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Management summary 

 

In this research we have evaluated the existing system in place that assesses the cost 

of trade imbalance and proposed new methods that can prove to assess these cost of 

trade imbalance even better. The goal of this project is to provide a theoretic 

framework combining literature with academic techniques to evaluate the current 

system and provide alternatives to price trade imbalance through the cost 

perspective. Since we look at the cost perspective, cost fluctuations on certain cost 

components can be labeled as cost of imbalance if they happen in the legs of empty 

transport, also called the repositioning part. A Transport cost variable is established 

containing all cost items subject to imbalance. These cost items are the trucking, 

routing (intermodal) and equipment cost.  

Regional trade imbalance measures originating from the literature are fitted to the 

context of Den Hartogh Logistics and the network of the 23ft container group of the 

Liquid logistics department. Three regional trade imbalance measures are 

established. Two variations of the spatially weighted imbalance measure proposed by 

Jonkeren et al. (2010) are created together with a more simple import-to-export 

ratio. These spatially weighted imbalance measures take into account network 

characteristics such as placement in the network and surrounding regions. The first 

variation assumes exponential decay of distance, meaning regions further away are 

exponentially less important to a region’s imbalance. The second variation assumes 

exponential decay of cost, meaning that regions more expensive to travel to are  

exponentially less important to a region’s imbalance. This second variation implicitly 

takes into account the different modalities used in the transportation, since the cost 

are tied to the most likely method of transportation between regions.  

Multiple regression analysis is performed to find the effect between the constructed 

imbalance measures and the defined Transport cost. The assessment of the cost of 

imbalance in the current system is put in a regression model as well to see whether 

the proposed methods can explain the relationship between imbalance and 

Transport cost better.  

The first set of regression models takes the imbalance of the delivery region as the 

explanatory variable. The goodness of fit measures and accuracy measures show the 

models built on the idea of exponential decay of distance and cost prove to be 

superior to the simple export-to-import imbalance measure and the current system 

in place. The models predict that delivery in a region A that has an imbalance of one 

standard deviation larger than region B is expected to be 18.5% and 18.8% lower in 

Transport cost, respectively for the models built on exponential decay of distance and 
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cost. An example is proposed showing the estimated cost differences for delivery in a 

subset of regions. A hypothetical scenario is constructed to see how these models 

estimate the example regions to react to a significant change in the network. In this 

scenario demand on a certain lane drops by 50%. When a drop of demand on the 

lane occurs, the two regions on both sides of the lanes are affected by the change in 

incoming and outgoing container flows. However the models built on the idea of 

exponential decay of distance and cost predict changes in estimated cost differences 

throughout the network due to the drop of demand of a single lane. The regions on 

both sides of the lane that has the drop in demand are affected the most, and the 

closer a region is to one of the affected regions, the larger the effect is in this region. 

The second set of regression models takes the imbalance on the lane as the 

explanatory variable. Again the goodness of fit measures and accuracy measures 

show the models built on the idea of exponential decay of distance and cost prove to 

be superior to the simple export-to-import imbalance measure and the current 

system in place. The models predict in a situation where the regional trade imbalance 

between region A and B is one standard deviation greater than the imbalance 

between region A and C, Transport cost from A to B will be 4.2% and 4.3% lower than 

Transport cost from A to C, respectively for the models built on exponential decay of 

distance and cost. The example regions proposed before show the estimated cost 

differences of a lane as opposed to the lane in the opposite direction. Another 

different hypothetical scenario was constructed to see how the models would 

estimate the regions to react to changes in the network. In this scenario demand on a 

certain lane rises by 50%. Again, the regions on both sides of the affected lane get the 

largest change in estimated Transport cost in a similar fashion as in the previous 

scenario. The spatially weighted imbalance models show the closer a region is to one 

of the affected regions, the larger the effect is in this region and its lanes. 

The explained variance and other accuracy measures of the models built assessing 

the imbalance of the lane is lower than the models built assessing the imbalance of 

the delivery region, suggesting the latter are more accurate. This can be explained by 

the way the database is currently structured, where an order is defined from loading 

point to next loading point. Cost made before loading are assigned to a different 

order, resulting in no increased cost whatever the imbalance of the loading region is.  

The current pricing system provides quotations up to six months in advance. It is very 

difficult to estimate the trade imbalances over a six month period for Den Hartogh 

since there is no date on the quotation. This is a problem for the current system 

assessing cost of trade imbalance and will remain a problem for the new proposed 

models. If a forecasted full container flow matrix could be constructed, and could 

serve as input for the proposed models, the proposed models  could calculate the 
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corresponding Transport cost differences with better accuracy than they could when 

the input is historical data. In the sensitivity analysis is shown that the performance 

of the models decreases when a larger time span of orders is put into the model. This 

shows the time sensitivity of imbalance. We have concluded that a dataset spanning 

two months provides the most accurate results. 

The main question of this research is asking what the best method is to price trade 

imbalances in the network of Den Hartogh Logistics. As we have discussed above, the 

methods considering the imbalance of the delivery region perform best given the 

current structure of the database. For the models that have been constructed, both 

spatially weighted imbalance measures that use the imbalance of the delivery region 

provide the best model to assess the cost of imbalance given the data. 

In this research we have limited ourselves to 23ft containers exclusively and assumed 

the networks of the different container groups to be independent. We have shown 

this is true to some extent. However, there is overlap between the different 

container groups, which has been shown in a previous master thesis project by 

Jansen (2014). A recommendation for future research is to extent the analysis in this 

report with a method that differentiates between different types of containers while 

considering the dependencies between the networks of the different types of 

containers.  
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1. Introduction 
 

Den Hartogh Logistics is a tank container operator company operating globally. They are 

one of the world’s leading logistic service providers in the chemical industry. With 1500 

employees, 550 trucks and 400 road barrels, they operate in 23 countries worldwide 

(Den Hartogh Logistics, 2017). In 2011 Den Hartogh Logistics decided to deliver their 

services globally instead of delivering services in Europe exclusively. They now have 30 

offices around the world. The headquarter is located in Europoort, the harbor of 

Rotterdam. Den Hartogh Logistics can be divided into four main departments. These four 

departments are Liquid Logistics, Gas Logistics, Global Logistics and Dry Bulk Logistics. 

The biggest department, Liquid Logistics, mainly focuses on liquid chemical solutions in 

Europe. The Gas Logistics mainly focuses on gas chemical solutions worldwide. The 

Global Logistics mainly focuses on liquid chemical solutions for other continents than 

Europe, since this is the area of Liquid Logistics. Dry Bulk mainly focuses on solid 

chemical solutions worldwide. 

Within the Liquid Logistics department, the pricing team has the impression that the 

current method of pricing trade imbalance and contribution of every order to the 

physical network can be improved in the price quotation. They want to charge each 

individual customer order for the risk of that specific customer order faces with relation 

to the trade imbalance of the regions it interacts with and the contribution the order 

makes to the network.  

This is a report of a master thesis project conducted at Den Hartogh Logistics. In section 

2, a more detailed description of Den Hartogh Logistics is provided with the emphasis on 

the current situation and the problem. In section 3, the phases of the problem solving 

cycle are presented and the relation with this research. In this section the main and sub 

research questions are presented and explained as well. In section 4, the literature 

review with relation to the topic of the research is presented. In section 5, the data is 

discussed. The data preparation, data of interest and assumptions towards the data are 

explained. In section 6, the current results are presented. The conclusion is presented in 

section 7. 
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2. Current situation 
 

Den Hartogh Logistics is a tank container operator company operating in a dynamic 

network worldwide. As explained in the introduction, this research will focus on one 

of the four major departments within Den Hartogh Logistics, the Liquid Logistics 

department. The departments are largely independent of each other in terms of 

services and/or operating regions. The Liquid Logistics department is focused on 

logistic services of liquid chemicals in Europe. In this section we shall first discuss the 

definition of Den Hartogh Logistics for a customer order in section 2.1. Then the 

current pricing structure is highlighted in section 2.2 and the component of pricing 

dealing with container flow imbalances (regional trade imbalances) will be explained 

in section 2.3. 

 

2.1 Defining a customer order 

 

A customer order within the context of Den Hartogh Logistics is a request for a 

volume of chemicals that needs to be brought to a different geographical location 

within a certain timespan. Den Hartogh Logistics provides the tank(s) at the 

customer’s origin plant and arranges transportation for the tank(s) to the destination 

plant using one or more modes of transport. Den Hartogh Logistics as a company 

delivers intermodal transport, more specifically synchromodal transport. 

Synchromodal transport is a form of intermodal transport (SteadieSeifi, Delleart, 

Nuijten, Van Woensel & Raoufi, 2014). Intermodal transport is a form of transport 

where the product stays in the same transportation unit, such as a container, using 

multiple modes of transport (Crainic & Kim, p.2, 2007). A characteristic specific to 

synchromodal transport is flexibility on the mode of transport (SteadieSeifi et al., 

2014). Den Hartogh Logistics can decide upon execution which mode of transport is 

best to use based on the operational circumstances or customer requirements.  

To limit the distance traveled empty, a container rarely travels in a round-trip. A 

round-trip is a trip where the container returns after delivery to the place where it 

was loaded. In a round-trip the distance traveled full is the same as the distance 

traveled empty. Since the cost for a kilometer is the same for a kilometer full 

transport as for a kilometer empty transport, the cost for a round-trip are twice the 

cost of a one-way trip. To limit these costs every container makes a more 

complicated trip through the network before it returns to the original loading place. 

Therefore a standard customer order is defined as an open-ended line, as shown in 

figure 2.1. There are exceptions where a round-trip is preferred over an one-way trip. 
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For example if a customer needs multiple transports of the same product 

consecutively and returning the container to the loading point is cheaper than 

cleaning the used container plus providing a different container. These exceptions 

however are rare and do not influence the container balance in both loading region 

and delivery region, which are at the core of the research as explained later on. 

 

 

Figure 2.1: A standard order flow (red line: truck/train/deep-sea  flow; blue line: container flow) 

 

The price and cost of a particular order is based on which legs of the transport are 

tied to the customer order. Somewhere on the order flow of figure 2.1, the split 

needs to be made which part belongs to the main order and which part belongs to 

the previous order and also which part belongs to the next order. For the context of 

Den Hartogh Logistics, a customer order is defined from loading point to next loading 

point. Cost made before loading belong to the previous order and cost made after 

the next loading belong to the next order. 

This definition is made because the operations of Den Hartogh Logistics are 

structured in such a way that their containers return to their core area (the 

Netherlands, Belgium, and Ruhr area Germany) with a certain probability, if no next 

order is known. The probability of a container returning to the core area is the 

chance that the container cannot be repositioned in the area of destination. The 

main motivation behind this decision is that their core area consists of large export 

heavy* regions which have a structural empty container shortage. If an order needs 

to be loaded far away from the core, the region is either import heavy* and has an 

empty container surplus, or surrounding regions have an empty container surplus.  

Repositioning means bringing the empty container from its delivery point to its next 

loading point. It is rare that high cost due to repositioning occur before loading. 

Chance for high repositioning cost after delivery is higher if the region is far away 

from the core, and/or the region is import heavy. Therefore Den Hartogh Logistics 

has decided to define an order as all activities between the loading and the next 

loading point. The pricing and allocation of cost is based on this definition. 

Export heaviness and import heaviness are a result from the imbalance of a region. Imbalance is explained further 

in section 4.2 and 5.2. For now, export heavy means a larger full container flow leaving the region than entering, 

and import heavy means a larger container full container flow entering the region than leaving. 
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2.2 Current pricing structure 

 

As explained in the previous section, a customer order usually is making a more 

complicated journey through the network as opposed to a round-trip. This provides 

the opportunity to decrease the cost of repositioning and be more competitive in 

pricing. This results in a sales price based on the one-way trip plus a certain factor 

depending on the expected ease of repositioning after delivery. A Liquid Logistics 

price quotation in the current situation is made by the pricing team that gets 

information from the customer about the weight, the product, the origin, and the 

destination. The container that is quoted for can be determined by calculating the 

weight of the product to volume, and picking the smallest (cheapest) container 

possible (taking several practical constraints into account). However the container 

type that is quoted for and the container type that is used in the execution can differ 

based on availability. 

Usually there is no specific time for the transport in this stage yet, as it is normal in 

this industry for customers to ask for price quotations from different operators in 

advance. The price quotation is made for a timespan of a few months to half a year. 

After this timespan a new quotation is made if requested. This timespan allows for 

capturing certain volatile economic conditions, such as oil price or exchange 

currency, more accurately. However, pricing the expected network contribution of 

the order becomes more difficult without a pre-known loading and delivery date. 

Jansen (2014) estimated in an earlier master’s thesis project that around 90% of the 

orders are still unknown 12 workdays in advance, and even 4 workdays in advance 

still 40% of the orders are unknown. This shows the difficulty of providing a cost 

estimation for repositioning after delivery at the time of making the quotation. 

Within the liquid logistics department there are no forecasts about container flows. 

They are able to estimate regional imbalances since the container imbalances in 

regions are fairly stable and sudden changes can be predicted in advance. 

The composition of the pricing components for an average Liquid Logistics quotation 

is visualized in figure 2.2.  
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Figure 2.2: Visualization of current pricing structure 

Most pricing components of figure 2.2 are associated with the expected cost 

components. The pricing structure is primarily cost-based with a certain fixed margin 

percentage. The trucking component is charging for the expected cost associated 

with trucking during the full transport. The routing component is charging for the 

expected cost associated with the other modes of transportation besides trucking 

during full transport, which are rail, ferry and deep-sea. The cleaning component is 

charging for the expected cost associated with cleaning the container from the 

transported chemical after delivery. The TC (Tank Container) Hire component is 

charging for the container and the expected time that it is used during the full 

transport. The overhead component is charging a fixed percentage of overhead cost.  

The final two components, ‘Repo’ and ‘MC’ are the most interesting components in 

relation to this research, since these pricing components deal with the empty 

transport between delivery and next loading. The sum of these components is called 

the Market Development Correction (MDC) and is further explained in section 2.3.  

 

2.3 The Market Development Correction (MDC) 

 

As shown in figure 2.2 in the previous section, an average quotation is composed of 

multiple components. Two of these components are related to trade imbalance; the 

‘MC’ component and the ‘Repo’ component. The sum of these components is called 

the Market Development Correction (MDC) and deals with the evolving markets. 

Both components will be explained in this section. 
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The idea behind the Market Development Correction is that you charge more for 

trips that contribute negatively to balances in the network than trips that contribute 

positively to balances in the network, both from a cost perspective and from a pricing 

perspective. The cost perspective looks at the increased or decreased cost due to 

trade imbalances while the pricing perspective is more aimed at influencing demand 

in a way to obtain more desirable trade imbalances. Trade imbalance of a region can 

be defined as the proportion of containers entering a region as opposed to 

containers leaving the region. A perfectly balanced region has equal containers 

entering and leaving, while imbalanced regions have either more containers entering 

than leaving or containers leaving than entering.  

In a dynamic network like the network of Den Hartogh Logistics are always trade 

imbalances between different geographic regions. Certain imbalances can be due to 

uncertainty, because of stochastic demand and perishable (time-dependent) 

services. Other imbalances can be due to certain regions being structural import or 

export heavy in demand. An imbalance of demand among regions is the most direct 

cause of the risk of repositioning empty containers (Epstein et al., 2012). Trade 

imbalances are costly since they result in empty movement of containers, which on 

itself adds no value. The contribution of an order to the network in terms of 

imbalances is therefore important to take into account in pricing a certain order. As 

explained in section 2.2, the execution date of the transport is not fixed during the 

quotation process but is made for a period of a few months, making it difficult to 

provide an estimated network contribution for a particular order.  

