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Abstract Summary

Classic spatialised freight transport models are based on afour stage
representation of the decisions shippers and carriers take. The decisions
this representation distinguishes are: emitted and received ow rates,
supplier or receiver choice, transport mode, itinerary. However, freight
transport is discrete by nature: commodities are moved by bundles called
shipments. Shipments are absent from the four stage representation.

This study is aimed at investigating the role of the choice ofshipment
size in the freight transport system. After a review of recentfreight
transport modelling advances and of some logistic models, we proceed
to a systems analysis of freight transport. Agents are identi�ed, their
behaviours and relationships are described. This allows for a clari�cation
of the linkage between logistics and freight transport.

Then, attentions is paid to the empirical observation of thefreight
transport system. Propositions are made to improve French roadside
surveys, so as to better observe the productivity and technical choices of
motor carriers. The seminal microeconomic model of optimalshipment
size called Economic Order Quantity is assessed econometrically using
the ECHO database.

Lastly, two particular issues are addressed using microeconomic mod-
els. First, the equilibrium freight rates of a schematic road freight trans-
port market are modelled, on the basis of an explicit representation of the
logistic imperatives of shippers and of the technology of carriers (the con-
solidation of shipments in vehicles is accounted for). Second, the logistic
imperatives of shippers are analysed in detail to explain why a shipper
would use two transport modes simultaneously for a unique commodity
ow.





R�esum�e Court

La mod�elisation spatialis�ee de la demande de transport defret est
classiquement fond�ee sur une repr�esentation �a quatre �etapes des d�ecisions
que prennent les chargeurs et les transporteurs; cette repr�esentation dis-
tingue les d�ecisions de volume �emis et re�cus, de choix de fournisseur ou
destinataire, de mode de transport et en�n d'itin�eraire. Mais le transport
de marchandise est une op�eration de nature discr�ete : les marchandises
sont transport�ees par blocs, ou envois. Ces envois sont absents de la
repr�esentation �a quatre �etapes.

Ce travail a pour but d'�etudier le rôle du choix de la taille d'envois
dans le fonctionnement du transport de fret. Apr�es une revuede la
mod�elisation du transport de fret et de certains probl�emes logistiques, le
transport de fret est analys�e et d�ecrit de fa�con syst�emique. Les agents
en jeu et leurs comportements sont identi��es. La distinction entre con-
sommation et production du transport de fret est �etablie, ce qui permet
de clari�er le lien entre logistique et transport de fret.

Ensuite, l'attention est port�ee sur l'observation empirique du syst�eme
de transport de fret. Des propositions sont faires pour am�eliorer les
enquêtes en bord de route men�ees en France aupr�es des poids lourds.
Elles concernent principalement la productivit�e et les options techniques
des transporteurs routiers. Une validation �econom�etrique du mod�ele mi-
cro�economique de taille d'envoi optimale Economic Order Quantity est
e�ectu�ee au moyen de la base de donn�ees ECHO.

En�n, la mod�elisation micro�economique est employ�ee pour traiter
deux sujets en particulier. Premi�erement, pour analyser en d�etail la
formation des prix d'�equilibre de transport de fret, en repr�esentant les
imp�eratifs logistiques des chargeurs et la technologie des transporteurs
(notamment la consolidation d'envois). Deuxi�emement pour repr�esenter
en d�etail le lien entre la logistique des chargeurs et leur demande de
transport de fret, a�n, entre autre, de pouvoir mod�eliser l'usage simultan�e
de deux modes de transport par un unique transporteur pour ununique
ux de marchandises.
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Notations

a : value of time per unit of time and weight.
ac : commodity value of time, per unit of time and

weight.
�ac : maximum commodity value of time, over which the

heavy transport mode is not attractive at all in the
two modes case.

adens : commodity density value.
aw : warehousing cost.
� : shipper's value of travel time savings.
� l : shipper's value of light mode travel time savings.
� r : shipper's value of heavy mode travel time savings.
� rho : value of travel time reliability.
b : access cost.
B(n; p) : multinomial distribution of parameters n 2 N and

p 2 [0; 1].
� X : estimated coe�cient before variable X in an econo-

metric speci�cation.
c : haulage cost.
ct : transport unit cost.
cl : light mode transport unit cost.
ch : heavy mode transport unit cost.
C : (expected) cost function.
Cc : customer cost.
Cd : inventory cost.
Cp : pipeline inventory cost.
C� : transport cost.
d : distance.
dh : heavy mode shipment size.
D t : daily demand at time t.
D r

t : sum of the demand over thel past days at timet.
� : number of exceeding shipments of size 1.
� : expected value of the exceeding shipments of size 1.
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" : small variation.
f a : distribution density of the commodity unit values of

time.
Fa : c.d.f. of the commodity unit values of time.
f d : daily demand distribution density.
FD : daily demand c.d.f.
' : centered unit normal distribution density.
� : centered unit normal c.d.f.
g : unit generalised transport cost.
I t : inventory at time t.
I E

t : excess inventory at timet.
I p

t : pipeline inventory at time t.
K x : various constants.
� : loading factor of a vehicle.
� e : equilibrium loading factor.
l : transport lead time.
l l : light mode transport lead time.
lh : heavy mode transport lead time.
� I : destination inventory expected value.
� I E : excess inventory expected value.
ns

i : industry demand for services of transport of ship-
ments of sizei .

N s
i : amount of services of transport of shipments of size

i asked from a carrier.
N (m; � 2) : normal distribution of mean m and variance� 2.
p : transport price.
p(s) : transport price schedule, function ofs.
� : (expected) pro�t function.
qs

i : amount of services of transport of shipments of size
i supplied by a carrier.

Qs
i : industry supply of services of transport of shipments

of sizei .
Q : yearly amount of goods of a given type sent by a

�rm to a given receiver.
Qtot : yearly amount of goods of any types sent by a �rm

to a given receiver.
� : ratio of ns

1 over ns
2.

s : shipment size.
st : size of the shipment sent at timet.
sl

t : size of the shipment sent at timet by the light mode.
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sh
t : size of the shipment sent at timet by the heavy

mode.
S : vehicle capacity.
� : daily demand standard deviation.
� I : destination inventory standard deviation.
� I E : excess inventory standard deviation.
� l : standard deviation of travel time.
U(a; b) : uniform distribution over interval [ a; b].
X i : 1 if modei is used, 0 else.
� : marginal cost of an increase in� I .
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Abstract

The purpose of this work is to improve freight transport modelling, by
the identi�cation of qualitative facts and regularities which characterise
the freight transport system, and by modelling them microeconomically.
Particularly, it is aimed at understanding the behaviour ofboth carriers
and shippers, and their relationships. Much attention is paid to the role
of logistics in the freight transport system.

The current state of the art of freight transport modelling is by and
large based on the four stages representation of transportation systems.
In the case of freight transport, this representation is endowed with major
shortcomings, which have been partially addressed by recent modelling
advances. First, the de�nition of the origins and destinations of com-
modity trips is unclear, in particular if transshipment operations take
place. Second, decision makers, and their microeconomic behaviours, are
not explicitly identi�ed. Third, the discrete nature of freight transport
operations is absent.

One option to try to address some of these issues is to consider explic-
itly shipments, which are, from a decisional perspective, the atoms of the
freight transport system. The objective of this work is thusto investigate
the di�culties and potential bene�ts of representing explicitly the choice
of shipment size in spatialised freight transport models.

First of all, we proceed to a systems analysis of freight transport,
in order to identify decision-makers, their options, preferences and rela-
tionships, with the objective to improve the economic realism of freight
transport models. This system analysis is based both on a qualitative
analysis of freight transport and on a review of recent freight transport
modelling advances.

As a result of this analysis, a layered representation of the freight
transport system is designed. At the center of this representation is the
door-to-door shipment transport operation, which is what is exchanged
in the freight transport market. Subsequently, carriers are de�ned as the
producers of these operations, and shippers as the consumers of these
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operations. Before analysing with more detail the behaviour of carri-
ers and shippers, it should be noted, at this stage, that classic freight
transport surveys, which generally observe vehicle movements, are un-
able to observe the freight transport market directly, since door-to-door
transport operations often involve one transshipment or more.

As producers, carriers obey to a classic microeconomic logic. Their
objective is to produce cost-e�ciently the transport operations they com-
mit themselves to do, using their resources (e.g. vehicles, drivers, fuel,
cross-docking platforms, etc.) To do so, they combine elementary trans-
port operations (i.e. vehicle loading something somewhere and unloading
something else somewhere else) in order to produce door-to-door ship-
ment transport operations. Economies of scale, due for example to the
capacity constraint of vehicles, and of scope, due to the possibility to
carry together shipments going to distinct origins and destinations (hence
which should, in a context of spatial economics, be considered as distinct
products), are prominent in the transport technology, and explain the
generalised use of various vehicles and modes and break-bulk transport
operations by carriers. As a consequence, the linkage between vehicle
movements and shipment movements is complicated. This linkage is de-
�ned as the \logistics of carriers". The issue of the freighttransport
market structure is not addressed, although it may play a signi�cant role
for some transport modes.

