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1. Introduction
The main feature of recent national freight tramspaodels in Europe is the incorporation of a

logistic component (module) in the traditional §iei demand-modelling framework (de Jong et
al. 2013). Logistics decisions of firms are incagied in the modelling process often based on
shipment size optimization theohAccording to this theory, firms are assumed toimire total
annual logistics costs by trading-off inventorydiob costs, order costs and transport costs. The
logistics module estimates frequency/shipment gikeice and transport chain choice (i.e.
transport mode choices and use of trans-shipfmeaged on a cost minimization model where

firms are assumed to minimize annual total logsstiosts.

Such logistics modules have been developed fon#tienal freight models of Norway, Sweden
(SAMGODS model), Denmark and Flanders (see Ben-Akiva and de Jp@3), within the
overall framework of the aggregate-disaggregateemgte (ADA) freight transport modélThe
current logistic modules in these countries, howelaek two main elements. First, they do not
account for the main determinants of shipment aizé transport chain choices other than cost,
i.e. decisions are mainly based on cost considerat(and to some extent on factors such as
access to road and rail and value densities). $edbase models are deterministic and lack a
stochastic componehtA deterministic model has a weak empirical fouiaia the way transport
agents (i.e. shippers, forwarders and carrierspiehn the model is not based on observed
behavioural data but on the assumption that thdlyohbose the shipment size and transport
chain that has minimum costs, with some model catitn at a highly aggregate level. To
improve the predictions of current models and allishier and more realistic policy analyses,

logistics decisions should be modeled taking irtiwoant these two elements.

1See Chow et al. (2010) for a comprehensive reviefreight forecast models elsewhere.
2 A transport chain is defined here as a series afemndhat are all used to transport a shipment ffersender to the receiver
ge.g. road-sea-road).

Section 3.1 gives a brief overview of the natidineight transport model for Sweden, SAMGODS. At tloee of this model is
the ADA model framework first suggested by de Jamgl Ben-Akiva (2007). It starts with an aggregatedet for the
determination of flows of goods between product{f) zones and consumption (C) zones. After thisem disaggregate
“logistics” model, that based on PC flows produ€d3 (origin-destination) flows for the network assigent which is the third
phase (aggregate again). For example, A PC flow tlsas the transport chain road-sea-road betweerpithduction and
consumption locations contributes to three OD fl¢arge for each of the modes in the chain).

* Moreover, models for shipment size and mode chioinee been developed based on the French ECHCetlatathe shipment
level (Combes, 2010).

>A partial exception is that the Danish nationailginé model contains a module for the choice of mimdeross the Fehmarn Belt
screenline that uses a random utility model esethan disaggregate data (including stated prefer8icsurveys in the Fehmarn
Belt corridor). Other transport chains, however,édgample in Denmark, are handled by a determinisgistics model (Ben-
Akiva and de Jong, 2013, section 4.6).



The main objective of this paper is estimating anpglementing a disaggregate stochastic (logit-
type) logistics model for Sweden, which overcontesdforementioned shortcomings. Stochastic
models of mode (or transport chain) and shipmezg shoice have been estimated before (e.qg.
McFadden et al. 1985; Inabe and Wallace, 1989; Wiidet al., 2010; Combes, 2010; Lloret-
Batlle and Combes, 2013; Combes and Tavasszy, Zid€persen et al., 2016). Their estimation
is, however, for all commodity types together, or & few selected commodities, whereas we
have estimated models for many different commotlipes. A systematic comparison between
stochastic and deterministic models in an implert@n context (e.g. in terms of elasticities
calculated from runs with the actually used modaisilso usually missinyyWhile estimation
and implementation of aggregate stochastic modets @wone before, in the context of a national
freight transport forecasting model (e.g. Bovenk@@05; Tavasszy et al., 1998; Rich et al, 2009;
Jourquin et al., 2014), we think this paper is fingt implementation, in the framework of a
national model, of aisaggregate freight transport chaiand shipment sizenodel estimated on
data containing observed choices for individuagbstents, certainly in Europe.

As a result of adding this stochastic componenthan logistics model, the response functions
(now expressed in the form of probabilities) becam®oth instead of lumped at 0 and 1 as in
the deterministic model. This in turn addressestioblem of “overshooting” that is prevalent in

a deterministic model when testing different p@gci

Overshooting happens when the relevant part ofdgistics costs function is rather flat and a
small change in logistics costs can lead to a shift completely different optimum shipment size
and transport chain (Abate et al. 2014). On therdtland, there could also be “sticky” choices in
a deterministic (all-or-nothing) model when oneealttive is clearly cheaper than the other
alternatives. Improving the other alternatives hién not lead to any change in market shares
until one of these other alternatives becomes bteapest and then the deterministic choice is
suddenly completely altered. In this paper, we stigate the elasticities for changes in transport
costs of different sign and size for both the dateistic and the disaggregate stochastic model,
calculated in both cases from the implemented mod#éie framework of the Swedish national

freight model. This allows us to analyze the relatbetween the elasticity and the magnitude of

® We are not comparing different network assignmeshniques in this paper (both methods rely on #raesskims from
unimodal networks which yield input variables fbetallocation to transport chain and shipment @iagis being studied here).
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the cost change, whether the deterministic mod#g¢ed suffers from the problems mentioned

and whether the stochastic model improves this.
The research gaps that we are addressing in thex pizerefore are the following:

» Estimation results for transport disaggregate frarischain and shipment size choice
models for a wide range of different commodity type

* Implementation of disaggregate logistics modelthecontext of a national freight model
system;

 An empirical investigation into the differences weén implemented stochastic and
deterministic models: do stochastic models leasintaller sensitivities for time and cost

changes?

The empirical analysis in this paper involved tweps. As a first step, we estimated econometric
models that describe the determinants of transp@ins and shipment size choices. We used the
2004/2005 Swedish Commodity Flow Survey (CF8)d inputs from the SAMGODS model for
estimation of multinomial logit models (MNL) for ldifferent commodity groups. Note that by
their very nature the MNL models are probabilisiodels because they include a stochastic
component to account for the influence of omittadtdrs (there is no other randomness in the
stochastic models in this paper than this comporesiimating and applying the disaggregate
model does not involve draws from some statistidstribution). The main results from
estimation of the MNL models show that variableshsas transport cost and time, having access
to rail or quay at origin and distance are impdrtdeterminants of shippers’ mode and shipment

size choices.

