therefore in this deliverable the model ARTEMIS developed by Boulter 
and McCrae (2007) is applied. The input data for this model consists of vessel characteristics (type, 
length, breadth, draught, engine power), route properties (waterway depth and width, distance, 
vessel speed and direction) and cargo characteristics (type and weight). All of these input 
parameters are either proposed by the model itself or can be manually set for a specific vessel 
which allows a more accurate calculation of emissions. 
 
The emissions considered in the calculation include CO2 and also other greenhouse gases (GHG) 
produced by the fuel combustion in the vehicles expressed in CO2-equivalent emissions (CO2e). 
Since the energy consumption does not produce any emissions at all in case of electric trains, the 
well-to-wheel (WTW) emission scope was chosen in order to make emissions from different 
transport modes comparable. This scope includes emissions from energy consumption and energy 
production (Kranke et al., 2011). The emission factor used for diesel is therefore 3.24kg CO2e 
emissions per ton of diesel and for electric energy specific emission factors are taken for each 
country as proposed by EcoTransIT (2011, p. 81) and DSLV (2013, p. 66). For the terminals an 
energy consumption factor of 4.4 kWh/transhipment multiplied by the respective emission factor of 
the country is taken (EcoTransIT, 2011). In order express the emissions in terms of costs for the 
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objective function of the planning model, a value of 70 EUR/t of CO2e emissions was chosen as 
recommended by the German Federal Environment Agency (PLANCO, 2007, p. 52). 
 
The amount of emissions released per twenty-foot container (TEU) strongly depends on the 
capacity utilization of the vehicle. Whereas the relationship between the load factor and the amount 
of emissions is linear in case of trucks, the emission functions for trains and inland vessels have an 
exponential character. Hence, in order to reduce the complexity, the emissions per TEU were 
calculated assuming the utilization of 80% for trains (PLANCO, 2007, p. 68) and 90% for inland 
vessels (via donau, 2006, p.42). Although these results might differ from the real-world emissions 
for different load factors, calculations for Scenario 3 (see Section 5.2) showed that in case of high 
utilization (75-100%) the differences in emissions per TEU are less than 5% from the values 
calculated for assumed utilizations. 
 

4.3 Modelling uncertainty 
 
Concerning the uncertainty, the model takes into account the uncertainty in travel times. It is 
assumed that the service time for service   on arc       is a random variable which takes values in 

set    
 .     

  is the     element of set    
  with the corresponding probability     

 . Each instance of 

this set then represents a possible state of the traffic flow and thus the corresponding transport 
times. Therefore the model results in a more robust solution even if no chance constraints are 
added to control robustness. A similar approach is taken by Agra et al. (2013) for a VRP. 
 
The two important aspects of stochastic network models are the formulation of the recourse and the 
solution method. Jaillet (1998) and Laporte et al. (1994) study a stochastic travelling salesman 
problem (TSP) under uncertain demand with a so-called simple recourse where no second-stage 
optimization is performed. They find an optimal a priori tour to minimize expected cost and the 
recourse includes “simply” skipping the zero demand nodes after the uncertainty is resolved. It is 
important to note that the a priori tour remains feasible under any demand realization. 
 
Uncertain travel times are considered in the shortest path problem by Verweij et al. (2003) and in 
the VRPs by Kenyon and Morton (2003) and Jabali et al. (2013). They do not make any recourse 
decision but the recourse function is assumed to be the lateness or a penalty for the lateness. Again 
the a priori path/route is followed and remains feasible under any travel time realization. In the 
considered case with scheduled services, “simple” recourse is not easy to define, though. If the 
route has to remain feasible under any realization it is necessary to consider the worst case 
realizations for all the random variables which makes the solution extremely conservative. Therefore 
either proper uncertainty sets to avoid over-conservatism have to be defined or a manageable but 
realistic recourse rule has to be established. The second approach is taken for this study. 
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5 Modelling approach 
 
This chapter describes the modelling approach used for the selection of robust routing plans. The 
foundation, thereby, is a deterministic linear MIP (Section 5.1). It is used for the selection and 
sequencing of services in order to form routing plans. The robustness of these plans results from 
the services themselves as well as the infrastructure characteristics they represent and the inclusion 
of uncertainties by SAA (Section 5.3). Evaluation scenarios 3 (Section 5.2) and 2 (Section 5.4) are 
used to exemplarily show advantages of the approach. 
 

5.1 Deterministic mathematical model 
 
A network consisting of services     (scheduled transports or transhipments) and nodes       
(transhipment points) forms the basis for the routing decisions. Each service, since it's connected to 
a schedule and a vehicle, is unique and connects transhipment points   and  . The services are 

characterized by their scheduled start time    and service time    as well as slot price    and CO2e 
emissions per TEU    . Services on the road as well as transhipments are - due to their lack of 
scheduled supply in reality - assumed to be available when needed. Their respective service times, 
though, are dependent on data reflecting the traffic flow and infrastructure utilization. 
 