The ‘MC’ component (short for Market Correction) is the pricing component to 

influence demand, through the idea of price sensitivity, to obtain more balance in the 

network. Price sensitivity or elasticity of demand is a measure of the relationship 

between a change in demand and a change in price of a certain good or service 

(Investopedia, 2017). Orders that load in an import heavy region, a region with a 

container surplus, get a discount to encourage loading demand in the region. Orders 

that deliver in an import heavy region however get a premium to discourage delivery 

demand in an import heavy region. Both the discount and premium try to influence 

the demand. The net result is that the ‘MC’ component is not resulting in additional 

profit, but gives away the total amount charged for premiums as total amount for 

discount. 

The ‘Repo’ component (short for repositioning) is charging for the expected 

repositioning cost after delivery and expected cost saving for loading in every region. 

In the current system is every region cost neutral in the sense that all expected costs 

charged equal all discounts provided for cost saving. An expected repositioning cost 

after delivery is set for regions with a significant chance that no backload (also called 
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reload) is available. The ‘Repo’ component is also providing discount for the expected 

cost saving for loading in import heavy regions. The emphasis in the current formulas 

is the region’s connection with the core regions. Recall that the core regions are a 

subset of regions in the Netherlands, Belgium and the Ruhr area of Germany. These 

regions are relatively large in size, export heavy in nature and the default location for 

unassigned empty containers. An empty container being repositioned to the core can 

be reused relatively quickly.  

The price charged for the MDC (‘MC’+’Repo’) is quite significant in an average 

quotation; around 10% of the total sales price. For heavily imbalanced routes (also 

called lanes) the price in one direction could be as much as 3 times the price for the 

opposite direction, while the direct trip cost of full transport are approximately 

equal.  

The issue within the Liquid Logistics department of Den Hartogh Logistics is that the 

MDC has no theoretic foundation. They would like to have a method to calculate the 

MDC that is scientifically sound. The ‘MC’ component is primarily based on the idea 

of price elasticity which is very difficult to assess in a business-to-business 

environment where prices are relatively constant. This is left as an assignment for 

another project. The ‘Repo’ component however is calculated from the perspective 

of cost, in which the main emphasis lies in a region’s connection with the core. 

Through its simplicity this ‘Repo’ component has its shortcomings. First of all the 

formulas only focus on a region’s relation with the core neglecting other regions than 

the core, both surrounding regions and non-surrounding regions. Second of all the 

concept of reload is too restrictive. Reload means no backload within that region and 

that in the formula containers without reload are automatically transported back to 

the core, but in practice the container could make a trip to a different region as well. 

The empty container is often used to supply loading demand in a surrounding region. 

The formulas are explained in detail in section 5.3. 

Since the current model for calculating the ‘Repo’ component is based on relatively 

simple formulas, this master thesis aims to provide a theoretic framework combining 

literature with academic techniques to evaluate the current system and provide 

alternatives to price trade imbalances through the cost perspective. 
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3. Research assignment 
 

In this section the scope, main research question and sub questions are being 

presented and discussed. The scope is addressed in section 3.1. The research 

questions are addressed in section 3.2. In this project the problem solving cycle of 

Van Aken, Berends and Van Der Bij (2012, p.12) is used. This cycle is visualized in 

figure 3.1.  

During the creation of the research proposal, the problem definition was established 

together with the pricing manager at Den Hartogh Logistics, a professor at the TU/e 

and stakeholders from the Fontys Hogeschool. This problem involves capturing and 

pricing contribution to the network in every order with a theoretic model from a cost 

perspective, as discussed in the previous section. The second step of the cycle, 

analysis and diagnosis, is the main emphasis of the project. In this phase the problem 

is being investigated using the literature and the techniques learned at the TU/e. The 

main research question and most of the sub research questions are defined to 

address the analysis and diagnosis stage. The third step is the solution design. This 

step will give possible solutions to update the current quotation method to improve 

the pricing of trade imbalances through the cost perspective. The final sub research 

question will address this step. Once the solution design is finished, the scope of the 

master thesis ends. Den Hartogh Logistics can use the solution for intervention, 

learning and evaluation. 

 

Problem definition

Analysis and 
diagnosis

Solution design

Intervention

Learning and 
evalutation

 

Figure 3.1: Problem solving cycle of Van Aken et al. (2012) 
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3.1 Scope 

 

The scope of the project will be addressed in this section. As explained in section 2, 

the project is executed at one of the four major departments of Den Hartogh 

Logistics, the Liquid Logistics department.  

Regions 

The Liquid Logistics department is responsible for logistic solutions of liquid chemicals 

in Europe. However, the definition of Europe is somewhat broader than one might 

expect. Border countries of the Den Hartogh Logistics’ definition of Europe are for 

example Iceland, Russia, Turkey, Azerbaijan, and Uzbekistan. In section 5.2, the 

definition of a region is explained and all regions within the scope of this research can 

be found in appendix II. However due to confidentiality these regions are coded. 

Time span 

Furthermore the time period in the scope of this research is October 2016 to March 

2018. This is largely equivalent to the time period that spans the dataset received 

from Den Hartogh Logistics to perform this research. The dataset did contain earlier 

accounts, but before October 2016 the company underwent a huge merger with a 

different tank container operator and balances from this account were affected by 

this. At the time of receiving the dataset the month April 2018 was not yet fully 

processed and therefore excluded. Although the timespan of the dataset is roughly 

1.5 years, calculating the imbalance of the regions using orders of a long time ago 

proved to be less accurate since imbalances and their cost are subject to change over 

over time. Sensitivity analysis shows that considering 2 months of data best fits with 

the data, both in the evaluation of the current system as for new proposed models. 

This is elaborated further in the sensitivity analysis in section 6.4. 

Container group 

The main subject of analysis for this research is the 23ft container group. Den 

Hartogh Logistics owns hundreds of different containers types.  There are containers 

that have heating or cooling systems build in, necessary for changing the density of 

the product for loading or unloading. There are also containers with multiple 

compartments, allowing for transportation of multiple smaller amounts. Within Den 

Hartogh Logistics a classification is present between 7 different container groups, 

such as the container group 23ft. The main distinction between the groups is the size 

of the container and whether there is special functionality available such as multiple 

compartments or heating systems. According to Jansen (2014), not all tank 

containers are suitable to execute every order. She claims that in around 5% of the 
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customer orders of Den Hartogh Logistics every container group can be used. The 

main motivation of isolating a single container group as opposed to using all 

containers is that in practice these container groups operate in largely independent 

physical networks. Since the core of this project involves trade imbalances, these 

container groups all have different imbalances in the network. For example the 

region BA has a reload of 70% on 20ft containers, while on 23ft containers in the 

same time span a reload of 97% was achieved. The region AR has a reload of 50% on 

20ft containers, while on 23ft containers again in the same time span a reload of 68% 

was achieved. In these examples you see that the imbalance of the regions 

significantly differ for these two container groups. Therefore the results are more 

accurate if these container groups are considered separately. The framework is 

created in such a way that the analysis can be repeated for every container group. 

The decision for the 23ft container group is that this group is the largest group 

present in the liquid logistics department. However, by not considering other 

container groups in this research, the assumption is made that the network of the 

23ft container group is completely independent of the other container groups. 

Special order types excluded 

Finally special order types are excluded from the scope. These are orders that are  

‘dedicated calculated’ and orders made for internal purposes. Dedicated calculated 

means that the customer agreed to pay for the round-trip. This would for example be 

a cheaper alternative if the customers have a long term contract with Den Hartogh 

Logistics on a certain route (also called lane). The container does not need to be 

cleaned and is certain to be on location when necessary.  However, for our research 

these orders are not relevant since the container is not available for a new order 

after delivery and therefore does not contribute to trade imbalances. 

Also orders made for internal purposes, such as maintenance, are excluded from the 

scope. These orders can be recognized in the system by having no cost in total. Since 

the cost of these orders does not reflect the cost of imbalance, these orders would 

influence the results that the cost of imbalance would be underestimated.  

All these filters that define the scope of this research, and what portion of the orders 

is filtered, can be found in Appendix I. 
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3.2 Research Questions 

 

As discussed in section 2.3, the core of the project is to provide a theoretic model to 

price trade imbalances of an order from the cost perspective in the dynamic 

environment of the Liquid Logistics department. The main research question 

formulated to solve this problem is:  

 

Main Research Question: What is the optimal method to price the regional trade 

imbalance in the network of the Liquid Logistics department of Den Hartogh Logistics? 

 

The main research question is defined to specifically focus on the regional trade 

imbalance. When a region is imbalanced, the empty repositioning risk towards or 

from the region is present in operations, and so should be present in the sales price. 

In the way the orders are currently defined (see section 2.1), imbalance is only 

assessed for import heavy regions. These are the regions with an empty container 

surplus leading to increased repositioning risk from the region. Currently imbalances 

are assessed as region-specific, which could be too general. Imbalances could also be 

assessed on a route (lane) level that takes both the imbalances of the origin and 

destination into account simultaneously. After our analysis we have evaluated the 

current system and provided some additional models of capturing imbalance. We will 

also see if region-specific is indeed sufficient to price the regional trade imbalance in 

the context of the Liquid Logistics department of Den Hartogh Logistics, or if the 

current ‘Repo’ needs to be formulated differently to capture the cost of imbalances.  

The sub questions are formulated as a step-wise answer to the main research 

question. First a detailed derivation of several measures of imbalance is made 

specifically for the context of Den Hartogh Logistics. Then the effect of the 

formulated regional trade imbalance on the cost items subject to imbalance is 

investigated and evaluated with the current system. This is done both for the 

imbalance of solely the delivery region and the imbalance of the lane. Finally, the 

results of the effects of the regional trade imbalances are used to answer the 

question which method performs best.  
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Sub Question 1: How could regional trade imbalance be captured in imbalance 

measures that fit the context of Den Hartogh Logistics? 

In order to price the regional trade imbalances, every region needs to have a 

measure of imbalance that can be compared. We shall construct three measures of 

imbalance for every region: One relatively simple measure and two more advanced 

measures. The methodology of interest that is used to define the measure of 

imbalance in an advanced way is the Spatially Weighted Imbalance Measure (SWIM) 

proposed by Jonkeren, Demirel, Van Ommeren, and Rietveld (2010). This imbalance 

measure takes network characteristics into account such as the size of import/export 

flows of surrounding regions and the distance between regions. This imbalance 

measure will be explained in more detail in section 4.2 and 5.2. Additionally, the 

advanced imbalance measure will be adjusted to account for modality to match the 

context of Den Hartogh better. This question will be addressed in section 5.2. 

 

Sub Question 2: What is the effect of trade imbalance in the delivery region on the 

Transport cost? 

Once for every region measures of imbalance are defined, the relationship between 

the regional trade imbalances and Transport cost can be investigated. Regression is 

the technique chosen to ‘explain’ the observed cost with the different imbalance 

measures. The hypothesis is that more imbalance results in longer repositioning of 

containers, both in distance and time, and therefore increased transportation cost. 

Currently, the imbalances are priced on a region level from the perspective of the 

delivery region. We shall fit a model representing the current system. The models in 

this sub question will keep the imbalance measures of the delivery region as an 

explanatory variable to see how much the expected cost of imbalance differ for 

delivery in region A in contrast with delivery in region B given the imbalances in the 

network. The current system will be used as a reference to see whether the new 

proposed models could be considered better than the current system in place. 

There are numerous variables that influence the defined cost variable other than 

imbalance of the delivery region. These variables should be controlled for to isolate 

the effect of imbalance on the cost. For the chosen definition of cost which are the 

different cost items that are subject to imbalances, these variables are distance of full 

transport, duration of full transport and the product group, all pre-known variables. 

The formulation of the defined cost variable will be addressed in section 5.1 and the 

results of the regression will be addressed in section 6.1. 
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Sub Question 3: What is the effect of trade imbalance on a lane on the Transport 

cost?  

In this question the explanatory variable is more specific than in the previous 

question. Instead of using the imbalance of the delivery region, the imbalance of the 

lane is now the explanatory variable. By doing so you can estimate how much the 

expected cost difference is for lane A-B in contrast with lane B-A (opposite direction) 

given the imbalances in the network. Recall that in the current system an estimated 

cost saving is provided for loading which becomes apparent on a lane when the 

loading region in taken into the equation. 

The same control variables apply in this model as opposed to the previous model. 

The results of the regression will be addressed in section 6.2. 

 

Sub Question 4: How could the identified relationship between trade imbalance and 

Transport cost be used in the current pricing components? 

In section 2 is explained how the current pricing components dealing with 

repositioning and imbalance is the MDC that is composed of the ‘Repo’ and the ‘MC’. 

In this research we have evaluated the system behind the ‘Repo’ part. We have also 

provided alternatives on how the ‘Repo’ part could be calculated using methods from 

the literature. The identified relationship could replace the defined ‘Repo’ if the 

results from the regression analysis provide an useful replacement. This question will 

look how the proposed models fit in the current pricing system. This question will 

focus on the solution design phase and will be addressed in section 6.4. 
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4. Literature review 

 

This section will address to current literature on the topic of this research. Section 4.1 

will start with the definition and several characteristics of tank container operators 

relevant to this research. Then in section 4.2, literature on regional trade imbalance 

and the relation with order pricing and costs will be discussed. And finally, in section 

4.3, the literature gap this study aims to fill will be highlighted and discussed. 

 

4.1 Tank container operator 

 

In general, a tank container operator uses tank containers to transport liquid cargo 

for different customers between any two points in the world (Erera, Morales, & 

Savelsbergh, 2005). Usually, long-distance transportation of liquid chemicals is done 

by using one of 5 modes: pipeline, bulk tankers, parcel tankers, tank containers, or 

drums (Erera et al., 2005; Karimi, Sharafali & Mahalingam, 2005). Tank containers are 

specifically designed to transport liquid chemicals easily by road, rail, and/or ship. 

Advantages of tank containers (as opposed to the other modes) are that the tanks 

can be handled mechanically, provide door-to-door transportation, are safe and 

durable, can be easily cleaned afterwards, and can even be used as temporary 

storage for customers. 

A standard customer order is a request for a volume of chemicals that need to be 

brought to a different geographical location within a certain timespan. The tank 

container operator provides the tank(s) at the customer’s origin plant and arranges 

transportation for the tank(s) to the destination plant using one or more modes. 

Using multiple modes of transport in a single customer order where the product 

stays in the same transportation unit (e.g. container) is labeled as intermodal 

transport (Crainic & Kim, p.2, 2007). Related to intermodal transport are multimodal, 

co-modal and synchromodal transport (SteadieSeifi et al., 2014).  

As explained in section 2, Den Hartogh Logistics performs synchromodal transport. 

Synchromodal transportation focusses on flexibility and involves a structured, 

efficient and synchronized combination of multiple modes (SteadieSeifi et al., 2014). 

Carriers select at any time the best mode based on the operational circumstances or 

customer requirements. 

The transfer between modes happens on so called intermodal terminals. These are 

specialized train stations, ports, airports, etc. Usually the order starts with a truck and 
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ends with a truck, except when the customer’s origin or destination is near a port or 

train station (Erera et al., 2005). The transportation chain can be partitioned into 

three parts: pre-haul, long-haul, and end-haul (SteadieSeifi et al., 2014). The pre-haul 

is the process before the pickup. The long-haul is the process of door-to-door 

transportation. The end-haul is the delivery process. Besides intermodal terminals, 

operators use special depots for temporary storage, cleaning and repair (Erera et al., 

2005). 

A tank container operator usually does not own any of the underlying transportation 

services (rail network or large vessels), but engages into contracts for transportation 

service with several providers (Erera et al., 2005). Each contract specifies transport 

legs that are available to the tank container operator, and their corresponding costs. 

A tank container operator usually provides one-way trips to its customers (Erera  et 

al., 2005). Customers place a request for a price quote for a certain origin-destination 

pair. The tank container operator charges a fixed price for the transportation, and 

usually directly pays the transportation service provider from this fee. Because the 

price is fixed, the tank container operator is eager to minimize transportation costs. 

However, if transit times matter to the customer, then the tank container operator 

should take this into account. There are even customers willing to pay extra for faster 

services. 