As a second step, based on the MNL estimation tegswe implemented (i.e. program in the
application context) the disaggregate stochasgistizs model for two commaodity groups, metal
products and chemical products within the framewofkSAMGODS. Using this model, we

compared transport cost and time elasticities fonné-km between the stochastic and
deterministic models for the two commaodities. Imliea applications of the deterministic model
we have seen examples of overshooting and we exipatcthe elasticities from the stochastic

model will be smaller (in absolute levels), showiegs tendency towards overshooting.

7 Seehttp://www.trafikverket.se/contentassets/23a269d21920ad445881d724811f/filer/viu_2004 2005 fatifdetails.
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The remaining part of this paper is organized dlovie. Section 2 presents the econometric
model set up and results from estimation; Sectide<sribes the stochastic model setup based on
the inputs from Section 2; Section 4 compares manlgputs from the stochastic and
deterministic models; finally, Section 5 presenis main conclusions and suggestions for future

work.

2. Econometric framework
Econometric studies of freight mode/vehicle choiaee based on the key insight that

mode/vehicle/cargo unit choice entails simultanedesisions on how much to ship (see, for
example, Abate and de Jong, 2014; Johnson and dg, R0D11; Holguin-Veras, 2002;
Abdelwahab and Sargious, 1992; Inaba and Walla689;1McFadden et al., 1985). Large
shipment sizes usually coincide with higher madteres for non-road transport, whereas there
is a high correlation between road transport anallsshipment sizes. Such a correlation calls for
a joint econometric model. Abate et al. (2014)ddstwo types of joint econometric models,
namely: a discrete-discrete (DD) model where theeddent variable is a discrete combination of
shipment size categories and mode choice alteggtiand a discrete-continuous (DC) model
which treats transport mode chain choice as aetserariable and shipment sizes as continuous
variable. Although DC models were found to be tk#oally sound, given the size of the CFS
data and the number of commodity groups involvedragmatic alternative is a DD model. In

this paper, we estimate a DD which is specifietblsws:
Ui = ﬁlTCi + ﬁZTTi + ﬁgVDl' + QXL + & (1)

WhereU; is the utility derived from choosing a discrete ¢omation of transport chain and a
shipment size categoiy the Bs andf are parameters to be estimated ands an error terni.

SinceU; is a joint variable, the model setup allows for @i@neous consideration of transport
chain and shipment size decisions. The main exfanavariables are transport cost (TC),
transport time (TT) and value density (VD). X ind&s other control variables such as
infrastructure access indicators, shipment typeng@giic/international) indicators and alternative-

specific constants.

% In this study, as in most previous studies, we iclamghe weight of shipment size as an endogenatiable. However, we note
that shipment volume (in $is also an important factor, which shippers cdesjointly with mode choice decisions. We cannot
model shipment volume because our data set, thdiSw€FS, does not contain this information.
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We estimate Equation 1 using a multinomial Logitd@lo(MNL). A study by Windisch et al.
(2010), who also used the 2004/5 Swedish CFS tmatst DD models, applied a Nested Logit
(NL) models, found that there is more substitutimiween shipment size classes than between
transport chain types. However, unlike our approatlcommodity by commodity estimation,
they estimate their NL model using all commoditpgss in the CFS together. We tested the
coefficient of the logsum coefficient to check whimodel is appropriate for each commodity
group in our sample. We set up the NL model bgsfging nests based on the main mode used,
thus our classification assumes that transporinshdéefined by alternatives using the same main
mode have the same nest coefficients. We foundhatitfor most commaodity groups (including
metal and chemical products which we study in tétathe paper), the nest coefficient is not
significantly different from one, implying zero cefation among shipment size categories in the
nest, so the NL model collapses to the MNL mdfel.

2.1.Data
The main data source for this paper is the 200&ZDPedish Commodity Flow Survey (CFS).

The data has 2,986,259 records. Each record igoensht to/from a company in Sweden, with
information on origin, destination, modes, weightl &alue of the shipment, sector of the sending
firm, commodity type, access to rail tracks andyguaetc' From this we selected a file of
around 2,897,010 outgoing shipments (domestic pamsand export, no import) for which we

have complete information on all the endogenousexiogienous variables.

Although the CFS data is extensive, it does nottaioninformation on transport costs and

transport time variables. Given the importancehafse variables in mode/shipment size choice
analysis, the existing logistic module of the deti@istic model was used to generate them for
each shipment in the CFS. They were generatedfbothe chosen mode-shipment alternatives
in the CFS and for potential non-chosen alternatitalored to each shipper based on the

transport network of the origin and destinationhair shipment.

10 We note that there could be correlations betwetnraltives, especially given that there are alteresithat have a transport
chain (or a shipment size) in common. More compdidanesting structures can be tried in mixed lagid multivariate probit
models, but these model types have very long maegj especially on large data sets as we have here.

Yinthe CFS a shipment is defined as a unique dgliwkgoods with the same commodity code to/fromltital unit or to/from
a particular recipient/supplier (SIKA, 2004).



The CFS classifies transport mode chains to chiagide Sweden and chains outside Sweden. In
domestic shipments, trucking accounts for the otaetming majority of the shipment frequency

(95.79%), followed by chains which involve watenbertransport modes (a ship vessel and
ferry).”> The high share of trucking is also evident inpgscentage share in weight and value in
domestic freight transport. For international shéos, vessel (maritime) transport accounts for

the highest share both in shipment weight and value

To see the distribution of shipment sizes we d@skithe weight variable in the CFS into 16
categorie¥’, as shown in Table 1. A quarter of the total shépts fall in the first category (0-50
kg). The prevalence of small shipments reflects dbeninance of trucking which is usually
preferred for its flexibility and reliability. Cag@ries 10 and 11, ranging from 35 to 45 tonnes
(well within a full truckload range), account foB.Z1 %, again showing the dominant role of

trucking*

Figure 1 presents the cumulative density distrdoutsf shipment weight for metal products and
chemical products and for all commodities in theSCBhipments weighing 10 tonnes or less
account for about 90% of the shipments for the pwamluct groups. This distribution is somewhat
different from what is observed for all commoditiekich also have concentration of larger

shipment sizes.

There are 24 commodity groups in the CFS. In tlapep, however, we found it to be more
instructive to analyze selected commodities tharw@hmodities identified in the CFS. This is
due to the dominance of trucking for most shipmelnt$act, for ten commodity groups the share
of trucking is more than 98 %. Clearly, there tfidito learn about the determinants of mode
choice decisions of shippers when there is suchwihedming dominance of one mode of
transport. For the remaining 16 commodity groupsluding metal products and chemical
products for which we implemented a stochastic nedinere is relatively less dominance of
trucking. The road share, measured in tonne-krab@it 38% for all commodities and differs a
lot between the commodities (See Table 5 in: Vietttal., 2014). The share is 17% for metal

products and 41% for chemical products.