Demand orders     are represented by their demand at the origin and destination nodes    as well 

as earliest release (    
 

) and due time (    
 

). While the release time represents a hard time 

constraint to work with, the due time is represented as soft constraint, leading to costs for late 
deliveries.  
 
The decision variables include continuous variables for containers serviced (   ,   ) as well as 

binary variables for the services in use in the resulting routing plans (   ,  ). 
 

 
 

 
 

The objective function minimizes the total weighted costs. The weights, thereby, enable the 
reflection of individual preferences regarding direct transport, time-related and CO2e emissions-
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related costs. The direct transport costs consist of transport costs per container and service    - 
which include the fixed transport costs per service allocated to one container as well as the direct 
transport costs per container - and transhipment costs per container (  ,   ). The time-related costs 

are represented in a way to allow charges for delayed deliveries (    
 

) while the CO2e emissions-

related costs per kg (    ) for the emissions consumed per container serviced (   ) and 
transshipped (  ,   ) are also included.  

 

 
 
Subject to: 
 

 
 
Constraint (2) manages the traffic/container flow. Demand, in that regard, is positive if more 
containers are planned to originate from a specific node than are destined for that node. (3) ensures 
that capacity limits of services are adhered to. (4) and (5) guarantee that containers can only be 
transported with a specific service when this service is in use. While (6) tracks the transhipments 
necessary, (7) ensures the timely sequencing of the services within the network. Constraint (8) is 
central to the approach taken as it ensures that no outgoing service with a departure time earlier 
than the arrival of the ingoing service can be used for the next transport step. (9) to (10) give the 
time frame for each order to plan within. The lower limit (earliest pick-up time) is fixed while the 

upper limit (due date) can be bent with penalties - if desired - allocated to late deliveries (      
  

). 

Constraint (11) limits the time window within which services are allowed to depart. Fixed scheduled 
services (trains, ships), thereby, have time windows where     

      
 . 

 

5.2 Evaluation scenario 3 

5.2.1 Illustrated benefits 
 
Evaluation scenario 3 is a scenario which incorporates transport services of three different transport 
modes as well as the needed transhipments between these services and modes. Thus, this 
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scenario is very well suited to show how the model works for an intermodal setting. In addition, 
uncertainties in the stability of the infrastructure are also incorporated. In this case, special focus is 
on the water levels on inland waterways. The services to choose from for the robust plan, thereby, 
reflect these water levels via their characteristics. A high probability of low water levels, for example, 
is to be reflected with the capacity of a service. This provides an advantage over traditional offline 
planning approaches which don’t take water levels into account, since re-planning in case of 
unforeseen low water levels (and thus a change of mode and time-consuming transhipment) is 
vastly reduced.  
 
There are inland waterway sections within Europe with a high probability of low water levels which 
make these sections impassable for container transports. Table 1 for example describes the water 
level situation at the Danube near the Austrian-German border. Thereby, especially months August 
to December have high probabilities of water levels below 220 cm. A water level of 220 cm however 
would be needed in case of a fully loaded container ship as the draught of such a ship is about 
180 cm and the safety distance has to be 40 cm. 
 
Water level <150 <160 <170 <180 <190 <200 <210 <220 <230 <240 <250 >=250

January 0.0% 0.0% 0.0% 0.0% 0.2% 1.5% 4.1% 7.3% 10.3% 14.2% 20.0% 100%

February 0.0% 0.0% 0.0% 0.0% 0.9% 1.8% 5.7% 10.6% 13.8% 19.3% 21.4% 100%

March 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.4% 1.3% 3.0% 100%

April 0.0% 0.0% 0.0% 0.0% 0.0% 0.7% 0.7% 2.7% 4.2% 7.8% 11.6% 100%

May 0.0% 0.0% 0.0% 0.0% 1.1% 5.6% 8.2% 9.5% 11.4% 13.5% 17.2% 100%

June 0.0% 0.0% 0.0% 0.0% 0.4% 1.8% 3.8% 8.0% 11.8% 14.2% 19.1% 100%

July 0.0% 0.0% 0.0% 1.1% 3.7% 5.8% 8.2% 11.8% 16.8% 23.2% 29.0% 100%

August 1.7% 5.2% 7.7% 10.3% 14.0% 19.4% 22.6% 26.5% 31.8% 37.6% 46.9% 100%

September 0.0% 1.1% 6.9% 12.4% 19.3% 24.2% 31.6% 38.4% 42.9% 50.0% 54.9% 100%

October 0.0% 0.4% 1.5% 3.2% 7.1% 11.2% 18.3% 26.2% 36.1% 46.5% 54.8% 100%

November 0.0% 0.0% 0.0% 2.7% 12.2% 21.6% 32.4% 37.1% 41.8% 49.6% 57.1% 100%

1.-10.11. 0.0% 0.0% 0.0% 0.7% 7.3% 18.0% 37.3% 47.3% 53.3% 63.3% 72.7% 100%

11.-20.11 0.0% 0.0% 0.0% 0.7% 12.7% 24.7% 31.3% 34.0% 37.3% 46.7% 51.3% 100%

21.-30.11 0.0% 0.0% 0.0% 6.7% 16.7% 22.0% 28.7% 30.0% 34.7% 38.7% 47.3% 100%

December 0.0% 0.0% 0.0% 0.4% 4.1% 9.9% 12.9% 17.2% 21.3% 26.7% 32.0% 100%
 

Table 1: Cumulative probabilities of water levels at the Danube near Pfelling (Germany) between 1997 and 2011 

