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Resum 
Títol: Modal choice and shipment size models based on the French ECHO database 
Autor: Roger Lloret 
Tutor intern: Francesc Robusté  Tutor extern: François Combes 

L’objectiu d’aquesta tesina és el de modelitzar el repartiment modal i la mida d’enviament 
òptim utilitzant la base de dades francesa ECHO. Aquesta base de dades representa una 
oportunitat única de validar economètricament nous models de transport de mercaderies no 
possible fins ara. 

Tres models són presentats. El primer és un conjunt de models de mida d’enviament òptim, 
un per a cada mode principal observat a la base de dades. La especificació d’aquests 
models són transformacions log-liniars de l’expressió de mida d’enviament òptim sortint del 
model model Economic Order Quantity (EOQ). El flux de mercaderia produït, una variable 
mai observada abans, serà estimada aproximant-la pel el flux total de mercaderies entre el 
consignador i el destinatari, disponible a la base ECHO. Per la variable valor de temps de la 
mercaderia, utilitzarem la densitat de valor de la mercaderia. Veurem que mentre la primera 
aproximació roman prou vàlida, la segona representa una hipòtesi massa forta: pels modes 
pesats, el valor dels coeficients estimats és lluny de l’esperat. 

El segon model és un model discret de repartiment modal de caràcter microeconòmic 
d’especificació lògit multinomial. Les funcions d’utilitat estan compostes per les funcions de 
cost logístic total on la mida d’enviament és substituïda per l’expressió de la mida 
d’enviament òptim EOQ. Tots els paràmetres són significatius i els seus valors predits tenen 
el signe esperat. El model és examinat a nivell agregat i desagregat. A nivell agregat, les 
parts de mercat en tones predites són properes a les observades, fins i tot en el cas dels 
modes pesats, on en el nivell desagregat semblaven predits per sota de l’esperat. L’única 
excepció és en el transport aeri, on la part del mercat es clarament superior a l’observada. 
Mitjançant el mètode de l’enumeració de mostra, es posa a prova la sensibilitat de les parts 
de mercat respecte les variables principals. Al incrementar el valor del temps, les parts de 
mercat dels modes més flexibles augmenten (camió i aeri) i a l’incrementar la distància, les 
parts de mercat que augmenten més són les dels modes d’ultramar. 

El tercer model és una extensió de l’anterior. La mida d’enviament i la capacitat del vehicle 
són introduïdes amb l’ànim de millorar la qualitat de l’estimació i els punts febles del model 
precedent. El model és estimat en dos passos: el primer, la mida d’enviament òptim és 
estimada com abans  però aquesta vegada sense diferenciar per mode. En el segon pas, el 
mode és predit utilitzant les mateixes funcions d’utilitat que abans, però amb un terme afegit 
que penalitza els modes on la mida d’enviament predita s’allunya molt de la mida mitjana per 
a cada mode. La capacitat dels vehicles és introduïda de la següent manera: per a cada 
observació on la mida d’enviament predita és superior a la capacitat del mode en qüestió, 
aquest mode roman “no disponible”. Aquesta extensió fa perdre el caràcter microeconòmic 
del model anterior atès que no existeix cap teoria microeconòmica que doni suport a aquests 
mètodes. El model és posat a prova seguint els mateixos passos que amb l’anterior i 
ambdós models són comparats. A nivell desagregat, els modes pesats són predits millor. A 
nivell agregat, la part de mercat de l’aeri disminueix gràcies a la capacitat introduïda. 

Finalment, es donen recomanacions per a millorar els models. Els models aquí presentats 
poden arribar a ser bon candidats per a ésser utilitzats en el pas de repartiment modal/mida 
d’enviament òptim dins d’un marc més extens de model a quatre etapes de transport de 
mercaderies, sempre i quan s’hagin resolt els seus punts febles. Un ús menys exigent podria 
ser el càlcul de les variacions de parts de mercat degut a l’aplicació d’alguna taxa. 

Mots clau: repartiment modal, mida d’enviament, models discrets, mercaderies, econometria. 
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Abstract 
Title: Modal choice and shipment size models based on the French ECHO database. 
Author: Roger Lloret 
Internal tutor: Francesc Robusté  External tutor: François Combes 

The theme of this project is to model the choice of mode of transport and the shipment size 
using the French ECHO database. This database represents an opportunity of validating 
econometrically new models with data which was not available until its creation. 

In this work, three different models are presented. The first one is a set of shipment size 
models, one for every observed main mode in the database. These models are log 
transformations of the optimal shipment size expression issued from the Economic Order 
Quantity Model (EOQ). The commodity production rate will be approximated with the total 
flow between the shipper and the receiver, which is available in the ECHO database. For the 
commodity value of time, we will content ourselves with the commodity density of value. It is 
shown that while the first variable approximation variable works fine, using the density of 
value as the value of time is a too strong hypothesis. It only works well for the truck modes 
and estimated coefficients associated to the heavier ones are far from the expected values. 

The second model is a multinomial logit microeconomic modal choice model. The utility 
functions used are composed by the total logistics cost function evaluated at the EOQ 
optimal shipment size. All parameters are significant and their predicted values are as 
expected. The model is discussed in both disaggregate and aggregate levels. In the 
aggregate level, predicted market shares in tons are close to the ones observed, even the 
heavy modes, where in the disaggregate level seemed underpredicted. The only exception 
was the air mode, which was overpredicted. Sensibilities to the main variables are calculated 
by sample enumeration. By increasing the distance, the overseas modes market shares 
increase. By increasing the value of time, the market shares for the most flexible modes 
(trucks and air) increase. 

The third model is an extension of the previous one. Shipment size and vehicle capacity are 
introduced in order to improve the quality of the estimation and defects of the previous 
model. The model is estimated in two steps: firstly, shipment size is predicted as in the first 
model but this time with all modes mixed. Afterwards, the mode of transport is predicted like 
in the second model, but introducing this time the predicted shipment size issued from the 
first step. Vehicle capacity is introduced in the following way: in any observation whose 
associated predicted shipment size is bigger than the capacity value of a certain mode, that 
mode becomes “unavailable”. Furthermore, it is not possible to transport the shipment by 
splitting it in several vehicles. Shipment size is introduced by adding a term which measures 
the difference between the predicted shipment size and the average observed shipment size 
for every different mode, penalizing those modes where the difference is bigger. This model 
loses the microeconomic nature of the first one, because there is no microeconomic theory 
that supports the methods used for the extension. The model is discussed by following the 
same steps as before and both models are compared. At the disaggregate level, heavy 
modes are better predicted. At the aggregate level, market shares are closer to those 
observed, mainly thanks to the introduction of capacity. 

Finally, some recommendations are given in order to improve the models. Models presented 
in this work could be good candidates to be used in the modal choice/shipment size step 
within the larger frame of a 4-step spatialised freight transport model after having solved their 
weaknesses. A more simple use though, could be the changes in market shares due to the 
application of a tax. 

Keywords: Modal choice, shipment size, discrete choice, freight, econometrics. 
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1 Introduction 

The theme of this project is to model the choice of mode of transport and the shipment size 

using the French ECHO database. This database represents an opportunity of validating 

econometrically new models with data which was not available until its creation. This report 

is structured as follows: 

The following chapter recapitulates the particularities of freight transport modelling, 

compared with passenger transport modelling. Afterwards, a review of the literature to which 

the author has resorted during the production of the present work is made. 

The third chapter starts with the description of the data source: sample construction and main 

characteristics. Next, the shipment size model is specified and needed variables are analysed. 

Finally, the model is estimated and its results discussed.  

The fourth chapter defines the microeconomic modal choice model. Firstly, multinomial logit 

models are formulated and some important properties are given, like types of variables used. 

Finally, the total logistics cost expression is stated and its subsequent utility functions are 

derived.  

The fifth chapter concerns the microeconomic modal choice model. At first place, the 

estimation method is presented (software, technique and conditions used) as well as the 

statistics and other elements used to test the quality of the estimation. The resulting estimates 

are shown and discussed. This model is tested in the subsequent chapter, in order to validate 

its behaviour. From the disaggregated point of view, which modes are better predicted than 

others and the issued predicted probability distributions will be shown. Afterwards, market 

shares in tons and their sensibility to the main variables used are calculated. 

The seventh chapter consists of an extension of the modal choice model presented in chapter 

5. Shipment size and capacity are introduced in order to improve that model. The same 

applications are done again and both models are compared.  

The eighth chapter serves to conclude the report. A short summary with the main results for 

each chapter is carried out. Finally, some ways to improve the limitations and deficiencies of 

the three presented models are given.   
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2 Literature review 

2.1 Introduction 

Freight transport demand modelling has substantially evolved during the last years, following 

the steps of passenger transport demand. Nevertheless, it has been necessary to modify 

passenger modelling theory in order to include the particularities and added complexity of 

freight transport systems. The purpose of this chapter is to recapitulate these particularities of 

freight modelling, as well as to make a review of the literature to which the author has 

resorted during the production of the present work. 

2.2 Specificities for freight model transport 

We will start introducing the well-known disaggregate supply-demand spatialised models. 

These models are constituted by four hierarchized stages, where decisions made at a given 

level determine the options availability in the consecutive ones. The first step is called 

generation and corresponds loosely to the location decisions of households and companies. 