12 \We defined transport chain alternatives based ein ttequency in the CFS. Transport chains thatioed with a frequency of
96 or higher were considered as possible choiderapt
13 The dependent (choice) variablé ) in Equation 1 is defined based on the classificadn Table 1

14 The maximum gross weight of the trucks is 60 tenineSweden and Finland compared to 40 tonnes &t other European
countries



Descriptive statistics are presented in Table 2a@rage, 2 % of all shippers had access to rail
at origin and 0.4 % had access to quay at origme d@quivalent figures for metal products and
chemical products are 57 and 0.03 % for rail agcasd 0.5 and 0.03 % for quay access,
respectively. Much to the benefit of the econonsetnalysis, the CFS has an extensive variation

in terms of average shipment values, shipment weigimd transport cost and time.

2.2. Econometric results
Table 3 presents estimation results from the MNLdehopresented in Equation 1 for 16

commodity groups. The choice alternatives in eaddeh are a discrete combination of a
transport chain and shipment size. By and large,résults are plausible and are in line with
expectations. Transport cost has a negative efiethe utility of a choice alternative. This is in

line with theory which predicts that higher deliyeosts make a choice alternative less attractive.

We used a single cost coefficient for all altewedi building on the idea that 1 SEK is 1 SEK,
whatever the alternative it is spent on. Other ®rthan linear could be tried for the cost
specification (such as logarithmic, spline or a boration of linear and logarithmic), but to

compare the deterministic model version of the SAMIS with the stochastic model presented

in this paper, it is best to use a linear costifipation, since the former uses linear costs.

The variable for inventory costs during road tramsitransport time multiplied by value of the
shipment) has the expected (negative) sign an@yidyhsignificant for most commodity groups.
This variable captures time costs related to thmtalacost of the inventory in transit and maybe
also those related to deterioration and safetykstoasiderations. The time-dependent link-based
transport costs (labour and vehicle costs) hawadir been taken into account in the transport
costs. Estimation of the inventory cost variable dbains involving rail and sea did not lead to
significant coefficients. This is probably due e tpossibility that capital costs of an inventary i
transit are most relevant for truck transport. Alde shipment size structure may be providing
such a self-selection that for these goods, chiméggens on other grounds, as value densities are

low.

The access to rail/lquay dummy variables was indude the utility functions of choice
alternatives where rail/quay was used as the dirgecond mode in the chosen transport chain.
The interpretation of the parameter values is shgipers located in the proximity of or access to

rail track or quay yard are more likely to choobains that start with a rail/quay leg (or use these



modes on the second leg of the chain). The two desare, however, not significant for most

commodity groups.

For most commodity groups, we find significant piosi effects for the value density (the value

of the shipment divided by its weight) variable.eTtelevant alternatives for this variable are

transport chain alternatives involving the two destlshipment size categories (0-50 kg and 51
200 kg). The positive sign, therefore, implies thagh value products correlate with smaller
shipment sizes, which might also imply frequentpsients. We also find that international
shipments tend to be shipped more using chainsu®atail, ferry or vessel. The transport chain-
specific constants (which are estimated system-widezone-specifically) mostly have negative
signs and are significant. This is expected givleat trucking, the reference chain type, is
preferred to the other modes for its flexibilitydaease of access (which are not included as

explanatory factors in the models since they atemeasured in the CFS).

3. From Deter ministic to Stochastic L ogistics model

3.1.SAMGODS review
The Swedish national freight transport model- SAMES- is one of the models that applies the

aggregate-disaggregate-aggregate (ADA) framewak: (de Jong and Ben-Akiva, 2007; Ben-
Akiva and de Jong, 20135. This framework is also used in the national fnéigansport models
of Norway and Denmark and the model for the Flasdelobility Masterplan (Belgium).
Furthermore, its logistics costs function has dsen used in US freight models (e.g. in RSG,
2015). The ADA model framework (see Figure 2) stanith an aggregate model for the
determination of flows of goods between produc(idphzones and consumption (C) zones (being
retail for final consumption; and further procegsof goods for intermediate consumption). The
PC flows are derived from a gravity-type model. ekfthe determination of these PC flows,
comes a disaggregate “logistics” model, that on libeis of PC flows produces OD (origin-

destination) flows for network assignment. A PGaflthat uses the transport chain road-sea-road

18 Akin to de Jong and Ben-Akiva (2007) a recent gty Zhao et al (2015) developedfreight temporal
assignment model where disaggregate methods akk tosassign aggregate annual flows to aggregatly dai
flows. We note there are other approaches to simulategight flows at the national or broad regional levesing
different cost functions, micro-simulation and agkased approaches or direct-demand modeling imowgr
countries, which are reviewed by Chow et al. (20E3pecially US studies) and de Jong et al. (2@n8) Liedtke
(2009) (especially European studies). Wisetjindastatl. (2007) also developed a micro-based fraigbdel for the
Tokyo Metropolitan area.



between the production and consumption locatiom$ritutes to three OD flows (one for each of
the modes in the chain).

The logistics model in turn consists of three si@eg Figure 2):

A. Disaggregation of zone-to-zone flows to individfiahs at the P and C end;

B. Models for the logistics decisions by the firmsigshent size, trans-shipment locations
and modes in a transport chain); This gives OD $lawthe level of the annual firm-to-
firm flows;

C. Aggregation of the information per shipment to zém&one OD flows for network

assignment.

This model structure allows for logistics choicesbe modelled at the level of the decision-

maker. The network assignment is an aggregate naodeils represented by the last A in ADA.

When the logistics model within the ADA-frameworkrfSweden (and Norway) was first
conceived, the idea was that the logistics modellavde estimated on data at individual
shipment level from the Swedish CFS (see de JodgBam-Akiva, 2007, section 7). Since the
deterministic logistics module as such is complex ¢he estimation of disaggregate models
would take a significant amount of time, a ‘prelary’ or ‘prototype’ version of the logistics
model was developed in both Sweden and Norwaydee®mng and Ben-Akiva, 2007, section 8)
in 2005/2006. This version did not require disaggte estimation. Instead it relied on a cost
minimisation per firm-to-firm (f2f) flow, where fogach f2f flow only one alternative (namely the
one with the lowest total logistics cost) is chodgecause it uses different transport solutions for
different firm sizes and shipment sizes, the alliothing character of the deterministic model is
reduced.

After the prototype had been developed, it has begmoved in a number of rounds and also
calibrated to aggregate data for a base year,Heuturrent official version of the SAMGODS

logistics model still uses a deterministic logistinodel.