(Source: created by authors according to WSD Süd, 2012) 

 

5.2.2 Scenario description 
 
Intermodal transport using IWT offers a number of advantages from an economic and ecological 
point of view. Thanks to its ability to transport large volumes of goods and relatively low 
infrastructure costs, inland vessels can transport goods at lower costs and also cause lower 
emissions in comparison to other transport modes (via donau, 2013a). However, the available 
natural infrastructure is a limiting factor for this transport mode and therefore inland vessels are 
used mainly in the Western Europe (e.g. Netherlands, Belgium, Germany, France) where the 
nautical conditions are very good. The second region with significant IWT volumes are the countries 
around the Danube in Central and Eastern Europe (Eurostat, 2014).  
 
The connection of main European sea ports to the inland waterways offers a possibility to use inland 
vessels for container transports within Europe. This is mainly the case for the Rhine where the 
transport volumes are very high. The Danube region can be reached using the Rhine-Main-Danube 
channel built in 1992. However, vessels travelling from Rotterdam to Austria have to pass more than 
60 locks which significantly increases the transport time and decreases the competitiveness of 
inland navigation in comparison to rail and road on this route (via donau, 2013a). Another possibility 
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for container transports on the Danube is the connection to the port of Constanta which offers an 
alternative for the sea transports from Asia. Using this route the transport distance and travel time 
for transports between Asia and Central and Eastern Europe could be reduced (via donau, 2006). 
 
Despite the connections to the sea ports and the available capacities, container transports on the 
Danube are low. Currently there exist no regular liner container services, although there have been 
a number of regular services in operation in the last years, the last one being the HELO1 service 
between Budapest and Constanta which was shut down in 2012. One of the reasons for the failure 
of these services were the insufficient navigation conditions and low water levels causing delays, 
decreased capacity and increased costs (Intermodal und Containers Box, 2013). 
 
Water levels are dependent on the weather and hydrological conditions and are constantly 
changing. They determine the possible draught of the vessel which has influence on its capacity. In 
case of low water levels the capacity has to be decreased or the vessels cannot sail through a 
section with a low water level and the cargo has to be loaded on other transport modes which 
causes additional costs, time and emissions and leads to increased organisational demand (via 
donau, 2013a). Low water levels can be mainly observed at the unregulated free-flowing sections of 
the Danube which are the nautical bottlenecks of the river. In Austria these bottlenecks can be 
found between Vienna and the border to Slovakia and in the Wachau region. In Germany there is a 
bottleneck between Straubing and Vilshofen (via donau, 2007). 
 
The scenario considers a request for transport of 60 TEU weighing on average 14 tons each from 
Budapest to Regensburg within a time window of 150 hours. This transport can be conducted using 
various transport alternatives. Since both cities are located on the Danube, a direct transport by a 
motor cargo vessel on the Danube is possible. In this case the draught of the vessel would be 
180 cm which means that the required water depth on the route has to be at least 220 cm due to the 
squat of the vessel and the underkeel clearance (via donau, 2007). However, as can be seen in 
Table 1, historical data shows that the water level of 220 cm might not be always available at 
Pfelling, which is the reference point for water levels at the German bottleneck between Straubing 
and Vilshofen. Since the vessel is travelling upstream and needs several days to arrive to the 
bottleneck, the exact prediction of the water level is complicated. However, historical data can at 
least help to estimate the risk of low water levels in the different periods of the year. 
 
Table 1 shows that in the first 10 days of November there is a probability of 47.3% that the water 
level of 220 cm might not be reached which would mean that the fully loaded vessel either has to 
wait or the goods have to be transhipped unexpectedly to other transport modes which leads to 
higher costs. Therefore three alternatives for IWT are considered:  
 

(i) a transport of 60 TEU from Budapest to Regensburg considering the risk that all of them 
have to be transhipped to truck in Linz due to the low water level at Pfelling 

(ii) a transport of 60 TEU from Budapest where only the required number of containers has 
to be transhipped to truck in Linz according to the expected water level based on 
probabilities and  

(iii) a transport from Budapest to Regensburg with a reduced capacity of the vessel to 42 
TEU which decreases the required water level to 190 cm and therefore reduces the 
probability of insufficient water level to 7.3%. The remaining containers can be then 
transported using other transport alternatives. 