The next step is the distribution: it corresponds to the choice of activities by agents. From 

these choices journeys come out. Then passengers choose the mode to be used and finally 

which path they take in order to arrive at destination. These four phases can be conceptualized 

as superimposed layers showing in this way their hierarchy relation and their common spatial 

dimension.  

 

Figure 2.1: 4-step transport model layer representation 

 

This four step modelling is also applicable, to a certain extent, to the freight transport system. 

In Combes (2009) there are enumerated and reasoned three main limitations to be treated, 

concerning its application on freight transport: 
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1) The decision unit: it is necessary to assess the level of aggregation of the desired freight 

transport model. This decision unit should be the smallest group of freight considered as 

indivisible, in decisions pertaining to its transport. In the case of passenger modelling it is the 

passenger itself. For freight transport is the shipment. A justification may be that shipment 

characteristics result from logistic imperatives of shippers. They strongly influence shippers’ 

possibilities for transporting it as well as their associated costs. Shipment size depends 

therefore on the mode of transport and in the way it can be transported. 

2) Decision makers: in the case of passenger transport, choices are made by the decision unit 

and can be easily identified and correctly represented. In freight transport modelling, the 

shipment does not take decisions: they are taken by the agents involved in its transport and 

consumption. These decisions are taken by a very heterogeneous set of agents, on the basis of 

complex business commitments: not only transport costs but punctuality, customer 

satisfaction and so on. 

3) Origins and destinations: for passenger transport, origins and destinations are just 

straightforward. Defining them for a shipment is much more confusing. Can be considered the 

intermediate stops to the consumption place as separate destinations? Or only the 

consumption place? Neither of them is always pertinent: commodities can be stored not only 

for synchronisation of transport operations but for loading, unloading or transform it. 

These supplementary limitations have to be solved in order to properly model freight 

transport demand. Different research has been done to comprehend freight model systems. 

Given the fact this work is focused on modal choice and shipment size, only research related 

to them will be presented.  

2.3 Microeconomics of shipment size and modal choice 

The research in freight microeconomics presented here does not aim to validate the behaviour 

of specific firm but for a large and heterogeneous population of firms. 

2.3.1 The Economic Order Quantity Model 

Developed by F.W Harris (1913) and extended by Wilson (1934), the Economic Order 

Quantity Model is used to minimize the total inventory holding and ordering costs of a firm. 

This model yields and optimal cost-minimizing policy that prevents stock outs, so there is no 

need to include security stocks. It also allows finding the optimal shipment size, given a 
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simple supply chain where the production and consumption rates 
 are equal and constant 
over the time. Under these assumptions, the shipper will send a steady-state shipment size � as 
long as it is smaller than the capacity � of the vehicle used.  
Denote  the cost of dispatching a vehicle and � the value of travel time. The logistic cost 
function is composed by two terms: the cycle stock cost and the out-of-pocket cost incurred by 

the shipper. 

The cycle stock cost is the product of the average time a unit of commodity waits before being 

shipped and its value of time, �� ⁄ 2. Given the hypothesis that commodities are regularly 
consumed at destination, the average cycle stock is considered two times.  

The cost incurred by the shipper is the product of a fixed cost  by the number of shipments 
of size � shipped throughout the period of time considered. Therefore, the total cost function 
per unit of commodity is: 

 ���� = �� + 
�  (2.1)  

By minimizing the previous function w.r.t.		� we obtain the economic quantity to be shipped: 
 �∗ = min��
� 	, �� (2.2)  

One of the EOQ model properties is its robustness with respect to	�∗. In Daganzo (2005) it is 
shown that if the decision variable is within 25 per cent of optimal, the cost changes by 2.5%. 

Another property is that if parameters are known with uncertainty, the obtained solution 

remains reasonably efficient.  

2.3.2 Baumol and Vinod (1970) 

Their work is one of the pioneers in investigating the choice of shipment size from a freight 

modelling perspective. They stated a total logistics cost function to be minimized composed 

by cycle stock for the shipper, the ordering cost (fixed and variable) and the in-transit stock 

cost. Using the same notations as for the EOQ model, in mathematical notation this is:  

 ���� = ���2 + 
� +  !
 +	�!
" (2.1)  

Where  ! is the transport cost per unit, �� the inventory cost per ton and year and �! the value 
of time per ton of commodity while the shipment is moving. The objective is to choose the 
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shipment size � and mode #,  !,"$ which minimizes shipper’s total cost. The optimal 
shipment size follows the same expression as for the EOQ model, but this time it is multiplied 

by square root of two. Afterwards, shippers choose the optimal mode so there is sequentiality 

in decisions. In order to include a stochastic component, authors add a safety stock 

term		%&� + "
, where % is a constant which ensures that the stock-out probability is less than 
a certain	'. With this addition there is no close formula for the optimal shipment size, 
therefore there is not microeconomic reasoning explaining the choice of an optimal	'.   
2.3.3 Hall (1985) 

Starting from the same principles as Baumol and Vinod, Hall examines the joint mode and 

shipment size choice for a shipper sending a commodity flow 
 on a given origin-destination 
pair and three given modes (UPS, LTL and TL). The optimal shipment size follows the same 

expression as for Baumol and Vinod, but Hall considers this time vehicles’ capacity. 

One of the interesting points of his work is that given the modes available, some shipment 

sizes are never optimal. This is illustrated in the following figure, extracted directly from Hall. 

 

Figure 2.2: Optimal shipment size in function of production rate (Hall, 1985) 

Due to data requirements, it has not been possible to econometrically assess the validity of the 

previous models. Both presented works need the production flow between the shipper and the 

receiver. Unfortunately, this variable is not generally available, except for the French ECHO 

database used in the present work.  
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2.4 Econometric Analysis of shipment size and modal choice 

A number of works have attempted to specify econometric models for both shipment size and 

modal choice. Holguín-Veras (2002) tries to forecast the choice of shipment size and vehicle 

in the frame of urban freight transport. He derives a shipment size submodel and includes the 

predicted values into the vehicle choice model of which nature is discrete. The mentioned 

shipment size submodel is specified by: 

 ( = )*+ +,*-.-	/
-01 2 ln4 + 5 (2.2)  

Where *+ is an alternative specific constant, *- are binary coefficients associated to the 
commodity group and activity type, 4 the distance travelled and 5 the error term. The 
different vehicle utilities in the subsequent model are: 

 6- = '1- + '7-8-� + '9-:;-�(� + <-  (2.3)  

Where 8-�is the average unit cost per ton, the ' coefficients are the parameters to be 
estimated and the :;-�(� is the distance between the average observed shipment size and the 
predicted shipment size issued from (2.2) and <- is the error term. 
Concerning his results, the goodness of fit for the continuous submodel is rather low (R

2
=0.46 

in its highest specification). In Combes (2009) it is econometrically reasoned that distance and 

shipment size are loosely related using the ECHO database. Another factor could be the non-

inclusion of vehicle stops in spite of their importance in urban freight transport rounds. There 

is no correlation included between the two submodels, so the estimation could be considered 

as sequential.  

De Jong (2009) also applies this method within a series of models based on the Swedish 

Commodity Flow Survey 2001. Elasticities for different models (only modal choice, discrete 

modal choice/discrete shipment size and discrete-continuous shipment size/modal choice)  

were obtained and their differences commented, highlighting the fact that only exogenous 

explanatory variables can be introduced into the first submodel, in order to avoid estimation 

bias due to the correlation between the continuous and the discrete choices. This double step 

estimation method will be used in chapter 7. 
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3 The shipment size model 

3.1 Data source 

The only data source used in this project is the ECHO survey (Enquête Envoi – Chargeurs – 

Opérateurs de transport) which was conducted in France from 2002 to 2004. This survey is 

based on a sample of about 3000 businesses and 10000 shipments database. This survey was 

motivated by two scientific objectives: the first one, investigating the logistic choices of firms 

and the second one, observing in detail how and why shippers choose transport modes. 

Concerned population characteristics: 

It concerns businesses of more than 10 employees in the following sectors: industry (except 

raw materials extraction), wholesale, agricultural cooperatives, mail order and warehouses. 

The business population size for this survey is about 70000 businesses. So the average 

sampling rate/fraction is about 4%. 

Sample construction: 

1
st 
step: from INSEE

1
 file, decomposition by sector and bracketing in function of number of 

employees, with the purpose of having homogeneous brackets in terms of tonnage and 

number of shipment sent per year. 

2
nd
 step: census of the last 20 shipments sent, all modes mixed up and an additional census of 

the last shipment sent during the last 3 months for the non-truck modes. 

After having done these procedures of over-representation, 9% of shipments concerned the 

sea transport, 9% air transport and 4% rail. Only 70 waterway shipments were finally found. 

Unfortunately, only two of the ECHO questionnaires were available. The first one, the 

business questionnaire consisted of socioeconomic, production and distribution characteristics 

of the asked business, types of contracts used, reasons for mode changes and many others. It 

was fulfilled face to face. 

The second one was the shipment questionnaire. It contained variables specific to the 

surveyed shipment. Some of these variables were physic and economic characteristics as well 

                                                 
1
 INSEE: Institut National de la Statistique et des Etudes Economiques 
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as practical details of the transport organisation used. Between three and six shipments per 

business were surveyed in function of their size or if they used heavy modes or not. 