3.2. Stochastic Model procedure
We programmed a prototype stochastic logistics ndole Sweden based on the estimated

transport chain and shipment size models for twmmodities: metal products and chemical
products. The stochastic logistics model was eséichan shipments from the CFS 2004-2005. In
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the implementation, we do not use the CFS recardstty, but we apply the estimated transport

chain and shipment size models from Section 2datimual firm-to-firm (f2f) flows that are also

used in the current deterministic logistics moddlese f2f flows are taken from the first step of

the logistics model (step A: disaggregation; seeti®e 3.1), which remained the same in this

prototype. For every f2f flow within a commodityogip, the new prototype stochastic logistics

model now predicts the choice of transport chaith stmpment size and it does so by producing

choice probabilities for every available alternativ

During the application of the stochastic logistiesdel the following steps are performed:

a)

b)

Determine the longlist of transport chainghis step fully corresponds to the
corresponding step in the deterministic model. 3$pamt chains with optimal

transshipment locations are determined for eacthefchain types distinguished within
the deterministic model. For these chains, transgstance and time are calculated.
Unimodal Level of Service matrices are read indbrpossible chain leg modes. Then
optimal chains are constructed using a one-to-naggrithm that follows a stepwise
approach in adding extra legs to chains and detémmithe optimal transfer locations
(Significance, 2015). Since we do not observe taeshipment locations in the CFS, we
could not include this choice in estimation. Theref in the stochastic prototype, the
determination of the optimal transhipment locatitarseach available chain type from the

set of available locations is still done deterntinaly.

Reduce the number of chain types to the more binsg (shortlist) distinguished in the
stochastic model by a deterministic choice amorgystilar chain types.Within the
deterministic model several rail modes (contaimamt feeder train, wagonload train,
system train) and sea modes (direct sea, feedselydsng-haul vessel) are available. On
the other hand, within the stochastic model onle agail and one sea mode are
distinguished (due to the classification used a @FS). To select the rail and sea modes
to be used in the stochastic model, as well agterohine the vehicle types to be used on
each leg, we still apply the deterministic modédisThas to be done for all of the available
weight class (as shown in Table 1) choice opti@magately. After step (b) the best chains
and vehicle types are available for the choiceo$ehain types and weight classes used
within in the stochastic model:

11



Chain types:

Truck

Vessel

Rail

Truck-Vessel
Rail-Vessel
Truck-Truck-Truck
Truck-Rail-Truck
Truck-Ferry-Truck
Truck-Vessel-Truck
Truck-Air-Truck
Truck-Ferry-Rail-Truck
Truck-Rail-Ferry-truck
Truck-Vessel-Rail-Truck

Truck-Rail-Vessel-Truck

However, not all the above choice options will haikmable for each commodity. As an

example, Figure 3 shows the combinations of trarisgmin type and weight class that
are available in the stochastic model for commodistal products (based on the actual
frequencies in the CFS 2004-2005).

Calculate the utilities for each of the choice ops in the stochastic modéh step (b)
the number of available chain types has been rediacat most 14 the maximum number
of chain types distinguished within the stochastmdel. Within the third step the utility
functions are calculated for each of the availabl®ice options (combinations of
transport chain and shipment size) given above.€Btienated coefficients are multiplied
with the relevant chain input values obtained fribra chains determined in step (b). In
this step there is no information available onvhkie of goods (expressed in SEK) or the
value density (expressed in SEK/kg) on specifimfto-firm relations. Therefore, the
average commodity value is used in applicatiorhefrnodel. The dummy coefficient for

direct rail access is always applied to PC chaorssisting of a single rail leg and never

12



for the other chainQuay access is not used in the implemented modelmétal and
chemical products.

d) Calculation of the choice probabilitie¥Vhen the utilities have been calculated for all
available transport chain types and weight clagbesprobability for each choice option
can be calculated in the usual way for multinortaglt models.

e) Aggregation of flowsLike the deterministic model, all firm to firm fies are aggregated
to obtain OD-flows. However, instead of the sindlest chain generated by the
deterministic model, we now aggregate over all ohaptions and weight each choice

option with the probability calculated in step (d).

3.3.Calibration procedure for the stochastic model
The stochastic logistics model described aboveuded alternative-specific constants for all

transport chain alternatives (minus one). This rmehat the model will reproduce the market
shares (in terms of the number of shipments) ferdhains as they are in the estimation data
(which is based on the CFS, but also depends onubstion whether we have level-of-service
data for a particular transport chain and PC mtin the current deterministic logistics model.
This is not necessarily a good reflection of theuakcimportance of the various modes for the
commodity involved. We also have observed aggredata on the tonne-kilometers by mode
from transport statistics). For metal products ahdmical products these numbers for the year

2006 are in the columns labelled ‘statistics’ irblEa4.

When we compare the tonne-km by mode (by OD-legalso access/egress tonne-km are
counted) from the uncalibrated stochastic mod#h@bverall system level to these observations,
we see that it overestimates the road and theosee-4&m for both products. For metal products
there is some underestimation of rail, and for doahproducts the stochastic model predicts a
very limited (less than one million tonne-km) udeail transport. This is in line with the CFS,

but not with the calibration data (where rail hasarket share of more than 10% for chemical
products). The deterministic logistics model (withthe rail capacity module) on the other hand

overestimates the observed rail tonne-km.

To calibrate the stochastic logistics model, we tiieobserved tonne-km shares as targets and

add to each transport chain alternative constatftanutility functions of the stochastic model:
Ln (O/M)) (2)

13



In which:
O;: observed share of mode |
M;: Modelled share of mode |

This makes under-predicted modes more attractivke cmer-predicted ones less attractive. To
reach the observed targets, this procedure neells tepeated several times; it is an iterative
calibration procedure (see Figure 4 for details).the comparison of elasticities in this report we
performed a limited number of iterations with thhechastic model for both metal products and

chemical products, which brought us much closéh¢éoobserved targets, but still not very near.

4. Deter ministic vs. Stochastic, a comparison using two commodity
groups

4.1 Method

The stochastic approach applied in this papertended to be a substitute or complement to the

deterministic model, which currently constituteg thery heart of the logistics model in the
SAMGODS model system. For metal products and champioducts, both the deterministic and
the stochastic model have been implemented intexanutable. By switching these executables
when running the SAMGODS model system, we may coievely switch between the
deterministic and the stochastic models. Both n®dpkrate on the same set of input data when

it comes to demand matrices and costs for 2006.

All results in this section have been obtained gisire base scenario of the SAMGODS version
1.0 (April 2015). This scenario has been run withtaking into account railway capacity

restrictions. Since the scenario was originallyibzated using the Rail Capacity Management
module, model output may significantly deviate fretatistics. For example, the total rail tonne-

km is much larger in model output than in transgtatistics.