 
These three alternatives are depicted in Table 2 and Figure 2 as alternatives 3a-3c. 
 
Since IWT might be facing problems with low water levels and reduced capacity, other available 
alternatives were searched for in the region between Budapest and Regensburg. These alternatives 
consider IWT only between Budapest and Vienna and Budapest and Linz respectively as well as 
available rail alternatives based on the schedules of train operators (Eurogate, 2014; Kombiverkehr, 
2014; Metrans, 2014). In order to be able to transport the goods to the final destination, truck 



30 September 2014  Public Document 

GET Service ICT-2012-318275 ©GET Service consortium 21 

connections between all terminals and Regensburg were added. The routing and travel times of the 
trucks were taken from PTV Map&Guide tool (PTV, 2014). The considered alternatives are 
displayed in Table 2 and Figure 2. 
 
Service no. Transport mode Route Comment

1 Inland waterway Budapest-Vienna

2 Inland waterway Budapest-Linz

3a Inland waterway Budapest-Regensburg
Capacity of 60 TEU with a risk of 

transhipment of all containers in Linz

3b Inland waterway Budapest-Regensburg
60 TEU with a risk of transhipment of a 

needed number of containers at Linz

3c Inland waterway Budapest-Regensburg 42 TEU

11 Train Budapest-Munich

12 Train Budapest-Wels

13 Train Budapest-Prague

14 Train Vienna-Wels

15 Train Prague-Salzburg

21 Truck Munich-Regensburg

22 Truck Wels-Regensburg

23 Truck Prague-Regensburg

24 Truck Salzburg-Regensburg

25 Truck Vienna-Regensburg

26 Truck Linz-Regensburg

27 Truck Budapest-Regensburg

28 Truck Bud. Port-Bud. BILK

29 Truck Vienna Port-Vienna Railway
 

Table 2: Considered alternatives for Evaluation scenario 3 

 

Figure 2: Considered alternatives for Evaluation scenario 3 
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In order to be able to solve the model, input parameters regarding the transport costs, time, 
emissions and capacities need to be estimated. Since the exact prices for each service are not 
available, the costs were estimated as the sum of fixed and variable costs using the available data 
from PLANCO (2007) for trucks and trains and from via donau (2007) for inland vessels. In addition, 
actual prices for diesel, toll, electricity and infrastructure charges were taken into consideration. 
Travel times were determined using PTV Map&Guide for trucks, schedules for trains and travel 
times from via donau (2013b) for inland vessels. For trucks a free capacity of 2 TEU was assumed 
whereas for rail a train with a loading capacity of 750 net tons and 80% utilization was used 
(PLANCO, 2007, p. 68). These assumptions were also taken for the calculation of emissions per 
container which was described in Section 4.2. For the vessel a utilization of 90% was used which 
can be seen as realistic according to via donau (2006, p. 42). In order to calculate the emission 
costs, the calculated CO2e emissions were multiplied by 70EUR/t as already mentioned in Section 
4.2. 
 

5.2.3 Results 
 
This section provides detailed results for Evaluation scenario 3 obtained by the deterministic mixed-
integer linear programming formulation. Based on the same instance, the deterministic 
mathematical programming formulation is run on the data set to obtain transport plans for this 
scenario. The aim is to find the best transport plan for 60 TEU to be shipped to Regensburg from 
Budapest. Detailed results are given in Table 5 and Table 4 below. 
 
Table 5 shows the most promising route options for this order. These are 
 

(i) Service 3a: The transport of all 60 TEU using inland vessel. In that case a water level of 
220 cm is necessary to allow transportation. As Table 1 indicates, though, for the time-
frame considered within this scenario (November 1 to November 10), the probability of 
water levels below 220 cm is very high (47.3 %). In that case, in this alternative, all 
containers are transhipped to trucks in case of low water levels.  

(ii) Scenario 3b: The difference between this scenario and the first one is that in case of low 
water levels only the necessary containers (and not all of them) are to be transhipped. 
This leads to lower transhipment times and costs and thus less costs overall. 

(iii) Service 3c + Services 11 and 21: This alternative considers these high probabilities of 
low water levels and suggests to transport less containers per ship in order to avoid a 
later transhipment. All the containers which are now not transported by vessel are to be 
transported by train (to Munich) followed by trucks (to Regensburg). 

(iv) Service 27: The fourth alternative only considers the transport of all containers per truck. 
Since this case is not time-sensitive (which often is the case with goods regularly 
transported via waterways), truck transport loses its biggest advantage over other 
alternatives, though. The results from the model support that. 

(v) Service 3c + Service 27: Alternative 5 is much like Alternative 3 with the only difference 
being that all containers not on the ship are transported via trucks. 