Price quotes are made by considering multiple itineraries (Erera et al., 2005). Both 

the origin and destination are associated with an appropriate export terminal and 

import terminal. With a database of available carriers, a few options are selected. 

The price of each itinerary is then the price of the carrier plus an inland 

transportation cost plus a profit component. A final component of the price can be 

an overhead cost allocation that can be added in case the container needs to be 

repositioned. The customer is presented with the different options, and once the 

customer selects an itinerary, the price quote is formalized. 

 

4.2 Network imbalance 

 

For a company in a dynamic network environment, such as a tank container 

operator, it is key to utilize equipment as efficient as possible. When demand in a 

certain hub for transport exceeds the delivery towards that hub the day before, so 

called ‘deadheads’ need to be performed to obtain a balance in the network (Huth & 

Mattfeld, 2009). This is also called empty container repositioning in other literature 

(Epstein et al., 2012; Erera et al., 2005; Karimi et al., 2005; Song & Dong, 2015; Shen 
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& Khoong, 1995). In this case equipment (e.g. containers) needs to be transported 

empty in advance towards the hub in question from another hub. These movements 

of empty containers between hubs are performed by high density transport, usually 

rail (Crainic & Kim, p.14, 2007). The risk of empty container repositioning should be 

sought to minimize as they are costly and not adding value. However, Erera et al. 

(2005) mention that loaded flow patterns are in definition not geographically 

balanced. Some regions are sources of export or import, and regions can have 

seasonal patterns in the amount of import and export as well. For example, globally,  

American and European ports have a high surplus of empty containers, while Asian 

ports generally have a high shortage (Song & Dong, 2015). 

Epstein et al. (2012) identified four causes related to the risk of repositioning empty 

containers. The first and most direct cause is an imbalance of demand among 

regions. The second cause is in the forecasting. The forecast has a lot of different 

factors and all factors have a degree of uncertainty. Market conditions, demand, 

travel times, are all subject to uncertainty. Availability of vessel capacity allocated to 

reposition empty containers is a source of uncertainty as well. A bad forecast leads to 

ad hoc practices, which often are not optimal, leading to a higher risk of 

repositioning. The third cause is that disperse and/or outdated information is used by 

planning operators and that the current tracking of all containers, empty or full, 

becomes too complex, such that optimal solutions can no longer be found. The last 

cause is that decision makers could be in different regional locations, which could 

lead to coordination problems. Since planning in the Liquid department is done on 

one location using up-to-date information, and also no forecast is used in the 

quotation process, causes two, three and four are not applicable to this research. 

An estimation has been made by Drewry Shipping Consultant that about 20 percent 

of all ocean container movement was repositioning empty boxes since 1998 (Song & 

Dong, 2015). Inland repositioning could be even higher since empty containers are 

often stored at locations far away from the demand location. Empty containers 

represent a significant operational cost; for large shipping companies even the 

second biggest operational cost after shipping fuel (Epstein et al., 2012). Ergun, Kuyzu 

and Savelsbergh (2007) claim that on a daily basis around 18% of all truck movements 

globally are empty, meaning for repositioning purposes only. This makes empty 

container repositioning a key element in transportation companies.  

In literature, numerous studies provide solutions for the regional imbalance issue. 

Most of them however are not translated into pricing components, but planning 

decisions. Huth and Mattfeld (2009) propose a model that minimizes empty 

container transport using a feature they call ‘detouring and entrainment’. Detouring 

and entrainment means that when a truck with a capacity of two containers only 
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transports one, this truck can cost-effectively make a slight bypass towards another 

hub to pick up a second container. This strategy minimizes the amount of distance 

traveled by truck and simultaneously creates balance in the network. Also Epstein et 

al. (2012) simply claim that the most cost-effective solution of repositioning is to 

directly transport empty containers from surplus regions to shortage regions. Erera et 

al. (2005) propose a multi-commodity network flow model that routes loaded 

containers to serve all customers and repositions empty containers, while minimizing 

total transportation and depot costs.  

Ting and Tzeng (2004) propose a model that takes into account imbalances through 

the use of an imbalance factor. Marginal contribution and repositioning costs for 

empty containers caused by trade imbalances make the slot allocation problem very 

complex, but an interesting LP problem has been created to match this reality, but 

again more as a planning problem. The imbalance factor is incorporated in the 

formula by multiplying the factor with the repositioning cost and number of loaded 

containers. This imbalance factor is defined as: 

- (AB – BA)/ AB,  when A to B is larger than B to A.  

- 0, when the flow from A to B (AB) is smaller than from B to A (BA),  

This imbalance factor ranges between 0 and 1, and takes into account additional 

costs for transport from an export heavy to an import heavy region. This imbalance 

measure uses absolute container flows instead of ratios. However, this imbalance 

only considers imbalance on a route-level, neglecting influences of the other parts of 

the network. 

Besides the imbalance measure proposed by Ting and Tzeng (2004), the only other 

paper found to describe an imbalance measure is the paper by Jonkeren et al. (2010). 

Jonkeren et al. (2010) use both an imbalance measure on a route-level and on a 

regional-level to find the relationship between trade imbalance and transport price in 

the inland waterway transport market in North-Western Europe. The imbalance 

measure on a route-level, or also called a two-region network, is calculated by 

(AB)/(BA) where (AB) is the number of trips from A to B, and (BA) is the number of 

trips from B to A. This imbalance measure is also neglecting influences of the other 

parts of the network. The imbalance measure on a regional-level is more advanced, 

and does take into account influences of other parts of the network. The so-called 

Spatially Weighted Imbalance Measure (SWIM) is a regional specific measure dividing 

trips departing from a region times a weight X by the trips arriving in a region times a 

weight Y. Weight X and Y are interpreted as the influence of each region on the 

region in question. The regional imbalances are translated to order-level by dividing 

the regional imbalance of the destination region with the regional imbalance of the 
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origin region. The exact formulas can be found in section 5.2 since this imbalance 

measure is considered to be useful in the context of Den Hartogh Logistics as well. 

 

4.3 Literature Gap 

 

In the literature the main focus to solve network risks is mathematically by 

minimizing the costs. These are often LP formulations where the objective function 

involves minimizing total cost. However, since these solutions cannot change the fact 

that the risk of imbalance is large caused by an imbalance of demand among regions, 

a different approach is to accept the risk and take the risk into account in the sales 

price. 

The models proposed by Ting and Tzeng (2004) and Jonkeren et al. (2010) are the 

only models mathematically considering network imbalance. Ting and Tzeng (2004) 

use this imbalance not for dynamic pricing, but for optimizing slot allocation. 

Jonkeren et al. (2010) use the imbalance to explain regional price differences on a 

lane level in a moderately sized network containing 20 regions in the environment of 

inland waterways. There is a gap in the literature in accepting the regional trade 

imbalance and price them through a cost-perspective. The only paper accepting the 

regional trade imbalance and investigates how to price them is Jonkeren et al. (2010), 

however through a price-perspective in a perfectly competitive market. 

This gap will use the complicated environment of Den Hartogh Logistics with more  

means of transportation, more regions, larger distances, and larger imbalances than 

the environment described in Jonkeren et al. (2010). Besides doing analysis on a lane 

level, this research will also try to explain price differences on a region level. 
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5. Data 
 

This section will explain the data that is used in the research, and the derivations of 

variables relevant to this research. Den Hartogh Logistics has provided a large raw 

dataset on orders of 23ft containers exclusively spanning from January 2016 to 

March 2018. This raw dataset also contains orders that fall out of the scope of this 

research (explained in section 3.1). The filters and portion of the data filtered by each 

filter can be found in appendix I.  

This dataset is used for three purposes: 

- Calculating the Transport cost (DV) subject to imbalances 

- Calculating the imbalance measures (EV’s): Spatially weighted imbalance measure 

and Traditional imbalance measure 

- Control variables for the multiple regression models 

In section 5.1 the calculation of the Transport cost used in this research is derived. In 

section 5.2 is explained how the traditional imbalance measure (TradIM) and two 

variations of the spatially weighted imbalance measure (SWIM) are calculated, 

respectively, using the data that is available. Section 5.3 will discuss the model 

formulation for the regression analysis. In this section we will also explain the current 

calculations of the ‘Repo’ part. 

 

5.1 Transport cost  

 

As explained in section 2.1, a customer order is defined from its loading point to its 

next loading point. All cost components for every order are calculated using this 

definition. However, not all cost components are relevant for this research, since no 

all cost components are subject to imbalance. Costs of loading, unloading, cleaning 

and heating for example are independent of any imbalance (assumed to be equal is 

every region).  The costs that are subject to imbalance are the direct transport cost. 

These direct transport cost are expected to change as imbalance changes.  The direct 

transport cost can be broken down into three components: trucking, route, and 

equipment cost. The trucking cost are all cost associated with trucking made during 

full and empty transport. The route cost are all cost made on other modes of 

transport besides trucking (rail, ferry, deep-sea) during full and empty transport. The 

equipment cost is the duration of the order times the defined container cost per day. 
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Formula 1 is used to calculate the dependent variable ‘Transport cost’ for every order 

i using the variables in the dataset. 

(1)   𝑇𝑟𝑎𝑛𝑠𝑝𝑜𝑟𝑡 𝑐𝑜𝑠𝑡𝑖

= 𝑇𝑟𝑢𝑐𝑘𝑖𝑛𝑔 𝑐𝑜𝑠𝑡𝑖 + 𝑅𝑜𝑢𝑡𝑒 𝑐𝑜𝑠𝑡𝑖 + (𝐹𝑢𝑙𝑙 𝑑𝑎𝑦𝑠𝑖 + 𝐸𝑚𝑝𝑡𝑦 𝑑𝑎𝑦𝑠𝑖)

∗ 𝐸𝑞𝑢𝑖𝑝𝑚𝑒𝑛𝑡 𝑐𝑜𝑠𝑡 𝑝𝑒𝑟 𝑑𝑎𝑦 

The equipment cost per day is defined per container group. Since our research is only 

focusing on 23ft containers this cost is a constant. 

Figure 5.1 shows a boxplot of the Transport cost of the 23ft containers of the months 

February and March, 2018. Only two months are shown since this is the timespan of 

the regression analysis. The Transport cost as calculated above is heavily left skewed, 

with no orders below the lower whisker and orders almost 2 times the threshold of 

the upper whisker. Figure 5.1 shows a boxplot of the Transport cost variable of the 

23ft containers in the dataset. 

 

Figure 5.1: Boxplot on the Transport cost of the orders on 23ft containers of the months February 

and March, 2018 (N = 3713) 

In section 5.3, in the model formulation, is investigated if a transformation is 

necessary for the regression.  

 

5.2 Imbalance measures 

 

The core of the research is to find a relationship between regional trade imbalance 

and Transport cost. In this research we use three different measures for imbalance: 

two variations of an advanced imbalance measure proposed by Jonkeren et al. (2010) 
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and a simpler imbalance measure. The simple measure is an intuitive export-to-

import ratio and is proposed as a reference measure to check whether the advanced 

measure will prove to be superior. First in 5.2.1 the concept of regions in the context 

of Den Hartogh Logistics will be explained, which is necessary before any imbalance 

measure can be constructed. The simple measure, the so-called ‘Traditional 

imbalance measure (TradIM)’, will be explained in section 5.2.2. The advanced 

measure, the so-called ‘Spatially weighted imbalance measure (SWIM)’ , will be 

explained in sections 5.2.3 and 5.2.4. 

 

5.2.1 Regions 

 

The concept of regions in the context of Den Hartogh Logistics needs to be explained 

before regional imbalance measures can be calculated. There have already been 

statements about regions in previous sections, but what defines a region and how 

they are linked to imbalance is explained here. A standard customer order has a 

loading point and a delivery point, as can be seen in figure 2.1 in section 2. In some 

cases the container can be used in the same geographic area for a reload after 

delivery. In other cases there is no loading demand in the area after delivery, and the 

container needs to travel out of this area to find its next order. In order to analyze 

the transport cost, regions are therefore valuable as distance and transport cost 

between regions and their imbalance are likely to affect the cost, which is at the core 

of this research.  

For the Liquid Logistics department of Den Hartogh Logistics, regions are areas in 

Europe that significantly differ from surrounding areas in terms of costs, imbalances, 

and/or size in terms of trade. They are already defined in the system and are subject 

to change. Over the course of this project some regions have been split and other 

regions have been merged; during this project regions in Spain, Norway and Portugal 

were redefined and split up while the Netherlands, Germany, Belgium and France 

were redefined and merged in some degree. What exactly determines how many 

regions a certain area contains seems somewhat ambiguous at first; for example, the 

Netherlands is divided into 3 regions, while countries as Russia, Turkey and Greece 

are all one separate region. However, there are rules for defining the regions in this 

way. The general rules for defining a region are: 

- If a country has a relatively large size in terms of trade (with size being import 

container flows and/or export container flows) then the country is split up in 

multiple regions, if not the country stays one region. 
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- If certain cost occur only for a certain part of the country, for example Sicily that 

always has ferry cost while the rest of Italy has not, then this part of the country 

is considered a different region. Besides ferry cost, these cost could be certain 

fees, toll costs or increased cost for difficult to reach areas. 

- If there is delivery demand but no loading demand, the container always travels 

out of this location to a location with potential loading demand. The regions with 

loading demand generally have a depot that can hold containers even if loading 

demand has not yet come. The regions with only delivery demand do not have 

depots and so these areas always have increased cost and are labeled as a 

separate region. 

The 88 regions currently in the system of Den Hartogh Logistics can be found in 

Appendix II. However they are coded due to confidentiality. 

 

5.2.2 Traditional Imbalance measure (TradIM) 

 

The traditional imbalance measure (TradIM), is a relatively intuitive regional-specific 

measure of imbalance. The measure is a ratio of a region’s export divided by a 

region’s import. In Appendix II, the regions are listed with in the last two columns the 

region’s export Oi (‘O’ for origin), and the region’s import Di (‘D’ for destination) 

during the last two months of the dataset.  

The traditional imbalance measure used to answer sub question 2 is the traditional 

imbalance measure of the delivery region as an explanatory variable for the 

dependent variable Transport cost. We are estimating how much the Transport cost 

differs for delivery regions with different imbalances to establish a model that can 

eventually price imbalance changes from a cost perspective.  

The traditional imbalance measure used to answer sub question 3 is a ratio dividing 

the imbalance of the delivery region by the imbalance of the loading region. By doing 

so you can estimate how much the Transport cost differs for a transport in one 

direction as opposed to the opposite direction. 

In section 5.3, in the model formulation, the relationship between the Transport cost 

and Traditional imbalance measure is investigated to see if a transformation is 

necessary for the regression.  
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5.2.3 Spatially weighted imbalance measure (SWIM) 

 

The spatially weighted imbalance measure (SWIM), is the advanced regional-specific 

measure of imbalance that takes into account the spatial placement of a region, as 

well as the imbalance of the surrounding regions. Already mentioned in the literature 

review in section 4.2, the idea of the SWIM was launched in Jonkeren et al. (2010) 

who argue that measuring imbalance on a lane in a more traditional way, the ratio of 

number of trips from B to A to the number of trips from A to B, is incorrect in a multi-

region network. In a multi-region network, two regions cannot be seen as a closed 

system, so the formulas should incorporate all regions in the network that influence 

the imbalance of that region. A simple example illustrating why spatial placement 

and surrounding regions matter is given in figure 5.3. 

 

Figure 5.3: Example importance spatial placement 

In figure 5.3 both situations have the same number of trips leaving and entering each 

area, and therefore would score as equally imbalanced in the traditional imbalance 

ratio discussed in the previous section. However, assuming every unit of distance is 

equally costly, the situation on the right is significantly more imbalanced. The 

placement of relatively isolated similarly imbalanced regions, cause for an increase in 

the average distance traveled, both full and empty, on the right. The spatially 

weighted imbalance measure is capturing this placement in a way that will reflect a 

larger imbalance in the situation to the right. The network of Den Hartogh Logistics 

has the issue of similar imbalanced regions lying closely together, as shown on the 

right in figure 5.3. Italy for example only consists of import heavy regions (indicated 

in blue in figure 5.3), while the core (almost) only consists of export heavy regions 

(indicated in red in figure 5.3). 

