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Abstract: 

This paper presents the estimation of a discrete freight transport chain choice model for Europe, 

which was developed for the European Union as part of the Transtools 3 project. The model 

describes nine different multi- and single mode chain alternatives of which three can be either 

container or non-containerised, and it segments freight into dry bulk, liquid bulk, containers and 

general cargo. The model was estimated on the basis of disaggregate data at the shipment level 

(Swedish CFS and French ECHO data). Several transport costs specifications and nesting structures 

were tested and elasticities compared with reference literature. It was found that freight models are 

characterised by heterogeneity, non-linearity in transport costs and hence Value of Times and non-

constant rates of substitution. Not taking these elements into account will have consequences for 

the evaluation of transport policies using the freight transport model.  
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1. Introduction 

1.1 Background and motivation 

The choice of transport mode is a key decision in freight transport and has direct influence on goods 

flows, congestion and other derived external costs. Today, most long distance shipments are 

transported in chains (Guilbault, 2008), as it is hereby possible to utilise advantages of the particular 

modes or vehicles in the most productive manner (Konings et al., 2008). As a result, in freight 

modelling contexts, choice of mode must be seen in a transport chain choice perspective where 

transport chains from the production to the consumption location are formed by a multi-modal 

sequence of chain segments. Failing to acknowledge the multimodal nature of freight transport 

chains will lead to biased market shares and biased substitution effects across modes. With the 

increase in freight transport (Woodburn et al., 2008) there is an increasing need for accurate 

estimation of these movements and the underlying commodity flows (Chow et al., 2010; Huber, 

2017). At the political level, the continuous increase in road transport calls for political action on how 

to promote intermodal transport and assess the potential of intermodal mode shifts (Tsamboulas et 

al., 2007). As a result, intermodal transport and transport chains are an important issue に both in 

practice and from a research perspective.  

1.2 Literature review of previous freight modelling approaches 

Two distinctions are commonly used in the literature for classifying mode choice freight models (De 

Jong, 2014a). Firstly, the distinction between different degrees of multimodality - possibly combined 

with type and size of shipments - and secondly the distinction between different levels of 

aggregation.  

The first distinction is related to the detailing of the endogenous variable and how substitution is 

modelled in a multimodal chain model. Historically, several model structures have been proposed of 

which the most important are discussed below: 

 Models that study the mode choice for each origin-destination (OD) relation separately 

without considering that this OD relation could be part of a larger, multi-modal transport 

chain.  

 Transport chain choice models: These models address the multimodal nature of freight 

models by defining the choice set in terms of transport chains, e.g. direct road, direct rail or 

road-rail-road. These chains typically relate to PC (production and consumption) flows and 

the transport between origin of production (P) and place of consumption (C). Examples are 

the Norwegian, Swedish and Danish national freight transport models (Ben-Akiva and de 

Jong, 2013, Windisch et al. 2010). The only applied disaggregate chain choice model, at least 

for Europe, is Abate et al. (2018), which is only a prototype model for two commodities. Also, 

ﾏﾗSWﾉゲ デｴ;デ SWデWヴﾏｷﾐW デｴW ゲｴﾗヴデWゲデ ヮ;ヴデ ふけｴ┞ヮWヴヮ;デｴげ) through a multimodal network belong 

to this category (e.g. Beuthe et al., 2001).   

 

Some of the models not only explain mode or transport chain choice, but other choices as well: 
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 Models of mode (or transport chain) and shipment size (e.g., McFadden et al., 1985; 

Abdelwahab, 1998): This is an extension of the mode choice models in that shipment size is 

modelled endogenously.  

 Mode and supplier choice: These are models where a receiver of the goods chooses the 

supplier (or the supply zone). Such models are considered in Samimi et al. (2010) and 

Outwater et al. (2013). 

 Mode and route choice: These models integrate the choice of route with choice of mode and 

are typically based on an aggregated multimodal network assignment design. Examples 

include the European SCENES model (SCENES consortium, 2001), the NODUS model in 

Belgium (Beuthe et al., 2001) and the Worldnet model (Newton, 2008). 

 

The second distinction between different levels of aggregation is relevant for estimation as well as 

for application. In general, two approaches have been considered in the literature: 

 Disaggregate mode choice or transport choice models (e.g. Arunotayanun, 2009; Feo-Valero 

et al., 2011) that explain the choice of mode or transport chain at the level of an individual 

shipment. 

 Aggregate mode choice models that explain the split of the annual number of tonnes 

transported between each pair of zones (e.g. the NEAC model for Europe (NEA, 2000), the 

early versions of the Transtools model for Europe (Tetraplan, 2009) or the Dutch national 

freight transport model BasGoed (de Jong et al., 2011). 

 

In estimation, the presence of micro (disaggregate) data enables a micro-econometric estimation of 

parameters (as in this paper), which in an efficient way utilises the variation in the underlying data as 

a basis for parameter estimation. The importance of this is underlined by the fact that goods are far 

from homogenous (de Jong et al., 2004; Liedtke, 2009; de Jong et al., 2013) and that potential 

aggregation is likely to imply efficiency loss as well as bias of the corresponding parameters.  

In application, freight models are almost always aggregated as they are linked with aggregated trade-

models and aggregate network assignment models, and the final outputs of a freight transport model 

are aggregate predictions, not forecasts for individual firms and shipments (Ben-Akiva and de Jong, 

2013). Choices then represent prototypical chain choices and possibly prototypical shipments for 

given commodities and PC combinations. This is particularly important in a forecasting perspective 

where a completely disaggregated setup would require knowledge of the spatial distribution of firms 

and their commodity profiles as well as the distribution of the population and jobs in the future. The 

aggregated approach, however, poses the challenge that zones are often quite large, which leads to 

an over-estimation of the consolidation of flows and an unrealistic preference for large vehicles and 

vessels, since the volume of the zone-to-zone flows will often be so large that these vehicles and 

vessels will be optimal at the zonal pair level. This can be solved by introducing a synthetic firm-to-

firm break down in which zone-to-zone flows are distributed across different firm prototypes that 

vary with size. This is the approach taken in the ADA (aggregate-disaggregate-aggregate) models in 

Norway, Sweden and Denmark (Ben-Akiva and de Jong, 2013). This approach so far has only been 

used at the national or regional (Flanders in Belgium) scale. 
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1.3 Contributions of the study 

To our knowledge no prior studies have used the ADA approach for multimodal transport freight 

chain choices in large scale transport models. The objective of this paper is therefore to provide 

insight into the structure of transport chain choice and the estimation and application of chain choice 

in a large-scale European freight transport model utilizing the ADA-framework. More specifically, this 

paper provides three important contributions. 

The first contribution of this study is the probabilistic modelling of chain choice across commodity 

groups. What distinguishes the presented model from the existing operating national ADA models is 

that these typically adopt a transport chain choice which is modelled as a deterministic choice that 

searches for the optimum by minimising the total logistics costs (see Ben-Akiva and de Jong, 2013; 

Abate et al., 2018). This is a common strategy when micro-data is not available for estimation, as it 

allows for a disaggregate model (and therefore some level of heterogeneity) within an overall 

aggregate model. However, the model presented in this paper introduces a stochastic model for the 

choice of chains. This enables a better estimation of substitution effects and a better trade-off 

between chain flows and transport costs. Abate et al. (2018) also did this in the Swedish freight 

transport model, but only applied it to two different commodities (chemical and metal products). 

This paper contains estimation and application results for all commodities. The model is estimated on 

the basis of disaggregate data and it is applied to all zone pairs in Europe. In the application, the 

choice of shipment size was made exogenous as it was not possible to handle combinations of Level-

of-Service files for transport chain and shipment size. Therefore, in this particular respect the model 

presented here is actually simpler than the national ADA logistics models, although the parameters 

and the substitution across choice sets reflect the heterogeneity of the micro data. 

The second contribution concerns the econometric estimation of these models. Not only do we apply 

two separate micro datasets in the model estimation to reflect as much heterogeneity as possible, 

we also explore functional form in a rather detailed way. Practically all freight mode choice models, 

including the ADA logistics models, use linear transport cost functions, and systematic research 

related to non-linear cost functions appears to be missing in the freight literature. In applied large-

scale models for passenger transport, non-linear transport costs functions have been used quite 

frequently (e.g. Fox et al. 2009; Willigers and de Bok, 2009; Rich and Hansen, 2016). However, with a 

linear cost specification, cost elasticities become dependent on the scale of the cost attribute 

variable in a logit model specification. This ｷゲ ﾗaデWﾐ ﾐﾗデ ヴW;ﾉｷゲデｷI ;ﾐS ｴ;ゲ ﾉWS デﾗ デｴW ﾐWWS aﾗヴ さS;ﾏヮｷﾐｪ 
specific;デｷﾗﾐゲざ ;ゲ SWゲIヴｷHWS ｷﾐ D;ﾉ┞ ふヲヰヱヰぶく In this paper, we test, besides linear transport costs, 

various non-linear specifications of transport costs.  

As a third contribution, we present elasticities and VoT derived from the estimated models in order 

to show the importance of differentiating between freight types and with increasing transport costs. 

1.4 Modelling approach 

The model presented in this paper was estimated on the basis of disaggregate data. More 

specifically, it is based on a joint estimation over two micro datasets with observations at the 

shipment level, using a nested-logit model framework to 1) allow for differences in the substitution 

patterns across mode and chain combinations for the two datasets, and 2) capture scaling between 

the two datasets.  
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The two datasets used during model estimation were the Swedish Commodity Flow Survey (CFS) from 

2009, and the French Envoi ʹ CHargeurs ʹ Opérateurs (ECHO) survey from 2004. These datasets are 

combined with Level-of-Service information resulting from the Transtools 3 assignment models1..   