The results in terms of tonne-km per mode are ddrifrom the direct output from the
deterministic and stochastic logistics model. These less precise than those from the
corresponding assigned quantities, and introdug&a @ncertainty in the results, in particular

when it comes to computed tonne-km within Swedgshtory.

In the first step, we check the outcome of the rhodes against statistics. Table 4 shows that

both the deterministic and the stochastic modelstsuitially overestimate the tonne-km

14



performed in Sweden. Another observation that lmammade is that the deterministic model
calculates relatively high shares for rail whilee tatochastic model calculates relatively high
shares for road and sea. Both the overestimatidheofotal tonne-km and the deviation from the

modal split in the statistics will have consequenice the calculation of the elasticities.

In the next step, we compare the models’ respaaspsrturbations in input data. We express the
sensitivity of the models with help of elasticiti@gich we define as the ratio of the change in an
output variable to the change in an input variableth measured in percentages. The model
comprises large sets of both input and output d@tdy a few elasticities are presented here. One
should also note that the total demand per commaltonstant. Our choice has been to vary, on
the input side, the link costs that includes trsatice and time-based costs for all vehicle types
within road, rail and sea and on the output sidené-km in Swedef. In Table 5 we summarize

the investigated scenarios.

Comparison of elasticities
Results for metal products
In Table 6, results for change in tonne-km in Swedee shown for the different scenarios,

computed with the deterministic and the stochamtidel. We make the following observations:

- All own price elasticities have the expected sign.
- The own price elasticities for changes in road i@idcost are in all cases much smaller in

the stochastic model than in the deterministic rhotdas is in line with our expectations:
we expected that the inclusion of other factorsntlasts (i.e. value density and the
alternative specific constants) directly in thditytifunction of the stochastic model and
the move away from the all-or-nothing choice in de¢erministic model would reduce the
modal shifts (that are calculated for the deterstinimodel). Especially for road cost
changes, the own elasticities calculated with tbehastic model are more plausible (e.g.
they do not become as strong as -2.87 as in tlegrdigiistic model). For changes in the
sea transport cost, some own price elasticities@momger in the deterministic model and
some in the stochastic model. The own price el@issccan differ substantially between
cost increases and decreases (in a logit moddicdi@s for increases and decreases do

not have to be the same, this depends on wherstdingéng point is located on the S-

1" Tonne-km in Sweden is the sum of the domesticsprarts and the domestic parts of internationalsparts that
are carried out in Sweden.
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shaped logit curve). The own price elasticities aso differ between small and large cost
changes, but for the deterministic model for mptaducts we do not see clear thresholds
below which the effects are small and above la@eershooting seems to be more of a
problem than stickiness, also for the smallest gharthat were tested.

In most cases the cross-price elasticities haveppesite sign of the own price elasticity,
which is what one should expect from a model inawhihe modes would be mutually
exclusive (‘competing’) alternatives. However, theare some exceptions both in the
deterministic and the stochastic model. The reasothat transport chains in which
several modes are combined (e.g. with rail as rhail mode and road for access and
egress). As a result, increasing the cost of raildport could lead not only to an increased
share of the road only chain (competition), bubdtsa reduced road use in the road-rail-
road chain (complementarity) This usually refers to rather short road accessemress
distances, but still it reduces the elasticities gdbsolute values) and can even lead to
cross-price elasticities with the same sign athe price-price elasticities.

The cross-price elasticities differ substantialgtvizeen the different modes. Transfers
to/from rail are very small in the stochastic model nearly all cost increases and
decreases. This could imply that current rail gaig are captive to the mode to some
extent (note that metal products are charactetigethe dominance of one big shipper).
On the other hand, it could also imply that otherdes are competitively priced to ralil,
implying that larger price incentive or availahjliof infrastructure is needed to attract

more shippers to rail.

Results for chemical products
In Table 7, results for change in tonne-km in Swedee shown for the different scenarios,

computed with the deterministic and stochastic rhoblee following conclusions can be drawn

from this:

In all cases, the own price-price elasticities hitneeexpected sign.

As expected, all own price elasticities for changesoad, rail and sea transport cost are
smaller in the stochastic model than in the deteistic model. For all modes, the own
price elasticities of the stochastic model seem emplausible than the own price

elasticities of the deterministic model. The deteigtic model has own price elasticities

18 Furthermore, there can also be changes in shipsientn both models as a result of cost changes.
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that go beyond -6. Again, there are substantiderihces between cost increases and
decreases. Also for chemical products, overshoat@ems to be more of a problem for
the deterministic model than stickiness.

- The own price elasticity of rail costs is in moases stronger for chemical products than
for metal products. This is all probably due te dower share of rail transport for
chemical products compared to metal products. dherdil share for chemical products
implies a high sensitivity.

- In most cases the cross-price elasticities have thle opposite sign as the own price
elasticities. For the stochastic model, this isadtralways the case. For the deterministic
model, there are more exceptions which can be equaby stronger complementarities

between modes.

4.3 General results
The own price elasticities for changes in transpost are in nearly all cases much smaller in the

stochastic model than in the deterministic model.
Large differences in modal split in the base (sakld 4) lead to different elasticities.

Elasticities differ according to commodities, raggp distance class, modelling approaches and
measures (tonne, tonne-km, vehicle-km), see e.glodg et al. (2010). This source does not
contain recommendations per commodity type. Forcathmodities, the recommended road
tonne-km own price elasticity on the number of ®#m by road through mode choice in de
Jong et al. (2010) is -0.4 and the lower bound idexvis -1.3. Some of the road costs elasticities
of the deterministic model for metal and chemicaldoicts are clearly beyond this lower bound.
The own elasticities, measured in tonnes, calcdilateng a weighted logit mode-choice model
for the Oresund region (Rich et al., 2009) are bowt the same range as the own elasticities

measured in tonne-km from the stochastic logistioglel calculated in this paper.

Table 8 contains some other elasticity values ftom literature that are more recent than the
review of de Jong et al. (2010). The bottom twcerefices come from models that include
multimodal or intermodal transport chains where esadot only compete, but can also be
complementary. This reduces the elasticities (isohlte size). The model implemented in this
paper also works with transport chains. The recglasticities are often lower than the

recommended value of -0.4. Taking this new evideinée account, the recommended value
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would rather be -0.3. This is in line with the gtastic model but not with the deterministic

model for metal and chemical products.