The microeconomic logic of shippers is more complicated. Indeed,
the freight transport demand of shippers derives from theirown logistic
imperatives. The logistic imperatives of shippers stem from the prefer-
ences of the customers of shippers. Indeed, a given good provides utility
to an economic agent only if it is available to this agent. In general, the
agent is asked an e�ort to have the product he buys at his disposal. This
e�ort can be a trip to a retail center, a delivery lead time, a risk of stock
shortage. It is a user cost, formally similar to the generalised cost of
passenger transportation. Decreasing the e�ort of its customers is costly
to a shipper: it implies a series of logistic costs, such as more retail cen-
ters, faster deliveries, larger safety stocks, etc. Shippers must �rst �nd
a trade o� between their own logistic costs and the satisfaction of their
customers, second organise their commodity ows e�ciently. This pro-
cess is de�ned as the \logistics of shippers", and bridges the gap between
production-consumption ows as they are identi�ed in input-output ta-
bles, and shipment door-to-door operations.

In classic freight transport models, the freight transportsupply is gen-
erally represented by networks of links and nodes characterised by travel
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times, costs, and transport modes. Taking into account the shipment
size variable in this representation is not straightforward. This issue is
addressed microeconomically, in the case of road freight transport.

The linkage between shipment size and transport price between a
given origin-destination pair is not simple. Freight transport price sched-
ules, which give transport prices as functions of shipment sizes, are not
linear: they are positive in zero and tend to be at for big shipment
sizes. Our objective is to explain microeconomically thesephenomena;
in other words, to explain how transport prices result from the trucking
technology and of the costs of the resources of motor carriers. Perfect
competition is assumed on the road freight transport market.

The trucking industry is characterised by a relatively simple technol-
ogy, compared to other transport modes. Assume a transport operation
consists of an access movement on a relatively short distance towards the
origin, where the shipment is loaded, then a haulage movement over a
long distance, then an access movement followed by an unloading opera-
tion at destination; assume these operations are made usingvehicles of
limited capacity. If several shipments are loaded at the same place, access
movements are assumed speci�c to each shipment, whereas thehaulage
movement is shared among shipments. Other spatial constraints such
as empty return or trip chaining are disregarded. Shipment sizes are
endogenous.

There is a di�culty when deriving the cost function: a crucial pa-
rameter of this function is the loading factor,i.e. the average share of
vehicle capacity actually occupied by freight. Optimisingthe average
loading factor of a eet, i.e. minimising the number of vehicles necessary
to carry a set of shipments of given sizes, is the well known bin-packing
problem, which is NP-hard. To overcome this di�culty, we makea some-
what oversimplifying hypothesis, and assume shipments areof size one,
two or three, with a vehicle capacity of three. It is thus possible to derive
the cost function explicitly, hence the marginal costs and market prices.

Despite this simpli�cation, this approach e�ciently expla ins the qual-
itative properties of freight transport price schedules. In particular, it
appears the capacity constraint plays a complicated role. Some shipment
sizes, which are big but not full truck loads, constitute a di�culty for
carriers, who must �nd small shipments, or run their vehicles partially
empty. As a consequence, depending on the di�culty to �nd small ship-
ments, carriers may charge big shipments almost the price oftruckload
shipments. This tends to deter shippers from sending shipments of these
sizes. Symmetrically, carriers may charge small shipmentsa very low
price, because these shipments will be consolidated with other, bigger
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shipments. On the whole, market prices behave so as to deter shippers
from choosing shipment sizes which decrease the loading factors of ship-
pers. This explains why so many shipments are full truck loads.

Information availability plays an important role in this analysis. One
qualitative property of the freight transport system is that information
is not easily obtained. As a consequence, carriers have di�culties to con-
solidate shipments of which they ignore the existence. To represent this
phenomenon, freight transport demand is assumed stochastic from the
perspective of shippers. Quite intuitively, we �nd that the higher the
variability of demand, the lower the average loading factors of carriers.
Incidentally, this provides a strong rationale for the simultaneous exis-
tence of spot markets and long term contracts on the freight transport
market. Indeed, shippers who can guarantee regular ows to carriers are
able to negociate more competitive rates, because predictable ows mean
lower costs for these carriers.

Finally, this approach brings a new argument to an old discussion
about the market structure of the road freight transport market. One of
the main statements according to which the road freight transport mar-
ket is not under perfect competition is that perfect competition implies
marginal cost pricing, which is inconsistent with the observed complex
structure and variability of prices. Other papers indicatethat the truck-
ing technology is complex enough for complex price structures to appear
under marginal cost pricing. This is particularly true here, where trans-
port operations of shipment of distinct sizes are considered as distinct
services, so that marginal cost pricing yields non-linear price schedules.
As such, this study strengthens the position according to which com-
plex price structure does not constitute a piece of evidenceof market
distortions.

Accounting for shipment size in freight transport modellingalso re-
quires a description of how it is determined by shippers. Some economet-
ric models of choice of shipment size have been developed, inparticular to
explain modal choice. However, these models lack an underlying micro-
economic sense.

According to the inventory theory, the choice of shipment size derives
microeconomically from a trade o� between transport costs,inventory
costs (e.g. depreciation, capital opportunity cost, etc.), and other logistic
costs (e.g. customer dissatisfaction), notably deriving from demand un-
certainty, and notwithstanding any interaction between production and
transport decisions. In order to investigate the microeconomic drivers
underlying this decision, inventory theory models are analysed.
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The most classic shipment size model, the Economic Order Quan-
tity model, which is almost a century old, models the choice of shipment
size as resulting from a trade o� between transport costs andinven-
tory costs. For a regular commodity ow between a given origin and
destination, given a �xed transport cost per shipment, and aper ton
commodity value of time, the EOQ model yields an optimal shipment
size, increasing with the rate of the commodity ow and decreasing with
the commodity value of time. It also yields a total cost, which increases
less than proportionately with the commodity ow rate.

However, this model has not been estimated on a large scale of het-
erogeneous �rms yet. Indeed, estimating this model requires a database
not only describing shipments, by their sizes and unit values of time,
and the way they have been carried, but also describing the shipper-
receiver relationship, in particular the commodity ow rate. Shipment
size databases are scarce, and, to our knowledge, the only shipment size
database describing the shipper-receiver relationship isthe French ECHO
survey. The ECHO survey describes 10,000 shipments with manydetails.
The size and value of shipments are observed, as well as the total annual
commodity ow between the shipper and the receiver, which isnot ex-
actly the variable we are looking for, but which is a good proxy for a
number of reasons. The estimation of the EOQ model gives satisfying
results, which con�rms the validity of this model on a large population
of �rms.

Another classic inventory model, the newsvendor problem, considers
a ow of commodities from an origin where they are produced toa desti-
nation where they are sold. The demand at destination is stochastic, and
there is a positive travel time between the origin and destination, so that
the shipper must anticipate the demand. If the shipper has overestimated
the demand, a certain amount of commodity will remain unsoldat desti-
nation, with related inventory costs, whereas if the demandhas been
underestimated, some customers will have to wait before being deliv-
ered. An optimal logistic policy is easily derived in this classic inventory
theory model. This policy is designed so that the expected level of the
destination inventory is a trade o� between inventory costsand customer
dissatisfaction.

This model yields a total logistic cost, including customercosts, which
depends, among other parameters, from the transport lead time and from
the demand uncertainty. The derivative of this total logistic cost with
respect to the transport lead time gives the value of time of the shipper
with respect to freight transport. If the demand is highly variable, then a
reduction in travel time is very valuable for the shipper, who can reduce
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both his inventory cost and the dissatisfaction of customers. In other
words, a faster transport mode is prefered by shippers for the improved
exibility it allows. This provides some microeconomic signi�cation to
the concept of supply chain reactivity, and a step forward towards incor-
porating logistics into freight transport economics.

This model can be extended to explain why a given shipper would
use two transport modes simultaneously for a given commodity ow,
which is impossible for classic microeconomic mode choice models, where
mode alternatives are generally assumed mutually exclusive. Operation
research models of the use of two transport modes (usually a basic one
and emergency one) are not uncommon. However, as usual in operations
research, they yield optimal policies, but not the aggregate indices which
are necessary to a microeconomic analysis (such as an average total cost
and a average demand for each mode). In this study, a model hasbeen
developed which accounts for the use of two transport modes,a fast and
expensive one and a slow and less onerous one, based on a basicheuristic
logistic policy. This model explains that in some cases, theshipper takes
advantage both from the low cost of the slow one and the reactivity
allowed by the fast one.

On the whole, inventory theory makes it possible to model microeco-
nomically the preferences of shippers with respect to freight transport,
together with their logistic imperatives. It creates a clear linkage between
freight transport demand and �nal consumer preferences. Itshould be
noted, however, that inventory theory models are often di�cult to use in
a microeconomic framework.