The remaining part of the paper is organised as follows. In Section 2 of this paper we present the two 

disaggregate datasets and the Level-of-Service data used in the model estimation. Section 3 

describes the modelling process, the estimation results and elasticities on the estimation data for the 

transport chain model, whereas section 4 concludes the paper. 

2 Methodology 

The model was estimated on the basis of two disaggregate revealed preference datasets for 

European freight transport: The French, Envoi に CHargeurs に Opérateurs (ECHO), survey from 2004 

and the Swedish, Commodity Flow Survey (CFS), from 2009. Both data sources contain observations 

at the level of individual shipments between firms (at the PC level), collected by interviewing 

shippers (and for ECHO also carriers). By combining both datasets into a joint estimation, we take 

advantage of heterogeneity from both sources; the smaller ECHO dataset with rather detailed 

information, and the very large CFS dataset with fewer details. More specifically, this enables 

estimation of specific parameters that only exist in one dataset, while at the same time we specify 

generic parameters across both datasets to obtain more robust parameters. The used datasets are 

the only available disaggregate datasets with observations on transport chains in Europe. Both 

datasets are unique in the sense that these are the only disaggregate datasets at a larger level 

covering European freight transport, and by combining them with LoS data from the TransTools 3 

project (Jong et al, 2016) enabled estimating a discrete choice model for freight chain choices. 

2.1 Description of CFS 2009 data 

For CFS 2009 it was decided to use only outgoing shipments (the major part of the CFS), not the 

incoming shipments. Some CFS shipments are available directly from register sources on forest, dairy 

and sugar products. These flows have been excluded2 from the dataset as they are OD flows (instead 

of PC) and are unfit for the model concept (see Ben-Akiva and de Jong, 2013). Moreover, all 

commodity flows transported by air and (or) unknown modes of transport were dropped. After data 

cleaning, 1,614,660 flows were available for estimation.  A detailed description of the zone data 

conversion strategy is offered in Appendix A.  

All transports using road only were recoded into road chains.  In estimation, some of the road 

shipments were re-classified as Roll-On-Roll-Off ferries (RORO)3 based on whether the generalised 

transport cost was lower for RORO than road. Rail chains are chains using rail only, or any 

combination of rail and road in any order. Similarly, sea chains are chains using sea only, or any 

combination of sea and road in any order. Finally, rail and sea represent shipments that make use of 

                                                           
1
 The TT3 model has been developed by a consortium led by the Technical University of Denmark (DTU) for DG 

MOVE of the European Commission, see Jong et al  (2006 & 2017) 
2
 CﾗﾏﾏﾗSｷデ┞ デ┞ヮWゲ ふけV;ヴ┌ﾆﾗSげぶ ヱヲが 13, 16 and 44 were excluded from the dataset. 

3
 A RORO ship can carry vehicles, i.e. a truck or trailer is driven on-board and off the ship on its own wheels or 

using a platform vehicle. 
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both rail and sea, possibly also including road trips as part of the chain. Specific conversion tables for 

the Chain variable, but also other variables, are available upon request.  

2.2 Description of ECHO data 

The French ECHO survey was carried out by IFSTTAR4 (previously INRETS) in 2004. To obtain access 

to the ECHO database, a special application was required by デｴW けCﾗﾏｷデY S┌ “WIヴWデげ ﾗa IN“EEが デｴW 
French national statistical institute.  

The basis of the ECHO survey is interviews of almost 3,000 French shippers. They provided detailed 

information about their shipments during a period of one to three months prior to the interview. The 

unique feature of ECHO is that the researchers subsequently interviewed 27,000 receivers, transport 

operators and logistic service providers, starting from the information provided by the shippers on 

the parties involved in the transport of their shipments. This enabled the researchers to reconstitute 

the full transport chain (PC level) for around 10,000 shipments.  

Compared to the CFS dataset, the ECHO dataset is much smaller in terms of number of shipments, 

but richer in terms of information per shipment. ECHO contains five questionnaires: pre-interview, 

shipper, shipment, operator and journey leg (segment of the transport chain). The data that we 

received include attributes of the firms involved, locations of production, consumption and 

transhipment (NUTS3 level), annual flow, weight, volume, commodity type and modes used in the 

transport chain.  

For our purposes, the shipment level includes details on commodity type (NST/R classification), 

volume (tonnes), consistency and value from the shipment file and information on mode and OD 

from the journey leg file. These datasets were merged together using the shipment identifier. After 

data cleaning, 8,208 valid shipments were left for estimation.  

2.3 Description of the Level-of-Service data 

European (and to some extent global) freight networks were constructed for road, rail, inland 

waterways, sea and RORO transport (Jong et al., 2016). Initially the networks were based on the 

ETISplus project (ETISplus, 2014). These networks were then applied to derive Level-of-Service 

information for estimating the transport chain choice models on CFS and ECHO, both for the chosen 

and the unchosen alternatives (Nielsen, etal.,  2015).  

For each of the two data sources a matching set of Level-of-Service matrices was prepared for all 

chain types. These chain types also distinguish between dry bulk, liquid bulk, general cargo and 

containers. Thus, the Level-of-Service information was available in four tables for CFS and four tables 

for ECHO. Each Level-of-Service table contains information for each chain. In particular, the specific 

zone pair (to match the Level-of-Service data with the individual PC flows from CFS and ECHO), 

distance, total travel cost for all modes and all transhipments per tonne and transport time by mode 

(road, rail, sea, inland waterways and RORO), Jong et al. (2016) 

Because of the coarseness of the railway network, railway transport is indeed concentrated mainly in 

a limited number of corridors. If road access and egress transport to and from the rail terminals is not 

accounted for, rail is likely to be too attractive and used from many points to many points, even if 

                                                           
4
 French institute of science and technology for transport, spatial planning, development and networks 
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these points are far away from the railway corridors (Jourguin et al. 2014). We estimate the effect of 

road access and egress costs and transfer cost to and from rail. In particular, in the estimation and 

application of our models for transport chain choice, access to rail is defined as a 0/1 dummy variable 

that is equal to 1 if the origin or destination zone has a terminal for the mode(s) studied, and 0 

otherwise. This variable is derived directly from the level-of-service matrices. 

3 Model formulation 

The mode chain choice is modelled as a standard nested logit (NL) model, where choice alternatives 

are represented by transport chains. The nested logit model is formulated in a hierarchical 

conditional structure, where the utility for alternative 件 belonging to nest 圏 is formulated as: 

 戟沈┸槌帖 噺 撃沈 髪 撃沈】槌 髪 綱沈 髪 綱沈】槌 ┸ 褐件┸ 圏 (1) 

Where 撃沈 and 撃沈】槌 represent the deterministic component and 綱沈  and 綱沈】槌 are the random terms, 

which are assumed to be identical and independently extreme value distributed.  

The deterministic utility of a mode is defined from a number of relevant attributes 隙 describing each 

shipment (i.e. shipment value and cargo specification), transport cost, transport time and 

geographical information about available terminals at origin or destination of the shipment. 

 撃沈 噺 肯帖拳帖 布 紅賃 糾 隙賃賃  (2) 

Where 肯帖 is a scale parameter adjusting the utility of the two separate datasets 経 to the same scale 

(size of parameters) whereas 拳鳥  represents a weighting of the two datasets. 

The probability that a mode is chosen is then the joint probability of choosing the nest 鶏槌 and the 

conditional probability 鶏沈┸槌 of choosing the alternative 件 given that this alternative belongs to nest 圏,  

 鶏沈┸槌 噺 鶏槌 糾 鶏沈】槌 噺 exp盤撃槌 髪 荊槌匪デ exp盤撃槌 髪 荊槌匪槌 糾 exp岫撃沈】槌岻デ exp岫撃沈】槌岻沈  (3) 

where 荊槌 噺 航槌健剣訣 デ exp岫蝶日】忍禎忍 岻沈  and 航槌 is the logsum parameter used to measure the degree of 

independence among the unobserved proportion of the utility for alternatives within the nest. The 

parameters of the model were estimated in Alogit using maximum likelihood estimation. In 

particular, the log-likelihood function to be maximised is: 

 詣詣 噺  デ デ 穴津沈徴珍退怠 ln岫鶏沈┸槌岻朝津退怠 , (4) 

where 詣詣 is the Log-likelihood function, 軽 is the number of observations, 蛍 is the number of 

alternatives, 穴津沈 is 1 if the alternative 件 was chosen and 0 otherwise. 

More specifically, the following 12 chain alternatives were modelled: 

1. Road direct (includes road-ferry combinations) に container 

2. Road direct (includes road-ferry combinations) に non-container 

3. Road with roll on/roll off (RORO) に container 

4. Road with RORO に non-container 
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5. Rail に container (this also includes chains such as road-rail, rail-road and road-rail-road) 

6. Rail に non-container (this also includes chains such as road-rail, rail-road and road-rail-road) 

7. Inland waterways (IWW) (this also includes chains such as road-IWW, IWW-road and road-

IWW-road) 

8. Rail and IWW (this also includes chains like rail-IWW-road) 

9. Sea (this also includes chains like road-sea, sea-road and road-sea-road) 

10. Rail and sea (this also includes chains like rail-sea-road or sea-rail-road) 

11. IWW and sea (this also includes chains like sea-IWW-road or IWW-sea-road) 

12. Rail and IWW and sea (this also includes chains like road-rail-sea-IWW) 

These 12 alternatives consist of 9 chain types of which 3 can be either container or non-containerised 

general cargo. Due to this, the choice of using a container or not is modelled endogenously.  Note 

that road transport can (but does not have to) be part of all transport chains and therefore 

alternative 1 and 2 are road-only alternatives.  