Generally, the elasticities are lower in the stasticamodel than in the deterministic model. This
is especially true for the rail mode, where the qwice and cross price elasticities of increased
and decreased rail costs are much lower in thénastic model. The same, but to a lesser degree,
is true for the cross price elasticities for road @ea. This is a major improvement compared to
the deterministic model that often overestimatafissto/from rail. The elasticities indicate that
the problem of overshooting - that is prevalenaideterministic model when testing different

policies — can be solved by moving to a disaggeegtichastic model.

The pattern for increases versus decreases arsddt@/non-linear effects is not so clear, though
we do observe different elasticity values for dosteases and reductions and for different levels

of the costs change.

5. Conclusionsand ideasfor further research
This paper has presented new estimation resulta thsaggregate stochastic model of transport

chain and shipment size choice for many differemtnimodities and implementation results
(elasticities) for two of those commaodities in ttentext of the Swedish national freight transport
model. For the estimation of choice models, wedube Swedish Commodity Flow Survey
(CFS) from 2004/2005. Parameter estimates fromethezdels were then used for implementing
a random utility, i.e. stochastic, logistics modelplacing existing deterministic components in
the Swedish model system.

We have setup a stochastic logistic model for twonmodity groups, metal products and
chemical products. Although the stochastic modemiglemented for the two commodities, we
have estimated multinomial logit models for 14 comdlities for which a stochastic model could
be implemented in the future. We compared own paia cross-price elasticities with respect to
link costs road, rail and sea for tonne-km betwiaenstochastic and deterministic models for the
two commodities, which has not been done beforestarh models. These elasticities differ
between the two models, they are usually smallerafisolute values) in the stochastic model,
confirming that the problem of potentially largentind responses (overshooting) is solved or at

least reduced in the stochastic logistics modele Thad tonne-km own price elasticities
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calculated in the stochastic model are in line wibently published elasticities and recommend
as these lower values (-0.3) than earlier studted)

In future endeavors, the difference between themwdels could be further studied by looking at
elasticities on other output measures such as eekilometers, number of vehicles crossing a
screenline, etc. Similar models can be estimatetherSwedish CFS 2009, the CFS 2016, the
French ECHO data, the US CFS and hopefully alsdutmre surveys of this kind in other
countries. In estimating such models, other cogiscifications (logarithmic, linear and
logarithmic, splines) as well as more flexible ditbSon patterns between alternatives (e.qg.
nested logit, mixed logit) could be tested.
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Table 1: Weight categoriesinside and outside Sweden, as stated in the 2004/2005 CFS

Category From (kg) To (kg) Freq. %
1 0 50 703,939 24.36
2 51 200 153,222 5.3
3 201 800 160,420 5.55
4 801 3000 157,891 5.46
5 3001 7500 136,884 4.74
6 7501 12500 127,583 4.42
7 12501 20000 161,688 5.6
8 20001 30000 210,919 7.3
9 30001 35000 207,622 7.19
10 35001 40000 344,695 11.93
11 40001 45000 340,498 11.78
12 45001 100000 153,857 5.32
13 100001 200000 10,835 0.37
14 200001 400000 7,238 0.25
15 400001 800000 6,417 0.22
16 800001 - 5,641 0.2
Total 2,889,349 100




Table 2: Descriptive Statistics

Commodity Rail Quay Shipment Shipment| Value densit” | Transpor Transpori Transpori| No. of

group* Access | Access weight (KG) | value (SEK/KG) costs (SEK) | time (Hours) | distance | observations
(%) (%) (SEK) (KM) /shipments

Wood (6/7 15 0.0t 14,17¢ 53,15( 2,59¢ 7,61¢ 7.1 449.: 21,05:

Textile (09 0.4 0.00¢ 77.32 12,04( 78€ 4,20( 5.¢ 44¢ 27,64¢

Iron ore (15 46 0 4,158,33 2,328,52: | 13.2 162,46! 10.€ 670.¢ 48C

Nonferrous or¢| 32 0.1: 119,76 931,69¢ | 1,203.¢ 1.63e+0' 3.4 234.¢ 724

and waste (16)

Metal products| 57 0.5 6,55¢ 31,94 24 3,68¢ 3.E 25€ 34,62’

17)

Earth, grave|1 0.12 88,461.( 37,74¢ 17.¢ 13,30z 3.1 183.¢ 2,95(

(19/20)

Coal chemical:| 0.1 0.04 1,732.2 1,124,821 | 14,72¢ 6,423.¢ 7 51¢ 1,37¢

(22)

Chemical 0.0z 0.0z 4,02: 42,90° 28¢ 6,78: 10.37 61€ 37,64¢

Products (23)

Paper pulp (2« | 66 0.4z 112,29 448,28 | 8.4 29,63¢ 25 891 931

Transpori 2 0.00¢ 827.¢ 77,91 1,09/ 8,341 6.2 43¢ 35,12:

Equip (25)

Metal 5 0.01 2,291 56,25¢ 431.¢ 3,80z 4.¢ 356.¢ 43,63¢

manufactures

(26)

Glass (27 1 0.0z 1,68( 27,20¢ 139.¢ 4,111.¢ 5.4 410.F 11,04¢

Leather textile 2 0.00¢ 488.¢ 13,978.! | 2,41¢ 176,54

(29)**

Machinery (32 | 4 0.00: 265.7 25,725.0 | 8,03( 10,423. 3.1 223.] 227,16«

Paper boar| 6 0.0z 6,17( 43,11° 424.¢ 6,22¢ 4.7 345.1 67,55

(33)

Wrapping 50 0.00¢ 28,00° 51,538.0 | 4.4 119z

material (34)

All CFS| 2 0.4 26,01: 37,12 1,231 2,897,17¢

Commodities

~*SAMGODS commodity classification number in paresgis. **Note that the mean of the value densitialde is not calculated by dividing the mean valaé shipment value and weight for the
whole sample. It is calculated as the mean of #leevdensity for each shipment in the CFS. Thewmlaes could be close to each other if both vaeglre greater than or equal to one. For some
observations, however, the weight and value vaghte recorded as having values less than ohe DRS, which explains the difference betweenwioestatistics.
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Table 3: Multinomial Logit model results (Estimated coefficients; t-ratios within brackets; ** indicates significance at 95%