Accounting for the choice of shipment size when modelling thefreight
transport system is a fruitful approach. It allows a more detailed analysis
of the freight transport market, as well as of constraints ofcarriers and
shippers, and of their preferences.

From a theoretical standpoint, taking into account shipments o�ers
new insights on the structure of the freight transport market. This is
true for carriers, whose technology can be analysed with much more
details, and it is also true for shippers, whose logistic constraints can
be represented explicitly { as such, this approach constitutes a �rst step
towards the microeconomic modelling of logistics.

However, before shipments can be represented explicitly in spatialised
freight transport models, a series of issues must be addressed. First, if
shipments are represented, the consolidation process of shippers cannot
be ignored. But it cannot be represented explicitly, the data and compu-
tational requirements would be prohibitive. A strategy must be designed
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to represent freight transport supply in a concise way, and to model how
door-to-door shipment transport yields vehicle tra�c. Second, the be-
haviour of shippers must be modelled. As an outcome of this study, the
EOQ model constitutes a promising �rst step. However, the scope of
this model is limited. Other decisions such as, for example,the number
and locations of warehouses are much more complex. They are yet to be
modelled satisfyingly.





R�esum�e

Ce travail a pour objectif d'am�eliorer la mod�elisation du transport de
fret, par l'identi�cation de ses caract�eristiques qualitatives, par l'�etude
statistique des r�egularit�es qu'il pr�esente, et par leur mod�elisation mi-
cro�economique. Il vise notamment �a une meilleure compr�ehension du
comportement des chargeurs et des transporteurs, et de leurs relations.
Une attention toute particuli�ere est accord�ee �a l'examen du rôle de la
logistique dans le syst�eme de transport de fret.

Actuellement, la mod�elisation du transport de passagers comme de
marchandises repose majoritairement sur la repr�esentation classique dite
�a quatre �etapes des syst�emes de transport. En ce qui concerne le trans-
port de fret, cette repr�esentation pr�esente un certain nombre de la-
cunes majeures, qui ont �et�e rep�er�ees et partiellement combl�ees par une
s�erie de r�ecents progr�es m�ethodologiques. Premi�erement, la d�e�nition
des origines et destinations des d�eplacements est ambigu•e en transport
de fret, notamment quands les op�erations de transport impliquent des
ruptures de charge, c'est-�a-dire quand la marchandise esttransbord�ee
d'un v�ehicule �a un autre au cours d'une même op�eration detransport.
Deuxi�emement, les d�ecideurs, et leurs comportements micro�economiques
sont mal identi��es. Troisi�emement, la nature discr�ete des op�erations de
transport de fret est absente.

Une des pistes d'am�elioration de la mod�elisation du transport de fret
consiste �a tenter de repr�esenter explicitement les envois qui sont, d'un
point de vue organisationnel, les atomes du syst�eme de transport de
fret. Repr�esenter explicitement les envois dans un mod�ele spatialis�e de
transport pose un certain nombre de di�cult�es, et o�re des perspectives
d'am�elioration de la mod�elisation. Ce travail a pour objectif d'�etudier
ces di�cult�es et perspectives.

A�n de disposer d'une base de travail qualitative, et de faireface
aux d�egaurs de la repr�esentation classique des syst�emesde transport,
nous proc�edons en premier lieu �a une analyse syst�emique du transport
de fret. Il s'agit d'identi�er les d�ecideurs, leurs options, pr�ef�erences, et
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les relations qu'ils lient les uns avec les autres, tout celadans l'objectif
d'accrô�tre le r�ealisme �economique des mod�eles de transport de fret.
Cette analyse syst�emique se fonde sur une �etude qualitative du transport
de fret, ainsi que sur une revue des progr�es r�ecents de la mod�elisation du
transport de fret.

Le r�esultat de cette analyse est une repr�esentation du syst�eme de
transport de fret sous forme de couches superpos�ees, repr�esentant diverses
cat�egories de d�ecisions li�ees �a la formation des ux de marchandises et de
v�ehicules. Au centre de cette repr�esentation, on place ce qui est e�ective-
ment produit per le syst�eme de transport de fret, �a savoir les op�erations
de transport porte-�a-porte d'envois de marchandises. Subs�equemment,
on d�e�nit les transporteurs comme �etant les producteurs de ces op�erations
de transport, et les chargeurs comme en �etant les consommateurs. Avant
de d�ecrire plus pr�ecis�ement le comportement des chargeurs et des trans-
porteurs, il faut noter que les enquêtes classiques d'observation du trans-
port de fret, qui d�ecrivent g�en�eralement les mouvementsop�er�es par les
v�ehicules, ne permettent pas de reconstituer les op�erations de transport
porte-�a-porte des envois, d�es qu'il y a une rupture de charge.

Les transporteurs, en tant que producteurs, ob�eissent �a une logique
micro�economique classique. Leur objectif est de produireles op�erations
de transport qu'ils se sont engag�es �a e�ectuer avec les ressources dont
ils disposent (par exemple les v�ehicules, les personnels,le carburant, les
plateformes de groupage-d�egroupage, etc.), et ce au moindre coût. Pour
ce faire, ils combinent des op�erations de transport �el�ementaires (charge-
ment par un v�ehicule d'une certaine quantit�e de marchandises �a un en-
droit donn�e, et d�echargement ailleurs) pour produire desop�erations de
transport porte-�a-porte. Les technologies de transport sont fortement
caract�eris�ees pas la pr�esence d'�economies d'�echelle(dues, par exemple,
�a la capacit�e �xe des v�ehicules), et d'envergure (provenant du fait qu'il
peut être plus facile de transporter ensemble, sur une certaine partie de
leurs parcours, des envois provenant de et allant �a des lieux distincts).
De ce fait, les organisations des transporteurs impliquentg�en�eralement
l'usage de v�ehicules et modes vari�es, et le recours courant aux op�erations
de massi�cation et d'�eclatement. Cela a pour cons�equencenotable que
le lien entre mouvements des v�ehicules et mouvements des marchandises
est complexe. Nous donnons �a ce lien une importance particuli�ere, en le
d�e�nissant comme la \logistique des transporteurs". Le probl�eme de la
structure des march�es de transport de fret n'est pas abord�e.

La logique micro�economique du comportement des chargeursest plus
complexe. Les pr�ef�erences des chargeurs vis-�a-vis des possibilit�es de
transport sont fortement d�etermin�ees par leurs propres imp�eratifs lo-
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gistiques, qu'il est donc utile d'identi�er et de comprendre. Essentielle-
ment, ces imp�eratifs logistiques sont fond�es sur les pr�ef�erences des clients
des chargeurs vis-�a-vis de la disponibilit�e des produitsque ces clients
ach�etent. En e�et, un bien ne produit de l'utilit�e au clien t qui l'ach�ete
que si ce bien est �a la disposition imm�ediate de ce client. En g�en�eral,
en plus de la d�epense correspondante, un client achetant unbien doit
fournir un certain e�ort non mon�etaire; cet e�ort peur consister en un
d�eplacement vers le point de vente corrrespondant, un temps d'attente
de livraison, un risque de rupture de stock, etc. Il s'agit d'un coût usager,
similaire en nature �a la composante temporelle dans le coût g�en�eralis�e en
transport de passagers. Le chargeur peut diminuer l'e�ort de ses clients,
par exemple en multipliant le nombre des points de vente, en diminuant
les temps de livraison grâce �a l'utilisation de modes de transport plus
rapides, en augmentant les stocks de s�ecurit�e, etc. Cela vient �a un coût,
et le chargeur doit donc trouver le compromis id�eal entre ses propres
coûts logistiques et les e�orts que doivent fournir ses clients, puis or-
ganiser ses ux de biens en cons�equence. Ce processus constitue le lien
complexe entre les ux production-consommation des tableaux entr�ee-
sortie des �economies et les op�erations de transport porte-�a-porte. Nous
le d�e�nissons comme la \logistique des transporteurs".

Dans les mod�eles classiques de transport de fret, l'o�re detrans-
port est g�en�eralement repr�esent�ee par des r�eseaux d'arcs et de noeuds
caract�eris�es par des temps de trajet, des coûts, et des modes de trans-
port. Il n'est pas facile de prendre en compte la taille d'envoi dans cette
repr�esentation. Une approche micro�economique est propos�ee, a�n de
fournir quelques �eclairages sur cette question.

Dans le cas du transport routier, entre une origine et une destination,
le lien entre la taille d'un envoi et le prix de l'op�eration de transport
correspondante n'est pas simple ; en particulier, il n'est pas lin�eaire.
En e�et, les grilles tarifaires de transport de fret, qui donnent les prix de
transport en fonction de la taille des envois, ne tendent pasvers z�ero pour
les petits envois, et tendent �a s'aplatir pour les tailles d'envoi proches de
la capacit�e des v�ehicules. Notre objectif est de proposer une explication
micro�economique de ces propri�et�es. Plus pr�ecis�ement, on tentera de voir
comment elles r�esultent de la technologie de transport et des coûts des
ressources des transporteurs. On suppose que les transporteurs routiers
sont en concurrence parfaite.