ECHO properties: 

The large amount of variables makes ECHO a unique database, particularly that pertaining to 

the organization along the shipment movement. This database constitutes a basis to 

understand the linkage between freight demand and logistics organization of firms. Any 

freight microeconomic model requires specific variables, not available in classic freight 

databases like the American Commodity Flow Survey (CFS). ECHO completeness permits an 

extensive descriptive analysis of the freight transport system. 

One of the major results is the identification of the drop in terms of shipment size with regard 

to the old ECHO survey done in 1988. In the following figure, extracted from Guilbault et al. 

(2006), cumulative distribution of shipments and weighted cumulative distribution of 

shipments of both surveys.  

 

Figure 3.1: Weighted and conventional distribution of shipments in ECHO 88 and 2003 

It can be observed how the median in shipment sizes has decreased from 160 to 35 Kg, while 

the weighted median increases from 12.6 ton to 19 ton. Despite this could seem a paradox, on 

one hand the overall logistics systems efficiency has improved, being able to send smaller 
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shipments and on the other, trying to use the whole capacity of vehicles in order to ship 

cheaper.       

Despite the completeness of the ECHO database, most of the variables found there cannot be 

used in our model. One reason is their endogenous nature when the explained variable is the 

mode or the shipment size (not necessarily when it is another one). Some examples of these 

variables are the number of agents that intervene in transport operations, which depends on 

the transport chain therefore also on the modes used or the packaging used. A second reason 

is the merely qualitative and descriptive purpose of the questions asked to agents, and the 

format with which the answers have been introduced, that prevents their use in modeling. 

3.2 Model specification. Variables used. 

Taking the logarithm of equation (2.4) we obtain the general specification to be 

econometrically validated: 

 ln �∗ = 12 ln
 + 12 ln  − 12 ln � (3.1)  

The variables used for the estimation of (3.1) are to be explained. In the case of the optimal 

shipment size	�∗, it will be taken in terms of weight. Even if in ECHO it is available in both 
weight and volume, weight is measured in Kg with no decimals while the volume it is in m

3
. 

The weight is then, more accurately measured. Given the fact that capacity is disregarded 

here, choosing one or another should be inconsequential. 

The rate 
	of the commodity flow between the shipper and the receiver is not available in the 
ECHO database. Nevertheless, we have the total commodity flow between them, all 

commodities mixed. As it has been said before, most of the businesses surveyed in ECHO are 

establishments, which means they have well identified functions within the logistics of firms. 

Therefore, simultaneous flows of different commodities between a unique pair of agents 

would be less probable than in the case where shippers were no matter which type of business. 

We will content ourselves with this hypothesis in order to expect a limited bias in the 

estimation.  

The value of time �	is neither available. Our replacement variable is the commodity density 
value 	�?@/A or more precisely, the market value excluded tax divided by the shipment size. 
This is a strong hypothesis that would lead important bias in the results. The summary 

statistics for these variables are presented in the following table: 
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Variable	 Min	 Q1	 Median	 Mean	 Q3	 Max	 NA’s	��"�	 0	 0.05	 0.65	 19.58	 7.8	 10800	 0	
!+!�%"/(�	 0	 1	 18	 2126	 350	 63000	 1934	�?@/A�%€/"�	 0	 1.07	 4.56	 59.37	 20	 10400	 3715	ln �	 -6.91	 -3.00	 -0.43	 2.97	 2.05	 9.29	 0	ln 
!+!	 -6.90	 0.18	 2.89	 2.97	 5.86	 13.35	 1934	ln �?@/A	 -0.94	 6.97	 8.43	 4.08	 9.90	 16.16	 3716	
Table 3.1: Variables summary statistics 

From the table above it can be seen that the variables distribution is strongly skewed. It 

justifies the logarithm scale in the model specification.  

In Combes (2009), an econometric validity of this equation with the ECHO database was 

presented. All observations were taken and using  parameter as a mode intercept. The 
following specification was first used: 

 ln �∗ = *Z ln
!+! + *[ ln �?@/A + , *\+?@:\+?@\+?@  
(3.2)  

 

His estimation obtained a high goodness-of-fit, concretely of R
2
=0.80, *Z=0.5 and *[=-0.44 

and mode constants got the expected values. All parameters were highly significant, proving 

the wide econometric outreach of the EOQ model and making it a good candidate for 

shipment size in the frame of a large scale freight transport demand model. This procedure 

will be now specified to every mode separately, with the purpose of assessing the model 

behaviour for every single mode. 

Afterwards, the model was extended by introducing the distance, the number of stops and the 

number of trips. It is shown the low impact of distance on shipment size as expected. The 

hierarchy of mode intercepts was maintained and the goodness-of-fit slightly increased. 
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3.3 The shipment size model by mode 

The absolute and relative frequencies per mode after deleting the observations with missing 

values are: 

Mode Counts Rel. Frequency 

Private Carrier 936 0.17 

Common Carrier 3604 0.64 

Rail 117 0.02 

Combined 75 0.01 

Waterway 21 0.00 

Sea 451 0.08 

Air 515 0.08 

Table 3.2: Mode counts and relative frequencies after NA deletion 

The loss of observations due to the missingness has not altered the modes relative 

frequencies. It must be said that modes that figure in the previous table are the main modes 

chosen within the chain used in terms of distance travelled. The following hierarchy was used 

when filling the variable: firstly air and sea, afterwards the three heavy modes and finally the 

truck modes.   

Mode	 Intercept	 
!+!	 �?@/A	 R2	
Private Carrier 1.84	�7.51�	 0.46	�24.31�	 -0.53	�-18.80�	 0.66	
Common 

Carrier 
1.80	�12.34�	 0.51	�59.82�	 -0.48	�-31.75�	 0.77	

Rail 2.27	�2.50�	 0.46	�6.12�	 -0.19	�-2.25�	 0.28	
Combined 0.83	�0.74�	 0.47	�8.39�	 -0.24	�-2.05�	 0.63	
Waterway 5.62	�3.61�	 0.11	�0.91�	 -0.16	�-1.43�	 0.24	
Sea 2.72	�7.15�	 0.41	�19.15�	 -0.36	�-9.47�	 0.64	
Air -0.95	�-2.34�	 0.48	�18.34�	 -0.21	�-5.95�	 0.45	

Table 3.3: Estimated parameters and statistics for the shipment size models. 

(t-values are between parentheses) 

From the previous table two general comments are to be made: the 	
!+!	 coefficient is close to 0.5 as desired, as well as highly significant for all modes (except 
waterway). On the other hand, the 	�?@/A coefficients are negative for all modes but their 
magnitudes are far from -0.5, only in the case of truck modes they are close to that value. It 

seems that the assumption made before for 
!+! is true: shippers are establishments with well-
defined functions; hence it is not relevant to include particular rates per commodity. 
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At first sight, �?@/A		coefficients work worse for the heavier modes but also for the lightest 
one: by air. The main reason why this happens is the density of value is not a good 

approximation for the value of time. In particular, commodities with very low value can have 

a crucial role within a supply chain independently from their intrinsic value. A further 

analysis including production variables or shippers’ economic sectors would be necessary in 

order to improve the estimation. 

Secondly, mode capacity is disregarded in this model, so shipment sizes for non-truck modes 

do not only depend mainly on the flow and the value of time but also on this technical 

restriction. Truck is the mode more used by far and therefore the most observed one. It is not 

affected by capacity in the same way because theirs act as the market reference. That is to say, 

if trucks could be bigger, the shipment size would simply increase maintaining the estimated 

relation. This is not the case for the other modes. 

Analysing some modes separately, the rail is characterised by big shipments of low density 

value. Shippers mainly use this mode when they have big rates of commodity to transport. 

Rail is highly affected by the disregard of capacity due to its complex technical nature. By 

making and histogram of the observed shipments, two preeminent categories can be realized. 

The first one stands for single wagon loads sizes (SWL) and the second one for block trains. 

At the same time, there are multiple peaks matching different wagon sizes and numbers of 

them. Block trains are distributed around a central value of 1200 tons corresponding to a 

maximum train length of 750 meters in France. These technical factors do not have a 

microeconomic justification and their effect cannot be predicted with the EOQ model. 

Besides the effects of capacity, the waterway also suffers for the small number of 

observations which prevents the quality of the estimation. Having a look of the observed 

shipment sizes, their peaks clearly match barge sizes. The relation cannot be econometrically 

validated under these conditions. The air transport mode is clearly affected by using the value 

density as value of time. Shippers have recourse to this mode when the value of time is very 

high.  
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4 Model definition 

4.1 Type of model used 

The multinomial logit model, a particular case of GEV models developed by McFadden 

(1974) is the most used alternative when solving discrete choice problems. Other types, like 

multinomial probit models, are more flexible but their estimation when the number of choice 

sets is large becomes problematic and most of the times infeasible. 

4.2 Properties of MNL models 

MNL models are based on utility functions present in economic consumer theory. Let c a 
decision maker belonging to a population of d individuals. The utility that the decision 
maker		c	obtains from choosing alternative e		is	6/f = g/f + </f	, where  g/f is the systematic 
component of the utility and </f is the random one. In logit models, each </f is assumed to be 
independent and identically Gumbel distributed. 

From these assumptions and after some algebraic manipulation, we get a closed-form 

expression of the probability that individual c chooses the alternative	h : 
 i/�h� = jgkl∑ jnkof∈qk  (4.1)  

The first important property of logit models is that for each decision maker, the sum of all 

choice probabilities belonging to the individual choice set 8/ equals to one. 
With the purpose of capturing the average effect on utility of all variables that are not 

included in the model as well as to allow some flexibility during the estimation, we add 

Alternative Specific Constants (ASC) or intercepts. In practice, these constants reflect the 

difference in the utility of alternative h from that of e ceteris paribus. Given that only 
differences in utilities matter, we will set one of these constants to zero.  