An underlying assumption of the spatially weighted imbalance measure is that empty 

containers are more likely to travel to adjacent regions than regions far away. This 
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obviously is the most cost-efficient method, with the smallest distance traveled 

empty in total. Jonkeren et al. (2010) use an exponential decay of distance; meaning 

regions further away are exponentially less likely to be considered when finding a 

container to fulfil demand if no container is available in the region. They make use of 

the exponential decay of distance, because the empty distance traveled is strongly 

related to the inverse of distance. Figure 5.4 shows a histogram of the distance 

traveled during repositioning (using the distance matrix as formulated later on).  

 Figure 5.4: Histogram showing the proportion of orders with certain repositioning distance 

The histogram of figure 5.4 shows that the amount of orders does exponentially 

decrease as the repositioning distance increases. In the dataset around 58% of the 

orders have a backload in the region of delivery. All these orders have 20km set as 

repositioning distance, causing the first bin to be very large. The set 20km is a result 

of how the distance matrix is formulated, which is explained in the next section. 

The assumption that adjacent regions are more likely to be considered is applicable 

to some regions more than others. In the end the decisions on where the container is 

repositioned to are made based on expected cost: if transporting back to the core is 

expected to be cheaper than repositioning to a region close by (not only distance but 

also expected idle time of the container), then the container is transported back to 

the core. Figure 5.5 shows a similar histogram but instead of distance of 

repositioning, the cost of repositioning is shown. 

 

 

 

0

0,1

0,2

0,3

0,4

0,5

0,6

0,7

1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31 33 35

Proportion of 
orders 

Repositionining distance (x100km) 

Histogram exponential decay of distance 



32 

 

 

Figure 5.5: Histogram showing the proportions of orders with certain repositioning cost 

The histogram of figure 5.5 shows that the amount of orders exponentially decreases 

as the repositioning cost increases, very similar to the distance. Again, the large peak 

in the first bin can be explained by the orders that have a backload in the region of 

delivery. All these orders have €50 euros set as repositioning cost, which is an 

assumption, causing the first bin to be very large. The assumption is made since the 

provided cost matrix contained for the most part empty cells. How the cost matrix is 

formulated, is explained in the next section. 

The assumption that distances between regions causes the likeliness of an 

appropriate candidate is made in the literature and is important for the calculations. 

However, for Den Hartogh exponential decay of cost is also a direction that is worth 

investigating. By using cost instead of distance you take into account the modality of 

the transport. In the costs the information about modality is implicit, since the cost 

matrix is calculated using the modality that is often used. The kilometers are 

regardless of the modality. 

 

5.2.4 Spatially Weighted Imbalance Measure (SWIM) formulas 

 

This section will calculate step-by-step the two variations of the advanced imbalance 

measure of Jonkeren et al. (2010) for the network of the Liquid Logistics department 

of Den Hartogh Logistics. Since most calculations are matrix calculations on the 

square region matrix (88x88), the formulas and explanation will be presented instead 

of the exact calculations. The calculated SWIMs for every region can be found in 
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Appendix II, together with the amount of orders in the dataset originating from every 

region (Oi) and travelling to every region (Di) over a two month period. Why we 

choose the two month period for the analysis will be explained in the sensitivity 

analysis in section 6.3. 

In order to calculate the spatially weighted imbalance factor for a region, three input 

matrices are needed: 

- A square region-to-region full container flow matrix 

- A square region-to-region empty container flow matrix (in our case of 

repositioning after delivery due to the definition of an order) 

- A square region-to-region matrix of distances between every region for the SWIM 

with exponential decay of distance (which we shall call SWIM1 from now on), and 

a square region-to-region matrix of cost between every region for the SWIM with 

exponential decay of cost (which we shall call SWIM2 from now on). 

The dataset provided by Den Hartogh Logistics accounts for every order the country, 

region, place and address of previous delivery, loading, delivery, and next loading. 

This information is used to translate the orders to two matrices containing 

respectively full container flows between regions, and empty containers flows 

between regions. This action was performed by the pivot table function of excel. In 

this stage there was also data preparation dealing with missing or unusable values in 

the regions. The data preparation can be found in Appendix I. Note that the two 

matrices need to be square in order to be used in the calculations that follow. 

In this stage the decision is made to keep orders with supposed data entry mistakes 

in the other variables then the regions in the dataset since these orders do contribute 

to the imbalances and leaving them out would not provide a complete picture. The 

orders with supposed data entry mistakes in the other variables then regions are 

filtered before the regression models are made. 

After the three input matrices are in place, the formulas provided in the literature 

can be applied. The main formula to calculate the imbalance for every region i is 

formula 2. 

(2) 𝐼𝑖 =  
∑ 𝑤𝑖𝑗𝑂𝑗𝑗

∑ 𝑤𝑖𝑗𝐷𝑗𝑗
 

Where, 

𝑊𝑖𝑗= weight of region j on region i. 

𝑂𝑗 = number of trips departing from region j. 

𝐷𝑗 = number of trips arriving in region j. 



34 

 

This formula divides number of departing trips (Oi) by number of arriving trips (Di) 

each multiplied with a certain weight. The departing and arriving trips for every 

region can be found in appendix II. The weight determines the influence other 

regions have on the region i that is calculated. Note that if other regions are not 

taken into account for calculating the imbalance in region i, then all weights are zero 

except for wii, and the formula only divides departing trips of region i with arriving 

trips of region i (which is exactly the same as the traditional imbalance measure). 

Weights can be defined in multiple ways. In the literature the weights are derived 

from information about the size of the container flows between regions that are 

being repositioned and the distances between the regions. The positioning and 

imbalance of surrounding regions are expected to influence the cost of imbalance of 

region i, so the weights are expected to be relevant. The calculation of the weights in 

the literature heavily relies on the assumption of exponential decay for distance 

explained in the previous section. We shall investigate the exponential decay of 

distance as well as the exponential decay of cost. The interpretation for the 

exponential decay of distance is that the larger the distance between two regions, 

the exponentially less likely the chance of the container travelling empty between the 

two regions is. The interpretation for the exponential decay of cost is similar, but 

instead of distance, the larger the cost of transport between two regions, the 

exponentially less likely the chance of a container travelling empty between the two 

regions is. 

 

Exponential decay of distance 

In the first situation of exponential decay of distance, the wij is calculated with 

formulas 3 and 4. 

(3) 𝑤𝑖𝑗 =
𝐹(𝐷𝑖𝑗)

∑ 𝐹(𝐷𝑖𝑗)𝑗
 

Where, 

(4) 𝐹(𝐷𝑖𝑗) = 𝑒−𝛾𝐷𝑖𝑗  

And, 

𝐷𝑖𝑗 = Distance between region i and j. 

𝛾 = The exponential decay of distance parameter. 

The weights are calculated by considering the repositioning flows and distance 

between every region. The distances between regions, however, are not in the 

database of Den Hartogh Logistics. A special method was used to calculate the 
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distance-matrix of the 88x88 regions. The User Defined Function of Excel VBA can 

access Google API’s to compare geographical locations. A template provided by Dam 

(2015) was transformed to match the regions we are interested in. This template was 

thoroughly tested before it was transformed. 

In this template a region needs to be represented by a region. In most instances this 

choice is obvious as the city is in the name of the region, for example, for region 

Belgium Antwerp, Antwerp is the city that is chosen. Sometimes this is more 

arbitrary, for example, for Russia, Saint Petersburg is the city that is chosen. The list is 

composed with a combination of activities of Den Hartogh in a region and the 

geographic center of the region. The list of cities that represent the regions can be 

found in appendix III (only in the confidential version).  

There are however two issues with this method of calculating distance. Since the 

matrix compares the geographic locations that are set, backloads in the same region 

automatically have an error, or repositioning distance of 0 km. This is manually 

changed to 20km to get closer to reality. In the sensitivity analysis we will see how 

changing this number changes the results. Also, Google API calculates distances via 

road transport, while Den Hartogh Logistics uses other modes of transport as well. 

Especially regions connected via ferries and deep sea transport can have a significant 

difference in estimated and actual distance. A better approximation of distances 

between regions and distances within regions could not be obtained, but is a 

recommendation for future use. In the sensitivity analysis in section 6.3 we will look 

at how the results are influenced by changing the distances regions have with 

themselves. 

The exponential decay of distance is visible in formula 4. The exponential decay of 

distance parameter is calculated in the literature with the maximum likelihood 

estimate (MLE), which is the inverse of the mean distance traveled without cargo. 

From the distance matrix is derived that the average distance traveled after delivery 

is around 305 km. However, plotting the estimated proportions of orders with the 

maximum likelihood estimate results in a poor fit with the observed proportions (see 

figure 5.6). The decay of the calculated MLE is less steep than observed in the orders. 

Therefore a different decay parameter is fitted to the data. A gamma of 1/100 has a 

much closer fit to the observed orders and is chosen as the decay of distance 

parameter. The interpretation of a larger gamma is that the weights of regions 

further away is considered less and are therefore less influential.  
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In figure 5.6 the proportion of the orders with certain distances is visualized by the 

blue line, the estimated proportion of orders with a decay of distance calculated with 

the MLE is visualized by the red line, and the estimated proportion of orders with a 

decay of distance parameter of 1/100 is visualized by the green line.  

 

Figure 5.6: Gamma estimators for the exponential decay of distance formula. The decay estimated by the MLE 

(red) versus the decay estimated by the customized gamma 1/100 (green). The orders in the dataset are 

indicated by the blue line.  

Using the parameter of 1/100, applying formulas 2, 3, and 4 result in an imbalance 

measure Ii for every region. These are the spatially weighted imbalance measures 

(SWIM) with decay of distance. These imbalance measures can be found in Appendix 

II per region, under the name SWIM1. For sub question 2 the SWIM1s of the delivery 

region are used and for sub question 3 the SWIM1s are converted to a ratio:  the 

SWIM1 of the delivery region divided by the SWIM1 of the loading region. In the 

sensitivity analysis in section 6.3 different values for the gamma are investigated. 
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Exponential decay of cost 

In the second situation of exponential decay of cost, the Ii is also calculated with 

formula 4. However for the wij the formulas 3 and 4 are adjusted to include cost 

instead of distances. This results in formulas 5 and 6. 

(5) 𝑤𝑖𝑗 =
𝐹(𝐶𝑖𝑗)

∑ 𝐹(𝐶𝑖𝑗)𝑗
 

Where, 

(6) 𝐹(𝐶𝑖𝑗) = 𝑒−𝛿𝐶𝑖𝑗  

And, 

𝐶𝑖𝑗 = Cost for transport from region i to j. 

δ = the exponential decay of cost parameter. 

The weights are calculated by considering the repositioning flows and cost between 

every region. A matrix containing the basic cost of transport between every region 

was also not in the database of Den Hartogh Logistics. On request a matrix is made 

containing cost for all combinations of regions that are used in practice. Within the 

88x88 sized matrix, around 1600 combinations are made. Similar to the cost matrix, 

the cost of a region with itself is not defined. Since the smallest defined cost is a little 

over €100, the cost of a backload is set on €50. In the sensitivity analysis we will see 

how changing this number changes the results. Also, since blanks cannot be 

processed correctly in the formulas, these blanks are replaced by a symbolic 

€1.000.000 to make sure the results are not affected in an undesirable fashion. By 

not having a complete matrix however the distributed weights are based on the 

available combinations.  

The exponential decay of cost is visible in formula 8. Similar to the calculation of the 

exponential decay of distance, the exponential decay of cost parameter delta is 

calculated using the maximum likelihood estimator. This resulted in an average 

repositioning cost of around €250. However, similar to the exponential decay of 

distance, the exponential decay of cost is much steeper in the actual orders than is 

estimated by the MLE. A delta of 1/100 seems more appropriate for the exponential 

decay of cost. Figure 5.7 shows the proportions of the orders with certain distances 

(blue), the estimated proportion of orders with a decay parameter delta calculated 

with the MLE (red line), and the estimated proportion of orders with a decay 

parameter of 1/100 (green line).  
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Figure 5.7: Delta estimators for the exponential decay of cost formula. The decay estimated by the MLE (red) 

versus the decay estimated by the customized gamma 1/100 (green). The orders in the dataset are indicated by 

the blue line.  

Using the parameter of 1/100, and applying formulas 2, 5, and 6 result in an 

imbalance measure Ii for every region. These are the spatially weighted imbalance 

measures (SWIM) with decay of cost. These imbalance measures can be found in 

Appendix II per region, under the name SWIM2. For sub question 2 the SWIM2s of 

the delivery region are used and for sub question 3 the SWIM2s are converted to a 

ratio:  the SWIM2 of the delivery region divided by the SWIM2 of the loading region. 

In the sensitivity analysis in section 6.3 different values for the delta are investigated. 

 

Example 

We shall illustrate in an example of a few representative regions the main points of 

the proposed models. The following example regions will be used throughout the rest 

of the research to show the implications of the research for a small subgroup as 

opposed to the whole network of 88 regions. Six regions out of the 88 regions have 

been selected which are large regions in terms of trade, geographical dispersed and 

have various imbalances: AE and CG are export heavy as a region, and AM, AR, and 

BX are import heavy regions, and region BJ is perfectly balanced. Table 5.1 shows 

regions selected for the example and their scores on the defined imbalance measures 

accompanied by their import (Di) and export (Oi) flows as a region over a two month 

period.  
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Region (coded) TradIM SWIM1 SWIM2 Oi Di 

AE 1.92 1.90 1.88 709 369 

AM 0.56 0.77 0.64 79 140 

AR 0.49 0.49 0.49 66 136 

BJ 1.00 0.86 0.66 133 133 

BX 0.78 0.76 0.78 131 169 

CG 2.14 2.00 2.01 1128 526 

Table 5.1: The six regions selected for the example. This table can be found expanded for all 88 regions in 

appendix II. 

In table 5.1 you can see nicely how the SWIMs actually influence the different 

regions. Export heavy regions AE and CG become less export heavy (closer to 1) when 

you consider the surrounding regions. Region AM however becomes significantly less 

import heavy due to it being relatively close to other large export heavy regions from 

the core. For region AM SWIM1 is higher than SWIM2 which means that in terms of 

distances region AM is  closer to export heavy regions than in terms of costs. Region 

BJ with its perfectly balanced container flows is labeled import heavy by both SWIMs 

due to it being surrounded by import heavy regions (not clear from the table, but can 

be seen in Appendix II). 

 

5.3 Model formulation 

 

In this section we will formulate the multiple regression models. Multiple regression 

is a technique that fits the best linear line between the dependent variable and 

multiple explanatory variables. The dependent variable is the variable we want to 

‘explain’ and in our case is the Transport cost defined in section 5.1. This research 

wants to find the best method to price trade imbalances through the cost perspective 

and we have established multiple measures for imbalance in section 5.2. However 

other variables affect the defined Transport cost which should be controlled for to 

isolate the effect of imbalance. Especially since the defined Transport cost are the 

direct transport cost from loading point to next loading point, we want to isolate the 

cost made after delivery since the full part approximately cost the same regardless of 

imbalance. We shall control for the amount of days of full transport (TransitDays), the 

kilometers of full transport (KMFull) and the product group. In this way we can 

estimate the effect of imbalance keeping the days of full transport and kilometers of 

full transport constant and isolate cost differences caused by different product 

groups.  