For all transport chains, we have coded European (multi-modal) transport networks that are then 

used to determine which of these chains will be available for a specific zone pair and what the 

transport distance, cost and time are for each chain. The transhipment points used to go from one 

mode in the transport chain to another are determined in the network assignment. This assignment 

also determines vehicle and vessel type used within each mode, and hence (minimum) transport 

costs per chain. The transport chain choice model then handles the competition between the 

resulting transport chains.  

Cargo transport is classified in three freight load types (FLT): 

1. Dry bulk 

2. Liquid bulk 

3. Containers and general cargo 

Within each freight consistency type, the freight is furthermore divided into 10 commodity types 

using the NSTR-1 classification shown in Table 1. 

 

Table 1: Frequencies of observations withing each dataset and FLT group classified on NST/R segments 

  ECHO CFS 

NST/R FLT 1 FLT 2 FLT 3 FLT 1 FLT 2 FLT 3 

0: Agricultural products and live animals 141 0 289 12,267 4,811 219,367 

1: Foodstuffs and animal fodder 239 0 1,153 303 1,110 67,943 

2: Solid mineral fuels 0 0 0 4 0 260 

3: Petroleum products 0 56 65 0 68,129 2,745 

4: Ores and metal waste 28 0 19 39 0 11 

5: Metal products 105 0 238 160 2 50,434 

6: Crude and manufactured minerals, building materials 64 0 200 2,535 102 11,219 

7:Fertilisers 10 0 38 2 0 87 

8: Chemicals 41 88 694 111 835 7,714 

9: Machinery, transport equipment, manufactured and 

misc. articles 
435 0 3,909 1,632 63 1,152,224 
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Total 1,063 144 6,605 17,053 75,052 1,512,004 

 

 

A separate transport chain choice model is estimated for each of the three FLTs. Model 1 (dry bulk) 

and model 2 (liquid bulk) have a total of nine alternatives (the alternatives 2, 4, 6-12). For model 3 it 

is assumed that general cargo is only relevant for road, rail and RORO alternatives which means that 

non-bulk goods transported via sea or IWW are assumed to be transported in containers. Hence 

model 3 has a total of twelve alternatives (nine for containers and three for general cargo, as in the 

list above). This means that for the model formulation of this FLT, the choice is not only the chain 

type itself, but also whether or not the goods should be transported in a container or as general 

cargo.  

Note that some chain types are not used at all in the CFS data or the ECHO data or in neither of 

these, and can therefore not be included in the model estimation. This includes the chain with Rail 

and Inland Waterways and the chain with Rail, Inland Waterways and Sea. The total number of 

observations used in estimation from CFS is 1,604,109 and 7,812 from ECHO. The reduction as 

compared to the earlier numbers (1,614,660 and 8,208) is due to discarding observations for which 

we had no Level-of-Service for the chosen alternative or where there was only a single transport 

chain available. In order to allow the CFS and ECHO data to be equally weighted, the French ECHO 

data is up-scaled. This is done to avoid that the details of the ECHO data are swamped due to the 

much greater sample size of the CFS data. Thus, the ECHO data is up-scaled within each FLT by 

17,053/1,063, 75,052/144 and 1,512,004/6,605 for models 1, 2, and 3, respectively. It should be 

noted that according to theory, consistent estimates for the model coefficients can be obtained from 

non-representative samples (Manski and McFadden, 1981). This applies to sample selectivity in 

terms of the exogenous variables and even for samples that are choice-based (selective on the 

endogenous variable). Following this, the estimation of multinomial logit models with a full set of 

alternative-specific constants provides consistent estimates for all model coefficients except the 

alternative-specific constants. We use this theoretical insight to estimate parameters, which 

combined with recalibrated constants and matrix pivoting render a consistent representation of 

preferences. 

3.1 Model specification 

The aim of the estimation process was to reach a joint specification with parameters general to both 

datasets and parameters specific to either CFS or ECHO, in order to utilize both the size of the CFS 

data and the great detail of the ECHO data. The joint CFS-ECHO model estimation was conducted 

using the logit scaling approach (Bradley and Daly, 1997), which is a well-known method in 

econometrics when combining different datasets in a joint estimation. Theoretically, two different 

datasets can be seen as separate nests in the nested logit framework, where the nest parameter is 

used to estimate the scale difference across the datasets. This means that the unobserved variance is 

allowed to differ between datasets. 

Thus, the alternatives of the different datasets were treated just as different choice alternatives in a 

nested logit setting, where each observation was only available in one specific dataset, but where 
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some of the coefficients for different datasets may be the same while others are not. It was chosen 

to fix the scale-parameter for ECHO to 1 and estimate the scale parameter for CFS. 

 

The general estimation procedure used for all three models is as follows. For each model, we first 

searched for the best Multinomial Logit (MNL) specification for each combination of the three FLT 

models and two sets of data, i.e. six models in total. To do this, we investigated for which NST/R-1 

(Standard European goods classification for transport) it was possible to estimate commodity-specific 

dummy parameters (i.e. an interaction between the alternative and the commodity type). In the 

initial model estimations, we included all possible commodity type dummies whether they were 

significant or not. For transport time we used a linear specification, but made tests as to whether the 

same parameter should be used for all alternatives or not.  

Based on these tests, across all models, we decided to include a separate time parameter for all sea- 

based alternatives, i.e. all alternatives including Sea, IWW or RORO. In model 3, we furthermore 

included a separate transport time parameter for general cargo alternatives, except RORO general 

cargo, which we decided to keep with the other sailing alternatives (see the estimation results for 

specifications 1 and 2 for FLT 3 in Appendix B).  

With this general specification, we then tested five different specifications for transport cost; Linear, 

Logarithmic, Combination of linear and logarithmic, Spline and Nonlinear spline. The models cover a 

wide range of distances of freight transport (in length as well as cost/time). One might therefore 

expect that a simple linear MNL might yield at too stochastic behaviour in choices between 

alternatives for short shipments as compared to the mean cost of these trips and too deterministic 

behaviour for choices between long shipments, which would also alter the elasticities when running 

the model for policy scenarios. One might expect some cost damping effect with distance (measured 

in cost), which can be revealed by significant logarithmic terms or the spline functions. The spline-

functions - on the other hand - might also reveal increasing cost sensitiveness (although one would 

not expect this). This is why we specified and tested different cost functions (shown later in table 2).  

The spline specification is (piece-wise) linear and divided into 5 segments on the basis of transport 

cost, ｴWヴW ヴWヮヴWゲWﾐデWS ;ゲ デｴW さPヴｷIWざ ┗;ヴｷ;HﾉW (in Euro per tonne) and each element 鶏堅件潔結聴猪掴苧. 

Below in (5) and (6) we present the utility specifications for the piece-wise linear spline and the non-

linear spline. 

For the piece-wise linear spline we use: 

 鶏堅件潔結聴怠  噺 兼件券岫鶏堅件潔結┸ にの岻 鶏堅件潔結聴態  噺 兼欠捲岫ど┸ 兼件券岫鶏堅件潔結 伐 にの┸にの岻岻 鶏堅件潔結聴戴  噺 兼欠捲岫ど┸ 兼件券岫鶏堅件潔結 伐 のど┸にの岻岻 鶏堅件潔結聴替  噺 兼欠捲岫ど┸ 兼件券岫鶏堅件潔結 伐 ばの┸にの岻岻 鶏堅件潔結聴泰  噺 兼欠捲岫ど┸ 鶏堅件潔結 伐 などど岻 

 

(5) 

The non-linear spline function 繋岫喧堅件潔結岻 is calculated as follows: 
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 繋岫喧堅件潔結岻 噺 畔 健券岫鶏堅件潔結岻戴肯態健券岫鶏堅件潔結岻態 髪 紘態肯戴健券岫鶏堅件潔結岻 髪 紘戴ど剣建月結堅拳件嫌結
件血ど 隼 鶏堅件潔結 隼噺  潔怠件血潔怠  隼 鶏堅件潔結 隼  潔態件血鶏堅件潔結 伴噺  潔態  (6) 

Where c怠 噺 などど【ぬ, c態 噺 に 抜 などど【ぬ,  and ず態 噺 戴態 ln岫潔怠岻, ず戴 噺 ぬ ln岫潔怠岻 ln岫潔態岻, ぐ態 噺 伐ど┻の岫ln岫潔怠岻岻戴 

and ぐ戴 噺 伐ど┻のln岫潔怠岻岷ぬ岫ln岫潔態岻岻態 髪 岫ln岫潔怠岻岻態峅. The derivation of these spline-parameters, to ensure 

connectivity and continuity of the cost curve, can be found in Rich (2018).  

The best of these model specifications was then expanded with dummies for high value goods and 

dummies for direct access to water, sea and rail. Then the models were reduced so that only 

significant parameters were left in the final MNL specification.  

For each of the six MNL specifications, several structures for nesting the transport chains were 

tested. The best Nested Logit (NL) specification within each combination was then used in the joint 

CFS-ECHO models.  

The initial tests for CFS and ECHO resulted in the same specification for transport costs within each 

FLT model. More specifically, for Model 1 (Dry Bulk), a combined linear and logarithmic specification 

was the best for both CFS and ECHO. For Model 2 (Liquid Bulk), a linear spline specification was the 

best, whereas for Model 3 (containers and general cargo), a logarithmic specification was the best. 