4.3 Types of variables 

In MNL models three kinds of variables can be introduced in the utility functions: 

1. Alternative specific variables x/- with an associated generic parameter	ϑ. 
2. Individual specific variables z/ with an associated alternative specific parameter	t-. 
3. Alternative specific variables u/- with an associated alternative specific parameter	v-. 
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All the variables used in our model are from the second type. Also known as socio-economic 

variables, they need to be associated with an alternative specific variable. If not, they 

disappear when comparing utilities for different alternatives, see (4.2). Like in the case of 

ASCs, for every individual specific variable, at least one parameter associated to an 

alternative must be set to zero. 

 g/- − g/f = wx�8- − x�8fy + wx/- − x/fyϑ + wt- − tfyz/ + w	v-u/- − 	vfu/fy (4.2)  

4.4 Utility function definition 

Our mode choice model will be based on an inventory theoretic approach presented in the 

previous chapter. Let z\=	\+  \�{ be the price bearded by the shipper to send the shipment 
of size � to its destination. Following the same reasoning as in chapter 4, the total logistic cost 
for mode | is: 

 �\��� = �� + \ 
� +  \
{ + �
"\ (4.3)  

By minimizing the previous function w.r.t.		� we obtain the same �∗	to be shipped as in (2.2), 
and evaluating (4.3) at �∗ we get the following optimal total logistic cost: 

 �\��∗� = &\�
 +  \
{ + �
"\ (4.4)  

Then we replace the unavailable variables by the ones previously chosen as 

approximation	�
, �?@/A, {�, the time by the distance and by converting \,  \, into 
parameters to be estimated. The final utility function becomes: 

 g\��∗� = *\&�?@/A
!+! + }\
!+!{ + .\�?@/A
!+!{ (4.5)  

With: 

 *\ = −&\      }\ = − \      .\ =	− 1~� (4.6)  

The reader probably has noticed that in all terms there is	
!+!. This introduces a colinearity 
effect that biases and makes the estimation more difficult or impossible. In order to avoid that, 

we divide (4.5) by this variable and we get the final utility on a ton per year basis: 

 g\��∗� = *\��?@/A
!+! + }\{ + .\�?@/A{ (4.7)  
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The distance variable was available in ECHO in different formats: shortest path, fastest path 

and as-the-crow-flies. The latter was used due to the high number of missing observations of 

the first two types as well as these distances were only for the European part of the path. 

Using the as-the-crow-flies distance represents not a problem at all. In Guilbault et al. (2009) 

it is shown that the fastest path depends linearly on the as-the-crow-flies distance with a 

R
2
=0.98. Given that shippers, unless they transport by their own means, do not decide the 

exact path through which the shipment travels (especially when there are shipment 

consolidations, use of platform and transhipments), the effect of the differences in distances 

will be disregarded. 

In the case of in-transit stock, the time variable has been replaced by the distance. In contrast 

with the former, time really varies between the different modes (is in fact an alternative 

specific variable and it deeply depends on the specificities of the carrier’s network). 

Unfortunately, the time variable is only available for the mode used and there are too much 

missing values. Using the distance is therefore a very strong hypothesis. A solution would be 

to spatialise the model but this will not be done.  

Another modification introduced to avoid numerical problems during estimation process is 

the linear rescaling of variables. Its function is to obtain a well-conditioned problem, where 

all parameters have the same magnitude. In our model, the magnitude chosen were units, so 

after a first estimation, the variable associated to betas was divided by ten and the distance by 

one hundred. The result of conditioning is to help the estimation process by making the 

likelihood surface more concave, improve the estimation process speed and avoid 

singularities in parameters, that is to say, making them identifiable. 

The model which uses the utilities stated this chapter will be called “Microeconomic modal 

choice model” since it supported by a strong and convincing microeconomic theory. 
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5 Model estimation 

5.1 Introduction 

In this chapter, the technique used for estimating the model is firstly presented, as well as the 

statistics used to prove the quality of the estimation. Afterwards, the estimates are shown and 

discussed. 

5.2 Estimation technique used 

The software used to estimate the model specified in the previous section is Biogeme 

(BIerlaire Optimization toolbox for GEv Model Estimation). Biogeme is a free package 

developed by Michel Bierlaire (EPFL) capable of estimating a large variety of GEV models 

and supported by an active user community who helps to improve newer versions. 

The technique used by Biogeme to estimate the parameters of GEV models is the well-known 

maximum likelihood estimation method (MLE). The principle consists on maximizing the 

likelihood function, the joint density function for all observations by considering the data as 

fixed and the parameters as variables, under the hypothesis that the data are independent and 

identically distributed. Conveniently, what we do is to maximise the logarithm of this 

function, known as the log-likelihood function. 

 ;��|�1, … , �/� = ���1, … , �/� = ����
-01 �-, �� (5.1)  

 ln ;��|�1, … , �c� = , ln ���h|��d
h=1  (5.2)  

Let N denote the sample size and define (hc	a binary variable true if observation c chose 
alternative h and zero otherwise. For a general multinomial logit choice model, the likelihood 
function is: 

 ;��|�1, … , ��� = �� i/�h��lk
f∈qk

�
/01  (5.3)  

Where for a linear-in-parameters multinomial logit model: 

 ;��|�1, … , ��� = ��� j��lk∑ j��okf∈qk ��lk
-∈qk

�
/01  (5.4)  
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Finally, by taking the logarithm on the previous equation: 

 ln ;��|�1, … , �c� = , , (hc���hc − ln , j��ece=8c
�h=8c

c
c=1  (5.5)  

In fact what we actually solve is a system of non-linear equations composed by the different 

derivatives of the log likelihood function w.r.t the different parameters. In our case, the 

algorithm used in Biogeme is the CFSQP, a C implementation of the FSQP optimization 

algorithm developed by E.R. Panier, A.L. Tits, J.L. Zhou, and C.T. Lawrence (Lawrence et 

al., 1997). CFSQP is licensed to AEM Design. 

McFadden (1974) shows that under relatively weak conditions (5.5) is globally concave. The 

maximum likelihood estimator of β is consistent, asymptotically normal and asymptotically 
efficient. Moreover, maximum likelihood estimators for β are those which make the predicted 
average of each explanatory variable equal to the observed average in the sample. In this way, 

the estimates induce the model to reproduce the observed averages in the sample (Train 

2009). 

5.3 Summary statistics used and tests 

Once the estimation process has finished, Biogeme outputs the values of the estimated 

parameters as well as several statistics to test the quality of the estimation. The first type is the 

t-value for every parameter. Given a large enough number of degrees of freedom, the t-test 

absolute value is supposed to be greater than 1.96, in order to not to reject the estimation from 

that parameter at a confidence of 95%. Biogeme issues both conventional and robust t-values. 

The second kind of statistic is	�7. It measures the fraction of an initial log likelihood value 
explained by the model. It is analogous to R

2
 in regression models but it can be only used 

when comparing models issued from the same data. It lies between 0 and 1 and it can be 

defined from either the null or the constant log likelihood: 

 	��0�7 = 1 − ;���;�0� (5.6)  

 	����7 = 1 − ;���;���  (5.7)  
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The reader must note that	��0�7 > 	����7. As long as the estimation advances, the log 
likelihood approaches to zero. A corrected for the number of parameters estimated version is 

also issued,		�� 7. 
Final log likelihood values are also used for comparing the significance of two different 

models estimated from the same data. In this case we use the likelihood ratio test, the 

equivalent of the F test for least squares estimation. Its most common use is to compare an 

unrestricted and a restricted version of the same model. Let ;� and ;� denote their respective 
log likelihood values. The test statistic for the null hypothesis that the restrictions are true is −2�;� − ;�� which is asymptotically distributed as χ2 with a number of degrees of freedom 
equal to the number of independent restrictions (normally the difference in estimated 

parameters between the models). If the statistic is larger than the evaluated χ
2 
we reject the 

null hypothesis. If it is smaller, we could conclude for instance, that the unrestricted model is  

overspecified. 

5.4 Microeconomic modal choice model results 

The final utility functions used are: 

 Mode Utility function 

1 Private Carrier x�8��~_�[� + *��~_�[� · ��
 + }��~_�[� · 4��� + �j� · �j��h�  
2 Common Carrier x�8�+\_�[� + *�+\_�[� · ��
 + }�+\_�[� · 4��� 

3 Rail 
x�8�[-� + *�[-� · ��
 + }�[-� · 4��� + ℎ�¡ · ℎ�¡|�" + �� �[-�· e¢c "h£c�[-� 

4 Combined x�8�+\¤ + *�+\¤ · ��
 + }�+\¤ · 4��� + ����+\¤ · ����h¥j 

5 Waterway x�8�[! + *�[! · ��
 + }�[! · 4��� + �� �[! · e¢c "h£c�[!  
6 Sea x�8A@[ + *A@[ · ��
 + }A@[ · 4��� 

7 Air x�8[-� + *[-� · ��
 + }[-� · 4��� + ���[-� · ����h¥j 

Table 5.1: Final utility functions used in the microeconomic modal choice model. 