 
As Table 3 shows, if all of the three objectives (transport costs, time and CO2e emissions) have the 
same weight, Alternative 3 is the optimal option with the lowest total costs. 
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Serv. 

no.
Scenario

Prob. low 

water levels

When low water 

levels

Costs

[€]

CO2e

[kg]

Costs 

CO2e [€]

Costs 

delay [€]

Costs 

overall [€]

3a IWW: 60 TEU 47.3%
All transshipped to 

truck
22,800 € 24,660 1,726 € 0 € 24,526 €

3b IWW: 60 TEU 47.3%
Necessary containers 

transshipped to truck
19,980 € 24,060 1,684 € 0 € 21,664 €

Combined 19,692 € 19,638 € 1,375 € 0 € 21,067 €

3c  IWW: 42 TEU 7.3% 12,978 € 16,632 1,164 € 0 € 14,142 €

28  Truck: 18 TEU 1,116 € 252 18 € 0 € 1,134 €

11  Train: 18 TEU 3,276 € 1,260 88 € 0 € 3,364 €

21  Truck: 18 TEU 2,322 € 1,494 105 € 0 € 2,427 €

27 Truck: 60 TEU 29,040 € 23,400 1,638 € 0 € 30,678 €

Combined 21,690 € 23,652 1,656 € 0 € 23,346 €

3c  IWW: 42 TEU 7.3% 12,978 € 16,632 1,164 € 0 € 14,142 €

27  Truck: 18 TEU 8,712 € 7,020 491 € 0 € 9,203 €
 

Table 3: Results of most likely routing options with weights (1=2=3=1) 

In order to analyse whether Alternative 3 is the most robust selection also for other weight-set 
combinations, the model was run with different kind of sets (cf. Table 4). It shows the direct 
transport costs, costs due to delayed transport and costs related to CO2e emissions. According to 
the algorithm, it is suggested to transport fewer containers by the vessel due to the low water levels 
and thus Alternative 3 should be selected for all weight sets. 
 

{1, 0, 0} {0, 0, 1} {0.4,0.4,0.2} {0.1,0.8,0.1}

3a 22,800 € 1,726 € 9,465 € 2,453 €

3b 19,980 € 1,684 € 8,329 € 2,166 €

3c 19,692 € 1,375 € 8,152 € 2,107 €

4 29,040 € 1,638 € 11,944 € 3,068 €

5 21,690 € 1,656 € 9,007 € 2,335 €  

Table 4: Results with different weight sets 

This means that Alternative 3 is the optimal solution if cost-minimization is the main goal, but also if 
emission reduction is targeted. 
  

5.3 Stochastic mathematical model 
 
In addition to the deterministic model presented in Section 5.1, here transport time uncertainties are 
reflected by multiple runs of the deterministic optimization model with different samples taken from 
their distribution function (   ). 
 
Solving stochastic network optimization models by conventional methods such as dynamic 
programming and multi-stage stochastic programming is not possible for reasonable size of 
transport network. In this study the sample average approximation (SAA) method is applied to solve 
the stochastic network problem. In this method the expected objective function is approximated by a 
sample average estimate from a random sample. The resulting problem is then solved by 
deterministic optimization methods. The process is repeated with different samples resulting in 
candidate solutions. The “best” solution is then selected among the candidates according to the 
statistical estimates of their optimality gaps. Verweij et al. (2003) provides an excellent introduction 
to the application of SAA to stochastic routing problems. Kenyon and Morton (2003) study a 
stochastic VRP under two different objective functions and solve them using SAA. 



30 September 2014  Public Document 

GET Service ICT-2012-318275 ©GET Service consortium 24 

 
Plambeck et al. (1996) use a triangular probability distribution for each activity, which is 
characterized by three parameters representing the minimum, maximum and mode duration. In a 
similar way the travel time uncertainties are approximated in the model with a three point 
distribution. The possible realizations reflect the uncongested (free flow), congested and disrupted 
case (TRB, 2010). 
 

In that regard, the deterministic model is extended by a set of scenarios    . In each scenario, 
thereby, a transport time based on a three point travel time distribution is allocated to a service. That 
way the deterministic model is run multiple times for different scenarios, looking for the transport 
route which has a very good objective value while at the same time providing a robust result. The 
following paragraphs give an overview of the changes/extensions to the deterministic model in order 
to account for these uncertainties in the model: 
 

 
 
The objective function also has to account for the uncertain travel times. They are represented by 
the delay they cause in different scenarios. 
 