level)
Variable Relevant Parameter Estimates
alternative Textile (09F Iron ore (15) | Nonferrous ore Coal Paper pulp (24)| Transport Metal manufactureg Glass (27) Paper board (33
and waste (16) chemicals (22) Equip (25) (26)
Cost (SEK  per| Allchains -0.000852 0.000599 -4.44e-006 -0.00015 -1.36e-005 -3.03e-006 -0.000602 -0.0005 -1.15e-005
shipment) (-7.77)** (0.67) (-3.68)** (-9.34)** (-5.48)** (-10.14)** (-17.38)** (-4.59)** (-11.82)**
Transport time (in| Truck -3.24e-008 -8.31e-006 -1.07e-007 -9.09e-009 -1.71e-006 -6.78e-008 -5.80e-008 -2.81e-008 | -1.35e-007
hours) times value o (-2.08)** (-0.05) (-2.33)** (-2.89)** (-9.25)** (-7.58)** (-2.48)** (-0.46) (-6.43)**
goods (in SEK)
Dummy variable for| Rail -0.0479 5.70 0.640 -0.0313 -0.445 7.89 1.64
access to rail track (-0.02) (16.96)** (2.51)** (-0.06) (-1.23) (6.89)** (19.19)**
Dummy variable for| Ferry/vessel | -0.165 1.93 -0.282 1.36 -0.00618 1.24 0.170
access to quay (-0.29) (1.97)** (-0.47) (3.53)** (-0.00618) (4.06)** (0.61)
Value density| Al modes: | 0.0182 -0.05 0.000456 0.000315 0.001 0.0156 0.0176 0.0198 0.0504
(SEKIKG) smallest 2| (36.33)** (1.08) (0.97) (9.41)* (2.96)** (46.73)** (26.35)** (6.11)* (26.45)**
shipment
sizes
Dummy variable for| Rail, Ferry,| 0.881 3.89 1.21 1.14 4.84 0.188 2.45 2.60
international Vessel (8.17)* (4.56)** (4.36)** (3.99)* (53.39)** (1.60) (6.21)** (51.27)*=
shipment
Dummy variable for| Constant 0.135 -7.78 0.00693
Air (0.00) (-25.64)** (0.00)
Dummy variable for| Constant -2.27 -5.12
rail (-7.08)** (-124.1)*
Dummy variable for| Constant -10.6 -8.06 -6.16 -7.99 -8.24 -8.11 -4.68
Truck-Rail-Truck (-11.921)* (-26.50)** (-5.99)** (-53.24)** (-29.07)** (-16.41)** (-134.5)**
Dummy variable for| Constant -2.49 -5.56 -2.08 -2.52 -6.25 -0.840 -4.33 -4.96
ferry (-18.27)** (-7.20)** (-9.33)* (-8.69)* (-74.27)* (-7.17)* (-12.61)** (-156.44)**
Dummy variable for| Constant -4.17
Rail-Vessel (-7.34)*
Dummy variable for| Constant -7.67 -6.10 -0.0179 -8.27 -4.91
Truck-Vessel-Truck (-14.02)** (-69.80)** (-0.03) (-9.76)** (-160.6)**
Dummy variable for| Constant Fixed
truck
Number of observations 22623 59 555 925 632 29616 36965 10512 58384
Final log-likelihood -24350.2 -13.797 -1336.3 -2064.1 -1628.3 -39717.7 -67048.2 -21250.2 -88959.3
Rho-square 0.637 0.792 0.193 0.208 0.14 0.641 0.476 0.435 0.633

~1SAMGODS commodity classification number in parestbe




Table 3 continued...

Variable Relevant alternative Parameter Estimates
Leather textile| Machinery (32) | Wood (6/7) Earth, gravelMetal products| Chemical Wrapping
(29) (19/20) 17) Products (23) material (34)
Cost (SEK per shipment) All chains -0.000661 -0.000160 -3.01e-005 -5.75e-006 -1.96e-006 -1.55e-005 -1.34e-005
(-13.74)** (-73.41)* (-10.74)** (-4.48)** (-5.20)** (-40.40)** (-6.99)**
Transport time (in hours) times value pfTruck -8.43e-008 5.67e-00 -1.78e-007 -5.39e-006 -3.78e-007 -1.90e-007 2.30e-007
goods (in SEK) (-2.15)** (0.49) (-5.08)** (-8.53)** (-14.57)** (-14.18)** (0.78)
Dummy variable for access to rail track Rail -0.0165 -0.148 5.37 -0.0496 0.703 2.25
(-0.05 (-0.43 (10.85** (-0.06** (4.42% (5.94*
Dummy variable for access to quay Ferry/vessel -0.0165 -0.0125 0.653 3.09 -0.0502
(-0.02) (-0.03) (3.83)** (6.90)** (-0.09)
Value density (SEK/KG) All modes: smallest0.035 0.0156 0.0368 0.0600 0.132 0.0269 0.000600
2 shipment sizes (38.75)** (18.99)** (26.05)** (7.20)** (149.46)** (109.46)** (0.29)
Dummy variable for international Rail, Ferry, Vessel 5.69 5.50 3.09 4.75 3.47
shipment (22.17)* (14.85)** (33.37)** (65.12)** (7.65)**
Dummy variable for Truck-Air-Truck 0.0071
(0.20°
Dummy variable for rail Constant -0.520 -10.7 -6.33 -3.58
(-3.38)** (-18.33)** (-7.95)** (-9.88)**
Dummy variable for Truck-Rail-Truck Constant -1.61 -4.45 -3.97 -5.43 0.686
(-16.48)** (-12.42)** (-122.2)** (-28.36)** (2.07)**
Dummy variable for Truck-Ferry-Truck Constant -0.0751 -2.68 -6-71 -4.28 -4.81 -3.12
(-0.53) (-7.72)* (-21.48)** (-95.24)** (-68.58)** (-9.95)**
Dummy variable for Vessel Constant -4.53 -4.34
(-31.30)** (-43.83)**
Dummy variable for Truck -vessel- Constant -3.04 -3.73 -4.86 -5.74 -2.39
Truck (-116.5)** (-23.33)** (-16.91)** (-63.12)** (-27.43)**
Dummy variable for Truck-Rail-Vessel- -3.83
Truck (-131.53**
Dummy variable for truck Constant Fixed
Number of observations 55357 91329 16765 2597 33908 36617 1100
Final log-likelihood -71392.4 -121097.6 -39952.108 -7058.9 -81898 -72769 -3177.61
Rho-square 0.625 0.642 0.324 0.158 0.383 0.382 0.111




Table 4: Million tonne-km for metal products and chemical products within the borders of Sweden according to Trafikanalys
transport statistics 2006, * deter ministic model and stochastic model

Million tonne-km M etal products Chemical products
Deterministic | Stochastic Deterministic Stochastic

o model M odel o model model

Statistics Statistics

Road 1,217 2,195 3,911 1,608 1,883 2,794
Rail 4,972 6,908 6,406 482 2,013 558
Sea 801 2,50¢ 1,84¢ 1,80z 1,84z 2,15C
Total 6, 990 11,612 12,162 3 893 5,738 5,501

*See Table 5 in (Vierth, Jonsson, Karlsson, & Abat&l4) , 1/3 of the international road transppeagormed inside and outside Sweden are included.