This means that for all commodities we find that the standard linear transport cost specification that 

has been used in almost all freight transport models in practice so far is outperformed by other 

specifications of transport costs. This potentially has important consequences when using the model 

to simulate policies, especially policies that involve changes in transport costs, such as tolls.  

Apart from using a nesting structure to combine multiple datasets, we also tested various nesting 

structures to analyse whether some combinations of choice alternatives have a greater degree of 

substitution than other alternatives: 

1. Nests for all alternatives that include other modes than road transport versus road only 

nests 

2. Nests for alternatives that include rail transport versus alternatives that do not 

3. Nests for alternatives that include sea transport versus alternatives that do not 

4. Nests for alternatives that include the same number of OD legs versus alternatives that do 

not 

5. Nests for container alternatives versus non-containerised general cargo alternatives (only 

for FLT 3).  

 

The choice of nesting structure was based on the log-likelihood value and whether the nesting 

parameter was within the allowed range (between 0 a 1) to be consistent with the random utility 

maximization paradigm. The best NL model for FLT 1 (dry bulk) contains rail and non-rail nests, as 

depicted in Figure 1. This nesting structure accounts for the effect that non-rail alternatives are more 

likely to exchange market share with each other than with rail-alternatives.  
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Figure 1:  Nest structure in the final estimated model for FLT=1 (dry bulk). 

Similarly to Model 1, the best nested logit model for liquid bulk contains rail and non-rail nests (see 

Figure 2). 

 

Figure 2: Nest structure in the final estimated model for FLT=2 (liquid bulk). 

Model 3 is estimated as a nested logit with specific nests for container and general cargo, as depicted 

in Figure  3. This nesting structure was superior and captures the correlation among alternatives with 

the same type of cargo (general cargo or container). 

 

Figure 3: Nest structure in the final estimated model for FLT=3 (containers and general cargo). 
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4 Estimation results,  implied elasticities and values of time 

4.1 Estimation outcomes for transport chain choice 

The models were estimated using Alogit (Alogit Software & Analysis Ltd, 2007).  The high-value 

density (HvD) dummies are 1 if the value per kg for a shipment is greater than a given threshold 

value, and zero otherwise. The threshold values are 0.14, 0.45 and 19.35オ/kg for models 1, 2, and 3, 

respectively. Note, however, that the HvD dummy was tested for all 3 models, but is only retained in 

model 3. Direct access dummies (only estimated on ECHO data and related parameters are therefore 

only found in table 5) are dummy variables which indicate whether the origin or destination zone has 

direct access to a hub for a given mode. These dummies are considered for rail, sea and IWW. Finally, 

the NST/R dummies measure systematic heterogeneity among shipments based on the cargo 

classification used in the data. In this study the NST/R-1 classification is used as presented in table 

1).5. The NST/R dummies are 1 if a shipment is within a given NST/R category, and zero otherwise.  

Specification of cost functions 

In table 2, a comparison of log-likelihood for the different model estimations is presented In order to 

select the best model for each segment, we looked at the Log-Likelihood, the signs of the parameters 

and used Likelihood-Ratio tests. The specifications preferred within each combination of data and 

FLT are marked in bold. It is seen that across the two datasets, lin+log is preferred for FLT = 1, linear 

spline is preferred for FLT = 2 and log is preferred for FLT = 3.  

Table 2: Comparison of Log-likelihood across single estimations on each combination of data and freight load 

type. The chosen specification for the final joint models is marked in bold. FLT1=Dry Bulk, FLT2=Liquid Bulk, 

FLT3= containers and general cargo 

 

TｴW ゲヮWIｷaｷI IｴﾗｷIW ﾗa デｴW さHWゲデざ ﾏﾗSWﾉ ┘;ゲ ﾐﾗデ ゲデヴ;ｷｪｴデ aﾗヴ┘;ヴSく Fｷヴゲデ ﾗa ;ﾉﾉ ｷデ ┘;ゲ SWゲｷヴWS デｴ;デ デｴW 
models based on CFS and ECHO had the same specification for each freight category (FLT class). 

Secondly it was desired that signs of parameters was logical and significant.  

CFS FLT1 had a slightly better fit for the Lin spline function, however, the parameter for price >100 

Euro had a wrong sign, and the ECHO data showed a much better fit for the Lin+log specification. This 

specification was therefore also chosen for the CFS specification.  

FLT2 was significantly better with the Lin Spline function than the other specifications for both CFS 

and ECHO data. The second best function was the lin+log, however, almost identical with the pure 

Lin function in log.likelihood, which also was confirmed by insignificant parameters for the log 

                                                           
5
 For more information regarding the NSTR cargo classification see: http://ec.europa.eu/eurostat/ramon. 

DATA FLT #obs

Lin Log Lin + Log Lin spline Non-lin spline

CFS 1 17053 -1646 -1594 -1587 -1572 -1593

CFS 2 75052 -1458 -1607 -1458 -1420 -1498

CFS 3 1512004 -665374 -662472 -662466 -643801 -662835

ECHO 1 1063 -467.4 -446.1 -442.3 -451.4 -449.8

ECHO 2 144 -114.3 -115.9 -114.0 -111.1 -113.7

ECHO 3 6605 -2282.6 -2171.3 -2154.2 -2190.8 -2242.1

Specification

http://ec.europa.eu/eurostat/ramon
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parameter. Since the lin spline function partially supported the assumption of some cost damping 

effect, this was chosen, even though the function was not concave (see discussion in the following).  

FLT3 had the best fit with the linear spline, however, with both CFS and ECHO some of the signs were 

illogical. The lin+log specifications were marginally better than the lin specification, however, with 

insignificant linear parameters almost equal to zero. The pure log specifications was therefore 

selected for both datasets. 

The following Tables 3-5 describe the estimated model parameters for the preferred models for each 

of the three FLTs for the simultaneous model on both datasets. In general, the parameters are highly 

significant and have intuitive signs. More specifically, if we focus on the time and cost parameters we 

see that all the parameters are negative, which is correct, and that all are highly significant (at least 

at t = 16.6).  All of the applied cost functions are connected and monotonously decreasing in time 

and cost. The lin+log and the log specification are furthermore differentiable whereas the linear 

spline is not. As a result, the lin+log and log functions facilitates cost damping in the sense that there 

is a marginal declining sensitivity to cost (or time).  

This is not the case for the linear spline. Although the parameters of the function parameters are all 

well identified and the function is strict monotone, its curvature is non-smooth and resemble an s-

shaped form. We acknowledge that for certain forecasting scenarios a simpler more robust function 

is preferable. There can be several arguments why the cost-parameters in Table 3 increase and 

decrease for certain intervals. It could be related to start-up costs for shorter trips or due to 

differences in the mode and commodity composition for longer trips, i.e. that certain commodity 

types are dominating within a certain cost interval. However, even though data shows this s-shaped 

cost function parameters one might choose to replace these in an applied model in order to obtain a 

concave function by replacing the parameters in the 50-75 and 75-100 Euro interval with the 

parameter in the 25-50 Euro interval (which would secure a concave function with the least possible 

change of parameters).  

Figure 4 shows the cost-functions as function of costs. As seen dry bulk and liquid bulk are much 

more cost-sensitive over long distances than general cargo. This could also be expected, since it is 

usually lower value goods where the transport cost has a higher share of the overall cost than 

ｪWﾐWヴ;ﾉ I;ヴｪﾗく TｴW さ“-ゲｴ;ヮWSざ Iﾗゲデ a┌ﾐIデｷﾗﾐ ﾗa ﾉｷケ┌ｷS ゲWWﾏゲ ﾉWゲゲ さSヴ;ﾏ;デｷIざ ┘ｴWﾐ visualized as 

overall costs (figure 4) than the parameters in table 3 indicates, which is because these values only 

have effect on the marginal increase in cost within the 50-75 and 75-100 Euro intervals. 

 

Other choice parameters 

Model 3 indicates that container transport is less attractive for high value goods, which seems 

plausible given that high value goods are often transported in rather small batches as general cargo 

(e.g. in crates, boxes, pallets). Furthermore, Road, Sea and RORO are preferred for high value goods 

compared to the other alternatives (road transport is usually much faster than rail or inland 

waterway transport, whereas sea and RORO transport are also used for high value goods when there 

is no good land connection). 
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For the direct access dummies we see that these are all positive, and highly significant (at least at 

t=2.85). This indicates that an alternative is more likely to be selected if either the origin or 

destination zone has direct access to that mode (i.e. rail, sea or IWW), which makes sense, since a 

feeder road transport by truck can be avoided. 

For the NST/R dummies we see a negative relation between RORO and NST/R 9 (Machinery, 

Transport equipment, Manufactured and Miscellaneous articles) whereas for both Rail and Sea there 

are positive relations with NST/R 5 (Metal Products), NST/R 6 (Crude and manufactured minerals, 

building materials) and NST/R 8 (Chemicals). 

Finally, we note that the nesting parameter, which is inversely related to the degree of substitution 

within the nest relative to that across nests, takes a value between 0 and 1, as required for global 

consistency with random utility maximization, and is highly significant when tested against 1. 

Table 3: Parameters estimated jointly across both datasets for the final joint models. 