 
 

 
 
In a similar way constraints (7), (8) and (10) have to be adjusted. The varying travel times (  

 ) 
thereby have an influence on the arrival times (  

 ) which in turn determine the possible follow-up 
services for each scenario. The resulting routing plans, then, have different realizations of travel 
times per scenario  . Therefore, the possible field of “robust” routes has to be restrained by 
inserting a new constraint (12). This constraint eliminates all routes which have an average travel 

time over all scenarios     that is greater than  times the uncongested travel time (  
 ). By that, 

routes with lots of congestion or with high probabilities of longer delays are erased from the possible 
set of transport routes.   
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5.4 Evaluation scenario 2 

5.4.1 Illustrated benefits 
 
Evaluation scenario 2 illustrates the advantages of the chosen approach in relation to uncertainties 
of travel time. Travel times, in reality, are dependent on the traffic density and thus the utilization of 
a transport section (e.g., Van Woensel and Vandaele, 2007). High traffic densities, thereby, can be 
a result of two conditions: 
 

1. High traffic flow volumes and 
2. Low capacity levels of a transport section. 

 
While high traffic volumes result in congestion and thus are relatively common delays of transport 
times, varying capacity levels are the result of factors like accidents, construction work, section 
closings due to bad weather conditions, etc. All of these less likely events have very severe impacts 
on travel times, though, as they lead to an extensive reduction of available driving 
lanes/locks/tracks/etc. The chosen approach, therefore, reflects congested traffic states as well as 
disrupted services as described in Section 4.3. Thus, the resulting offline transport plans are 
relatively robust, since they incorporate these future uncertainties. 
 

5.4.2 Scenario description 
 
The transport of goods by planes leads very often to changes in the original transport plan. It can 
happen that due to the bad weather conditions or other reasons a plane might land at another 
airport than originally planned, but the goods have to be transported to the originally planned airport 
due to cost or load consolidation reasons, a free capacity can be available at another airport or due 
to missing a flight the goods need to be transported to another airport from where they will be taken 
by another plane. All these situations require transports of goods between the airports which are 
usually conducted by trucks. 
 
As the available data about the transports of Jan de Rijk (JdR) shows, there is quite a high number 
of transports between the airports which are usually executed as direct transports without any 
intermediate stops for loading and unloading. Although the origin and destination are the same, the 
routes between them might differ since there are usually various alternatives. The choice of the 
route depends on various factors including time windows, possible required intermediate stops and 
breaks, or preferences of the driver. The route choice also influences the transport time, costs and 
emissions and therefore different routes might be optimal depending on the criteria selected for 
optimization. However, the deterministic planning usually considers only the transport time which is 
reached under optimal conditions and does not take into account factors such as possible risk of 
congestion and disruptions which may result in a route that is optimal under normal circumstances 
but might lead to high delays in case of high traffic densities. These delays might not only influence 
the current transport but might also lead to delays in the next transports planned for the truck or the 
currently transported order might not be on time at the airport which might lead to the need of re-
planning. 
 
In order to reduce the risk of delays, the stochastic version of the planning model can be used 
taking into consideration the distribution of travel times for different routes. For the computational 
analyses in this scenario a three point distribution for each service time was assumed. The three 
possible realizations correspond to 
 

i) the most likely service time which is the one used in deterministic model, 
ii) the service time under congestion, and 
iii) the service time under disruption. 
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These three travel times together with their corresponding probabilities obtained from historical data 
can be used for taking samples and comparing different scenarios which results in a robust plan that 
should minimize the risk of delays. 
 
In order to be able to test the performance of the model, historical data for the transports between 
the airports in Amsterdam (AMS) and Frankfurt (FRA) as well as Amsterdam and Brussels (BRU) 
were collected and analysed. The data was collected during the last week of March 2014 and during 
two weeks in June and July 2014. In total, more than 300 trips could be identified for each origin-
destination pair. These trips were divided into the categories uncongested travel times, congested 
travel times and travel times in case of disruption. For each category the mean travel time and 
probability of occurring were derived. In this respect uncongested travel times represent trips 
without any or only very short slowdown of the vehicle during driving, congested trips are trips 
where the vehicle was forced to drive less than 60 km/h on the motorway for longer than 5 minutes 
and disruptions can be defined according to TRB (2010) as a constant traffic jam with breakdown 
flow. 
 
Besides the three travel time categories, the data was also divided according to the routes taken 
which resulted in three different routes for AMS-FRA and two different routes for AMS-BRU. The 
factors influencing the choice of the route were not visible in the data and no information about the 
traffic situation before the start of each transport was provided. However, each route was chosen on 
different times of the day and therefore it can be assumed that a regular congestion or other delay 
on one route is not the only decisive factor for choosing another route. The resulting routes with 
their travel time distributions can be found in Table 5 and are depicted in Figure 3. This table also 
gives an overview of the direct transport costs per container and service (  ) as well as of the CO2e 

emissions to be consumed per container and service (   ). 
 