(��
 stands for &�?@/A 
!+!⁄ ) 

Its global statistics are: 

Number of estimated parameters 24 

Number of observations 5719 

Final log-likelihood -3739.994 	��0�7 0.664 	����7 0.437 

Table 5.2: Global statistics for the MMCM 
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And the parameter estimates are: 

Name	 Value	 Robust	σ	 Robust	t-test	 Name	 Value	 Robust	σ	 Robust	t-test	¨©ª«¬_��¬ 0.00 FIXED  ®«¬_��¬ 0.00 FIXED  ¨©ª�	¯_��¬ -0.201 0.0860 -2.33 ®�	¯_��¬ 0.997 0.0726 13.73 ¨©ª¬�°± -3.89 0.335 -11.61 ®¬�°± 1.08 0.0761 14.24 ¨©ª�	¯² -4.15 0.221 -18.75 ®�	¯² 1.14 0.0777 14.70 ¨©ª³�� -5.53 0.424 -13.03 ®³�� 1.15 0.0797 14.39 ¨©ª��� -3.95 0.196 -20.13 ®��� 1.19 0.0783 15.27 ¨©ª�°¬ -4.72 0.217 -21.72 ®�°¬ 1.19 0.0783 15.22 �«¬_��¬ 0.00 FIXED  ´¬µ�	¯² 0.703 0.321 2.19 ��	¯_��¬ 0.0169 0.00721 2.34 ´¬µ�°¬ 0.609 0.183 3.32 �¬�°± -4.89 1.49 -3.28 ¶�· 1.28 0.259 4.95 ��	¯² -0.244 0.115 -2.12 ¬��¬�°± 2.65 0.293 9.06 �³�� -0.657 0.336 -1.96 ¬��³�� 2.56 0.476 5.39 ���� -0.0832 0.0182 -4.56 ¬�´ 1.06 0.134 7.91 ��°¬ 0.0193 0.00723 2.67     

Table 5.3: Parameter estimates for the Microeconomic modal choice model 

It can be noticed from the table above that there are no delta coefficients. It was not possible 

to assess the in-transit stock into the model by using the product of the distance by the value 

of time and considering the associated parameter the inverse of the mode speed. Aside the 

error produced by estimating the value of time with the density of value, the unavailability of 

the alternative specific variable time, forced its replacement by the distance and inducing a 

bias. This approximation proved to be neither appropriate nor significant so the in-transit 

stock term was deleted. 

5.4.1 Discussion about parameter values 

It should be noted that for every variable; at least one coefficient had to be fixed to zero in 

order to make estimation possible. Without loss of generality, the alternative chosen was the 

private carrier. By fixing this alternative and not another one, the interpretation leads to 

explain why a shipper may use another mode instead of shipping by itself. 

5.4.1.1 Betas 

As it has been stated in (4.6), the beta parameter stands for minus the square root of the fixed 

cost for sending a single shipment every time. Therefore  represents the access cost, that is to 
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say, all the costs that do not depend on the shipment size or the distance, but they do on the 

transport mode or the number of transhipments. 

According to table (5.3), only two modes have a positive sign, the private carrier and air. This 

comes as expected, given the intercepts issued from the shipment size model, where common 

carrier and air were modes with a lower intercept than private carrier. One reason if these low 

fixed costs is the possibility of consolidation of shipments that both modes offer as well as its 

flexibility and reactivity. On the other hand, lower access costs and a high frequencies offered 

by these two modes allow shippers to send shipments more often so to lower their cycle 

stocks and therefore the associated variable to *. 
Other modes tend to be heavier than truck and air. Their fixed cost is bigger and therefore 

their coefficient more negative with respect to private carrier, being the rail and the waterway 

the most negative ones. 

5.4.1.2 Gammas 

The gamma coefficient for each mode stands for minus the variable cost per km. All 

coefficients are positive respect to the private carrier mode. This means other modes are 

preferred when distance are longer, being the overseas modes the ones preferred for the 

longest distances. Concerning the heavy modes, the fact that they have bigger access costs 

than truck mode makes them competitive only beyond a certain distance and they stop being it 

when distance is too long. This is why they have intermediate values. 

5.4.1.3 Shippers’ infrastructure availability attributes 

Waterway and rail modes need a special infrastructure to be used, and therefore to be chosen 

as alternatives. These two coefficients try to capture the predisposition to choose the 

concerned modes when the specific mode infrastructure is available. Both signs are positive, 

meaning that shippers tend to use these modes when this condition is fulfilled. 

5.4.1.4 Commodity special constraints parameters 

Certain commodities cannot always been transported by any mode. There are often 

restrictions or preferences in order to avoid risks that could lead to lose the shipment. From 

the ECHO database, it was possible to include three commodity constraints into the model for 

three different modes: fragile materials for the combined and air modes, hazardous 

commodities (i.e. chemicals and flammables) for the rail and refrigerated commodities for the 

private carrier. All the signs for these dummy variables are positive as expected. Within all 



Modal Choice and Shipment Size Models based on the French ECHO Database 

Lloret Batlle Roger – Département Ville Environnement Transport, Master CIMO 32 

possible associations of these parameters to alternatives, only those which were significant 

have been withheld.  

5.4.1.5 Alternative specific constants 

All alternative specific constants are negative. This means that all other attributes being fixed; 

the private carrier is the one preferred. The second one is the common carrier, the most 

observed mode. The most negative ones are the least observed. 

It must be said, that the sample is neither strictly exogenous nor purely choice based, it is 

hybrid. This entails that all parameters except the ASC’s are consistent and cannot be adjusted 

as if the sample was purely choice based, as Manski and Lerman (1977) suggest. Therefore, 

their interpretation cannot go further. 
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6 Model discussion 

6.1 Introduction 

In this chapter we are going to test the response of the model with some applications, in order 

to validate or not the estimation and find out defects or ways to improve it. Firstly, we 

appraise which modes have been better predicted than others, by using an extended version of 

the % right statistic. Secondly, we analyse the issued mode probabilities distributions. In third 

place, we calculate the mode market shares and the model aggregated sensibilities to the three 

main variables. And finally, the probabilities will be plotted in order to determine where 

modes are likely to be chosen. 

6.2 Well predicted modes 

The use of “% right” statistic can mask poor goodness of fit and therefore it is not 

recommended (Ben-Akiva and Lerman, 1985). The following procedure is an adaptation of 

this estimator by doing a break-down per mode. This easily allows to know which modes are 

better predicted than others as well as which modes captures observations from other ones. 

The result is presented in a table format where rows stand for observed modes and columns 

for predicted modes, that is �-f is the per cent of observations of mode i that are predicted by 
the mode j. The criterion used has been to take as predicted mode the maximum of the 

probabilities issued for every observation. These probabilities have been obtained by sample 

enumeration using the BIOSIM application that comes with BIOGEME. 

For the marginal modal choice model, the table is the following: 

obs. \ pred. Pvt. Carrier Com. Carrier Rail Combined Waterway Sea Air 

Pvt. Carrier 41 59 0 0 0 0 0 

Com. Carrier 6 93 0 0 0 1 0 

Rail 0 74 26 0 0 0 0 

Combined 1 89 4 0 0 6 0 

Waterway 0 86 5 0 0 9 0 

Sea 0 25 2 0 0 65 8 

Air 0 29 0 0 0 24 47 

Table 6.1: Maximum predicted modes for the modal choice model 

We can see how the common carrier tends to have the highest probability no matter the 

observed mode is. This can be owing to the fact that private carrier is by far the most observed 



Modal Choice and Shipment Size Models based on the French ECHO Database 

Lloret Batlle Roger – Département Ville Environnement Transport, Master CIMO 34 

mode as well as it is preferred over shippers. Actually, it is the mode that has the biggest 

market share in France and Europe. 

The second fact to be underlined is that heavy modes are given very low probabilities and 

almost all their observations are predicted as private carrier. Here comes the important bit: the 

capacity is not included into the model. This leads private carrier to obtain high probabilities 

when Q is very high and therefore the shipment size too. In this cases, the shipment size 

would be bigger than the vehicle capacity and the cost function for the private carrier would 

increase faster (more trucks are needed every time) penalizing this mode.  

Other factors to be mentioned are the very low number of observations for these three modes 

in comparison to the others, as well as the fact that the model is not spatialised. Choosing the 

combined, the waterway or the rail modes is often a question of local markets or particular 

routes where these modes become competitive. This possibility is not considered in the 

model. Nevertheless, the overseas modes are relatively well predicted. This is on account of 

the model is capable of capturing very well the distance factor. 

In addendum 1 the reader can find two plots. The first one shows the observed modes in 

function of the three main variables:	
!+!, 	�?@/A and {, while the second one shows the 
modes predicted by the model presented in table 5.1. 

Starting from the lowest distance graphic, the model translates the preference of the private 

carrier over the common carrier in the high 	
!+! – low a part of the plot. This could be owing 
to the fact that modes that consolidate are shown to be less expensive for small Q’s and those 

which do not consolidate are cheaper for large production rates. This is not predicted by the 

model itself but observed and translated directly from the data. 