L'avantage du transport routier du point de vue de cette approche
est que la technologie du transport routier est plus simple que celle
des autres modes de transport de marchandise. On suppose qu'une
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op�eration de transport d'un envoi d'une origine �a une destination con-
siste en une op�eration d'enl�evement dans la zone d'origine, avec un
d�eplacement d'acc�es et une op�eration de chargement, puis une op�eration
de traction pour rejoindre la zone de destination depuis la zone d'origine,
en�n une op�eration d'acc�es et de d�echargement dans la zone de desti-
nation. On suppose que ces op�erations sont e�ectu�ees avecdes v�ehicules
de capacit�e limit�ee. Si plusieurs envois sont charg�es dans une même
zone d'origine et transport�es dans une même zone de destination, on
suppose que les coûts d'acc�es, de chargement et de d�echargement sont
sp�eci�ques �a chaque envoi, tandis que le coût de tractionest commun
aux envois transport�es dans un même v�ehicule. Les autrescontraintes
spatiales, telles que le retour �a vide, et l'enchâ�nementde d�eplacement,
sont laiss�ees de côt�e. Les tailles des envois sont endog�enes.

Une di�cult�e majeure se pose quand, �a partir de la description de
la technologie ci-dessus, on essaie d'�ecrire la fonction de coût. En e�et,
celle-ci d�epend du taux de chargement, c'est-�a-dire de lafraction de la
capacit�e des v�ehicules occup�ee par de la marchandise. Les chargeurs
optimisent ce taux de chargement, a�n de r�eduire leurs coûts. Or ce
processus de minimisation, connu en recherche op�erationnelle comme le
probl�eme de bin-packing, est NP-di�cile. Pour surmonter cette di�cult�e,
nous posons une hypoth�ese simpliste: les envois ne peuventprendre des
tailles que de 1, 2 ou 3 unit�es, avec une capacit�e des v�ehicules de 3. Il
est alors possible d'obtenir une fonction de coût explicite, donc des coûts
marginaux et des prix de march�e.

Malgr�e cette simpli�cation, cette approche permet d'expliquer les pro-
pri�et�es qualitatives des grilles tarifaires de transport de fret. En parti-
culier, le rôle de la contrainte de capacit�e est mis en lumi�ere. Ce rôle
est assez complexe. Il semble que certains envois de grande taille mais
ne remplissant pas les v�ehicules sont compliqu�es pour lestransporteurs
qui doivent trouver de petits envois pour compl�eter les v�ehicules, ou bien
faire rouler ceux-ci partiellement vides. En cons�equence, en fonction de
l'abondance relative des petits envois, les transporteurspeuvent faire
payer, pour les envois de grande taille, un prix proche du prix demand�e
pour les camions complets. De fait, cela dissuade les chargeurs d'utiliser
ces tailles d'envoi, ils se reportent soit vers des envois plus petits, soit
vers des camions complets. Ceci explique notamment pourquoi autant
d'envois ont exactement la taille des v�ehicules.

La qualit�e de l'information que les di��erents agents ont les uns sur
les autres joue un rôle fondamental dans cette approche. Unepropri�et�e
forte du syst�eme de transport de fret est qu'il est assez di�cile pour
les chargeurs d'obtenir de l'information sur les coûts, etil est �egalement
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di�cile pour les transporteurs de pr�evoir la demande. Or, moins les
transporteurs ont d'information sur les envois qu'ils devront transporter,
moins il leur est facile d'en organiser le transport, et en particulier, le
cas �ech�eant, la massi�cation. Pour repr�esenter ce ph�enom�ene on sup-
pose dans notre approche que les transporteurs font face �a une demande
stochastique, caract�eris�ee par une certaine variabilit�e. On observe e�ec-
tivement que plus la variabilit�e de la demande est grande, plus le taux
moyen de chargement des transporteurs est bas. Incidemment, cela con-
stitue une explication satisfaisante de l'existence simultan�ee de march�es
spots et de contrats de long terme sur le march�e de transportde fret. En
e�et, un chargeur capable de garantir des ux r�eguliers �a un transporteur
peut, en �echange, n�egocier des tarifs int�eressants, cardes ux pr�evisibles
impliquent des coûts moindres pour les transporteurs ; ce n'est pas le cas
d'un chargeur qui n'a pas lui-même les moyens de pr�evoir sademande de
transport.

Il faut �egalement noter que cette appproche apporte un nouvel �el�e-
ment �a un probl�eme d�ej�a ancien d'�economie des transports, celui de la
structure de march�e du transport routier de marchandises.Sur cette
question, deux points de vue s'opposent. Le premier consiste �a dire que
le transport routier de marchandises n'est pas parfaitement concurren-
tiel, car la concurrence parfaite implique la tari�cation au coût marginal,
avec laquelle la variabilit�e des prix observ�es sur les di��erents march�es de
transport de fret est manifestement incompatible. A ceci, le second point
de vue r�epond que la technologie de transport routier est plus complexe
qu'il n'y parâ�t, et que c'est ce que les prix re�etent. Leur variabilit�e ne
permet donc pas de pr�esumer de la pr�esence d'�economies d'�echelle. Dans
notre approche, la prise en compte des tailles d'envoi et la description
d�etaill�ee de la technologie de transport routier permet de montrer que de
la tari�cation au coût marginal r�esultent bien des grilles tarifaires com-
plexe. En ce sens elle tend �a con�rmer le second point de vue.

Pour prendre en compte la taille des envois dans la mod�elisation du
transport de fret, il faut �egalement d�ecrire la mani�ere dont les chargeurs la
d�eterminent. Certains mod�eles �econom�etriques de choix de type d'envoi
existent, mais ils manquent de fondations micro�economiques.

Selon la th�eorie de l'inventaire, le choix de type d'envoi r�esulte d'un
compromis micro�economique entre les coûts de transport,les coûts d'in-
ventaire (par exemple : la d�epr�eciation, le coût d'opportunit�e du capital,
etc.), et d'autres coûts logistiques (tels que l'instarisfaction des clients
vis-�a-vis de la disponibilit�e des produits), dus notamment �a la variabilit�e
de la demande. De mani�ere �a mieux comprendre les d�ecisions prises par
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les chargeurs, les mod�eles d'inventaire sont �etudi�es.
Le mod�ele d'inventaire le plus classique, âg�e de presqueun si�ecle, est

le mod�ele Economic Order Quantity. Selon ce mod�ele, la taille d'envoi
choise par le chargeur r�esulte d'un compromis entre les co^uts de trans-
port et les coûts d'inventaire. Plus pr�ecis�ement, pour un ux r�egulier
de marchandises entre une origine et une destination, pour un coût de
transport �xe par envoi, et pour une valeur du temps par tonnede la
marchandise, le mod�ele EOQ propose une taille d'envoi optimale, qui
augmente avec le d�ebit du ux et qui d�ecrô�t avec la valeurdu temps.
Ce mod�ele donne �egalement un coût total, qui crô�t moinsque propor-
tionnellement avec le d�ebit du ux de marchandises.

Cependant, la validit�e empirique de ce mod�ele sur une grande popu-
lation de chargeurs h�et�erog�enes n'a pas �et�e test�ee jusqu'�a pr�esent. Ceci
s'explique par la di�cult�e d'obtention des donn�ees requises pour l'esti-
mation d'un tel mod�ele. Pour ce faire, il faut une base de donn�ees
d�ecrivant non seulement des envois par leurs tailles, et valeurs du temps,
et la mani�ere dont ils ont �et�e transport�es, mais aussi une description
de la relation exp�editeur-destinataire, notamment du d�ebit du ux de
marchandises. Les bases de donn�ees d'envois sont rares, et, �a notre con-
naissance, la seule base contenant des variables proches decelles requises
pour l'estimation du mod�ele EOQ est la base fran�caise ECHO.Cette
base d�ecrit 10000 envois avec beaucoup de d�etails. En particulier, la
valeur des envois, et le ux total de marchandises (tous types confondus)
�echang�es entre l'exp�editeur et le destinataire sont mesur�es ; ils constituent
des proxys acceptables des variables n�ecessaires. L'estimation du mod�ele
EOQ montre qu'il est assez performant, ce qui conforme la validit�e em-
pirique de ce mod�ele pour d�ecrire une population de chargeurs.

Un autre mod�ele classique de la th�eorie d'inventaire est lemod�ele du
vendeur de journaux. Ce mod�ele concerne un ux de biens produits �a
un endroit donn�e puis transport�es �a un autre endroit o�u i ls sont vendus.
La demande �a destination est stochastique, et il y a un tempsde trans-
port positif entre l'origine et la destination, ce pourquoile chargeur doit
anticiper la demande. S'il l'a surestim�ee, il lui reste unecertaine quan-
tit�e d'invendus. Ils pourront être vendus plus tard, maiscela engendre
un coût d'inventaire. Par contre, si la demande a �et�e sous-estim�ee, cer-
tains clients devront attendre avant d'être servis. Il existe une politique
de production optimale, s'adaptant �a la demande. Cette politique est
con�cue de mani�ere �a ce que le niveau moyen de l'inventaire�a destination
soit un compromis entre les coûts d'inventaire et les coûts d'attente des
clients.