  Description 
Model 1; Dry Bulk Model 2; Liquid Bulk 

Model 3; Containers and 

general cargo 

Value T-Test Value T-Test Value T-Test 

Parameters estimated jointly across datasets 

Alternative specific parameters 

 
ASC, Road (non-container) 

   
5.382 211.927 

 
ASC, RORO (non-container) 

 
-1.160 -11.929 

  

 
ASC, Rail (container) 

   
-2.827 -64.463 

 
ASC, Rail (non-container) -3.956 -14.752 -2.779 -14.193 8.732 185.098 

 
ASC, Sea -5.041 -45.424 0.102 1.478 -0.844 -79.170 

Time and cost parameters 

 Log(Cost) -2.076 -24.601 
  

-1.199 -155.011 

 Cost (Euro) -0.055 -20.155 
    

 Linear spline for Cost 0-25 Euro -0.114 -55.338 
  

 Linear spline for Cost 25-50 Euro -0.087 -31.217 
  

 Linear spline for Cost 50-75 Euro -0.041 -16.630 
  

 Linear spline for Cost 75-100 Euro -0.195 -35.528 
  

 Linear spline for Cost >100 Euro -0.078 -21.63 
  

 Time (1/1000 min) -0.491 -7.133 -1.481 -20.119   

 

Time, containers (1/1000 min)    -1.172 -79.815 

 Time, general cargo (1/1000 min) 
   

-3.166 -263.525 

 Time, sea/IWW/RORO (1/1000 min) -0.209 -14.706 -1.148 -48.902 -0.157 -114.065 

NST/R commodity type parameters 

 

NST/R 9 dummy, RORO (non-

container) 
-1.212 -10.859 

    

 
NST/R 5 dummy, Rail (non-container) 2.283 14.971 

  
1.682 133.986 

 
NST/R 6 dummy, Rail (non-container) 0.829 5.083 

    

 
NST/R 8 dummy, Rail (non-container) 2.095 11.488 

  
0.699 47.196 

 
NST/R 5 dummy, Sea 

   
0.182 9.298 

 
NST/R 6 dummy, Sea 

   
0.119 2.892 

 
NST/R 8 dummy, Sea 

   
1.034 65.908 

Other chain specific parameters 

 
HvD-dummy, Container 

   
-1.772 -107.981 

 
HvD-dummy, Road 

   
1.160 109.743 

 
HvD-dummy, Sea 

   
2.540 128.402 

 
HvD-dummy, RORO 

   
0.845 55.517 



17 

 

Nesting and scale parameters (t-test against 1
6
) 

 
Scale parameter, CFS 1.142 5.78 2.102 33.71 1.238 96.24 

 Scale parameter, ECHO 1 - 1 - 1 - 

 
Nesting parameter 0.72 8.52 0.517 33.69 0.815 53.5 

 

Table 4: Parameters estimated on the CFS dataset for the final joint models. 

  Description 
Model 1; Dry Bulk Model 2; Liquid Bulk 

Model 3; Containers and 

general cargo 

Value T-Test Value T-Test Value T-Test 

Parameters estimated on CFS dataset 

Alternative specific parameters 

 
ASC, RORO (container) 

   
-3.286 -21.716 

 
ASC, RORO (non-container) -0.620 -6.438 

  
1.225 33.907 

 
ASC, Rail and sea -8.896 -7.961 

  
-1.040 -5.651 

NST/R commodity type parameters 

 
NST/R 5 dummy, RORO (container) 

  
-0.838 -2.917 

 
NST/R 9 dummy, RORO (container) 

  
1.930 12.598 

 
NST/R 1 dummy, RORO (non-container) 2.184 12.772 0.169 3.808 

 
NST/R 2 dummy, RORO (non-container) 1.819 1.710 

    

 
NST/R 3 dummy, RORO (non-container) 0.231 2.112 1.227 19.552 

 
NST/R 5 dummy, RORO (non-container) 0.128 0.588 

  
-0.605 -14.881 

 
NST/R 6 dummy, RORO (non-container) -2.107 -3.275 

  
1.300 29.408 

 
NST/R 8 dummy, RORO (non-container) 

  
-0.191 -2.697 

 
NST/R 9 dummy, RORO (non-container) 

  
0.257 8.520 

 
NST/R 2 dummy, Rail (container) 

  
8.068 58.340 

 
NST/R 5 dummy, Rail (container) 

  
1.263 9.109 

 
NST/R 6 dummy, Rail (container) 

  
1.959 9.677 

 
NST/R 8 dummy, Rail (container) 

  
1.738 5.615 

 
NST/R 1 dummy, Rail (non-container) 0.67 2.008 

  

 
NST/R 4 dummy, Rail (non-container) 5.225 9.160 

    

 
NST/R 5 dummy, Rail (non-container) 5.339 3.965 

  

 
NST/R 8 dummy, Rail (non-container) 3.131 18.931 

  

 
NST/R 9 dummy, Rail (non-container) -4.135 -3.364 

  
1.266 115.326 

 
NST/R 1 dummy, Sea 

 
-2.853 -9.729 

  

 
NST/R 3 dummy, Sea 

 
-1.637 -20.625 

  

 
NST/R 6 dummy, Sea 1.188 5.729 

    

 
NST/R 8 dummy, Sea 1.105 3.825 -0.859 -7.322 

  

 
NST/R 9 dummy, Sea -2.797 -5.855 -2.800 -3.837 2.026 198.556 

 NST/R 5 dummy, Rail and sea     -1.672 -4.092 

 NST/R 5 dummy, Rail and sea     -1.672 -4.092 

 

Table 5: Parameters estimated on the ECHO dataset for the final joint models. 

  Description 
Model 1; Dry Bulk Model 2; Liquid Bulk 

Model 3; Containers and 

general cargo 

Value T-Test Value T-Test Value T-Test 

Parameters estimated on ECHO dataset 

Alternative specific parameters 

 
ASC, IWW -4.335 -33.723 0.352 5.814 

  

 
ASC, IWW and sea -10.550 -29.081 

  
-2.826 -159.069 

NST/R commodity type parameters 

 
NST/R 1 dummy, Road (non-container) 

  
1.589 77.198 

                                                           
6
 For the scaling and nesting parameters, it is tested whether the value is significantly different from 1 instead 

of zero. If the scale parameter is 1, the scale across the two datasets is the same and the parameter is not 

needed. If the nest parameter is 1, then the model is not different from a (non-nested) MNL model. 
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NST/R 6 dummy, Road (non-container) 

  
1.509 31.587 

 
NST/R 0 dummy, Rail (non-container) 2.349 15.889 

    

 
NST/R 1 dummy, Rail (non-container) 1.240 9.809 

  
2.072 86.357 

 
NST/R 6 dummy, Rail (non-container) 

  
2.077 38.594 

 
NST/R 7 dummy, Rail (non-container) 2.556 8.313 

    

 
NST/R 1 dummy, Sea 

   
1.336 58.046 

 
NST/R 3 dummy, Sea 

   
1.434 28.774 

 
NST/R 1 dummy, IWW and sea 3.814 8.728 

    
Other chain specific parameters 

 
Direct access, Rail (container) 

  

2.528 52.489 

 
Direct access, Rail (non-container) 2.847 17.628 6.023 32.227 1.049 110.259 

 
Direct access, IWW 3.195 24.213 

     

Table 6: Model summary 

Model summary 

 

Model 1; Dry Bulk 

 

Model 2; Liquid Bulk 

 

Model 3; Containers and general cargo 

Final value of Likelihood -8,464 -53,966 -1,172,636 

Likelihood with Constants only -13,814 -73,169 -1,689,193 

Likelihood with Zero Coefficients -51,231 -224,935 -5,450,457 

"Rho-Squared" w.r.t. Constants 0.39 0.23 0.31 

"Rho-Squared" w.r.t. Zero 0.83 0.75 0.78 

#parameters 30 23 46 

#observations Total 18,116 75,196 1,518,609 

#observations CFS 17,053 75,052 1,512,004 

#observations ECHO 1,063 144 6,605 
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Figure 4 Estimated cost functions for the 3 freight category types (curves are only shown for interval which 

are supported by data, except for containers which have values up to 3848 Euro
 7

) 

 

4.2 Elasticities 

In order to validate the estimated models, elasticities were computed for each of the three final joint 

CFS-ECHO models and compared to reference elasticities from the literature. The sensitivity tests 

were based on the estimation dataset but applied to different input data, e.g. the simulation of a 

10% increase in time or cost for a given alternative. Changes in variables for each specific mode (i.e. 

changes in the rail mode that affect several chain alternatives that include rail as a mode) as well as 

changes in variables for each chain alternative (i.e. changes are only applied to each chain 

individually, e.g. rail-sea) have been tested. These changes were then compared to the market shares 

of a neutral base scenario in order to reveal elasticities.  

The calculated elasticities are shown in Table 7. The first two elasticity columns present the impact of 

cost and time changes ﾗa ; ゲヮWIｷaｷI デヴ;ﾐゲヮﾗヴデ Iｴ;ｷﾐ ふWくｪく けヴ;ｷﾉ ﾗﾐﾉ┞げ ﾗヴ けヴ;ｷﾉ ;ﾐS ゲW;げぶ ﾗﾐ デｴW デヴ;ﾐゲヮﾗヴデ 
chain alternatives. The third column illustrates the effect of changing the transport time of a specific 

mode (e.g. rail, which appears in several transport chains) on the transport chains.  Elasticities of the 

non-road modes are usually larger than those of road. A few elasticities are quite high, but these are 

usually concerned with chains for which the market share is negligible. For road transport, the 

highest elasticities are found for containerised goods, where rail (and sometimes inland waterways) 

can be a tough competitor. 

 

  

                                                           
7
 General cargo have values up to 455 Euro, whereas containers have values up to 3848 Euros,  
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Table 7: Elasticities for the estimated models. The model presents how many % mode share change is found 

in mode j as a result of a 1% change in travel cost or travel time of mode i. 