Proba-

bility

Travel 

time

Proba-

bility

Travel 

time

Proba-

bility

Travel 

time

[%] [hh:mm] [%] [hh:mm] [%] [hh:mm] [€] [kg CO2e]

1

Amsterdam-Utrecht-

Arnhem-Köln-

Frankfurt

203 75.90% 06:29 23.20% 07:20 1.00% 11:06 285 285

2

Amsterdam-

Eindhoven-

Mönchengladbach-

Köln-Frankfurt

57 84.20% 07:06 14.00% 07:25 1.80% 10:53 290 284

3

Amsterdam-

Nijmegen-

Mönchengladbach-

Köln-Frankfurt

59 86.40% 06:50 13.60% 07:29 0.00% 00:00 288 281

4

Amsterdam-Utrecht-

Breda-Antwerp-

Brussels

145 86.20% 02:52 13.10% 03:28 0.70% 06:52 130 120

5

Amsterdam-

Rotterdam-Antwerp-

Brussels

172 87.20% 02:52 11.00% 03:11 1.70% 10:54 127 117

Ser-

vice 

no.

cs esp

Route
No. of 

trips

Uncongested 

travel time

Congested travel 

time
Disruption

 

Table 5: Route alternatives for Evaluation scenario 2 

 



30 September 2014  Public Document 

GET Service ICT-2012-318275 ©GET Service consortium 27 

 
Figure 3: Route alternatives for Evaluation scenario 2 

 
The transport costs were again estimated using the data provided by PLANCO (2007) and PTV 
Map&Guide (PTV, 2014). 
 

5.4.3 Results 
 
This section provides detailed results and analysis obtained by solving both deterministic and 
stochastic version of the SND formulation. The first approach basically tries to find the ‘best 
service(s)’ in terms of the weighted sum of cost, emissions and time. The latter approach tries to 
consider a predefined number of scenarios in the same formulation and estimates the most robust 
solution to deal with unforseen situations. 
 

5.4.3.1 Deterministic Model 
 
As Table 5 shows, the best solution in case of a deterministic model that mostly tries to minimize the 
highest likely travel time (uncongested state) or the direct transport costs would be to choose 
Services 1 and 5. Service 1 most likely is the fastest route while at the same time being the 
cheapest as well compared to Services 2 and 3. Service 5 is cheaper than Service 4 while lasting 
the same amount of time for the transport. In reality, though, congestion and disruptions can cause 
delays which diminish the average performance of services. Therefore Services 1 and 5 were used 
as a baseline to compare the results of the model which was accounting for these congested and 
disrupted cases. 
 

1

5

4

3
2
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When trying to evaluate the impact of the resulting route from the stochastic approach on overall 
costs compared to the route chosen in the deterministic, non-robust, route choice, the direct/service 
costs, emission costs and delay-related costs have to be multiplied with their specific weighting 
factors (        ). 
 

5.4.3.2 Stochastic Model 
 
Based on these measured services and their parameters, several scenarios (5 samples with 100 
instances each) were run to show the possibilities of the robust routing approach. Thereby, one 
order for each relation (AMS-FRA, AMS-BRU) had to be fulfilled. The order-specific data input can 
be seen in Table 6. 
 

Order from AMS 

to FRA

Order from AMS 

to BRU

Order release time 5 a.m. 5 a.m.

Order due time 12:10 p.m. 12:30 p.m.

Additional costs per delayed minute 3 5

Number of containers 2 2  

Table 6: Order-specific data 

 
In order to obtain a robust solution to Evaluation scenario 2 as introduced, the stochastic model is 
run several times each with a different set of weights. The detailed results can be seen in Table 7. 
 

Weights Sample 1 Sample 2 Sample 3 Sample 4 Sample 5

(1,0,0) (1,5) (1,5) (1,5) (1,5) (1,5)

(0,1,0) (3,4) (3,4) (3,4) (2,4) (3,4)

(0,0,1) (3,5) (3,5) (3,5) (3,5) (3,5)

(0.4,0.4,0.2) (3,4) (3,4) (3,5) (1,4) (3,4)

(0.1,0.8,0.1) (3,4) (3,4) (3,5) (2,4) (3,4)
 

Table 7: Best service options for each sample 

 
With the first set of weights and for all scenarios, the best services are found to be Service 1 and 
Service 5. This is similar to the results obtained with the deterministic model. The weights here 
show that the only important component of the objective function is the cost of services. This will not 
be affected by the duration of the service and the amount of emissions produced. Therefore, 
Services 1 and 5 are the most prominent services amongst others. 
 
With the second set of services, the time component becomes the only important objective in the 
formulation. Services 3 and 4 are the most reliable services for the sample. If the transport planner 
wants to only consider time in the objective function, these services must be chosen because they 
show less fluctuation in traveling times between the selected origin-destination pairs. 
 
With the third set of weights, Services 3 and 5 mostly are selected to be the best options. These 
weights are chosen to find the most environmentally friendly routes. These services give the least 
amount of carbon emissions considering several factors as discussed in D1.3. 
 
For different set of weights in-between these extreme cases, Services 3 and 4 are found to be the 
most robust solutions to the transport problem, though. This is exemplarily shown with weight 
combinations {0.4, 0.4, 0.2} and {0.1, 0.8, 0.1} in Table 7. As in these cases the objective function 
considers all three components, the results can be seen as more robust. This is – as expected – 
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similar to the delay-oriented minimization. Due to the importance of the travel time uncertainty, less 
delay times lead to better solutions. 
 