From an interpretation perspective we are interested in fractional change in cost 

when imbalance changes. This means we work to a solution that estimates an X% 
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cost change for a certain imbalance change. We are interested in this because we 

want to compare the extra cost of imbalance based on the initial cost and not 

regardless of it. This also matches reality. Take for example a relatively low cost lane 

in comparison with a relatively high cost lane: if both lanes share the same 

imbalance, and the model estimates an absolute cost difference, both lanes have an 

estimated cost of imbalance regardless of their initial cost. The relatively low cost 

lane is in fractional cost increase much more affected than the relatively high cost 

lane. In a model that estimates a fractional change, both lanes have the exact same 

fractional cost change, given both lanes share the same imbalance. In order to obtain 

such a solution the dependent variable Transport cost needs to be log transformed. 

From a practical perspective a log transformation of Transport cost makes sense as 

well. As shown in the boxplot in figure 5.1 the Transport cost is heavily left skewed. 

This behavior is also observed in the other numeric variables. Since regression 

assumes an approximate normal distribution of the variables, these values that range 

over several orders of magnitude need to have a transformation to obtain a better 

fit. The most common transformation dealing with scaling issues is the log 

transformation. So both from an interpretation and practical perspective the 

Transport cost, duration and distance of full transport are log transformed. 

The base formula central in our regression analysis is formula 7 for the models 

focusing on the imbalance of the delivery region and formula 8 for the models 

focusing on the imbalance ratio of the lane. 

(7)  𝐿𝑜𝑔(𝑇𝑟𝑎𝑛𝑠𝑝𝑜𝑟𝑡 𝑐𝑜𝑠𝑡𝑖)

= 𝛼 + 𝛽1log (𝐼𝑚𝑏𝑎𝑙𝑎𝑛𝑐𝑒𝐷𝑒𝑙𝑖𝑣𝑒𝑟𝑦𝑅𝑒𝑔𝑖𝑜𝑛𝑖) + 𝛽2𝑙𝑜𝑔(𝑇𝑟𝑎𝑛𝑠𝑖𝑡𝐷𝑎𝑦𝑠𝑖)

+ 𝛽3log (𝐾𝑀𝐹𝑢𝑙𝑙𝑖) + ∑ 𝛽𝑘

32

𝑘=4

𝑃𝑟𝑜𝑑𝑢𝑐𝑡𝑔𝑟𝑜𝑢𝑝𝑖  

(8)  𝐿𝑜𝑔(𝑇𝑟𝑎𝑛𝑠𝑝𝑜𝑟𝑡 𝑐𝑜𝑠𝑡𝑖)

= 𝛼 + 𝛽1log (𝐼𝑚𝑏𝑎𝑙𝑎𝑛𝑐𝑒𝑅𝑎𝑡𝑖𝑜𝑖) + 𝛽2𝑙𝑜𝑔(𝑇𝑟𝑎𝑛𝑠𝑖𝑡𝐷𝑎𝑦𝑠𝑖)

+ 𝛽3log (𝐾𝑀𝐹𝑢𝑙𝑙𝑖) + ∑ 𝛽𝑘

32

𝑘=4

𝑃𝑟𝑜𝑑𝑢𝑐𝑡𝑔𝑟𝑜𝑢𝑝𝑖  

 

The product group consists of 28 dummy variables (since there are 29 different 

product groups). ImbalanceDeliveryRegion and ImbalanceRatio are the variables that 

change in the formula between the different models. A different model will be made 

with each of the fitted imbalance measure that is formulated in the previous section, 

both the imbalance of the delivery region and the imbalance of the lane. There are 6 

models that will be produced with the following imbalance measure/ratio: 
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- Model 1: Traditional imbalance measure of the delivery region (TradIMDregion) 

- Model 2: Spatially weighted imbalance measure with decay of distance of the 

delivery region (SWIM1DRegion) 

- Model 3: Spatially weighted imbalance measure with decay of cost of the delivery 

region (SWIM2DRegion) 

- Model 4: Ratio of traditional imbalance measure of the delivery region to the 

loading region (TradIMRatio) 

- Model 5: Ratio of spatially weighted imbalance measure with decay of distance of 

the delivery region to the loading region (SWIM1Ratio) 

- Model 6: Ratio of spatially weighted imbalance measure with decay of cost of the 

delivery region to the loading region (SWIM2Ratio) 

 

Modelling the current situation 

In order to judge whether these models perform better than the system currently in 

place to deal with the cost of repositioning, the current system is also translated to a 

similar regression model. In section 2 the current situation is already described but 

the formulas were left out. The formulas for the ‘Repo’ component are currently 

divided into two formulas: one for charging the expected cost of repositioning for 

every delivery region, and one providing discount for the expected cost saving for 

every loading region. For delivery in region i the expected cost is calculated with 

formula 9. 

 

(9)   𝐸𝑥𝑝𝑒𝑐𝑡𝑒𝑑 𝑅𝑒𝑝𝑜 𝑐𝑜𝑠𝑡𝑖 =  (1 − 𝑃(𝑅𝑒𝑙𝑜𝑎𝑑𝑖)) ∗  𝐶𝑜𝑠𝑡 𝑡𝑜 𝐶𝑜𝑟𝑒𝑖 

 

The expected cost saving for loading in region i is calculated with formula 10. 

 

(10)  𝐸𝑥𝑝𝑒𝑐𝑡𝑒𝑑 𝑅𝑒𝑝𝑜 𝑠𝑎𝑣𝑖𝑛𝑔𝑖 = max (
𝐸𝑥𝑝𝑒𝑐𝑡𝑒𝑑 𝑅𝑒𝑝𝑜 𝑐𝑜𝑠𝑡𝑖

𝑃(𝑅𝑒𝑙𝑜𝑎𝑑𝑖)
, 𝐶𝑜𝑠𝑡 𝑡𝑜 𝐶𝑜𝑟𝑒𝑖) 

 

 

These formulas charge for the expected cost to core for delivery in a certain region 

and divide the sum of these costs over the orders loading in this region. The current 

system has neither repo cost nor repo saving defined if an order loads and delivers in 



42 

 

the same region. Note that the expected repo saving cannot be higher than the cost 

to core, which is the turning point that returning to the core would be cheaper. Also 

if the chance on a reload is very small or zero, the customer that had their delivery 

paid for the full cost to core, which could potentially be saved when a loading should 

occur. Recall that the core regions are a subset of regions in the Netherlands, 

Belgium and the Ruhr area of Germany. These regions are relatively large in size, 

export heavy in nature and the default location for unassigned empty containers. An 

empty container being repositioned to the core can be reused relatively quickly.  

When we look at the imbalance of the delivery region the current system classifies a 

region more imbalanced if the chance of reload is smaller or cost to core are larger. 

This expected repo cost (called RepoInQuote) is used as the explanatory variable to 

assess whether the expected repo cost do actually explain the observed variance in 

Transport cost. The expected repo cost also spans several orders of magnitude (see 

table 5.2), which is why a log transformation was used on expected repo cost. The log 

transformed expected repo cost will be used in the same model as the other 

measures of imbalance of the delivery region, which is the model in formula 7. When 

we consider a lane in the current system we have to take into account the expected 

cost saving at the loading region as well, as lanes are compared taking expected cost 

saving into account. Therefore we shall use the expected repo cost minus expected 

cost saving (called RepoLane) as an explanatory variable to represent the current 

system when we look at the imbalance of the lane, which is the model in formula 8. 

Table 5.3 shows descriptives of the key variables used in these models. Looking at the 

minimum and maximum of the Transport cost, TransitDays, FullKM, RepoInQuote 

and RepoLane, you can see how these variables range over several orders of 

magnitude, leading to the decision to log transform these variables. In the variables 

Transport cost, TransitDays, and FullKM and their log transformed version, the orders 

with supposed data entry mistakes are filtered. 
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Variable Minimum Maximum Mean St dev 

TradIMDRegion 0.00 6.80 0.96 0.73 

Log(TradIMDRegion)* 0.00 2.05 0.61 0.35 

SWIM1DRegion 0.00 3.23 0.99 0.63 

Log(SWIM1DRegion)* 0.00 1.44 0.64 0.31 

SWIM2DRegion 0.00 5.65 0.99 0.64 

Log(SWIM2DRegion)* 0.00 1.90 0.64 0.31 

TradIMRatio 0.15 5.55 0.85 0.43 

Log(TradIMRatio) -1.88 1.71 -0.28 0.46 

SWIM1Ratio 0.30 2.87 0.88 0.39 

Log(SWIM1Ratio) -1.22 1.05 -0.22 0.42 

SWIM2Ratio 0.21 2.98 0.88 0.40 

Log(SWIM2Ratio) -1.58 1.09 -0.22 0.43 

Transport cost (in €) 16 5425 1574 700 

Log(Transport cost) 2.86 8.60 7.24 0.55 

TransitDays (in Days) 1 53 7.61 5.29 

Log(TransitDays) 0.69 3.99 1.99 0.57 

FullKM (in KM) 20 3830 951 643 

Log(FullKM) 3.04 8.25 6.44 1.21 

RepoInQuote (in €) 0 2542 256 265 

Log(RepoInQuote)* 0.00 7.84 4.67 1.81 

RepoLane (in €) -1424 2586 65 379 

Log(RepoLane)** -4.41 4.14 0.55 1.82 

Table 5.3: Minimum, maximum, mean and standard deviation of the key variables used in the models. *To log 

transform Log(X+1). **For Log(RepoLane) both expected repo cost and expected repo savings are log 

transformed separately and subtracted. 

 

6. Results 
 

This section will present the results of the regression models proposed in the 

previous section. The previous sections have established measures for the Transport 

cost and imbalance in transport flows. In section 6.1, the relationship between the 

Transport cost and the imbalance measures on a delivery region is explained. In 

section 6.2, the relationship between the Transport cost and the imbalance measures 

on a lane level is explained. In section 6.3, a sensitivity analysis is performed to check 

the robustness of the models produced in section 6.1 and 6.2 and whether the 

assumptions made in producing the models are influential in the results. Finally in 

section 6.4 we address how these models could be used in the current pricing 

system. The software program R Studio is used in the analysis. 
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6.1 Imbalance of  the delivery region 

 

The second sub research question is formulated to find the effect of an imbalance in 

the delivery region on the Transport cost. As described in section 2.1, an order within 

the context of Den Hartogh Logistics is defined from loading point to next loading 

point. The empty transport cost of an order is from the delivery point to the next 

loading point. Therefore the imbalance of the delivery region is of importance since 

the average empty transport cost is higher for import heavy regions. On the other 

hand if an export heavy region is the delivery region for an order, the average empty 

transport cost is expected to be lower since an export heavy region has a container 

shortage. For all the imbalance measures, low means import heavy and high means 

export heavy. So for all imbalance measures a negative relationship is expected 

between Transport cost and imbalance. 

Table 6.1 shows the regression results of the relationships between the Transport 

cost and the imbalance of the delivery region of a two month period. The first model 

uses the relatively simple traditional imbalance measure. The second model uses the 

more advanced spatially weighted imbalance measure with an exponential decay of 

distance. The third model uses the spatially weighted imbalance measure with an 

exponential decay of cost.  

All models score a p-value close to zero on the Breusch-Pagan test indicating 

heteroscedasticity. Variance stabilizing transformations could not correct for 

heteroscedasticity without compromising the interpretation. Therefore robust p-

values are calculated in the regression models. 

The models are trained with 80% of the data and tested with the remaining 20% of 

the data. In this way the models can be evaluated with out-of-sample accuracy 

measures. The accuracy measures considered for these models are the R2, adjusted 

R2 correlation between actual and predicted value, Min-max accuracy and mean 

absolute prediction error (MAPE). In order to obtain reproducible results, the 

set.seed function in the program R Studio is used. 

In table 6.1 can be seen that all models have a negative relationship with Transport 

cost, which was hypothesized since import heavy regions have a low imbalance score 

and higher cost after delivery. 

 

 

 



DV = Log(Transport cost)      

  Model 1   Model 2   Model 3  Current system 

 Estimate Robust  

Std. 

Error 

Robust  

p-value 

Estimate Robust  

Std. 

Error 

Robust  

p-value 

Estimate Robust 

Std. 

Error 

Robust  

p-value 

Estimate Robust 

Std. 

Error 

Robust  

p-value 

Intercept 5.850 0.084 <0.001 5.972 0.085 <0.001 5.973 0.084 <0.001 5.621 0.077 <0.001 

Log(TradIM-DRegion) -0.309 0.022 <0.001          

Log(SWIM1-DRegion)    -0.416 0.025 <0.001       

Log(SWIM2-DRegion)       -0.418 0.026 <0.001    

Log(RepoInQuote)          0.136 0.007 <0.001 

Log(FullKM) 0.209 0.010 <0.001 0.203 0.010 <0.001 0.203 0.010 <0.001 0.136 0.012 <0.001 

Log(TransitDays) 0.218 0.016 <0.001 0.206 0.015 <0.001 0.207 0.015 <0.001 0.264 0.015 <0.001 

Product category Included  <0.001 Included  <0.001 Included  <0.001 Included  <0.001 

R2 0.637   0.647   0.647   0.641   

Adjusted R2 0.633   0.643   0.643   0.638   

AIC 1764   1680   1679   1828   

BIC 1957   1872   1871   2020   

Cor(actuals,predicted) 79.2%   79.9%   79.9%   77.6%   

Min-Max accuracy 96.7%   96.7%   96.7%   96.7%   

MAPE 3.5%   3.5%   3.5%   3.5%   

Table 6.1: Regression output on relationship Transport cost (DV) and various imbalance measures (EV) of the delivery region. Model 1 is using the traditional imbalance measure. Model 2 

is using the spatially weighted imbalance measure with exponential decay of distance. Model 3 is using the spatially weighted imbalance measure with exponential decay of cost. The 

current system is the model formulated to represent the current way of assigning cost to trade imbalances.



The R2 and adjusted R2 are important measures of the goodness of fit with the data 

and explain how much of the observed variance can be explained by the proposed 

model. The maximum value for both is 1.00 and the closer to 1.00 the better the fit 

with the data. The R2 and adjusted R2 for model 2 and 3 are identical and the highest 

of all four models. Model 1 scores lowest on this goodness of fit measure. Model 2 

and 3 actually explain the variance in the Transport cost slightly better than the 

current system. 

The AIC and BIC are also measures of the goodness of fit with the data (Prabhakaran, 

2017). The AIC and BIC can be used for model selection and the criterion is that the 

smaller the value, the better the fit with the data. In table 6.1 can be seen that model 

2 and 3 score highest on both AIC and BIC as well, followed by model 1 and the 

current system performs worst on these goodness of fit measures. 

Correlation between actual and predicted is looking at the correlation in the test set 

between the actual Transport cost and the Transport cost predicted by the model. A 

higher correlation means that the actual and predicted values have similar 

movements; increase in the actual Transport cost should lead to an increase in the 

predicted Transport cost (Prabhakaran, 2017). Perfectly predicted data has a 

correlation of 1 (or 100%). On this measure model 2 and 3 score highest again, closely 

followed by model 1. The current system also scores lowest on the correlation 

measure. 

Min-max accuracy also looks at the performance of the predicted values for the test 

data. The formula for the Min-max accuracy is provided in formula 11. The better the 

performance of the predicted values, the closer they are to the actual values and the 

closer the accuracy comes to 1 (or 100%). In table 6.1 can be seen that all models 

including the current system score equally well on the min-max accuracy which is 

96.7%. 

(11) 𝑀𝑖𝑛𝑀𝑎𝑥𝐴𝑐𝑐𝑢𝑟𝑎𝑐𝑦 = 𝑚𝑒𝑎𝑛(
min (𝐴𝑐𝑡𝑢𝑎𝑙𝑇𝑟𝑎𝑛𝑠𝑝𝑜𝑟𝑡𝐶𝑜𝑠𝑡𝑖,𝑃𝑟𝑒𝑑𝑖𝑐𝑡𝑒𝑑𝑇𝑟𝑎𝑛𝑠𝑝𝑜𝑟𝑡𝐶𝑜𝑠𝑡𝑖)

max (𝐴𝑐𝑡𝑢𝑎𝑙𝑇𝑟𝑎𝑛𝑠𝑝𝑜𝑟𝑡𝐶𝑜𝑠𝑡𝑖,𝑃𝑟𝑒𝑑𝑖𝑐𝑡𝑒𝑑𝑇𝑟𝑎𝑛𝑠𝑝𝑜𝑟𝑡𝐶𝑜𝑠𝑡𝑖)
 

The mean absolute prediction error (MAPE) also looks at the performance of the 

predicted values for the test data. The formula for the MAPE is provided in formula 

12. The better the performance of the predicted values, the closer they are to the 

actual values resulting in a lower score in the MAPE. In table 6.1 can be seen that all 

models including the current system score equally well on the MAPE which is 3.5%. 