  
Elasticities: Change in market shares 

Travel Cost Travel Time Travel Time 

i j Chain Specific Chain Specific Mode Specific 

Model 1 (Dry bulk) 

Road Road -0.21 -0.01 -0.01 

Rail Rail -1.90 -0.49 -0.02 

Rail RailSea     -0.01 

IWW IWW -2.12 -0.80 -0.56 

Sea Sea -1.15 -0.67 -0.35 

Sea RailSea     -0.67 

Sea IWWSea     -0.15 

RORO RORO -3.59 -0.37 -0.27 

RailSea RailSea -2.48 -2.65   

IWWSea IWWSea -1.23 -2.5   

IWW IWWSea     -0.14 

Model 2 (Liquid bulk) 

Road Road -0.23 -0.05 -0.01 

Rail Rail -0.94 -0.59 -0.03 

Rail RailSea     -0.08 

IWW IWW -1.43 -2.32 -0.91 

Sea Sea -1.34 -3.25 -1.66 

Sea Railsea     -2.06 

RORO RORO -2.20 -0.99 -0.72 

RailSea Railsea -1.98 -5.07   

Model 3 (General cargo and containers) 

Road Container Road Container -0.43 -0.98   

Road General Cargo Road General Cargo -0.17 -0.11   

Road Road General Cargo     -0.13 

Rail Container Rail Container -1.36 -1.04   

Rail General Cargo Rail General Cargo -5.68 -1.10   

Rail Rail Container     -0.09 

Rail Rail General Cargo     -0.38 

Rail RailSea     -0.02 

RORO Container RORO Container -0.38 -1.31   

RORO General Cargo RORO General Cargo -0.40 -1.11   

RORO RORO Container     -0.22 

RORO RORO General Cargo     -0.29 

Sea Sea -0.46 -0.59 -0.23 

Sea Railsea     -0.08 

RailSea Railsea -1.22 -0.48   

IWWSea IWWSea -3.14 -0.99   

IWW IWWSea     -0.29 

 

The elasticities in Table 7 were given in terms of the impact on the market shares of the shipments.  

The elasticities in Table 8 reflect reference elasticities from the international literature, typically 

measured as tonnes or tonne-kilometres (tkm) elasticities. Tonne elasticities are likely to be lower on 

average (in absolute values) compared to shipment elasticities. This is because many heavy products 

have a low modal substitution rate. Elasticities for tkm, on the other hand, are usually higher. This is 

because these elasticities are a combination of mode and mileage effects in contrast to tonne 

elasticities that only reflect mode substitution. It is also worth noting that long-haul transports are 

usually more sensitive with respect to transport costs and that elasticities in general reflect baseline 

market shares, which could be rather different across countries and continents. A strict direct 

comparison between elasticities therefore needs to be carried out with some caution.  
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Table 8: Cost elasticities of the number of tkm for all commodities (unless otherwise indicated) for mode 

choice found in the literature. 

Source and country/mode road rail IWW 

NODUS model (EXPEDITE Consortium, 

2002), Belgium   
-0.76 

Rich et al. (2009), effect on tonnes, 

Denmark/Sweden 
-0.09 to -0.29 -0.10 to -0.40  

VTI and Significance (2010), 

international review  
(-0.8 to -1.6) 

 

De Jong et al. (2010a), international 

review 

-0.4 

(-0.2 to -1.2)   

De Jong et al. (2011), Netherlands -0.5 -0.87 -0.28 

Abate et al. (2018), effect on tonnes, 

metal products, Sweden 
-0.04 to -0.49 -0.02 to -0.12  

Abate et al. (2018), effect on tonnes, 

chemical products, Sweden 
-0.12 to -0.52 -0.29 to -0.56  

 

On the basis of the review of elasticities it is concluded that the revealed costs elasticities of the TT3 

model across modes are generally plausible and in line with the international literature.  

4.3 Values of transport time 

The average VoTs for each category are presented in Table 9. In the table we have furthermore 

segmented between  land-based and sea-based transport as we estimated separate time parameters 

for these. Furthermore, Figure 5 shows how the cost-functions may be transferred to Value of Time 

(VoT) as function of cost (which is easy to calculate since it is the ratio between the time and cost 

parameters in the MNL as long as the parameters do not include taste heterogeneity). Note that the 

figure use a logarithmic scale due to the large difference between VoT of the 3 categories. As can be 

seen in Figure 5, the dry bulk has a much lower VoT than the other goods, which is expected due to 

the low value density of dry bulk. Liquid bulk has higher and a quite constant VoT as a function of 

cost, with a small (illogical) deviation around the 50-75-100 Euro interval as previously discussed. 

Containers and especially General Cargo have a higher and increasing VoT for most of the cost range 

as compared to the two other categories8. This might be expected because of the higher value 

density of general cargo and a higher degree of fast delivery requirements in this category.    

 

Table 9: Value of transport time in Euro/Tonnes/h 

 

FLT1:  

Dry bulk 

FLT2:  

Liquid Bulk 

FLT3:  

General Cargo 

FLT4:  

Container 

Land-based modes 0.12 - 0.18 0.61 - 0.76 0.55 - 0.61  0.16 - 0.19 

Water-based modes 0.06 - 0.11 0.33 - 0.57 0.03 0.02 - 0.03 

 

 

                                                           
8
 Note that containers and general cargo have different cost functions since they have different time 

parameters. 
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Figure 5 VoT as function of cost for all non-sea alternatives
9
 (curves are only shown for intervals which are 

supported by data, except for containers which have values up to 3848 Euro) 

Since the time-dependent costs (e.g. staff, vehicles) were already included in the transport costs, the 

time coefficient that we estimated refers to the time value of the cargo. Therefore the values of time 

that we obtain from this new study should be compared to values of transport time that refer to the 

cargo component not the transport cost component of the value of time (see de Jong et al, 2014 for 

a discussion on this distinction). In the table below we carry out this comparison.  

  

                                                           
9
 Where all sea/IWW/RORO alternatives would scale to a lower VoT cf. Table 2, which is logical since one would 

assume a selection process where less time-sensitive goods are using sea transport, whereas more time-

sensitive goods are using road or rail. 
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Table 10: The cargo component in the value of transport time (VTT) in goods transport (in 2010 Euro per 

tonne per hour) found in the literature 

Publication Country Data  Method VTT 

Fowkes (2006, 2015) 

 

 

UK SP (LASP 

interview) 

Manual method 

and weighted 

regression  

0.45 for all goods  

0.18 for coal  

0.05 for metals 

0.05 for aggregates 

0.54 for oil and chemicals 

1.76 for automotive 

0.14 for other bulks 

0.90 for container 

1.35 for finished goods 

9.00 for express goods 

De Jong (2008) Various 

Scandinavian 

studies up  to 

2001  

SP MNL Road: 0-1 

Rail: 0 - 0.1 

Danielis et al. (2005) Italy SP Ordered probit Road: 1 

IRE and RAPP Trans (2005), 

Maggi and Rudel (2008)  

Switzerland SP MNL Road: 1.5 

Beuthe and Bouffioux (2008) Belgium SP MNL (on 

ranking data) 

Rail: 0.2 

Rich et al. (2009) Denmark/Swe

den 

RP Aggregate 

weighted logit 

0.08 (bulk) に 5.13 (general 

cargo), average 1.53 

Kurri et al. (2000) Finland SP MNL Rail: 0.1 

     

Fries et al. (2010) Switzerland SP Mixed logit Road 0.5 

Halse et al. (2010) Norway SP MNL  and mixed 

logit 

Road: 1 

De Jong et al. (2011) Netherlands RP (mode 

choice) 

Aggregate logit All modes: 

Bulk goods: 0.1 に 0.4 

General cargo/container: 0.7 

Johnson and de Jong (2011) Sweden RP (mode 

and 

shipment 

size 

choice) 

MNL and mixed 

logit 

Road: 2.5 

Rail: 0.1 

Significance et al. (2013) Netherlands SP MNL Road: 0.5 

Rail: 0.3 

CGSP (2013) France SP MNL 0.01 for freight with low 

added value (< 6000 euro/t): 

e.g. bulk/aggregates 

0.20 for ordinary freight 

(6000-35000 euro/t): e.g. 

other rail, sea and river 

transport 

0.60 for freight with high 

added value (> 35000 euro/t): 

e.g. combined, parcels, 

refrigerated, roro  

BVU and TNS Infratest (2014)  Germany SP MNL All commodities: 

0.02 に 1.5 (median: 0.7) 

Main source: Jong, G.C. de (2014b) に adapted and extended for this paper. 
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Looking at the VoTs in our model in Table 9, it is seen that our mean VoTs in Euro/Tonne/hr are well 

inside the range for the cargo component VoT in the international literature presented in Table 10. 

However, because of our non-linear specification, we have increasing unit VoT with increasing costs 

(Figure 5). This is in line with results often found in passenger transport. In fact, higher unit VoTs with 

increasing distance, are now also used in project appraisal in the UK (Batley et al., 2017). We 

consistently find higher values for land-based modes than for sea based. Finally, the unit values are 

highest for liquid bulk and general cargo. This pattern is reasonably consistent with Fowkes (2006, 

2015) and de Jong et al. (2011). 

5 Conclusions 

This paper describes the structure of a transport chain choice model for Europe and presents 

estimation results for a range of model specifications.  

The transport chain choice model was estimated jointly based on two disaggregate data sources, the 

Swedish Commodity Flow Survey (CFS) from 2009 and the French Envoi に CHargeurs に Opérateurs 

(ECHO) survey from 2004. It was found that transport chain choice depends on transport cost, 

transport time, value density of the goods, direct access to rail and waterways and commodity type. 