Ce mod�ele permet �egalement de calculer le coût total logistique opti-
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mum, incluant les coûts des clients. Ce coût total d�epend, entre autres
param�etres, du temps de transport et de la variabilit�e de la demande.
La d�eriv�ee de ce coût total par rapport au temps de transport donne
la valeur du temps du chargeur. Cette valeur du temps est plus�elev�ee
quand la demande est plus variable, car dans ce cas, une r�eduction du
temps de transport a des avantages plus grands en r�eductiondes coûts
d'inventaire et des coûts support�es par les clients. En d'autres termes,
un mode de transport plus rapide permet �a un chargeur d'am�eliorer la
exibilit�e de sa châ�ne d'approvisionnement. En tant quetel, ce mod�ele
donne donc une interpr�etation micro�economique du concept de r�eactivit�e
de la châ�ne d'approvisionnement, et permet, dans une certaine mesure,
de faire un premier lien entre logistique et transport de fret, dans un cadre
micro�economique. De plus, ce mod�ele peut être am�elior�e pour �etudier la
valeur de la r�egularit�e des temps de transport.

Ce mod�ele peut �egalement être �etendu pour tenter d'expliquer pour-
quoi un chargeur peut, dans certains cas, utiliser deux modes de transport
en parall�ele pour un ux de marchandises donn�e. Ce ph�enom�ene, observ�e
dans certains cas, est inexplicable par les mod�eles d�esagr�eg�es classiques de
choix modal. Un certain nombre de mod�eles de recherche op�erationnelle
repr�esentent l'usage simultan�e de deux modes de transport. Cependant,
si ce type de mod�eles propose g�en�eralement une marche �a suivre optimale,
il est di�cile d'en tirer des indicateurs agr�eg�es n�ecessaires �a l'analyse
micro�economique, tels que les coûts moyens, ou la demandemoyenne
pour chaque mode de transport. Un mod�ele a donc �et�e d�evelopp�e pour
repr�esenter l'usage de deux modes en parall�ele, un rapideet on�ereux,
l'autre plus lent et moins cher. Ce mod�ele repose sur une heuristique
tr�es simple, certainement pas optimale, mais, dans certains cas, plus
e�cace que l'utilisation du meilleur des deux modes seul. Dans ces cas,
le chargeur pro�te �a la fois, dans une certaine mesure, du faible coût du
mode lent, et de la exibilit�e qu'o�re le mode rapide. Cette approche
tend toutefois �a con�rmer le fait observ�e que peu d'entreprises utilisent
deux modes en parall�ele pour un ux de marchandises donn�e.

Dans l'ensemble, la th�eorie d'inventaire permet la mod�elisation mi-
cro�economique des pr�ef�erences des chargeurs en ce qui concernt le trans-
port de fret, en lien avec leurs imp�eratifs logistiques. Cela cr�ee un
lien explicite entre le fonctionnement du syst�eme de transport de fret
et les pr�ef�erences des consommateurs �naux. Il faut cependant noter
que les mod�eles d'inventaire issus de la recherche op�erationnelle sont
g�en�eralement di�ciles �a exploiter dans le cadre d'une analyse micro-
�economique.
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Tenter de repr�esenter le choix de la taille d'nevoi dans la od�elisation
du transport de fret s'av�ere être une approche fertile. Elle permet une
analyse plus d�etaill�ee du march�e du transport de fret, ainsi que du com-
portement des chargeurs et des transporteurs.

Cette approche permet des avanc�ees th�eoriques sur la structure du
march�e du transport de fret, que ce soit pour les transporteurs, dans
la mesure o�u elle permet une analyse plus d�etaill�ee de leurs technolo-
gies, et donc de leurs coûts, et pour les chargeurs, dont lescontraintes
logistiques peuvent être, dans une certaine mesure, repr�esent�es explicite-
ment. Elle constitue notamment un premier pas vers la mod�elisation
micro�economique de la logistique.

Cependant, avant que la taille d'envoi soit explicitement pr�esente
dans les mod�eles spatialis�es de transport de fret, un certain nombre
de probl�emes doivent être r�esolus. Premi�erement, il n'est pas possible
de repr�esenter les envois sans repr�esenter les processusde massi�cation.
Or ces processus de massi�cation ne peuvent pas être repr�esent�es en
d�etail, cela exigerait beaucoup trop de donn�ees et de temps de calcul.
Il faut donc trouver le moyen de les repr�esenter de mani�erer�esum�ee,
peut-être par le biais d'une approche statistique du lien entre coûts des
ressources des transporteurs et prix de march�e du transport en fonction
de la taille d'envoi. Ceci implique �egalement de mod�eliser le lien entre
les op�erations de transport d'envois porte-�a-porte et les mouvements ef-
fectivement r�ealis�es par les v�ehicules. Deuxi�emement, il faut mod�eliser le
comportement des chargeurs. De ce point de vue, le mod�ele EOQ semble
constituer un bon candidat dans un premier temps. Mais la port�ee du
mod�ele EOQ est limit�ee. De nombreuses d�ecisions de nature logistique lui
�echappent totalement, telles que la localisation et le nombre d'entrepôts.
Introduire ce type de d�ecisions dans un mod�ele spatialis�e de transport de
fret est certainement une tâche ardue.



Introduction

This work is focused on the freight transport system. It is aimed at
understanding the behaviour of both carriers and shippers,and their
relationships. Particular attention is paid to how the logistics of shippers
determine their demand for freight transport. Qualitativeanalysis is a
major component of this work; its role is to identify facts and regularities
which characterise the freight transport system.

The purpose of this work is also to improve freight transportmo-
delling. Freight transport modeling requires that the freight transport
system be described in a concise, mathematical way, which is, as much as
possible, microeconomically consistent. Under these conditions, freight
transport models can be useful as decision support tools1. Therefore, we
aim at developing microeconomic models which capture the regularities
of the freight transport system, including the linkage between logistic
and freight transport demand, at the center of which is the joint decision
of shipment size and transport mode.

Hopefully, these microeconomic models will constitute possible ways
to improve freight transport modelling, in particular if they can be in-
cluded in spatialised simulation models, which currently only account for
the logistic dimension of freight transport demand.

0.0.0.1 The situation of spatialised freight transport mod els

Freight transport is not a recent problematic of transport economics and
policy. Some questions, in particular pertaining to technical regulation
and market structure, but not only, have been discussed for decades, and
have motivated many academic works; but few of these works actually
required to take into account explicitly the topographic conformation
of freight transport networks. The current need for spatialised freight
transport demand models is mainly motivated by environmental, eco-
nomic and social issues which, if they are now considered crucial, were

1On the usefulness of transport models, and, more generally,of cost-bene�t ana-
lysis as decision support tools, see Maurice and Crozet (2007).
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pretty much ignored a few decades ago. Example of these problems are
global warming, rarefaction of fossil fuels, discomfort caused by trucks
to car drivers, a renewed interest into alternative transport modes such
as railroad transport (Acad�emie des Technologies, 2009). Assuch, this
need is relatively new, and much more recent than the need forspatialised
passenger transport models.

Quite naturally, the �rst attempts to model spatially the fr eight trans-
port system have been directly inspired from the methodologies which
have been continuously developed and applied over many years to model
passenger transport. Indeed, at �rst sight, the freight transport system
seems to be correctly represented by a four stage representation almost
similar to the passenger transport four stage representation. Household
location corresponds to �rm location, destination choice is correctly re-
placed by supplier or customer choice, mode choice and routechoice
keep relevant. Similarly, the microeconomic theory underlying passenger
transport models, including the representations of the preferences of the
agents and of the transport alternatives, applies more or less smoothly to
freight transport. Finally, data is available to observe freight transport
decisions at each of these stages: in many countries, there are databases
describing production and consumption of commodities by regions, trade
matrices, modal shares, and tra�c.

However, spatialised passenger transport models soon proved to �t
only imperfectly to the freight transport system. Furthermore, while
e�orts were made to try to adapt these models to freight transport, it
appeared always more clearly that applying the four stages representation
to the freight transport system was not that natural. Indeed, it leaves
a number of question unanswered, some of which are briey described
below.

- The de�nition of the origin and destination of commodity trips is
ambiguous.For example, in the case where commodities are han-
dled through a port to be transshipped, the port is clearly neither
an origin nor a destination from the perspective of the shipper (i.e.
the consumer of the transport operation), whereas it can be the
destination of a motor carrier, and the origin for a shipowner. The
same ambiguity appears in urban transport, where the vehicles of-
ten make rounds during which they proceed to many pickups and
deliveries.