(12)   𝑀𝐴𝑃𝐸 = 𝑚𝑒𝑎𝑛(
𝑎𝑏𝑠(𝑃𝑟𝑒𝑑𝑖𝑐𝑡𝑒𝑑𝑇𝑟𝑎𝑛𝑠𝑝𝑜𝑟𝑡𝐶𝑜𝑠𝑡𝑖 − 𝐴𝑐𝑡𝑢𝑎𝑙𝑇𝑟𝑎𝑛𝑠𝑝𝑜𝑟𝑡𝐶𝑜𝑠𝑡𝑖)

𝐴𝑐𝑡𝑢𝑎𝑙𝑇𝑟𝑎𝑛𝑠𝑝𝑜𝑟𝑡𝐶𝑜𝑠𝑡𝑖
) 
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From all these measures of goodness of fit we can conclude that both the SWIM 

models outperform the traditional imbalance measure. Between the two SWIM 

models the differences are very small; only on the AIC and BIC model 2 performs 

slightly better, although not significant.  The current system is also outperformed by 

model 2 and 3. So according to the data, models 2 and 3 are the best models in 

describing the Transport cost fluctuations with the proposed imbalance measure. In 

order to answer sub question 2, what the effect is of a trade imbalance in the 

delivery region on the cost, we have to look at the interpretation of the coefficients, 

which we shall do in the next section. 

 

6.1.1 Interpretation of the coefficients 

  

In this section we shall look at the interpretation of the coefficients in order to see 

how the identified relationship between Transport cost and imbalance translates to 

actual Transport cost differences. First we shall look at how one standard deviation in 

imbalance translates to a cost difference and then how this effect translates to the 

current regions. The example of the six regions proposed in section 5 will be used.  

Both the Transport cost (IV) and the imbalances measures (EV) are log transformed. 

Therefore the interpretation of the regression output is such that keeping all other 

variables constant, a 1% increase in the imbalance measure of the delivery region is 

expected to results on average in a 0.309% (TradIM), 0.416% (SWIM1), or 0.418% 

(SWIM2) decrease in the Transport cost, respectively. Recall from table 5.2 that the 

means of the imbalance measures are 0.96 (TradIM), 0.99 (SWIM1) and 0.99 

(SWIM2), respectively, and that standard deviations of the imbalance measures are 

0.73 (TradIM), 0.63 (SWIM1), and 0.64 (SWIM2), respectively. Delivery in a region A 

that has an imbalance of one standard deviation larger than region B, which has an 

imbalance equal to the mean, is expected to be 18.5% lower in cost according to the 

SWIM1 (model 2), since 

(
𝑀𝑒𝑎𝑛+𝑆𝑡 𝑑𝑒𝑣

𝑀𝑒𝑎𝑛
)𝛽1 − 1 =  (

0.99+0.63

0.99
)−0.416 − 1 =  −0.185  

According to the TradIM (model 1) and SWIM2 (model 3), delivery in region A is 

expected to be 16.0% and 18.8% lower in cost than delivery in region B. Note that 

this percentage lower cost applies to the defined Transport cost and no the order 

cost in total; other cost such as loading, unloading, cleaning, heating etc. are 

considered equal regardless of trade imbalance, and therefore the percentage is 

actually less if you consider the order cost in total. 
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The interpretation of the elasticity of imbalance measures only holds for keeping the 

control variables constant. These control variables are full transport distance, full 

transport duration and type of product. Since we talk about elasticities an absolute 

number cannot be estimated but an estimated cost difference can.  

The interpretation of the coefficients through one standard deviation increase is 

limited since a region has different scores for all of the imbalance measures, meaning 

that the imbalance difference between two regions could according to one imbalance 

measure be a standard deviation and to another two standard deviations. For the six 

regions provided in the example in section 5, also presented below in table 6.2, the 

region with the highest imbalance measures is taken as a reference (region CG), and 

the estimated cost difference with the other regions according to the proposed 

models are presented in table 6.2. According to the accuracy measures, models 2 

(SWIM1) and 3 (SWIM2) are on average closest to the observed transport cost. 

Region (coded) TradIM TradIMΔCost SWIM1 SWIM1ΔCost SWIM2 SWIM2ΔCost 

AE 1.92 +3.4% 1.90 +2.2% 1.88 +2.8% 

AM 0.56 +51.3% 0.77 +48.7% 0.64 +61.3% 

AR 0.49 +57.7% 0.49 +79.5% 0.49 +80.4% 

BJ 1.00 +26.5% 0.86 +42.1% 0.66 +59.3% 

BX 0.78 +36.6% 0.76 +49.6% 0.78 +48.5% 

CG 2.14 +0.0% 2.00 +0.0% 2.01 +0.0% 

Table 6.2: The six regions selected for the example with estimated cost differences for delivery in a certain 

region as opposed to delivery in region CG.  

It is interesting to see how the different models estimate a certain change in the 

network. If demand on a certain lane suddenly rises or drops, the imbalances change 

and so does the estimated Transport cost differences. According to the traditional 

imbalance measure, if demand on a certain lane rises or drops, only the regions on 

both sides of the lane have an imbalance change and therefore a Transport cost 

change. According to the spatially weighted imbalance measures, if demand on a 

certain lane rises or drops, the whole network is affected: the effect is largest in the 

regions on both sides of the lane, and the effect weakens the further away the 

regions are (SWIM1) or the more expensive trips to or from the affected regions are 

(SWIM2). 

To illustrate this effect, we have constructed a hypothetical scenario. In this scenario 

a drop of 50% of the demand on the lane BJ-AE occurs due to large scale 

maintenance of a chemical plant. This results in a change in the imbalance of the 

affected regions and the rest of the network. In the current system only the 

probability of no reload in region BJ would increase but currently there is nothing 

more than an estimated guess in how much the probability should change. In table 

6.3 the effects of the change on the six example regions is calculated. Note that the 
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current imbalance measures can be found in table 6.2. The colored boxes indicate a 

change as opposed to the current situation (green for an increase and red for a 

decrease).  

Region TradIM TradIMΔCost SWIM1 SWIM1ΔCost SWIM2 SWIM2ΔCost 

AE 2.23 -1.3% (-4.7%) 2.06 +0.0% (-2.2%) 2.03 +0.8% (-2.0%) 

AM 0.56 +55.2% 0.78 +49.8% (+1.1%) 0.64 +63.3% (+2.0%) 

AR 0.49 +62.2% 0.49 +81.7% (+2.2%) 0.49 +82.6% (+2.2%) 

BJ 0.62 +46.4% (+19.9%) 0.60 +67.1% (+25.0%) 0.52 +78.2% (+18.9%) 

BX 0.78 +39.2% 0.76 +51.4% (+1.8%) 0.78 +50.4% (+1.9%) 

CG 2.14 +0.0% 2.06 +0.0% 2.07 +0.0% 

Table 6.3: The imbalance measures and estimated cost differences for delivery in the regions after the 

hypothetical scenario occurs. The scenario entails a 50% drop of demand on the lane BJ-AE. Green is an 

indication of an increase as opposed to the current situation; red is an indication of a decrease as opposed to 

the current situation. In brackets the change as opposed to the current cost differences is given. 

You can immediately see that in model 1 (TradIM) only two regions are affected by 

the demand drop. These are the regions on both sides of the lane. Region AE receives 

less full containers in this scenario and the already present container shortage 

becomes larger. This results in a decrease in the estimated Transport cost after 

delivery in region AE since containers are more likely to find a next order in region AE. 

Region BJ on the other hand was balanced but gets a container surplus in this 

scenario. This results in an increase in the estimated Transport cost after delivery 

since it is now more difficult to reposition the containers delivered within region BJ. 

These effects are also clear in the other two models (SWIM1 and SWIM2). Delivery in 

region AE is estimated to be cheaper, while delivery in region BJ is estimated to be 

more expensive. In these models however, surrounding regions are also affected. By 

an increased container shortage in region AE, the container shortage in region CG is 

indirectly also affected in a similar direction, although less severe. Since region CG is 

the reference region in the table, the estimated cost difference between region CG 

and every other region is affected. Because the container shortage in region CG is 

indirectly also increasing, delivery in region CG becomes more expensive, causing 

delivery in the regions AM, AR, and BX to be relatively cheaper. 

Sub question 2 is formulated to address the effect of a trade imbalance in the 

delivery region on the cost, and we have modeled this effect in three distinct models. 

According to accuracy measures the models that define trade imbalance in the form 

of a spatially weighted imbalance measure with exponential decay of distance and 

with exponential decay of cost both perform best given the data. These models 

outperform the system currently in place in terms of goodness of fit. A standard 

deviation change in this imbalance measures is expected to result in a Transport cost 

change of 18.5% and 18.8%, respectively, in opposite direction. A change of demand 
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on a certain lane influences the cost for delivery in the regions on both sides of the 

lane the most but also influences the cost for delivery in other regions in the 

network. 

 

6.2 Imbalance on a lane level 

 

Imbalance on a lane level differs from imbalance of the delivery region in that the 

imbalance of the lane is more specific; it takes into account the loading region as 

well. On a lane level the loading and delivery region are simultaneously considered in 

the form of a ratio: the imbalance of the delivery region divided by the imbalance of 

the loading region. 

The imbalance measures calculated in section 5 for the regions are still viable but will 

now be used in the form of a ratio as shown in formula 13. 

 

(13) 𝐿𝑜𝑔(𝐼𝑚𝑏𝑎𝑙𝑎𝑛𝑐𝑒𝑅𝑎𝑡𝑖𝑜𝑖) = 𝐿𝑜𝑔 (
𝐼𝑚𝑏𝑎𝑙𝑎𝑛𝑐𝑒 𝑑𝑒𝑙𝑖𝑣𝑒𝑟𝑦 𝑟𝑒𝑔𝑖𝑜𝑛𝑖

𝐼𝑚𝑏𝑎𝑙𝑎𝑛𝑐𝑒 𝑙𝑜𝑎𝑑𝑖𝑛𝑔 𝑟𝑒𝑔𝑖𝑜𝑛𝑖
) 

 

The imbalance can be one of the three TradIM, SWIM1, and SWIM2 measures used in 

the previous section as well. Whereas in the previous section we looked solely at the 

delivery regions imbalance, we shall focus in this section on the direction the 

container traveled in; the interpretation for a large ratio is that the container travels 

from a relatively import heavy region to a relatively export heavy region (relative to 

each other). The interpretation for a small ratio is that the container travels from a 

relatively export heavy region to a relatively import heavy region. We expect a higher 

Transport cost for a small ratio since both loading in an export heavy region (high 

score on imbalance) and delivery in an import heavy region (low score on imbalance) 

need more effort to position the containers correctly. So again, a negative 

relationship is expected between Transport cost and the Imbalance ratio is expected. 

 

 

 



DV = Log(Transport cost)      

  Model 4   Model 5   Model 6  Current system 

 Estimate Robust  

Std. 

Error 

Robust  

p-value 

Estimate Robust  

Std. 

Error 

Robust  

p-value 

Estimate Robust 

Std. 

Error 

Robust  

p-value 

Estimate Robust 

Std. 

Error 

Robust  

p-value 

Intercept 5.405 0.078 <0.001 5.403 0.078 <0.001 5.407 0.078 <0.001 5.365 0.077 <0.001 

Log(TradIM-Ratio) -0.094 0.013 <0.001          

Log(SWIM1-Ratio)    -0.117 0.014 <0.001       

Log(SWIM2-Ratio)       -0.118 0.014 <0.001    

Log(RepoLane)          -0.001 0.000 <0.001 

Log(FullKM) 0.237 0.010 <0.001 0.236 0.010 <0.001 0.237 0.010 <0.001 0.244 0.010 <0.001 

Log(TransitDays) 0.235 0.015 <0.001 0.235 0.015 <0.001 0.233 0.015 <0.001 0.221 0.015 <0.001 

Product category Included  <0.001 Included  <0.001 Included  <0.001 Included  <0.001 

R2 0.620   0.621   0.622   0.618   

Adjusted R2 0.616   0.617   0.618   0.614   

AIC 2005   1995   1991   2021   

BIC 2197   2187   2183   2214   

Cor(actuals,predicted) 75.9%   76.0%   76.1%   75.7%   

Min-Max accuracy 96.6%   96.6%   96.6%   96.6%   

MAPE 3.6%   3.6%   3.6%   3.6%   

Table 6.4: Regression output on relationship Transport cost (DV) and various imbalance measures (EV) of the ratio of loading and delivery region. Model 4 is using the traditional 

imbalance measure ratio. Model 5 is using the spatially weighted imbalance measure ratio with exponential decay of distance. Model 6 is using the spatially weighted imbalance measure 

ratio with exponential decay of cost. The current system is the model formulated to represent the current way of assigning cost to trade imbalances on the lane (RepoLane = expected cost 

repo delivery region – expected cost saving loading region).



The models are again trained with 80% of the data and tested with the remaining 

20% of the data to counter overfitting. The same accuracy measures are used for 

these models as for the previous models. In order to obtain reproducible results, the 

set.seed function in the program R Studio is used. All models score again a p-value 

close to zero on the Breusch-Pagan test indicating heteroscedasticity. Variance 

stabilizing transformations could not correct for heteroscedasticity without 

compromising the interpretation. Therefore robust p-values are calculated in these 

regression models as well. 

Table 6.4 shows the regression results of the relationships between the Transport 

cost and the imbalance ratio. Model 4 uses the traditional imbalance measure ratio. 

Model 5 uses the spatially weighted imbalance measure ratio with an exponential 

decay of distance. Model 6 uses the spatially weighted imbalance measure ratio with 

an exponential decay of cost, similar to the models 1, 2, and 3 of the previous 

section. The current system will use the expected repo cost of the delivery region 

minus the expected cost saving of the loading region, which is the current way of 

assigning cost to trade imbalances on a lane. As expected, all models have a negative 

relationship with Transport cost, which was hypothesized since a low ratio means 

moving to a relatively import heavy region which has more difficulty repositioning the 

empty container after delivery resulting in higher Transport cost on average.  

The goodness of fit measures all show very similar results: All three models perform 

better than the current system in explaining the relationship between Transport cost 

and imbalance on the lane. Whereas in the previous section both SWIM models 

performed equally well, here the SWIM with exponential decay of cost (Model 6) 

performs slightly better. The R2 and adjusted R2 for model 2 and 3 are identical and 

the highest of all four models. The current system scores lowest on this goodness of 

fit measure. From all these measures of goodness of fit we can conclude that the 

SWIM model with exponential decay of cost slightly outperforms the other models 

when assessing the relationship between Transport cost and trade imbalance on a 

lane level.  

In order to answer sub question 3, what the effect is of a trade imbalance on the cost 

on a lane level is, we again have to look at the interpretation of the coefficients, 

which we shall do in the next section. 
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6.2.1 Interpretation of the coefficients 

 

In this section we shall look at the interpretation of the coefficients produced by 

models 4, 5 and 6 to see how these estimates can be translated to actual Transport 

cost differences. First we shall look at how one standard deviation in the imbalance 

ratio translates to a cost difference and then how this effect translates to the current 

regions. The same six regions used in section 6.1.2 will be used here. 