In a long-term strategic transport model, it is necessary to discuss how the direct access dummies 

might change over time.  

A combined linear and logarithmic transport cost specification works best for dry bulk products, 

whereas a linear spline cost function works best for liquid bulk and a logarithmic cost works best for 

container goods and general cargo. This highlights that cost damping in the form of marginally 

decreasing sensitivity to cost is likely to be found in freight models and needs to be accounted for. It 

also highlights that different commodity combinations are likely to differ in that respect.  

In addition, various nesting structures were tested, and it was found that for bulk goods, transport 

chain alternatives that include rail transport have a higher degree of mutual substitution than by 

other chain alternatives. For general cargo and container goods, the best nesting structure is 

represented by a general cargo nest and a container nest.  

These findings indeed underline that freight models, contrary to the freight models that are often 

used in practice, are characterised by heterogeneity, non-linearity and rates of substitution which 

cannot be assumed constant. If these elements are not taken into account this is likely to have 

consequences for the evaluation of a wide range of transport policies.  

Further it was found that VoT differed largely between freight types and with increasing transport 

costs, indicating the importance of differentiating between these elements. Finally the results 

indicate differences in the mode preferences across freight categories. 
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Appendix A: Technical data preparation of CFS and Echo data 

CFS data 

The CFS 2004/2005 dataset has been used before to coNST/Ruct a stochastic version of the Swedish 

national freight model Samgods based on so-called Samgods zones (see Vierth et al., 2009). An 

executable file made available by Significance and VTI enabled us, after minor modifications, to 

Iﾗﾐ┗Wヴデ ふヵΒくヶХぶ ﾗa デｴW ｷﾐデWヴﾐ;デｷﾗﾐ;ﾉ Cげゲ ｷﾐ デｴW CF“ ヲヰヰΓ ｷﾐデﾗ “;ﾏｪﾗSゲ ┣ﾗﾐWゲく Norway has also used 

the CFS 2009 data to coNST/Ruct a freight model based on Swedish and Norwegian trade data. The 

necessary conversion keys were provided by TØI Oslo to assist us in improving the coverage of the 

Norwegian sample. The conversion directly allowed us to transform the city names into NUTS3 

zones. EUROSTAT provides key statistics on NUTS3 zones, including conversion tables to match Local 

Administrative Units (LAU) and postcodes into NUTS3 zones. In total, 367,776 (81.8%) international 

commodity flows were matched using the different procedures. This left a total of 1,853,007 national 

;ﾐS ｷﾐデWヴﾐ;デｷﾗﾐ;ﾉ Cげゲ IﾗSWS WｷデｴWヴ ｷﾐ “;ﾏｪﾗSゲ ﾗヴ NUT“ン ┣ﾗﾐWゲが ┘ｴｷIｴ ﾐWWSWS デﾗ He converted into 

the Transtools 3 zone structure. 

The first step of the conversion into Transtools 3 zones was to recode all the international flows 

currently coded in the Samgods structure into the NUTS3 structure. The Samgods zones in Norway, 

Finland and Denmark are already at the NUTS3 level (90.3% of the international flows). Conversions 

into the NUTS3 format are therefore straightforward except for the Oslo-Akershus zone. For this 

particular Samgods zone two NUTS3 zones exist, NO011 and NO012, respectively. We randomly 

assigned each flow to one of the two NUTS3 zones where the assignment probability depends on the 

relative population in both zones. For the next set of countries (moving away from Sweden), such as 

the UK, Netherlands, Germany, the Samgods ┣ﾗﾐWゲ ﾗﾐﾉ┞ IﾗヴヴWゲヮﾗﾐS デﾗ デｴW NUT“ヱ ﾉW┗Wﾉく Fﾗヴ デｴWゲW Cげゲ 
we used the NUTS3 level for the capital/prime city within each NUTS1 zone. NUTS3 coding is not 

;┗;ｷﾉ;HﾉW aﾗヴ デｴW “;ﾏｪﾗSゲ Cげゲ ﾗ┌デゲｷSW ﾗa E┌ヴﾗヮWく Aﾉゲﾗ デｴW Transtools 3 zonal structure operates at a 

higｴWヴ ゲヮ;デｷ;ﾉ ﾉW┗Wﾉ aﾗヴ デｴﾗゲW Cげゲく TｴWヴWaﾗヴWが ｷデ ┘;ゲ SWIｷSWS デﾗ ┌ゲW デｴW GI“ ゲデヴ┌Iデ┌ヴW ﾗa Transtools 3 

SｷヴWIデﾉ┞ ;ﾐS IヴW;デW ﾉｷﾐﾆゲ HWデ┘WWﾐ ┞Wデ ┌ﾐデヴ;ﾐゲaﾗヴﾏWS “;ﾏｪﾗSゲ ┣ﾗﾐWゲ ;ﾐS デｴW さa;ヴ Cげゲざ ｷﾐ デｴW 
Transtools 3 zonal system. In the final steps NUTS3 coding was transformed into ETIS coding (which 

was used for several inputs to Transtools 3 prepared by the ETISplus consortium) and subsequently 

into Transtools 3 coding where population weights were applied when the zonal structure was split.  

It was decided to use only outgoing shipments (the major part of the CFS), not the incoming 

shipments. Some CFS shipments are available directly from register sources on forest, dairy and 

sugar products. These flows have been excluded10 from the dataset as they are OD flows (instead of 

PC) and are unfit for the model concept (see Ben-Akiva and de Jong, 2013). Moreover, all shipments 

transported by air and (or) unknown modes of transport were dropped since these modes are not 

part of the Transtools 3 (TT3) model. The data was prepared for analysis by coding the production 

zone (P), consumption zone (C) and (PC) pair for each shipment in units consistent with the TT3 zonal 

ゲデヴ┌Iデ┌ヴWく Aﾉﾉ Pげゲ ﾗa デｴW ﾗ┌デｪﾗｷﾐｪ shipments in the CFS are within Sweden, for which the NUTS3 zonal 

IﾗSW ｷゲ ゲデﾗヴWS H┞ デｴW ┗;ヴｷ;HﾉW けA┗ｪ L;ﾐげ ｷﾐ CF“ ヲヰヰΓく Mﾗゲデ shipments originate in the Västra 

Götalands län in the western part of Sweden. The C zones within Sweden are stored by the variable 

けMﾉ;ﾐげが H┌デ デｴWゲW ┗;ヴ┞ H┞ ﾐ;デｷﾗﾐ;ﾉ ;ﾐS ｷﾐデWヴﾐ;デｷﾗﾐ;ﾉ Sestinations. A total of 1,485,231 national and 

                                                           
10

 CﾗﾏﾏﾗSｷデ┞ デ┞ヮWゲ ふけV;ヴ┌ﾆﾗSげぶ ヱヲが 13, 16 and 44 were excluded from the dataset. 
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449,375 international shipments is applicable for estimation as a minor number of observations had 

to be excluded due to unknown consumption zone. Like the Pげs, all the national Cげs were in NUTS3 

coding. The Cげs for the international shipments turned out to be more complex as they were 

registered by means of their C city and country.11 Different conversion approaches had to be applied 

and information sources consulted to convert these international Cげs into the TT3 zoning structure. 

After discarding intra-zonal trips12 at the TT3 zone level, a sample of 1,614,660 shipments were 

available for estimation.  

Freight load type (FLT) is coNST/R┌IデWS ﾗﾐ デｴW H;ゲｷゲ ﾗa デｴW ﾗヴｷｪｷﾐ;ﾉ ┗;ヴｷ;HﾉW けL;ゲデデ┞ヮげく TｴW aｷﾐ;ﾉ 
variable contains four categories: Dry Bulk; Liquid Bulk; General Cargo and Containers. The original 

commodity type Iﾉ;ゲゲｷaｷI;デｷﾗﾐが ヴWヮヴWゲWﾐデWS H┞ デｴW ┗;ヴｷ;HﾉW けV;ヴ┌ﾆﾗSげ ｷﾐ デｴW CF“ S;デ;H;ゲWが needed to 

be transformed into the standard European classification of goods for transport (NST/R) as used by 

the TT3 ﾏﾗSWﾉく TｴW ﾗヴｷｪｷﾐ;ﾉ ┗;ヴｷ;HﾉW けVｷﾆデげ ┘;ゲ ┌ゲWS デﾗ IﾗNST/Ruct the shipment size variables. 

Fｷﾐ;ﾉﾉ┞が デｴW さ┗;ﾉ┌Wざ ┗;ヴｷ;HﾉW ┘;ゲ converted to the base year 2010 and measured in Euros. The values 

and weight variables are then used to derive a value per kg for each shipment.  

Echo data 

Given the coding of the PC pairs at the NUTS3 level, the conversion into Transtools 3 zones was 

easier than for the CFS dataset. First, all the NUTS3 zonal codes were transformed into ETIS coding 

(which was used for several inputs to Transtools 3 prepared by the ETISplus consortium). For this to 

work the NUTS3 2010 zoning structure was made backwards compatible with the NUTS3 2003 

structure for which a conversion key to the ETIS zoning structure was available. In the final step, the 

conversion key from ETISplus to Transtools 3 was applied and population weights were applied to 

facilitate zonal splitting.  

From the data we identified 10,462 shipments which were coded to provide variables representing 

tonnes, value density (euro per ton), FLT, shipment chain type and commodity group. NUTS3 codes 

were available for European origins and destinations, NUTS2 for other countries.  