- Decision makers are not explicitly identi�ed.In the case of passen-
ger transport, supply and demand are clearly distinguished. Sup-
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ply is represented by the exogenous2 characteristics of transport
alternatives, while demand makes a series of decisions which are
explicitly represented. In the case of freight transport, shippers
buy door-to-door transport operations with given characteristics,
but without necessarily paying the same attention as carriers to
how transport operations are actually realised. The four stages
representation, by aggregating all commodity ows of a given na-
ture on each origin destination pair, as is usually done, ignores this
distinction.

- The microeconomic description of the preferences of agentsis weak.
As a direct consequence of the previous point, the microeconomic
principles underlying the preferences of the shippers and the car-
riers are not clear. In particular, there is no direct linkage be-
tween the preferences of the shippers and their logistical impera-
tives, which are, either way, not de�ned.

- The discrete nature of freight transport operations is absent. Except
for some rare cases, such as pipeline transport, transport operations
are of discrete nature: a commodity ow is not transported ina
continuous, seamless manner, but as a series of shipments, of given
sizes and characteristics, which depend as much on the logistic
imperatives of shippers as on the characteristics of the available
transport options.

This list, not exhaustive, is su�cient to indicate that many crucial
features of the freight transport system are either imperfectly represented
by, or absent from, the four stages representation. This suggests that this
representation may lack one or more important mechanisms constituent
of the freight transport system.

0.0.0.2 Problem statement

One option for improving spatialised freight transport modelling, which
has the advantage to address some of the points listed above,is to enhance
the classic four stages representation by including a decision speci�c to
freight transport: the choice of shipment size. The purposeof this work
is thus to investigate the di�culties and potential bene�ts of represent-
ing explicitly the choice of shipment size in spatialised freight transport
models. This wide �eld will not be fully addressed; this work is rather
focused on some of the questions it raises. These questions are detailed
below.

2Except for the case where congestion phenomena are taken into account.
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Selected issues The choice of shipment size by a given �rm optimising
its logistics is a long known problem of inventory theory. Ithas also
drawn some interest from the perspective of freight transport modelling,
so that shipment databases and microeconomic optimal shipment size
models have been available for quite some time. Nevertheless, there are
currently no fully-edged operational spatialised freight transport models
in which shipment sizes are explicitly represented. This can be explained
by the many issues raised by the introduction of a new decision stage in
a model on a microeconomic basis. Some of them are hereby listed:

- A systemic representation of the place and role of the shipment size
decision. Before aiming at a formal model of the choice of shipment
size, one should determine the role of the shipment size decision in
the freight transport system, how it results from the preferences
and constraints of the freight transport supply and demand,and
how it interacts with other decisions, such as mode and itinerary
choice, but not only. Without such a representation, designing a
model is di�cult, except maybe in the case of a purely statistical
approach.

- A widely valid optimal shipment size model.Many models of opti-
mal shipment size have been developed in the inventory theory.
They are generally based on relatively limiting hypotheses, adapted
to some �rms but not to others, so that their relevancy for a
large population of heterogeneous �rms is questioned, and should
be econometrically assessed. Subsequently, relevant databases are
necessary.

- A reasonable complexity. It is obviously impossible to design a
numerical model where all the shipments sent and carried areex-
plicitly represented on an accurate, individual basis. In particular,
representing the consolidation process, by which carriersoptimise
the use of their eets, is out of reach of a spatialised freight trans-
port model, because of both the computing and data requirements.
Strategies must be designed to keep the description of the freight
transport system concise.

This list is certainly far from complete, and merely illustrates the
complexity of designing a spatialised model of freight transport.

Selected perspectives However, this approach is also endowed with
opportunities. Some of them, of theoretical nature, are presented below:
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- Logistic-based modelling of shipper preferencesThe inventory the-
ory contains many models of optimal shipment size, mainly built
using operations research tools. Some of these models, which are
simple enough (for example when the cost or input demands at the
optimum are given by a closed formula), can be used as a basis
for a microeconomic analysis. This has been done in some cases,
notably to derive microeconomic mode choice models based onan
explicit representation of the logistic constraints of shippers. Some
of these models insist on the role of the structure of freightrates,
others on the inuence of the variability of the demand, etc.The
explicit representation of shipments is a fruitful way to investigate
the microeconomics of freight transport demand, and to linkit to
logistic issues.

- Simultaneous use of two modes for a given commodity owIn the
classic four stages representation, as well as in most models of joint
choice of shipment size and transport mode, all shippers theoret-
ically use only one transport mode, the optimal one, for a given
commodity ow. However, some shippers have been observed to
use two transport modes simultaneously for a single commodity
ow. Some inventory models describe such logistic protocols. These
models can be adapted to design microeconomic models for thesi-
multaneous use of two modes, thus providing a deeper insightinto
the drivers of the demand for freight transport.

These issues and opportunities are studied in the sequel of this work,
thus providing insights on the freight transport system, and on how the
shipment size variable can be included in spatialised freight transport
models. The objective is to provide relatively simple models which cap-
ture their speci�cities and help to understand their regularities. Hope-
fully, this work also yields some partial answers concerning how should
be designed a spatialised freight transport demand model encompassing
an explicit representation of the shipment size.

0.0.0.3 Methodology

The questions which have just been raised can be addressed from various
standpoints. In this study, four approaches are used.

As expected, the �rst one is the bibliographic review; extensive re-
views, mainly of academic works, but not only, constitute the �rst stage
of this study. Second, this work is based on systemic analysis, which
yields the qualitative description of the freight transport system which



42 Introduction

is indispensable to further formal analysis. Third, statistics, understood
both as data collection and econometric analysis, are called on both to
suggest a better observation of the freight transport system and to discuss
the empirical validity of some theoretical models. Fourth,given that nu-
merical models are exclusively based on mathematical formulations, some
qualitative properties of the freight transport system arerepresented in
mathematical models, based on common microeconomic principles.

0.0.0.4 Outline

This study consists of seven chapters. These chapters are grouped into
three parts, which present respectively bibliographic reviews, systemic
and metrologic analyses, and microeconomic models.

Part 1: Framework and bibliography This study begins with a
wide review of the state of the art of spatialised freight transport mo-
delling, as well as from an analysis of the role of logistics in the freight
transport system.

Chapter 1, Advances in freight transport demand modelling: a micro-
economic perspective, reviews the recent advances in spatialised freight
transport modelling. This is not a review of the models currently in use,
but rather of the recent modelling methodological advanceswhich are
speci�c to freight transport. Some of these advances consist in enhanc-
ing the four stages representation, in order to represent a feature of the
freight transport system which is absent from classic models. Others are
fundamentally new approaches, based on dedicated model architectures
(this is the case, in particular, of a urban freight transport model). This
review identi�es the state of the art of spatialised freighttransport model-
ling, and also indicates quite clearly that the four stages representation
is imperfectly adapted to the freight transport system.

Chapter 2, Logistic problematics: an analysis of the determinants of
freight transportation demand, is aimed at investigating the role of logis-
tics in the demand for freight transport. To do so, a large range of
academic studies pertaining to logistic problems have beenexamined.
This is notably the occasion to discuss the de�nition of logistics, and to
examine which kind of logistic problems are addressed in theacademic
literature. The approaches reviewed are very heterogeneous. They have
been classi�ed according to their perimeters (a single �rm,a set of ver-
tically linked �rms, a market, a territory); speci�c attent ion has been
brought to microeconomic models of choice of shipment size.This re-
view notably shows that it is di�cult to tell whether any of th ese works
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can be used in large scale models; their validity for large, heterogeneous
populations of �rms is not con�rmed.

Part 2: Systemic analysis and metrology The second part ad-
dresses directly the limitations of the four stages representation of the
freight transport system, by proposing a novel systemic representation of
the freight transport system. Some metrologic and econometric results
are also presented.

Chapter 3, A systemic representation of the freight transportation sys-
tem discusses precisely the limitations of the four stages representation
of the freight transport system. Once these limitations areidenti�ed, a
new systemic representation describing the agents impliedin the freight
transport system, their options, preferences, and interactions, is presen-
ted. This systemic analysis insists on the pivotal place of shipments in
the freight transport system, both from the supply and the demand per-
spectives. It also clari�es the logistic objectives of shippers on one hand,
and the technical constraints of carriers on the other hand.This systemic
representation consists of superimposed layers standing for the hierarchy
of freight transport decisions, and, as such, should hopefully constitute
an appropriate basis for freight transport modelling.

Chapter 4, Measuring the motor carriers activity: improvement of
a road-side survey protocol, is focused on improving the observation and
knowledge of the road freight transport technology. This chapter presents
some propositions on how a classic french road-side survey protocol, usu-
ally employed to observe the origin and destination of vehicles taking
a given road, can be improved to yield a more accurate knowledge of
road freight transport. New questions have been added to the classic
questionnaire; the enhanced questionnaire has then been tested in the
frame of two surveys. These new questions concern currentlyunobserved
variables such as the volume occupied in vehicles, or the organisations
(double crew, relays) used by motor carriers, the existenceof speci�c
logistic imperatives, or the breaks drivers must take.