The interpretation of models 4, 5 and 6 is similar to the interpretation of models 1, 2 

and 3 in that both the Transport cost (IV) and the imbalances measures ratios (EV) 

are log transformed. Therefore the interpretation of the regression output is such 

that keeping all other variables constant, a 1% increase in the imbalance ratio is 

expected to results on average in a 0.094% (TradIM-Ratio), 0.117% (SWIM1-Ratio), or 

0.118% (SWIM2-Ratio) decrease in the Transport cost. Recall from table 5.2 that the 

means of the imbalance ratios are 0.85 (TradIM-Ratio), 0.88 (SWIM1-Ratio) and 0.88 

(SWIM2-Ratio), and that standard deviations of the imbalance measures are 0.43 

(TradIM-Ratio), 0.39 (SWIM1-Ratio), and 0.40 (SWIM2-Ratio), respectively. Suppose 

that the regional imbalance between A and B is one standard deviation greater than 

the imbalance between A and C, which is equal to the mean, then the SWIM2-ratio 

(model 6) predicts that Transport cost from A to B will be 4.3% lower than Transport 

cost from A to C, since 

(
𝑀𝑒𝑎𝑛+𝑆𝑡 𝑑𝑒𝑣

𝑀𝑒𝑎𝑛
)𝛽1 − 1 =  (

0.88+0.40

0.88
)−0.118 − 1 =  −0.043  

According to the TradIM-Ratio (model 4) and SWIM1-Ratio (model 5), Transport cost 

from A to B will be 3.8% and 4.2%, respectively, lower than Transport cost from A to 

C. Again, these percentages apply solely on the defined Transport cost and not the 

entire order cost. 

The interpretation of the elasticity of imbalance ratios only holds for keeping the 

control variables constant. These control variables are full transport distance, full 

transport duration and type of product. When considering both directions of a lane, 

the distance and duration of transport can be considered equal. Since we use a ratio 

of imbalance, the translation of the estimation to price differences is a bit more 

complicated. Formula 14 is used to translate the coefficient to Transport cost 

differences of particular regions. 

 (14) ∆𝑇𝑟𝑎𝑛𝑠𝑝𝑜𝑟𝑡 𝑐𝑜𝑠𝑡𝐴𝐵 = (
𝐼𝑚𝑏𝑎𝑙𝑎𝑛𝑐𝑒 𝐷𝑒𝑙𝑖𝑣𝑒𝑟𝑦 𝑟𝑒𝑔𝑖𝑜𝑛𝐴/𝐼𝑚𝑏𝑎𝑙𝑎𝑛𝑐𝑒 𝐿𝑜𝑎𝑑𝑖𝑛𝑔 𝑟𝑒𝑔𝑖𝑜𝑛𝐵

𝐼𝑚𝑏𝑎𝑙𝑎𝑛𝑐𝑒 𝐷𝑒𝑙𝑖𝑣𝑒𝑟𝑦 𝑟𝑒𝑔𝑖𝑜𝑛𝐵/𝐼𝑚𝑏𝑎𝑙𝑎𝑛𝑐𝑒 𝐿𝑜𝑎𝑑𝑖𝑛𝑔 𝑟𝑒𝑔𝑖𝑜𝑛𝐴
)𝛽1 
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The formula is comparing (dividing) the imbalance of the lane in one way <loading in 

A, delivery in B> with the other way <loading in B, delivery in A> 

Tables 6.5, 6.6 and 6.7 show the estimated Transport differences of the six example 

regions according to models 4, 5 and 6 respectively. 

 AE AM AR BJ BX CG 

AE 1.00 1.26 1.30 1.13 1.19 0.98 

AM 0.79 1.00 1.03 0.90 0.94 0.78 

AR 0.77 0.97 1.00 0.87 0.92 0.76 

BJ 0.88 1.11 1.15 1.00 1.05 0.87 

BX 0.84 1.06 1.09 0.95 1.00 0.83 

CG 1.02 1.29 1.32 1.15 1.21 1.00 

Table 6.5: The estimated Transport cost difference factors predicted by the TradIM-Ratio (model 4). 

Interpretation is that lane AE-BX is expected to be 1.19 times the Transport cost of lane BX-AE. Or other way 

around, lane BX-AE  is expected to be 0.84 times the Transport cost of lane AE-BX. 

 AE AM AR BJ BX CG 

AE 1.00 1.24 1.38 1.20 1.24 0.99 

AM 0.81 1.00 1.11 0.98 1.00 0.80 

AR 0.73 0.90 1.00 0.88 0.90 0.72 

BJ 0.83 1.03 1.14 1.00 1.03 0.82 

BX 0.81 1.00 1.11 0.97 1.00 0.80 

CG 1.01 1.25 1.39 1.22 1.25 1.00 

Table 6.6: The estimated Transport cost difference factors predicted by the SWIM1-Ratio (model 5). For 

interpretation see table 6.5. 

 AE AM AR BJ BX CG 

AE 1.00 1.29 1.38 1.28 1.23 0.99 

AM 0.78 1.00 1.07 0.99 0.96 0.76 

AR 0.73 0.94 1.00 0.93 0.90 0.72 

BJ 0.78 1.01 1.07 1.00 0.96 0.77 

BX 0.81 1.05 1.12 1.04 1.00 0.80 

CG 1.01 1.31 1.40 1.30 1.25 1.00 

Table 6.7: The estimated Transport cost difference factors predicted by the SWIM2-Ratio (model 6). For 

interpretation see table 6.5. 

These models estimate a certain change in the network in a similar way as the models from 

section 6.1. For the traditional imbalance ratio only regions on both sides of the lane would 

change resulting in changed cost difference estimators in all lanes connecting to these two 

regions. The spatially weighted imbalance ratios will estimate changes throughout the 

network since indirectly the whole network is affected. The impact is largest in the regions on 

both sides of the affected lane, with the effect becoming smaller the further away you go 

from the regions that are affected.  

To see how the models cope with a certain change in the network, we have 

constructed a second hypothetical scenario. In this scenario the lane AE-BX grows by 

50% due to a large-scale contract with a new customer. Tables 6.8, 6.9 and 6.10 show 



55 

 

how this change on lane AE-BX changes  estimated Transport cost difference factors 

of estimated by models 4, 5 and 6, respectively.  

 AE AM AR BJ BX CG 

AE 1.00 1.27 (+0.01) 1.31 (+0.01) 1.14 (+0.01) 1.24 (+0.05) 0.99 (+0.01) 

AM 0.79 1.00 1.03 0.90 0.98 (+0.04) 0.78 

AR 0.76 (-0.01) 0.97 1.00 0.87 0.95 (+0.03) 0.76 

BJ 0.88 1.11 1.15 1.00 1.09 (+0.04 0.87 

BX 0.84 (-0.03) 1.02 (-0.04) 1.09 (-0.04) 0.92 (-0.03) 1.00 0.80 (-0.03) 

CG 1.01 (-0.01) 1.29 1.32 1.15 1.21 (+0.05) 1.00 

Table 6.8: The estimated Transport cost difference factors predicted by the TradIM-Ratio (model 4) in the 

hypothetical scenario. This scenario entails a 50% increase of demand on lane AE-BX. In green text is 

highlighted what has increased with how much in brackets. In red text is highlighted what has decreased. 

 AE AM AR BJ BX CG 

AE 1.00 1.24 1.38 1.21 (+0.01) 1.24 (+0.06) 0.99 

AM 0.81 1.00 1.12 (+0.01) 0.98 1.05 (+0.05) 0.80 

AR 0.72 (-0.01) 0.90 1.00 0.88 0.94 (+0.04) 0.72 

BJ 0.82 (-0.01) 1.02 (-0.01) 1.14 1.00 1.07 (+0.04) 0.82 

BX 0.77 (-0.04) 0.95 (-0.05) 1.06 (-0.05) 0.93 (-0.04) 1.00 0.76 (-0.04) 

CG 1.01 1.25 1.40 (+0.01) 1.22 1.31 (+0.06) 1.00 

Table 6.9: The estimated Transport cost difference factors predicted by the SWIM1-Ratio (model 5) in the 

hypothetical scenario. This scenario entails a 50% increase of demand on lane AE-BX. In green text is 

highlighted what has increased with how much in brackets. In red text is highlighted what has decreased. 

 AE AM AR BJ BX CG 

AE 1.00 1.30 (+0.01) 1.38 1.29 (+0.01) 1.30 (+0.07) 0.99 

AM 0.77 (-0.01) 1.00 1.07 0.99 1.00 (+0.04) 0.76 

AR 0.72 (-0.01) 0.94 1.00 0.93 0.94 (+0.04) 0.71 (-0.01) 

BJ 0.77 (-0.01) 1.01 1.07 1.00 1.01 (+0.05) 0.77 

BX 0.77 (-0.04) 1.00 (-0.05) 1.07 (-0.05) 0.99 (-0.05) 1.00 0.76 (-0.04) 

CG 1.01 1.31 1.40 1.30 1.31 (+0.06) 1.00 

Table 6.10: The estimated Transport cost difference factors predicted by the SWIM2-Ratio (model 6) in the 

hypothetical scenario. This scenario entails a 50% increase of demand on lane AE-BX. In green text is 

highlighted what has increased with how much in brackets. In red text is highlighted what has decreased. 

Most notable are the changes on both sides of the lane AE-BX in all models as you 

can see in table 6.8, 6.9 and 6.10. However in all models most lanes with a 

connection to either region AE or region BX saw their Transport cost difference factor 

change, especially with region BX. This could be expected, since the relative change 

of the demand increase is larger for region BX than it is for region AE. In the 

estimators of model 5 and 6 you can see a couple of lanes that are affected with no 

direct connection to region AE or region BX. For example region CG to region AR in 

table 6.9 increases in estimated cost most likely due to region CG becoming slightly 

more export heavy since region AE is becoming more export heavy. Similar for lane 

AM-AR in table 6.9 since region AM lies relatively close to region AE. Since most of 
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the regions in this example are geographically dispersed, region AR and region BJ are 

not affected by the change in demand on lane AE-BX as much.  

Sub question 3 is formulated to address the effect of a trade imbalance ratio on the 

cost on a lane level, and we have provided three distinct models to address this 

effect. According to accuracy measures the model that defines trade imbalance in the 

form of a spatially weighted imbalance measure with exponential decay of cost 

performs best given the data. A standard deviation change in this imbalance measure 

is expected to result in a Transport cost change of 4.3%. The effects of a certain 

change in the network shown in these models follow the same patterns as the 

models created in section 6.1, where the TradIM-Ratio solely experiences changes on 

both sides of the lane, while the SWIM-Ratios experience changes largest on both 

sides of the lane but also in the rest of the network to some extent. 

 

6.3 Sensitivity analyses 

 

The sensitivity analyses will look at the six models created in section 6.1 and 6.2 and 

will check how the results change when the input of the models change. The 

sensitivity of the results regarding a different timespan of the dataset is investigated 

in section 6.3.1. The sensitivity of a change in the decay parameters gamma and delta 

is investigated in section 6.3.2. And finally the assumption of the distance and cost 

regions have with themselves in the distance and cost matrices will be investigated in 

section 6.3.3.  

 

6.3.1 Sensitivity to different timespan of orders 

 

We have used in our analysis only a timespan of two months of orders. However we 

have 18 months of reliable data at our disposal. In general you would get more 

reliable results using more data. The reason we have not used all of these 18 months 

in our analysis is because of how time-sensitive trade imbalances are. In our 

calculations the imbalance of a region is calculated to a single number that takes into 

account the absolute full and empty container flows between regions. Since these 

container flows are absolute, they do not show peaks or dips over time, while both 

peaks and dips in imbalance would be visible in the Transport cost. To illustrate this 

point, consider figure 6.1. In figure 6.1 the imbalance has changed quite significant 

four months ago, however when looking at the current imbalance, the 2-month 

average is obviously a closer approximation of the region’s imbalance than the 6-
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month average is. If the cost move in a similar fashion to the imbalance (however in 

negative direction since higher imbalance equals lower cost), then the cost 

fluctuations would appear more ‘random’ over a large period of time. If the 

imbalance would be more volatile, this effect would even be more troublesome. 

 

Figure 6.1: Example time sensitivity of trade imbalance by average estimators. 

The adjusted R2 is a measure that explains the observed variance in the Transport 

Cost. In figure 6.2 is shown that indeed the larger the timespan of the data, the less 

accurate the imbalance measures are able to estimate Transport cost differences. 

This effect occurs for all the proposed imbalance measures.  

 

Figure 6.2: The relationship between the timespan of the dataset and the adjusted R
2
 of all imbalance 

measures. 
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You can see in figure 6.2 that using too few data also results in a lower fit, which makes sense 

since a better linear line can be fitted when more data points are available. Figure 6.2 

suggests that there is a trade-off between using too few data and using data on orders 

happened some time ago.  In our case the trade-off results in the two-month timespan for 

our analysis.  

 

6.3.2 Sensitivity to changing decay parameters 

 

An important assumption of the spatially weighted imbalance measures if the decay 

of distance and cost. This decay translates to how much the imbalance of 

surrounding regions is considered when assessing the imbalance of a region. An 

extremely  large decay means that only the region itself is considered when assessing 

imbalance (similar to the traditional imbalance measure), while an extremely small 

decay (or no decay) means that imbalances of all regions are considered equal when 

assessing imbalance for a region. According to the steep decay visible in the orders in 

figure 5.6 and 5.7, the decay parameters estimated by the MLE are disposed and 

instead the decay parameters gamma and delta are estimated on 1/100. 

By changing the decay parameters to 1/50, the SWIMs of the regions will come closer 

to the traditional imbalance measures. If we set the decay parameters to 1/150, the 

SWIMs of the regions will come closer to the SWIMs of surrounding regions and show 

less similarity with the traditional imbalance measures.  

For the SWIM1-DRegion (model 2), a standard deviation increase would estimate a 

Transport cost decrease of 18.5% (gamma 1/100), 18.4% (gamma 1/50) and 17.2% 

(gamma 1/150). For the SWIM2-DRegion (model 3), a standard deviation increase 

would estimate a Transport cost decrease of 18.8% (delta 1/100), 19.4% (delta 1/50) 

and 18.0% (delta 1/150). 

For the SWIM1-Ratio (model 5), a standard deviation increase would estimate a 

Transport cost decrease of 4.2% (gamma 1/100), 4.6% (gamma 1/50) and 3.5% 

(gamma 1/150). For the SWIM2-Ratio (model 6), a standard deviation increase would 

estimate a Transport cost decrease of 4.3% (delta 1/100), 4.7% (delta 1/50) and 3.9% 

(delta 1/150). 

Changing the decay parameters does not change the direction of the estimated 

transport cost: an increase in the imbalance still results in a decrease in the expected 

Transport cost. Also the significance of the change is limited, meaning that the 

proposed models are robust to changes in the decay parameters gamma and delta. 
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6.3.3 Sensitivity to changing distance and cost of region with itself 

 

Another important assumption made in the spatially weighted imbalance measure 

models is the distance and the cost regions have with themselves. The distance that 

regions have with themselves is also used in the explanatory variable KMFull. Both 

the distance regions have with themselves (called Dii from now on) and cost regions 

have with themselves (called Cii from now on) were not obtainable and had to be 

estimated. The Dii, is estimated to be around 20km, while the Cii is estimated to be 

around €50 for all regions. A larger Dii and Cii would put less emphasis on the 

imbalance of the region itself and relatively more on the imbalance of surrounding 

regions. A smaller Dii and Cii however would put more emphasis on the imbalance of 

the region itself and relatively less on the imbalance of surrounding regions.  

For the SWIM1-DRegion (model 2), a standard deviation increase would estimate a 

Transport cost decrease of 18.5% (Dii 20km), 18.7% (Dii 10km) and 18.1% (Dii 30km). 

For the SWIM1-Ratio (model 5), a standard deviation increase would estimate a 

Transport cost decrease of 4.2% (Dii 20km), 4.4% (Dii 10km) and 4.2% (Dii 30km). 