Of these shipments, 121 had insufficient information about NUTS coding to convert them into TT3 

area codes.  A further 1,358 observations were dropped as there was insufficient information about 

the transport leg modes. A further 6 observations were dropped because they did not originate in 

France, leaving at total of 8,977 observations. Of these remaining shipments, 6 additional obs were 

dropped as they had no FLT information. Then a further 769 intra-zonal observations were dropped, 

leaving 8,208 valid shipments for estimation. As with the CFS, RORO was classified based on whether 

the generalised transport cost was lower for RORO compared to road. Chains were classified in the 

same way as described above for the CFS data. 

 

  

                                                           
11

 In certain cases postal codes or local administrative units were used. 
12

 In the model within-zone transports will be assigned identical Level-of-Service and cannot be used in the 

estimation. 
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Appendix B: Example of model estimation process for CFS data, FLT 3: 

Table B1 below shows this process for the model estimated on the CFS data for FLT = 3 as an 

example. A specification with a specific time parameter for sea alternatives and a specific time 

parameter for general cargo alternatives were chosen. Furthermore, the process resulted in the 

choice of a logarithmic transport cost specification (specification 3). Note that the linear spline 

specification obtains a better log-likelihood, but as some of the parameters for the spline intervals 

become positive, this specification was discarded. The combined linear and logarithmic specification 

also gets a log-likelihood value that is just significantly better than for ln, but it was not selected 

because the linear cost coefficient is very small and positive. 

In the final adjustments of the specification, several specifications for the inclusion of the high value 

dummy were tested (e.g. specification 7). In the final model, a negative parameter for the interaction 

between high value and container transport (with general cargo as reference) was obtained and 

positive parameters were obtained for the interaction between road and high value, sea and high 

value and roro and high value.  
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Table B1: Specification tests for CFS data and FLT = 3 
    Specification 1 Specification  2 Specification 3 Specification 4 Specificationl 5 Specification 6 Specification 7 
Description time   Generic Alt. Specific  Alt. Specific  Alt. Specific  Alt. Specific  Alt. Specific  Alt. Specific 
Description cost   Linear Linear Ln Lin + Ln Linear spline Non-linear spline Ln 
Number of observations   1512004 1512004 1512004 1512004 1512004 1512004 1512004 
Log likelihood   -712033 -665374 -662472 -662466 -643801 -662835 -648366 

 
  Value Ttest Value Ttest Value Ttest Value Ttest Value Ttest Value Ttest Value Ttest 

Log(Price)           -0.64 -95.37 -0.66 -75.27         -0.65 -96.98 
Linear price [Euro]   -0.06 -498.21 -0.01 -59.68     0.00 3.50             
Time parameter * 1000 [min]   -0.26 -113.18 -2.84 -113.74 -2.32 -94.43 -2.32 -94.08 -3.16 -125.13 -2.47 -96.87 -1.94 -85.12 
General cargo specific time parameter * 1000 
[min] 

  
    -4.36 -308.23 -4.29 -361.49 -4.31 -314.07 -5.50 -287.25 -4.07 

-
302.29 -4.32 -362.63 

Sea specific time parameter * 1000 [min       -0.22 -97.74 -0.19 -88.55 -0.19 -81.54 -0.13 -58.61 -0.21 -96.58 -0.19 -88.19 
Non linear price parameter                       -0.02 -92.84     
ASC Road general cargo   5.70 641.45 5.30 387.53 5.72 402.93 5.73 395.64 5.47 378.24 5.55 392.98 5.23 383.01 
ASC RORO container   -2.71 -14.55 -5.45 -29.16 -4.89 -26.19 -4.90 -26.20 -6.56 -32.61 -4.91 -26.28 -5.28 -28.24 
ASC RORO general cargo   2.94 91.15 -0.69 -17.35 -0.24 -5.94 -0.27 -6.48 -1.92 -52.37 -0.12 -3.00 -0.67 -16.83 
ASC Rail container   -3.43 -50.68 -2.04 -29.29 -2.20 -31.54 -2.20 -31.57 -1.76 -25.17 -2.17 -31.06 -2.22 -33.38 
ASC Rail general cargo   -0.23 -3.13 7.84 97.56 8.30 106.09 8.37 104.11 10.44 121.93 7.61 96.02 7.88 110.82 
ASC Sea   -0.39 -10.82 -1.22 -32.90 -1.08 -30.06 -1.08 -30.06 -1.30 -37.79 -1.11 -30.59 -1.54 -51.11 
ASC Rail+Sea   -0.31 -1.36 -1.34 -5.91 -1.24 -5.53 -1.25 -5.55 -1.55 -6.93 -1.20 -5.30 -1.58 -7.00 
Linear spline for price 0-25 Euro                   -0.04 -72.82         
Linear spline for price 25-50 Euro                   0.03 56.98         
Linear spline for price 50-75 Euro                   0.01 21.95         
Linear spline for price 75-100 Euro                   -0.05 -88.63         
Linear spline for price > 100 Euro                   0.07 185.82         
Dummy for RORO container and NST/R 5   -0.32 -0.91 -1.45 -4.07 -1.33 -3.76 -1.33 -3.75 -0.61 -1.65 -1.28 -3.59 -1.25 -3.51 
Dummy for RORO container and NST/R 9   1.29 6.82 1.54 8.12 1.42 7.51 1.42 7.51 1.84 9.10 1.40 7.42 2.41 12.75 
Dummy for RORO general cargo and NST/R 1   0.49 10.07 0.39 7.36 0.35 6.38 0.35 6.44 0.16 3.10 0.33 6.13 0.36 6.74 
Dummy for RORO general cargo and NST/R 3   2.35 34.25 1.83 24.20 1.79 23.47 1.79 23.50 1.77 23.46 1.77 23.45 1.76 23.19 
Dummy for RORO general cargo and NST/R 5   1.34 33.11 -0.57 -11.46 -0.65 -12.85 -0.66 -12.96 -0.07 -1.56 -0.58 -11.57 -0.59 -11.81 
Dummy for RORO general cargo and NST/R 6   2.24 49.19 1.79 32.76 1.73 31.23 1.74 31.24 1.67 31.04 1.72 31.43 1.70 31.01 
Dummy for RORO general cargo and NST/R 8   1.32 17.54 0.48 5.67 0.29 3.36 0.29 3.28 0.47 5.84 0.32 3.72 0.30 3.53 
Dummy for RORO general cargo and NST/R 9   0.74 24.28 0.61 17.41 0.54 15.00 0.55 15.10 0.39 11.61 0.53 14.84 0.72 19.76 
Dummy for Rail container and NST/R 1   0.76 3.32 0.62 2.71 0.69 3.01 0.69 3.02 0.62 2.70 0.65 2.86     
Dummy for Rail container and NST/R 2   8.57 58.69 8.56 59.28 8.60 59.08 8.60 59.09 8.82 60.76 8.55 58.92 7.93 53.67 
Dummy for Rail container and NST/R 5   1.28 7.25 1.29 7.36 1.23 6.99 1.23 6.97 1.34 7.63 1.29 7.37 0.36 2.04 
Dummy for Rail container and NST/R 6   1.90 7.52 2.00 7.92 1.99 7.89 1.99 7.89 1.98 7.86 2.00 7.93 1.07 4.27 
Dummy for Rail container and NST/R 8   1.61 4.18 1.59 4.15 1.57 4.08 1.57 4.07 1.60 4.16 1.58 4.12 0.79 2.06 
Dummy for Rail general cargo and NST/R 1   -0.25 -1.48 -0.31 -1.86 -0.35 -2.13 -0.36 -2.14 -0.42 -2.54 -0.34 -2.06     
Dummy for Rail general cargo and NST/R 5   5.03 67.15 4.97 66.37 4.85 64.65 4.84 64.59 4.78 63.70 4.91 65.56 5.00 73.98 
Dummy for Rail general cargo and NST/R 8   2.44 17.60 2.41 17.35 2.28 16.40 2.27 16.37 2.23 16.06 2.34 16.85 2.44 18.08 
Dummy for Rail general cargo and NST/R 9   3.22 43.59 3.19 43.12 3.06 41.44 3.06 41.38 2.98 40.34 3.12 42.26 3.83 57.53 
Dummy for Sea and NST/R 1   0.17 2.88 0.16 2.86 -0.01 -0.14 -0.01 -0.26 -0.14 -2.54 0.02 0.31     
Dummy for Sea and NST/R 5   0.36 7.40 -0.48 -9.52 -0.36 -7.45 -0.36 -7.48 -0.13 -2.85 -0.35 -7.21 -0.31 -7.04 
Dummy for Sea and NST/R 6   -0.96 -9.57 -0.20 -2.16 -0.40 -4.32 -0.40 -4.35 -0.39 -4.28 -0.37 -4.00 -0.43 -4.76 
Dummy for Sea and NST/R 8   2.23 37.82 1.95 31.52 1.85 30.91 1.85 30.87 1.86 31.82 1.86 30.89 1.87 32.90 
Dummy for Sea and NST/R 9   2.94 85.19 2.85 84.05 2.61 79.42 2.60 79.04 2.48 79.19 2.65 79.99 2.76 102.58 
Dummy for Rail+Sea and NST/R 5   -1.98 -3.93 -2.71 -5.40 -2.41 -4.79 -2.40 -4.78 -1.59 -3.18 -2.34 -4.65 -2.44 -4.85 
Dummy for HVD and Container                           -2.47 -88.80 
Dummy for HVD and Road mode                           1.60 105.06 
Dummy for HVD and Sea mode                           3.72 116.24 
Dummy for HVD and Roro mode                           1.21 60.03 

 

 

 