Chapter 5, A note on the econometric validity of the EOQ model,
presents succinctly how the French shipment database ECHO can be
used to assess econometrically microeconomic models of choice of ship-
ment size based on inventory theory. A useful particularityof the ECHO
database is that it contains variables which are seldom observed, yet cru-
cial for the estimation of even the simplest inventory basedmodels of
choice of shipment size. This database is thus used to estimate the sim-
ple Economic Order Quantity model, well known in the literature and
presented in Chapter2. An extended speci�cation is also estimated, to
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measure the inuence of variables which are external to the basic model.

Part 3: Microeconomic analysis Taking into account the shipment
size o�ers new possibilities to design microeconomic models of shippers
and carriers. This part investigates some of these possibilities.

Chapter 6, On shipment size and freight rates: technical constraints
and equilibrium price schedules, addresses the issue of freight rates. In-
deed, taking into account shipment size immediately raisesthe question
of how freight rates depend on this variable. The linkage between ship-
ment size and freight rates is not trivial. In particular, are distinguished
the inuences of distance-dependent costs (such as fuel anddrivers), of
distance-independent costs (such as loading, unloading, or transshipment
costs), and of the capacity constraint of vehicles. These inuences are
analysed in the frame of a most simpli�ed partial equilibrium model,
where shippers decide the sizes of the shipment they send, and carri-
ers their rates. The model demonstrates the possibility to model jointly
the logistic decisions of shippers and of carriers, and the way the vehi-
cle capacity constraint inuences shippers through equilibrium prices. It
provides new insights on the structure of costs in the road freight trans-
port market. It also reveals the complexity of representingeverything
explicitly; some simpli�cations that could be used in a large-scale model
are suggested.

Chapter 7, Logistic imperatives and modal choice, adapts a classi-
cal model of the inventory theory with two objectives. First, a logistic
interpretation of the preference of shippers for shorter travel times is
provided. Indeed, a positive travel time means shippers must anticipate
the demands of their own customers before knowing their exact amount.
The longer the travel time, the more di�cult it is for them do t o so pre-
cisely. This lack of precision implies a series of issues, inother words,
costs. The concept of supply chain's reactivity is thus represented for-
mally, and explicitly related to shippers' preferences forfaster freight
transport. Second, this model is adapted to explain microeconomically
why a given shipper would use two transport modes simultaneously on
a given supply chain, something which is inconsistent with classic mode
choice models. To keep the results analytically tractable,some rather
strong hypotheses are made. However, it is possible to show that two
modes can be used together by a shipper when the reactivity allowed by
a fast transport mode and the transport cost savings allowedby a slow
transport mode are complementary.
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Framework and bibliography





Chapter 1

Advances in freight transport
demand modelling: a
microeconomic perspective

1.1 Introduction

1.1.1 Background and objectives

From a political point of view, freight transport is a complicated sector
of the economy to tackle with. It is indeed closely interdependent with
both the whole industry, which requires goods to be taken from places
to others under a set of tight constraints, and people's everyday life,
their need for transport capacity, and their reluctance to bear the neg-
ative impacts of freight tra�c. This sector is also subject to a number
of market distortions and externalities (most notably, scale economies,
congestion and environmental impacts), which implies thatthe market
has little chance to reach a socially optimal situation by itself - meaning
that regulation is in order. Such a regulation is all the moree�cient
as it is backed by a thorough understanding of, �rst, the operation of
the freight transport sector; second, the potential inuence of a range of
regulation policies. Freight transport modelling is aimedto contribute
to that understanding, by providing �rstly a systemic or economic repre-
sentation of the freight transport sector, secondly tools to estimate and
forecast quantitative indicators of its activity.

The methods applied in the �eld of freight transport modelling have
been, up to recent times, largely inspired from those designed for and used
in passenger transport modelling. This is particularly true with respect
to the models architectures and the underlying economic andbehavioural
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hypotheses. Their adaptation to the particularities of freight transport
has thus been deemed necessary, and has been undertaken by several
research teams throughout the world.

A number of papers were published recently to contribute to this
adaptation e�ort. This motivated some review papers: notably that by
Regan and Garrido (2002), who lists a series of approaches and theoreti-
cal models for freight transport and discusses some issues that remain to
be addressed, particularly with respect to shippers' behaviours. Another
state-of-the-art review was undertaken by ME&P and WSP (2002), in a
diagnosis or prospective perspective. Let us also mention some more spe-
ci�c reviews such as those by Ambrosini and Routhier (2004) and Russo
and Comi (2004), which are focused on modelling freight transport in
an urban environment. These reviews provide �rm ground for under-
standing how freight transport may be modelled, and which methods are
used in operational environments.

Although the quoted reviews may seem quite recent to the reader,
innovation in freight transport modelling has kept a fast pace since, which
motivated our own e�ort to provide an up-to-date review. Moreover
we shall take an economic perspective on the modelling advances, and
highlight those which address issues speci�c to freight transport in its
supply or demand component.

The paper proceeds in three steps that address in turn each ofthe fol-
lowing three objectives: �rst, the presentation of some recent, advanced
freight transport demand models; then, the analysis and logical orga-
nisation of these advanced models; lastly, the identi�cation of some �elds
that remain to be investigated.

1.1.2 Scope and structure

Our review is focused mainly on spatialised freight transport models.
We shall consider the model for freight concentration and intermodal
transport designed by Groothedde (2003), the strategic railway simula-
tion model in NEMO and its interaction with the microscopic simulation
model RailSys, the NODUS model, the simulation models designed in
the frame of the European projects EUNET2.0 and SCENES, the urban
freight transport model FRETURB, the ECHO French shipment survey,
and �nally the REDEFINE European project. Each model will be de-
scribed in terms of principles and behavioural assumptionsand of logical
architecture, before we focus on its innovation. We will also compare the
methodological choices to the claimed objectives.

As we also aim to identify the economic issues and speci�callythe
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demand-related issues, we shall assess the modelling developments in an
economic perspective along the following items:

- The representation of demand in terms of volume, behaviourand
agent heterogeneity.

- The representation of supply in terms of networks and layers, trans-
port and logistic features, macroscopic relationships including scale
economies and congestion e�ects.

- Relationships between agents and external impacts.

- Policy assessment.

We shall establish a typology to identify and classify the advances,
distinguishing both the approach and the scope of the modelling. The
typology allows us to suggest potential linkages between the models under
review. Our conclusion is devoted to the identi�cation of some under-
investigated issues.

1.2 A review of advanced models

A number of works were selected from a large set of recent contributions,
on the basis of their innovative characteristics in the �eldof freight trans-
port modelling. Although they vary widely in both scope and approach,
we chose to bring together those works which deal with similar subjects.

1.2.1 Re�ned modelling of service supply in railway
transport

The representation of costs, and particularly of congestion costs (or,
equivalently, of capacity limitations) is often over-simpli�ed. This is
particularly true with respect to the non-road modes, of which the op-
erating processes make it di�cult to model the capacities. We present
here a strategy which has been designed to provide an accurate repre-
sentation of supply costs in railway transport, within a framework which
also considers passenger transport.

The Institute for Building and Operating Railway of the University
of Hannover has developed an architecture combining two railway net-
work models (Kettner and Sewcyk, 2002; Kettner et al., 2003;Sewcyk
et al., 2007). The �rst one, NEMO (Network Evaluation Model), is
a macroscopic, strategic simulation model developed since1999 at the
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IVE (Institute of Transport, Railway Construction and Operation), in
collaboration with the •OBB (Austrian Railways). It is based on a macro-
scopic network containing the access point of passengers and freight, and
the junctions, intersections, and marshalling yards for freight transport.
The demand for passenger transport is described as OD ows per time
slice, on the basis of an average day according to the transport. The
demand for freight transport is described as ows per commodity group.
Both demands are inputs to the model. The transport supply consists,
for the passenger transport, of a set of services, deliveredby trains of
given characteristics operated on given lines and serving given sets of
stations. Passengers are assigned on these services. The freight demand
is handled in a somewhat di�erent way: block trains are operated when
possible, whereas the residual freight is carried in singlewagons, which
follow routes between marshalling yards, according to a given routing
protocol. Optimal empty wagons ows are computed using the DISPO
software, also developed by IVE, to address potential imbalances. Apart
from the block trains, all services are determined i.e. speci�ed as exoge-
nous. The demand, both freight and passengers, is assigned on this set of
services. The volume of trains required on each line is then determined,
so as to meet the demand on the most heavily loaded section between
two neighbouring stations. Thus the number of trains required for each
service is endogenous. Consequently the model yields the network loads
due to freight and passenger transport. NEMO enables its userto anal-
yse such issues, for example in order to evaluate the economic e�ciency
of the infrastructure.

RailSys is a microscopic operational simulation model, developed
since the 1980s by IVE, mainly for the German Federal Railways. In
RailSys, the infrastructure is represented as a highly detailed network,
taking into account physical characteristics (radii, gradients, etc.), the
signalling system (overlaps, release contacts, etc.), andthe operation pro-
cess (prioritisation strategies and railway operation process). A detailed
database is thus necessary for the functioning of RailSys. RailSys then
calculates, with respect to the trains characteristics, the running times
and minimum headways, using a point mass system and the potential
safety running time margins. Using all these data, and a de�ned train
operation, RailSys simulates timetables describing accurately the move-
ments of all trains.