For the SWIM2-DRegion (model 3), a standard deviation increase would estimate a 

Transport cost decrease of 18.8% (Cii €50), 18.9% (Cii €25) and 18.6% (Cii €75). 

For the SWIM2-Ratio (model 6), a standard deviation increase would estimate a 

Transport cost decrease of 4.3% (Cii €50), 4.4% (Cii €25) and 4.3% (Cii €75). 

Changing the distance and cost regions have with themselves does not change the 

direction of the estimated transport cost: an increase in the imbalance still results in 

a decrease in the expected Transport cost. Also the significance of the change is  

limited, meaning that the proposed models are robust to changes in the parameters 

Dii and Cii. 

 

6.4 Integration current pricing system 

 

The last sub question is defined to see how the results from previous sections can be 

integrated in the current pricing system. This section will focus more on the solution 

design phase of the problem solving cycle of Van Aken, Berends and Van Der Bij 

(2012, p.12) visualized in figure 3.1. Recall that the current pricing system for 

assessing the cost of trade imbalance is called the ‘Repo’ and this is calculated for an 

import heavy region by considering the chance of a backload (which is for import 
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heavy regions significantly lower than 1)  and the cost from that region back to the 

core. The total cost charged is then provided as cost saving on repositioning for 

orders that load in these import heavy regions. 

We have established in our research imbalance measures for regions and lanes that 

perform better than the current system in place. Especially the models build with the 

spatially weighted imbalance measure perform well in assessing the relationship 

between imbalance of a region or lane and the defined Transport cost. In the way the 

orders are currently defined in the database, from loading point to next loading 

point, the models focusing on the imbalance of the delivery region will perform 

better than the models focusing on the imbalance of the lane. If this definition 

changes in the future, when orders could for example be defined from depot to 

depot, then the imbalance of the loading region becomes important as well, meaning 

the imbalance of the lane would prove more useful.  

The current system uses absolute cost increases for the imbalance of a region, while 

the proposed models use an fractional cost increase of the Transport cost based on 

the imbalance of an region. The latter seems more intuitive since we have discussed 

how an absolute cost increase is an increase regardless of the initial cost, while a 

fractional cost increase takes into account the initial cost. Implementing the 

proposed models would change pricing the imbalance in the quotation from adding a 

fixed cost based on the region, to using a multiplier over the cost items subject to 

imbalance (which we assessed to be trucking, route, and equipment cost). 

The current pricing system provides quotations up to six months in advance. It is very 

difficult to estimate the trade imbalances over a six month period. This is a problem 

for the current system assessing cost of trade imbalance and will remain a problem 

for the new proposed models. The proposed models can estimate Transport cost 

differences for different types of full container flow matrices, as we have seen with 

the hypothetical scenarios. If a forecasted full container flow matrix could be 

constructed, the proposed models could calculate the corresponding Transport cost 

differences more accurate for future months.  

In the sensitivity analysis is shown that the current models perform best using only 

two months of data. While three or four months of data still perform similarly well in 

terms of explaining the variance, using six or more months significantly decreases the 

performance of the model. It is recommended that two months of data will be used 

and that the model will be recalculated often using the most recent completed weeks 

of data. Using completed weeks of data is important since in the current database, 

orders that are not fully processed build up Transport cost on their previous order 

until the orders are processed at which the Transport costs of the previous order 

represent the actual Transport cost of the previous order. Excluding the non-
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completed orders does not work since this would result in an incomplete picture of 

the container flows between regions. However, by using older data to predict the 

cost of imbalance for the future months, the error margin is expected to be larger 

than for a forecasted full container flow matrix.  

 

7. Conclusion 
 

In this research we have evaluated the existing system in place that assesses the cost 

of trade imbalance and proposed new methods that can prove to assess these cost of 

trade imbalance even better. The goal of this project is to provide a theoretic 

framework combining literature with academic techniques to evaluate the current 

system and provide alternatives to price trade imbalance through the cost 

perspective. Since we look at the cost perspective, cost fluctuations on certain cost 

components can be labeled as cost of imbalance if they happen in the legs of empty 

transport, also called repositioning. A Transport cost variable is established 

containing all cost items subject to imbalance. These cost items are the trucking, 

routing (intermodal) and equipment cost.  

The first research question proposes a regional trade imbalance measure originating 

from the literature that could be fitted to the context of Den Hartogh Logistics. Three 

regional trade imbalance measures are established. Two variations of the spatially 

weighted imbalance measure proposed by Jonkeren et al. (2010) are created 

together with a more simple import-to-export ratio. These spatially weighted 

imbalance measures take into account network characteristics such as placement in 

the network and surrounding regions. The first variation assumes exponential decay 

of distance, meaning regions further away are of exponentially less importance to a 

region’s imbalance. The second variation assumes exponential decay of cost, 

meaning that regions more expensive to travel to are of exponentially less 

importance to a region’s imbalance. This second variation implicitly takes into 

account the different modalities used in the transportation, since the cost are tied to 

the most likely method of transportation between regions.  

The second and third research questions take these measures of imbalance and use 

them in a multiple regression analysis to find the effect between imbalance and the 

defined Transport cost. The assessment of the cost of imbalance in the current 

system is put in a regression model as well to see whether the proposed methods can 

explain the relationship between imbalance and Transport cost better. The second 

question solely looks at the imbalance of the delivery region, whereas the third 

question looks at the imbalance on the lane (imbalance of delivery region/imbalance 
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of loading region). On both the models looking at the imbalance of the delivery 

region and the imbalance of the lane, the models built on the idea of exponential 

decay of distance and cost prove to be superior to the simple export-to-import 

imbalance measure and the current system in place. This is shown by several 

goodness of fit measures and accuracy measures. 

The models in research question 2 predict that delivery in a region A that has an 

imbalance of one standard deviation larger than region B is expected to be 18.5% and 

18.8% lower in Transport cost, respectively for the models built on exponential decay 

of distance and cost. The models in research question 3 predict in a situation where 

the regional trade imbalance between region A and B is one standard deviation 

greater than the imbalance between region A and C, Transport cost from A to B will 

be 4.2% and 4.3% lower than Transport cost from A to C, respectively for the models 

built on exponential decay of distance and cost. These percentages however apply 

solely on the defined Transport cost and not the entire order cost. The sensitivity 

analysis shows that these results are robust on the assumptions made in the analysis. 

The last research question looks at the integration with the current pricing system. In 

the way the database is currently structured, where an order is defined from loading 

point to next loading point, the models built on the imbalance of the delivery region 

outperform the models built on the imbalance of the lane. Furthermore the current 

pricing system provides quotations up to six months in advance. It is very difficult to 

estimate the trade imbalances over a six month period. This is a problem for the 

current system assessing cost of trade imbalance and will remain a problem for the 

new proposed models. If a forecasted full container flow matrix could be constructed, 

the proposed models could calculate the corresponding Transport cost differences 

with better accuracy than they currently can.  

To answer the main question of this research of what the best method is to price 

trade imbalances in the network of Den Hartogh Logistics, both spatially weighted 

imbalance measures that use the imbalance of the delivery region provide the best 

model to assess the cost of imbalance given the data. 

 

7.1 Limitations and recommendations 

 

There are several limitations to this research and most have to do with the 

assumptions made in the process. The distance and cost regions have with 

themselves are crucial in the calculations of the spatially weighted imbalance 

measure. We have seen in the sensitivity analysis that changing the assumed values 
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does not change the results much, however by changing the assumed values, all 

values were equally changes (e.g. changing all distances regions have with 

themselves from 20km to 30km). This is closely tied to the extreme exponential 

decay observed in the distance and cost of the orders. Since 58% of the orders in the 

dataset had a backload, all these orders have this estimated value, leading to a huge 

amount of equally estimated cost and distances in the first bin (which can be seen in 

figures 5.4 and 5.5). If these numbers would actually represent reality not every 

region would have the same distance and cost with itself. Larger regions would 

obviously have larger distance and cost with themselves than smaller regions would 

have. This limitation is a recommendation for improving the proposed models. 

Adjusted distances and costs regions have with themselves could also change the 

exponential decay of the variables, suggesting an adaption in the decay parameters 

gamma and delta. 

Furthermore we have limited ourselves to 23ft containers exclusively and assumed 

the networks of the different container groups to be independent. This assumption is 

made since it simplified the analysis. However there is overlap between the different 

container groups, which has been shown by Jansen (2014). A recommendation for 

future research is to extent the analysis in this report with a method that 

differentiates between different types of containers while considering the 

dependencies between the networks of the different types of containers. This would 

provide a more complete picture of reality. 

Also already mentioned in section 6.4, the limitation of using old data to predict the 

future state of the network is a problem in the current pricing system and would be a 

problem in the proposed models as well. It is highly recommended that a forecasted 

full container flow is composed, preferably two months in advanced, and used in the 

proposed models in order to price on the expected cost for that particular time 

period.  

Finally, we have constructed multiple regression models which explained between 

62% and 65% of the total variance. This is sufficient, especially considering the limited 

amount of explanatory variables. However, there is still a significant amount of 

variance unexplained, which could also alter the estimate for the imbalance 

measures. Within the received datasets no other explanatory variables were likely 

candidates to explain more variance, but a recommendation for future research is to 

look for other variables that could explain the observed variance in the defined 

Transport cost besides the variables already described. 
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Appendix I: Data preparation 

Filter Explanation Fraction 

filtered 

Report group: only 

containers from/to 

European regions 

Europe is the scope of this research, since this is mainly 

what Liquid Logistics operates in. 

<0.01 

Loading date month 

October 2016 - Delivery 

date month March 2018 

October 2016 is the first reliable month in the dataset due 

to the merger in prior months; March 2018 is the last 

month fully processed from the dataset. 

0.36 

Days of full transport 

(SumTransitDays) ‘0’ and 

blanks 

Data entry mistakes; all orders should have at least 1 day in 

the system even if the transport only lasted only part of a 

day 

0.02 

Trucking cost ‘0’ and 

blanks 

According to the pricing manager, orders that have 0 

trucking cost are trips made internally for Den Hartogh for 

various reasons. Trucking cost occur for every order of Den 

Hartogh; even intermodal transport has trucking legs. 

0.03 

Route cost <’0’ and blanks Cost cannot be negative so values smaller than 0 are data 

entry mistakes. Blanks are data entry mistakes as well. 

0.17 

Defined Transport cost ‘0’ Special order types <0.01 

Loading region strange 

values and blanks 

Data entry mistakes <0.01 

Delivery region strange 

values and blanks 

Data entry mistakes <0.01 

Next loading region blanks For these containers no next order is assigned yet or not 

processed yet. In the system the repositioning days keep 

increasing if these are blanks producing strange behavior. 

0.03 

Total filtered:  0.39 

Table 1: Filters for scope and calculations of Transport cost and imbalance measures. The total 

amount filtered is not the sum of the fraction filtered; an order can be filtered for multiple reasons. 
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Appendix II: Imbalance measures on the regions of Liquid 

department of Den Hartogh Logistics  
 

Region in system DH: Abbreviation in the system database (coded due to confidentiality) 

TradIM: Traditional imbalance measure for the region (Di/Oi) 

SWIM1: Spatially Weighted imbalance measure for the region with exponential decay of distance 

(see calculations section 5.2.4) 

SWIM1: Spatially Weighted imbalance measure for the region with exponential decay of costs (see 

calculations section 5.2.4) 

Oi: Amount of orders originating from the region over the time period February to March 2018 

Di: Amount of orders delivered in the region over the time period February to March 2018 

 

 

Region in system DH TradIM SWIM1 SWIM2 Oi Di 

AA 0.54 0.51 0.34 7 13 

AB 0.00 0.83 0.86 0 2 

AC 0.00 0.13 1.92 0 0 

AD 0.00 

 

0.03 

 

0.01 

 

0 

 

1 

 

AE 1.92 1.90 1.88 709 369 

AF 0.00 0.01 0.39 0 0 

AG 0.00 0.00 0.00 0 6 

AH 0.09 0.30 0.27 4 47 

AI 5.80 3.23 4.75 29 5 

AJ 1.30 1.52 1.50 278 214 

AK 1.20 1.17 1.06 36 30 

AL 1.29 1.26 1.25 18 14 

AM 0.56 

 

0.77 

 

0.64 

 

79 

 

140 

 

AN 1.11 1.05 1.10 51 46 

AO 0.25 0.38 0.39 7 28 

AP 0.00 0.69 1.22 0 0 

AQ 0.00 0.99 1.97 0 0 

AR 0.49 0.49 0.49 66 136 

AS 1.16 1.15 1.15 65 56 

AT 0.75 0.77 0.73 6 8 

AU 0.00 0.12 0.05 0 2 

AV 0.00 0.04 0.15 0 1 

AW 0.00 0.33 0.27 0 2 

AX 0.00 0.04 0.04 0 6 

AY 0.00 1.11 1.10 0 10 

AZ 0.00 0.53 0.41 0 1 
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BA 2.10 1.86 1.78 88 42 

BB 0.00 0.25 0.12 0 1 

BC 0.59 0.63 0.62 16 27 

BD 0.00 0.47 0.52 0 4 

BE 1.06 0.95 1.03 33 31 

BF 0.89 0.93 0.90 83 93 

BG 0.38 0.41 0.40 32 84 

BH 0.63 0.87 0.95 60 95 

BI 0.57 1.31 1.33 8 14 

BJ 1.00 0.86 0.66 133 133 

BK 0.00 0.34 0.39 0 9 

BL 0.20 0.35 0.36 9 46 

BM 1.08 0.75 0.78 100 93 

BN 0.30 0.38 0.42 154 513 

BO 0.67 0.74 0.71 163 242 

BP 1.03 0.80 0.86 180 175 

BQ 0.00 0.10 1.28 0 0 

BR 0.00 0.16 0.15 0 1 

BS 2.00 0.54 0.65 2 0 

BT 0.31 0.28 0.29 4 13 

BU 0.85 0.82 0.83 69 81 

BV 0.00 0.60 0.55 0 7 

BW 0.00 1.83 0.78 0 0 

BX 0.78 0.76 0.78 131 169 

BY 0.00 1.89 0.79 0 0 

BZ 2.33 1.92 1.89 7 3 

CA 0.50 0.72 0.72 1 2 

CB 0.00 0.11 1.91 0 0 

CC 0.00 0.36 0.32 0 1 

CD 0.00 0.01 0.22 0 0 

CE 0.06 1.35 1.51 2 35 

CF 0.36 1.58 1.64 15 42 

CG 2.14 2.00 2.01 1128 526 

CH 0.00 0.05 0.03 0 1 

CI 0.00 0.19 0.28 0 0 

CJ 0.71 0.82 0.56 5 7 

CK 0.00 0.68 0.00 0 0 

CL 0.00 0.15 0.08 0 0 

CM 0.00 0.52 0.15 0 12 

CN 0.00 0.05 0.01 0 4 

CO 0.00 0.18 0.03 0 2 

CP 0.00 0.40 0.26 0 1 

CQ 0.67 0.62 0.58 6 9 

CR 0.36 0.31 0.33 8 22 
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CS 0.00 0.19 0.23 0 6 

CT 0.06 0.07 0.12 2 35 

CU 0.05 0.05 0.06 2 44 

CV 0.00 0.01 0.02 0 7 

CW 0.00 0.16 0.04 0 1 

CX 0.00 0.09 0.50 0 0 

CY 0.00 0.01 0.00 0 5 

CZ 0.00 0.32 0.65 0 19 

DA 2.76 2.61 2.10 105 38 

DB 0.00 1.11 1.49 0 1 

DC 0.00 0.16 1.09 0 1 

DD 0.58 0.97 0.60 7 12 

DE 6.80 1.95 5.65 34 5 

DF 0.41 0.64 1.23 13 32 

DG 0.48 0.56 0.49 29 60 

DH 0.00 0.56 0.22 0 1 

DI 0.00 0.05 0.08 0 40 

DJ 0.00 0.04 1.91 0 0 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