As the distance increases, the common carrier overcomes the private carrier by displacing the 

frontier parallel. Rail appears on the highest 	
!+! – lowest a part as expected and other 
modes. Beyond the 2000 km level, the overseas modes dominate the shippers’ choice. Like 

the private – common carrier case treated before, it is now the air mode who takes up the 

place in the high a – low 	
!+! part and the sea mode does the opposite. It must be underlined 
that only the modes which have obtained the highest probability are displayed, therefore 

heavy modes like rail, combined and waterway are underrepresented. 
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6.3 Predicted probabilities per alternative 

The next table shows the three quartiles and the maximum of the predicted probabilities 

distributions over the observations where that particular mode is observed (in %): 

 Pvt. Carrier Com. Carrier Rail Combined Waterway Sea Air 

Q1 35 65 18 2 .3 25 26 

Median 46 84 26 3 .6 60 47 

Q3 52 90 37 5 5 70 95 

Max 77 97 67 15 7 77 100 

Table 6.2: Predicted probabilities per alternative for the modal choice model 

For the truck modes, 50% of the observations where they were chosen are given a probability 

of more than 50%. This explains why we got so many observations as well predicted. For the 

heavy modes, only the rail manages to exceed the 50% level. Combined transport and 

waterway are very far from obtaining high probabilities and therefore they were never 

predicted in the previous section. Concerning the overseas modes, they also obtain high 

probabilities and they were also predicted before. The air mode get more solid probabilities, 

apparently because it is strictly and observed mode for low production rates, small shipments 

and high density of value, being the sea rather an all-purpose mode.  

 

6.4 Market shares 
 

Up to this point, we have focused on the problem of predicting individual behaviour, but 

discrete choice models are intended to be used for making investments and planning 

decisions. At this level, we need to go to predict aggregate demand. We will continue using 

the sample enumeration method as before. In our case, is the method that provides the best 

combination of accuracy and cost of computation. 

The resulting market shares for the ECHO population in tons, issued from the microeconomic 

modal choice model are: 
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Figure 6.1: Market shares in tons for the modal choice model 

Due to the fact that the sample is stratified in terms of type of business, number of shipments 

and annual tonnage, only market shares in tons can be calculated. It would not be correct to 

calculate market shares in t·km because each observed distance in each observation is not 

representative for the associated part of the population. A second reason is that our variable 

“mode” is in fact the used mode within the observed transport chain which travelled the 

longest distance according to the hierarchy indicated in section 4.3. Calculating market shares 

in this way would lead to an underprediction of truck modes. Over each predicted column 

there is the ratio between the predicted tonnes and the observed ones. 

With regard to the disaggregate analysis made in the previous section, we finally find more 

important signs from the heavy modes. Their individual associated probabilities are rather 

small in comparison to the other more observed modes, but after aggregating them they 

become remarkable. Another factor of influence, especially when analysing market shares in 

tons, is that even if these modes are less used, they transport bigger shipment sizes and 

therefore more annual tonnage, so their final market share is meaningful. 
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At first blush, predicted market shares are very close to the observed ones. But paying 

attention on the noted ratios, we see that there are some overpredicted modes. In the case of 

the air mode, predicted tons are 30 times bigger than they should be. As it has been said in the 

previous chapter, there is no capacity included in this model. This leads the possibility to 

assign probabilities, even if very small, to any observation and shipment independently of its 

physical feasibility, and therefore overpredict its market share in tons. It must be remembered 

that the median shipment size for the air is about 30Kg and the maximum is 13 tons. This is 

also the case of the combined mode to a lesser degree, which is affected by its low number of 

observations and due to the fact that most shippers used that mode in ECHO sent rather small 

shipments.  

6.5 Market share sensibility to variables 

The next step is to calculate how mode market shares changes with respect to the three main 

variables. As seems to do that, we will increase by 10% the value of each one of them. 

6.5.1 Market share sensibility to distance 
 

Pvt. Carrier Com. Carrier Rail Combined Waterway Sea Air 

-4.1% +2.6% -17.6% +8.6% +6.4% +10.2% +9.7% 

Table 6.3: Market share sensibility to distance for the modal choice model 

Increasing the distance will favour those modes which were observed the most in long 

distances. This is the case of overseas modes that increase by 10%. In the short distance 

range, the private carrier has lost market share against the common carrier as expected. 

Perhaps the most surprising result is the big loss of rail compared to other modes. As it has 

been seen before, the predicted distance range where the rail is strong is narrow and had 

several modes to compete with. It seems that the waterway and the combined have carried 

away rail’s shippers. It must be underlined that the observed distances were the rail was 

observed, with respect to its competitors, were smaller. 

6.5.2 Market share sensibility to 	����� (and 	��	�) 
By increasing by 10% the density of value, we obtain the following market shares increases: 

Pvt. Carrier Com. Carrier Rail Combined Waterway Sea Air 

+0.03% +0.12% -0.88% -0.19% -0.25% -0.02% +0.2% 

Table 6.4: Market share sensibility to density of value for the modal choice model 
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The obtained order of magnitude is far smaller than in the previous case. The reason why this 

happens is that the 	�?@/A variable in the utility function is raised to the power of one half 
instead of the power of one like the distance is. Variations are therefore smoothed. Market 

share variations for 	
!+! are minus those for	�?@/A, since 	
!+! forms a part of the same term 
and raised to the power of minus one half. 

This time all signs are as expected, they are positive for the more flexible and reactive modes 

like truck and air and negative for the rest, especially for the heavier modes. 

6.6 Simulated probability charts 

With the purpose of making a deeper analysis of the issued probabilities, the estimated model 

will be applied to a grid of simulated points. The first grid is composed by equally spaced 

points separated by 0.2 units vertically and horizontally. In order to display a higher 

sensibility within the distance variable as well as to reduce the number of plots, for every 

individual plot, in each subgrid of four points the distance evaluated increases clock-wise. The 

following scheme shows it: 

 

 

 

 

 

 

 

 

 

Figure 6.2: Display Scheme 

The model applied was the one presented in table 5.3, but without including the commodity 

special constraints or the shippers’ infrastructure availability. Interpretation and influence of 

the estimation results remains unchanged with regard to the complete model. This has been 

done as means to solely display the influence of	
!+!, 	�?@/A and {	on the choice probabilities. 
The obtained plot can be found in addendum 2. Choice probabilities have been obtained by 

sample enumeration as before. 
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The most noticeable fact is that all modes are diagonally arranged keeping the same order 

found in the observed points plot. For a given distance, the model issues equal probabilities in 

a y=x direction. This happens because when 	�?@/A is increased by one and 	
!+! increased by 
the same amount, the systematic part of the utility function remains unchanged for every 

mode: the directional derivative is zero. That is to say, the increase in utility by transporting 

more tons is exactly compensated by an increase of the cycle stock cost due to a higher value 

of time. This applies for all modes, therefore all mode probabilities surfaces intersect in this 

direction.  

 g- − gf = �'- − 'f� + �*-−*f���?@/A
!+! + �}- − }f�{ (6.1)  

 ∇�1,1�wg- − gf|{y = ��*-−*f�2 j17�[½Z�, �*-−*f�2 j½17�[½Z��¾11¿ = 0 (6.2)  
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7 A modal choice and shipment size two-step estimation 
approach 

7.1 Introduction 

When shippers send freight to regular customers, they must choose a transportation mode and 

a shipment size. These two decision variables depend on each other when they are optimized 

with regard to inventory and transport cost. The purpose of this chapter is to modify and 

extend the previous model by including the influence of shipment size as it was proposed in 

Holguín-Veras (2002) and De Jong (2009) intending an improvement on the mode estimation.  

7.2 The method 

The procedure followed consists of firstly estimating the shipment size and afterwards, the 

mode. If shipment size was discretized, both decision variables could be estimated at the same 

time. There is an application of this method in Windisch (2009), where the database used was 

the Swedish Commodity Survey of 2004/2005. Unfortunately, in our case this procedure 

proved to not to be statistically significant due to the small number of available observations.  

Predicted shipment sizes are introduced into the discrete part of the model, instead of the 

observed ones. The equation used for the shipment size follows the same pattern as in chapter 

3, indicated below at (6.3), but this time all modes are estimated together and without using 

the mode as a multiple intercept. The purpose is to avoid the introduction of endogeneity by 

making any kind of distinction by mode, and therefore avoiding bias during the estimation.  

 ln �∗ = ' + *Z ln
!+! + *[ ln �?@/A (7.1)  

Afterwards, s* is introduced into the utility equation system used in the former modal choice 

model by including it in a function v	that measures the suitability of each mode of every 
shipment size. 

 g\��∗� = x�8- + *\��?@/A
!+! + }\{ + v��∗� + �¢�. À��. (7.2)  

Where v��∗� is a function composed by the difference of the average observed shipment size 
per mode minus the predicted shipment size, all this multiplied by a parameter expected to be 
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negative: the largest the difference between both terms, the less likely is a mode to be chosen 

for that shipment size. 

 v��∗� = .��\ÁÁÁÁ − �∗� (7.3)  

We make the hypothesis that at its average observed shipment size, both mode capacities and 

shipments match very well and also assuming that shipments are not consolidated with others.   

7.3 Shipment size submodel 

The first step consists of the estimation of the equation (7.1). It is a classical multiple linear 

regression estimated by ordinary least squares. The main results are (Graphic analysis of 

residuals can be found in addendum 4): 

InterceptInterceptInterceptIntercept				 ��	�				 �����				 RRRR2222				 FFFF				1.19	�10.32�	 0.55	�77.87�	 -0.41	�-34.76�	 0.75	 8304	
Table 7.1: Statistics and estimates for the shipment size model 

Despite the fact that all parameters are highly significant and the model has a high coefficient 

determination, only 27% of predicted shipment size fall inside a +- 40% interval deviation 

from the observed shipment size. This interval is the maximum recommended by Daganzo 

(2005) concerning the EOQ robustness (see chapter 2). This is the reason why shipment size 

is included intending only to improve the mode estimation instead estimating both variables. 