After getting first insights due to these results for each of the 5 samples of each weight combination, 
the SAA approach calls for some further analysis to determine one optimal robust solution per 
weight combination and order. Therefore the objective function of each sample-solution is to be 
calculated with another set of samples (in this case: 500 samples per weight combination). The 
results of these calculations can be seen in Table 8. In this table the optimal solutions for each 
weight combination are shown. Thereby, this second step of analysis confirms the first findings. 
Services 3 and 4 are the preferred routes when all three cost factors are to be considered. This is 
not just valid for the two weight combinations shown in Table 8, but for nearly all sets of weights 
which don’t neglect one or two factors. 
 

avg 

delay

delay 

costs

service 

costs
emissions

emissio

n costs

[min] [€] [€] [kg CO2e] [€] {1,0,0} {0,1,0} {0,0,1} {0.4,0.4,0.2} {0.1,0.8,0.1}

1 4.74 14.22 570 285 39.9 570.00 14.22 39.90 241.67 72.37

2 6.11 18.34 580 284 39.76 580.00 18.34 39.76 247.29 76.65

3 2.09 6.27 576 281 39.34 576.00 6.27 39.34 240.78 66.55

4 0.66 3.28 260 120 16.8 260.00 3.28 16.80 108.67 30.30

5 4.54 22.68 254 117 16.38 254.00 22.68 16.38 113.95 45.18

objective function values {1,2,3}
Serv. 

No

 

Table 8: Optimal solution for each weight combination 

 

If all weights, for example, are set with 1 (1 = 2 = 3 = 1) – which closest reflects the actual costs 
to result from the transports – Services 3 and 4 also are the routes of choice (see Table 9). In 
addition, their probabilities of delay are smaller than for the other services. 
 

[€] [€] [€] [€] [%]

1
Amsterdam-Utrecht-Arnhem-

Köln-Frankfurt
570 13.9211823 39.9 623.821182 75.9%

2

Amsterdam-Eindhoven-

Mönchengladbach-Köln-

Frankfurt

580 18.0526316 39.76 637.812632 84.2%

3

Amsterdam-Nijmegen-

Mönchengladbach-Köln-

Frankfurt

576 7.72881356 39.34 623.068814 86.4%

4
Amsterdam-Utrecht-Breda-

Antwerp-Brussels
260 2.82758621 16.8 279.627586 99.3%

5
Amsterdam-Rotterdam-Antwerp-

Brussels
254 28.255814 16.38 298.635814 98.3%

Delay costs
Emission 

costs

Overall 

costs

Prob. of being 

on-time 

Ser-

vice 

no.

Route

Service 

costs

 

Table 9: Routing results for weights 1 = 2 = 3 = 1 

 
  



30 September 2014  Public Document 

GET Service ICT-2012-318275 ©GET Service consortium 30 

6 Conclusion 
 
Planning in the GET Service context consists of offline planning creating transport plans before the 
start of the transport and online planning used in cases when re-planning is required during the 
transport execution. This deliverable describes the offline planning algorithm used for the GET 
Service platform which can improve the planning results integrating additional data sources. 
 
As the analysis of available literature showed, the service network design is one the suitable 
approaches for modelling complex intermodal transport networks since it is able to represent the 
transport services and transhipment terminals with their specific characteristics, such as different 
routes, departure and arrival times, service times, capacities, costs and emissions. The chosen 
approach enables to consider different planning objectives putting different weights for each 
objective according to the preferences of the Clients. In this way it is possible to find the optimal 
transport chain according to the lowest transport costs, shortest transport time (minimizing the 
delay) or lowest CO2e emissions as well as according to a combination of these three objectives.  
 
An important factor for the quality of the created transport plans is the quality and availability of data. 
Consideration of deterministic and static data regarding the state of the infrastructure, vehicle 
characteristics or travel times might offer a good planning basis in situations where everything is 
working normally and transports can be conducted without any delays. However, in the real world 
there are often many causes for disruptions (e.g., accidents, traffic jams, low water levels, weather, 
etc.) which lead to delays and possible need of re-planning requiring high organisational effort and 
causing higher costs or emissions. In order to reduce the impact of these disruptions they can be 
taken into account already during the planning using the actual information about the current state 
of the infrastructure or including stochastic historical data showing probabilities of disruptions or 
longer travel times as this was shown in the presented evaluation scenarios. In this way the 
transport can be made more robust and the need for re-planning can be reduced. 
 
However, offline planning is not able to consider all possible situations that can happen during the 
transport because it considers only the historical data and the information known at the moment of 
planning which is before the start of the transport. Since there are many events influencing the 
original transport plan after it has been created and the transport is being executed, online planning 
techniques need to be developed in order to be able to react on disruptions during transport 
execution and to offer various re-planning alternatives using the real-time data. This task will be 
performed in the third year of the GET Service project since it is the objective of the Deliverable 5.3. 
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