Table5: Scenariosfor comparisons between deter ministic and stochastic model

Decreasein distance- | Constant link costs Increasein distance-

and time based link costs and time based link costs
Road | -45% | -15%| -5%| -3% 0% (base¢) +3% +5% +15% +45%
Rail | -45% | -15%| -5%| -3% 0% (bas¢) +36 +5% +15% +45%
Sea -45% | -15%| -5%| -3% 0% (base¢) +3% +5% +15% +45%




Table 6: Elasticities calculated in deter ministic and stochastic model for all transports of metal products on Swedish territory

Deter ministic model | Road Rail Sea

-45% | -15% | -5% | -3%| 3% | 5%| 15% | 45% | -45%|-15% | -5% | -3%| 3% | 5% 15% | 45%| -45% | -15%| -5% | -3%| 3% | 5%| 15% | 45%
Road tonne-km -2,87| -2,82|-2,06/-2,41|-1,04| -1,06|-1,10|-0,94| 0,81| 0,79| 0,67| 0,33| 1,18| 1,41]| 0,84| 0,53]| 0,33] 0,73] 0,07|-0,05|-0,07| 0,33| 0,15]| 0,13
Rail tonne-km 0,78 0,63| 0,71 0,76| 0,38| 0,47| 0,49| 0,41| -0,80| -1,03|-0,81| -0,56| -0,70| -0,81| -0,78| -0,69| 0,38| 0,21| 0,20| 0,24| 0,33| 0,27| 0,25| 0,28
Seatonne-km 0,21| 0,83| 0,20| 0,23| 0,35| 0,28]|-0,13|-0,18] 1,04| 1,58]| 1,24| 0,74| 0,52| 0,45| 0,97| 1,31| -1,84| -2,06| -0,71|-0,84|-0,62| -0,70| -0,91| -0,80
Stochastic model Road Rail Sea

-45% | -15% | -5% | -3%| 3%| 5%| 15% | 45% | -45%|-15% | -5% | -3%| 3% | 5%| 15% | 45% | -45% | -15%| -5% | -3%| 3% | 5%| 15% | 45%
Road tonne-km -0,80| -0,45] -0,22| -0,16| -0,27]| -0,22| -0,15| -0,09| 0,04| 0,03| 0,03| 0,03| 0,03|-0,04| 0,07| 0,23| 0,08| 0,11 0,16| 0,20 0,11| 0,51| 0,32| 0,21
Rail tonne-km 0,31 0,09{ 0,17| 0,06|-0,06|-0,03| 0,00{ 0,01| -0,04| -0,03| -0,03| -0,04|-0,03| -0,05| -0,05|-0,18| 0,01| 0,00|-0,02|-0,04|-0,17|-0,10{ -0,03|-0,01
Seatonne-km 1,16] 1,98| 2,01 3,67 1,55/ 1,21] 0,63] 0,38 0,01| 0,00| 0,00/ 0,01| 0,01] 0,00| 0,00| 0,03| -0,48] -0,61|-0,77|-0,99|-3,05|-4,14|-1,82|-1,12

Table 7. Elasticities calculated in deterministic and stochastic model for all transports of chemical products on Swedish
territory

Deter ministic model | Road Rail Sea

-45% | -15% | -5% | -3%| 3% | 5%| 15% | 45% | -45% | -15% | -5% | -3%| 3% | 5% | 15% | 45%|-45% | -15%| -5% | -3%| 3% | 5%| 15% | 45%
Road tonne-km -2,14|-1,58|-1,52|-1,19| -6,10| -3,79|-2,22|-1,01| 0,68 0,61| 0,59| 0,78|-1,43|-0,48| 0,10| 0,25| 0,57| 1,40| 1,80 2,90{-1,19|-1,77|-0,35| 0,24
Rail tonne-km 1,37] 1,39| 1,01| 1,07 3,24| 2,03] 0,73] 0,66| -1,83| -2,18|-1,76| -2,07|-0,22|-154|-1,25|-1,41| 1,18]| 0,73|-0,56|-1,46| 1,67| 1,04 1,31] 0,48
Seatonne-km 0,14| 0,00 0,21]|-0,11| 0,04| 0,16] 0,55| 0,02| 1,20{ 1,69| 1,40| 1,19| 1,82| 2,32| 1,29| 1,39| -2,04| -2,00| -1,35| -1,53|-0,36| -0,75| -1,56| -0,70
Stochastic model Road Rail Sea

-45% | -15% | -5% | -3%| 3% | 5%| 15% | 45% | -45% | -15% | -5% | -3%| 3% | 5% | 15% | 45% | -45% | -15%| -5% | -3%| 3% | 5%| 15% | 45%
Road tonne-km -0,52| -0,32] -0,23| -0,20| -0,33| -0,25| -0,19|-0,12| 0,02| 0,04| 0,03| 0,03| 0,01 0,03| 0,10/ 0,08 0,07| 0,07| 0,08 0,00{ 0,07| 0,07 0,04| 0,06
Rail tonne-km 0,97| 0,69| 0,25| 0,25| 0,30| 0,28]| 0,54| 0,24| -0,29| -0,56| -0,28| -0,29| -0,18| -0,25| -0,51| -0,50| 0,01| 0,01| 0,00| 0,01| 0,00| 0,01 0,01| 0,00
Seatonne-km 0,19/ 0,03| 0,08]|-0,04| 0,29| 0,25| 0,09/ 0,06] 0,02| 0,04| 0,00|-0,01| 0,00| 0,00{ 0,00{ 0,00| -0,14| -0,28| -0,20| -0,23| -0,16| -0,12| -0,07| -0,30




Table 8: Morerecent evidence on mode choice elasticities.

Model Road tonne-km own-price elasticity
BasGoed (national Dutch freight model; de Jond.e2811) -0.274

Strategic Flemish freight model (Grebe et al., 2016 -0.14
Danish/Swedish regional freight model (Rich et 2009) -0.29 - -0.09

EU Intermodal container model (Jourquin et al.,201 -0.14

EU Transtools3 model (Jensen et al., 2016) -0-091




Figure 1: Cumulative distribution of shipment weight
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Figure 2: Structure of the aggregate-disaggregate-aggregate (ADA) model
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Figure 3: Available combinations of chain type and weight class (gray=unavailable,
black=available) for commodity Metal products, based on the frequencies observed in the CFS
2004-2005
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Figure 4: Samgods Calibration Procedure
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Figure5: Tonneflowsinthe SAMGODS model by mode
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