We keep the validation of the shipment size submodel specification to a graphical analysis of 

the residuals. In addendum 4, it can be found the plots which are going to be commented next. 

From the upper left figure we observe there are strong regularities in the residuals. Several 

diagonal lines can be observed. The lower left diagonal corresponds to the 1Kg shipments, the 

minimum specified weight in the database. Other diagonals correspond to vehicle capacities: 

shippers and carriers tend to fill the entire vehicle to avoid having empty space. Residuals are 

almost exactly normally distributed, as illustrated in the Q-Q plot. We have no 

heteroscedasticity, as the third graphic shows and there a no aberrant observations in the 

leverage plot. 
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7.4 Modal choice model 

Taking advantage of the inclusion of the shipment size into the model, it also was possible to 

introduce also mode capacities. Capacities were introduced by limiting the availability of 

certain modes when the shipment size was bigger than a fixed quantity. These values are in 

the following table as well as the observed average shipment size: 

ModeModeModeMode				 Capacity	Value	�in	tCapacity	Value	�in	tCapacity	Value	�in	tCapacity	Value	�in	tons�ons�ons�ons�				 �¯ÁÁÁÁ				�in	tons��in	tons��in	tons��in	tons�				Private	Carrier	 ≤25	 4.16	Common	Carrier	 ≤25	 5.21	Single	Wagon	Load	 ≤600	 119	Combined	 No	limit	 18.8	Waterway	 No	limit	 346	Sea	 No	limit	 17.6	Air	 ≤14	 0.33	Block	train	 No	limit	 1210	
Table 7.2: Capacity values used and average shipment sizes found 

The former train mode was split in two modes: Single Wagon Load (SWL) and block train. 

This was motivated by the shape of train’s shipment size distribution, which was composed 

by two separated zones, one hump centred at 1200 tons and scattered values corresponding to 

different number of wagons on the other. By splitting the train mode in two other modes, their 

average shipment size values (sÍÁÁÁÁ�  become closer to their corresponding shipment sizes. In 
this way the estimation improved, unlike if there was only a single train mode.     

This model builds on a different number of observations than the previous model. We have 

passed from 5719 to 5609. The reason is that all observations where the private or the 

common carrier were observed and the shipment size was bigger than the capacity value, had 

to be deleted in order to make the estimation possible. This could have been avoided by 

creating a FTL mode, but all attempts failed. 

From the statistical point of view this is not a problem, but from the economic perspective we 

cut the natural progression of the total cost curve, making the truck cost infinite, while it 

should linearly increase once capacity has been reached. 
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Figure 7.1: Truck cost curve 

 

 

The utility functions used this time are: 

 Mode Utility function 

1 Private Carrier x�8��~_�[� + *��~_�[� · ��
 + }��~_�[� · 4��� + . · ��1� − �� + �j� · �j��h�  
2 Common Carrier x�8�+\_�[� + *�+\_�[� · ��
 + }�+\_�[� · 4��� + . · ��7� − �� 

3 
Single Wagon 

Load 

x�8ÏÐÑ + *�[-� · ��
 + }�[-� · 4��� + . · ��9� − �� + ℎ�¡ · ℎ�¡|�"+ �� �[-� · e¢c "h£c�[-� 
4 Combined x�8�+\¤ + *�+\¤ · ��
 + }�+\¤ · 4��� + . · ��Ò� − �� + ����+\¤ · ����h¥j 

5 Waterway x�8�[! + *�[! · ��
 + }�[! · 4��� + . · ��Ó� − �� + �� �[! · e¢c "h£c�[! 
6 Sea x�8A@[ + *A@[ · ��
 + }A@[ · 4��� + . · ��Ô� − �� 

7 Air x�8[-� + *[-� · ��
 + }[-� · 4��� + . · ��Õ� − �� + ���[-� · ����h¥j 

8 Block Train x�8¤�+�Ö + *�[-� · ��
 + }�[-� · 4��� + . · ��×� − �� + �� �[-� · e¢c "h£c�[-�  
Table 7.3: Final utilities used for the extended model 

The main statistics for this model are:  

Number of estimated parameters 26 

Number of observations 5609 

Final log-likelihood -3363.89 	��0�7 0.707 

Table 7.4: Main statistics for the extended model 
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The results issued from the estimation are: 

Name	 Value	 Robust	σ	 Robust	t-test	 Name	 Value	 Robust	σ	 Robust	t-test	¨©ª«¬_��¬ 0.00 FIXED  ®«¬_��¬ 0.00 FIXED  ¨©ª�	¯_��¬ -0.195 0.0870 -2.24 ®�	¯_��¬ 0.989 0.0733 13.49 ¨©ª©ØÙ -5.61 0.444 -12.64 ®¬�°± 1.08 0.0789 13.71 ¨©ª�	¯² -4.49 0.226 -19.91 ®�	¯² 1.13 0.0790 14.30 ¨©ª³�� -5.48 0.377 -14.54 ®³�� 1.14 0.0808 14.16 ¨©ª��� -4.27 0.215 -19.88 ®��� 1.18 0.0795 14.91 ¨©ª�°¬ -4.49 0.223 -20.16 ®�°¬ 1.18 0.0795 14.85 ¨©ª²±	�Ú -5.06 0.476 -10.64 Û -0.304 0.0371 -8.18 �«¬_��¬ 0.00 FIXED  ´¬µ�	¯² 0.908 0.332 2.74 ��	¯_��¬ 0.0169 0.00724 2.33 ´¬µ�°¬ 0.509 0.187 2.73 �¬�°± -1.57 0.390 -4.04 ¶�· 1.07 0.330 3.25 ��	¯² -0.175 0.0871 -2.01 ¬��¬�°± 2.91 0.462 6.31 �³�� -0.291 0.136 -2.14 ¬��³�� 1.68 0.483 3.48 ���� -0.0557 0.0146 -3.81 ¬�´ 1.04 0.134 7.72 ��°¬ 0.0191 0.00726 2.63     

Table 7.5: Estimates for the extended model 

The goodness-of-fit has increased respect to the first model but they are not comparable 

because models are based on a different number of observations, as well as their mode 

availabilities are also different. Due to this partial unavailability, it is not correct to 

output		����7 (Bierlaire, 2011). 
Nor parameters’ signs or the alternative order (according to the parameters’ magnitudes) have 

been altered compared with the model presented in chapter 4 and Û sign is negative as 
expected.  

We observe that �¬�°±	 has changed considerably because of the creation of the two mentioned 
alternatives. Nevertheless, � and ® for other modes than rail have remained practically 
unaltered. Auxiliary parameter values have slightly changed and preserved their signs.  

It was tried to completely split both Single Load Wagon and block train, by introducing 

particular betas and gammas, but this was proven to be barely significant, as well as the 

likelihood test ratio failed. In the end, it was decided to leave the shared parameters. 



Modal Choice and Shipment Size Models based on the French ECHO Database 

Lloret Batlle Roger – Département Ville Environnement Transport, Master CIMO 45 

In conclusion, concerning the estimated parameter values, the model extension has not 

changed too much. It seems that the inclusion of the shipment size has not had a big effect; 

perhaps due to the predicted values issued from the shipment size submodel do not adjust too 

much to the observed values. In order to appreciate the changes’ impact into the model, 

especially the capacity, we need to analyse the probabilities issued by repeating most of the 

steps made for the first model. 

7.5 Model discussion 

7.5.1 Well predicted modes 

For every observed mode, the maximum predicted modes are: 

obs. \ pred. 
Pvt. 

Carrier 

Com. 

Carrier 
SWL Combined Waterway Sea Air 

Block 

Train 

Pvt. Carrier 41 59 0 0 0 0 0 0 

Com. Carrier 6 93 0 0 0 1 0 0 

SWL 0 22 64 0 0 13 0 1 

Combined 0 65 23 0 0 12 0 0 

Waterway 0 5 19 0 14 29 0 33 

Sea 0 24 1 0 0 61 14 0 

Air 0 28 0 0 0 19 53 0 

Block Train 0 0 0 0 5 13 0 82 

Table 7.6: Maximum predicted modes for the extended model 

There has not been any significant positive change for the two truck modes; the only fact to be 

underlined is that private carrier has lost some of the captured observations from all other 

modes, thanks to the introduction of capacity.  

The inclusion of the shipment size into the model has not influenced them, probably because 

of their similarities in shipment size distribution respect to other modes. Common carrier 

observed shipments were slightly bigger in average than those for the private carrier. This 

leads to think that in order to improve their estimation it will be necessary to include some 

kind of production or logistics variables. Another important point to be included is empty 

returns.  

Concerning the rail alternative, we have passed from a former 26% to a 70% by splitting the 

alternative and including the capacity. Another heavy mode of which estimation has improved 

is the waterway, with a remarkable 14% of its observations well predicted. 

Nevertheless, it was not possible to improve the estimation of combined transport. In addition 

to the fact that the model is not spatialised, it is difficult to find patterns or differentiated 
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characteristics when examining the observations where it was chosen. Regarding the overseas 

modes, well predicted air transport observations increased by 6%. Everything points they are 

genuine sea observations, probably small shipments with high density of value, which have 

been captured by the air mode. 

7.5.2 Predicted probabilities distributions 

 Pvt. 

Carrier 

Com. 

Carrier 
SWL Combined Waterway Sea Air 

Block 

Train 

Q1 37 69 12 3 3 26 28 41 

Median 47 86 53 4 4 55 52 85 

Q3 51 91 76 10 19 64 93 98 

Max 77 97 87 34 65 100 100 99 

Table 7.7: Predicted probabilities distributions for the extended model 

The addition of the capacity constraint and the shipment size variable has not affected the 

truck modes. Former rail mode probabilities have been increased as expected, being this 

increase more remarkable for the block train (thanks to the high consumption rate of its 

shippers as well as for having by far the highest shipment sizes).  

Its minimum assigned probability has been of around 16%, much larger than those for other 

modes. Everything points that these obtained high probabilities are due to the introduction of 

endogeneity, due to the strict limitation of 1200 tons, even if the purpose of the double step 

estimation was to avoid it.  

The waterway has considerably improved its estimation results but only in the last quartile. 

Nevertheless, combined mode has not taken advantage of the model extension, probably due 

to the high diversity within its observed characteristics. Sea mode has increased its 

probabilities only in its fourth quartile and air mode has maintained the former level. 
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7.5.3 Market shares 

 

Figure 7.2: Market shares in tons for the extended model 

Both truck modes maintain the same market shares. Common carrier ratio has decreased a 

little due to all captured observations which have been recovered by the other modes. On the 

other hand, rail market share has changed. Single wagon load is overpredicted by a factor of 

nearly two and block train market has the correct volume. This is the same issue as for the 

combined mode: it is difficult to predict small observed market shares because their 

associated modes are sensitive to be assigned small amounts of probability for a big number 

of observations. 

Waterway maintains the same market share as in the case of the first model, despite having 

been assigned higher probabilities for its own observations. Looking at the well predicted 

modes table, this increase in predicted probabilities is rather small and rail modes have taken 

some original waterway market share. 

Sea mode market share oveprediction slightly increases, but it is in the air case where the 

important bit comes: as expected, the introduction of capacity has prevented the air mode to 

be assigned small probabilities of non-feasible observations by its big shipment sizes. Its 

market share overprediction has been reduced by a factor of almost three (from 30 times to 
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12) without losing its previously correct predicted observations. Nevertheless, this is not 

enough to compensate the characteristic small market share in tons for the air; it continues to 

be assigned small probabilities from other modes observations with small and high density of 

value shipments. 

7.5.4 Market sensibility to variables 

Market sensibility to distance. 

In the next table there are the market share sensibilities to an increase of the distance by 10%. 

Mode 
Extended model market 

share increase 

Private Carrier -4.1% 

Common Carrier +1.0% 

Rail  

Block Train -0.7% 

Single Wagon Load +0.69% 

Combined +2.70% 

Waterway +0.30% 

Sea +5.75% 

Air +6.56% 

Table 7.8: Sensibility to distance for the extended model 

The values of this table must not be directly compared to the ones obtained from the former 

model, because the data used is not the same. The highest increases are again those for the 

overseas modes, as expected. This time sensibilities for the truck modes follow the same 

tendency as before, decreasing for the private carrier and slightly increasing for the common 

carrier. Concerning the heavy modes, they also slightly increase due to a lower variable cost 

per ton and per distance compared to other modes. 

The exception is block train. Being the heaviest mode, its market share should increase like 

the other modes but it is not the case. Everything points that observed block train distances 

are rather short, with a third quartile of nearly 500 km; probably because of European rail 

network complexity. Therefore, increasing the distance is not translated into an increase of 

block train market share.  
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Market sensibility to density of value. 

By increasing the commodity density of value, the most flexible and reactive modes should 

see their market shares being increased. These issued market shares are shown in the 

following table: 

Mode 
Extended model market 

share increase 

Private Carrier -0.02% 

Common Carrier +0.04% 

Rail  

Block Train -0.02% 

Single Wagon Load -4.3% 

Combined -0.14% 

Waterway -0.05% 

Sea 0% 

Air +0.17% 

Table 7.9: Sensibility to density of value for the extended model 

With no exception heavy modes are seen their market shares decrease. The air mode has the 

most important rise and private carrier slightly increases, given the fact that the model has 

translated the choice between private and common carrier as flattering for the latter, when the 

commodity has a high density of value and for the former when the opposite situation arises. 

Market shares changes to production rates are again minus those for the density of value.  

7.5.5 Probability charts 

Given the fact that there are two different alternatives compared with the previous model, an 

eight-alternative plot has been drawn. It can be found in addendum 3. In this section the 

predicted points for the extended model will be compared with those from the first model. 

Starting from the lower distance plot, there are no differences concerning the private and 

common carrier choice problem. It is the third plot, where the two rail modes increases their 

presence, as well as some original sea observations reappear. In the medium distance, the 

private carrier continues disappearing ahead of time, but still having high probabilities. 

Concerning the long distances, here is where we can find the effects of new variables and 

constraints included. The air mode has been capable of crossing the former linear border 

between the two overseas modes, but it is not the case of the sea mode. 
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8 Conclusion 

The theme of this project was to model the choice of mode of transport and the shipment size 

using the French ECHO database. This database represented an opportunity of validating 

econometrically three models with data which has never been available until its creation: a 

shipment size model based on a linear regression, a pure microeconomic modal choice model 

and a further extension of this model, by the inclusion of shipment size with an indirect 

method as well as the introduction of capacity. The main results obtained during the present 

work will be next summed up. 

The optimal shipment size expression issued from the EOQ model has been calibrated by 

mode separately using the available data. In general terms, the production flow variable 

worked rather well for all modes, with an associated coefficient close to the expected values. 

This was not the case of the commodity density of value, where only in the case of the private 

and common carrier its associated coefficient approached to the desired value. This means 

that approximating the value of time by the density of value, is not suitable neither for the 

heavy modes nor the air mode. The following explanation was given: there are commodities 

with a very low density of value which can have a crucial role within a supply chain, 

independently from their intrinsic value. A further analysis including production variables or 

shippers’ economic sectors would be necessary in order to improve the estimation. 

Concerning the first modal choice model, the estimation of the microeconomic supported 

utilities based on logistic costs, led to correct values for the parameters and predicted market 

shares matched very well to those observed (except the air mode). Nevertheless, from the 

disaggregated point of view, heavy modes were given very low probabilities, even if their 

final market shares were well predicted. This took us to the necessity of introducing some 

kind of vehicle capacity in detrimental to light modes, as well as to introduce the shipment 

size, given that modal choice depends on it. 

The second modal choice model was based on the first model. The inclusion of shipment size 

was made through a double-step estimation process, based on Holguín-Veras (2002). In short, 

predicted shipment sizes were issued from a linear regression model similar to the first 

explained. This time, all modes were mixed in order to not to include bias in the estimation. 

Vehicle capacity values were introduced by constraining the availability of those modes were 



Modal Choice and Shipment Size Models based on the French ECHO Database 

Lloret Batlle Roger – Département Ville Environnement Transport, Master CIMO 51 

the observed shipment size was bigger than capacity. This way is statistically valid but not 

microeconomically, due to the fact we prevent the use of more than one vehicle to transport 

the shipment. With this extension, from the disaggregate point of view the prediction of heavy 

modes notably improved as well as market shares. 

The main characteristic of these models is the use of only demand-side variables. It is very 

easy to collect the information needed; only establishments (shippers) have to be interviewed 

and these basic questions can be easily answered: Which is the value of the shipment? Which 

is its weight? Which is the average production flow between you and the receiver? And where 

is that receiver located? Other questions concerning the infrastructure and special 

characteristics of the shipment included into the model are trivial. 

Nevertheless, these models have their limitations. By now they are not spatialised, so certain 

cases where the final choice of mode is due to specificities of local markets or niches cannot 

be explained; this is the case of the combined mode. This phenomenon is included into the 

current model up to a certain extent thanks to shippers’ infrastructure availability variables. 

Spatialising the model would add the possibility of adding the in-transit stock term in utilities.      

Further improvements could be the introduction of shippers’ production organisation 

variables (make-to-stock, make-to-order, vendor-managed-inventory, etc.), a different 

introduction of vehicle capacities which allows the use of more than one vehicle. A third way 

would be trying to improve the estimation of the value of time. It has been proved that 

replacing it by the value of density is a strong hypothesis. The value of time depends on the 

economic sector of the establishment, its place within the supply chain or particular 

conditions of certain shipments. Finally, shipment size and mode of transport are strongly 

related and should therefore be estimated in a joint model. 

To sum up, models presented in this work could be good candidates to be used in the modal 

choice/shipment size step within the larger frame of a 4-step spatialised freight transport 

model, only after having solved the issued presented before. 
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Addendum 1 

Plot 1: ECHO observed points (7 modes) 

Plot 2: ECHO points predicted by the microeconomic model 
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Addendum 2 

Plot 1: Plot with the simulated points 
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Plot 1: Plot with the simulated points
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Addendum 3 

Plot 1: ECHO observed points (8 modes) 

Plot 2: ECHO points predicted by the extended model 
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Addendum 4 

Plot 1: Graphic analysis of residuals for the shipment size model 
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Plot 1: Graphic analysis of residuals for the shipment size model 