NEMO and RailSys have been interfaced respectively as clientand
server. The �rst reason for integration is that it allows both models
to rely on a unique database, which ensures that they share consistent
data. The second reason is that the outputs of the NEMO model are
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based on extremely accurate data. The model integration proceeds as
follows: �rst, the microscopic network representation of the infrastruc-
ture contained in RailSys is used to automatically generatea macroscopic
network in NEMO (Figure 1.1, taken from Kettner et al., 2003). RailSys
also transfers the timetables, from which NEMO de�nes available ser-
vices and the number of trains for each service. Then, NEMO compares
the demand to the supply. If there are more trains than needed, the
superuous trains are removed. On the contrary, if the demand exceeds
the supply, then NEMO sends RailSys a request to add a train in the
timetable. RailSys then searches for an additional train path. Passenger
trains are processed �rst, then the additional freight trains. It may be
impossible to �nd a path. Finally, capacity limitations may be investi-
gated. We will not get into the detail of this evaluation, which consists
roughly in determining the ratio of time during which the infrastructure
is occupied. A high ratio indicates a potential bottleneck.

The interface built between NEMO and Railway has two main ad-
vantages. First, it allows the use of already existing, accurate data, thus
saving the cost of further data collection, and providing a representation
of the infrastructure based on highly realistic data. The representation
of capacity problems is all the more accurate (although the capacity lim-
itation identi�cation criterion may be discussed). Second, it is very inte-
resting to note that this architecture allows to measure quantitatively, at
a strategic, macroscopic level, the impact of a change in operating modes
(such as the signalisation, speed limits, or priority rules).

Figure 1.1: Automatic NEMO-RailSys integration (Kettner et al. 2003)
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1.2.2 The formation of scale economies

Scale economies are one of the main drivers of the organisation of freight
transport, and, on a larger scale, of companies' logistic choices. They
characterise a production process such that the marginal production cost
decreases when the quantity produced increases. Such a situation is fre-
quent in freight transportation under at least two forms: �rst, decreasing
unit cost with the loaded volume (e.g. due to the �xed capacity of the ve-
hicles, or the presence of �xed assets - logistics platforms, railways, etc.);
second, decreasing unit cost when the frequency is increased (e.g. due to
lower detention costs). Scale economies are of particular importance in
transport networks relying on large organisations, such ashub and spoke
networks, or non-road modes. An additional user of such a transport
network may result in a decrease of the transport cost for allcustomers,
through a headways decrease or a better use of vehicles' capacities, for
example. As a consequence, these economies of scale constitute externa-
lities, and thus have particular implications for regulation. Anyway, their
formation is seldom explicitly represented in freight transport models.

In the model of Groothedde (2003), scale economies are represented
explicitly, on the basis of the frequency and size of shipments, together
with demand grouping by the transport supplier. The model isapplied
to the design of a pro�table, reliable, inland waterway freight trans-
port network, in the highly demanding �eld of palletized fast moving
consumer goods (FCMG). As explained by Groothedde, a number of
companies tried to set up such an organisation for their own use, but
all of them failed. The project Feasibility of Inland Shipping Networks:
"Distrivaart" was aimed at developing an intermodal hub-and-spoke net-
work that would comply with the requirements of FCMG transport.
Groothedde's work showed that owing to the presence of scaleeconomies,
a pro�table network could be designed.

The proposed transport scheme consists in a set of inland waterway
services whose frequency is determined (a service being de�ned by an
itinerary and a set of served ports), provided by dedicated pallet barges
with capacity of about 20 truckloads. These services are organised in
a hub and spoke pattern. Each freight shipper makes the decision to
have its shipment carried on by either the truck only, or the waterway
service, which necessitates speci�c truck movements and transshipment
operations (Figure1.2, taken from Groothedde, 2003). As the transport
time by waterway usually exceeds the order lead-time, demand has to
be anticipated before it is sent by waterway. This is only possible up to
a certain point, and the residual demand has to be accommodated by
direct road transport.
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An extensive market analysis was performed to identify the potential
market. Manufacturers and retailers were identi�ed, yielding a market
of 26.6M pallets a year. The search of the optimal set of services was
tackled as an optimisation problem, consisting in the minimisation of to-
tal costs (including operating costs, detention costs, andhandling costs.)
Note that some costs were not considered, notably the potential costs of
the cooperation between agents pertaining e.g. to the harmonisation of
time-windows between manufacturers. Once de�ned, the problem was
solved using the simulated annealing method, which provided both an
optimal organisation, and a development path, made up of stages of in-
creasing pro�tability. This methodology may be hard to extend to the
scale of macroscopic simulation, due to the data and computational re-
source requirements. Nevertheless, it can be applied to design intermodal
transport services in an operational context: if it is successful to yield
pro�tability on a �nancial account, then its potential for s ocial welfare is
even greater since it also incurs environmental pollution and congestion
savings. To sum up, Groothedde's work exempli�es the scale economies
achieved in the transport costs by the cooperation between agents.

Figure 1.2: The transport possibilities (Groothedde, 2003)

1.2.3 Integrating logistic features in transport chain
and generalised cost

In spatialised freight transport models, the choice of the transport mode
for freight demand is generally modelled as the minimisation of the per
ton generalised cost provided by each mode. This is evaluated by taking
into account the physical attributes of the mode path such ascarriage
time, money cost, need for handling, reliability, etc. In addition the
generalized costs may be cast into the framework of random utility and



54 Advances in freight transport demand modelling

discrete choice models, in which the principle of utility maximization
yields a choice probability for each alternative. The possibility to com-
bine two transport modes or more in parallel is usually disregarded, or
addressed in a generic, implicit way (e.g. using access-egress links, of
which the transport mode is not made explicit).

Owing to model calibration, the method may prove e�cient even
when the drivers of mode choice are not thoroughly understood { which
is certainly the case when logistic features are neglected,or when the
contract terms between the shipper and the transport supplier are spe-
ci�c.

The NODUS model (Beuthe et al., 2002; Jourquin and Beuthe, 2000,
2005), has been designed to cope for the �rst aw, by way of re�ned
representation of the transport operation for each shipment from origin
to destination, including transshipment operations. In NODUS both the
transshipment and transport operations are modelled as transitions from
state to state, a state being characterized by location and type of condi-
tioning. A transition induces a change in location and/or conditioning,
together with a time expense plus a money cost which depend onthe
logistic or transport technique utilized. The transport techniques are
distinguished by infrastructure type and vehicle type e.g.several types
of barges. The network of states and transitions makes up thesupply
network in NODUS (Figure 1.3, taken from Jourquin and Beuthe, 2000);
hence a network path from origin state to destination state models a
transport chain including logistic operations.

Precisely, the transition attributes associated with a network arc in-
duce a generalized cost which accounts for the following items:

- movement costs:implied by physical operations (capital cost, la-
bour, fuel, insurance, maintenance, tari�s), be it on boardor during
a loading, unloading, or transshipment operation,

- inventory costs: implied by the detention of goods (opportunity
cost, potential depreciation cost) and the storage costs,

- residual costs:(e.g. general administrative costs).

These costs should depend on the shipper and shipment type and
size. This is approximated by distinguishing commodity groups. Costs
are evaluated on the basis of a unit cost per ton, which implies that the
shipment size is not taken into account. Costs pertaining toinforma-
tion availability, reliability or freight safety are not made explicit. The
network paths from an origin to a destination thus representalternative
transport chains that may make use of all available modes, eventually
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in sequential combinations i.e. intermodality. Each commodity ow is
faced with a set of transport chains, and it is assigned to thechain with
minimal generalized cost. Congestion e�ects can also be modelled at the
arc level.

To sum up, the NODUS approach enables one to represent explicitly
the various components within the generalised cost of carrying a shipment
through a logistic and transport chain. In connection to thesearch for
scale economies, the approach is suitable to predict the demand choices
between barges of di�erent capacities.

Figure 1.3: Formation of the supply network in NODUS (Jourquinand
Beuthe, 2000)

1.2.4 Modelling the spatial and technical structure
of the industry

The demand for freight transport arises from the fact that the demand
and supply of commodities are spatialised and temporalised, i.e. goods
are not produced at the times and places they are needed. A description
of the commodity demand and supply therefore provides a strong basis for
the generation of freight transport demand, especially itslinkage to the
rest of the economy, which can be particularly relevant in a forecasting
objective.

The class of Spatialised Input-Output (SIO) models, as reviewed by
Marzano and Papola (2004), is purported to capture the spatial and eco-
nomic relationships between the local demand and supply of commodi-
ties. They constitute a generalisation of the Input-Output(IO) class of
models, initially designed by Leontief (1936). Leontief'soriginal idea is to
represent, for each sector, the inputs necessary to producea given amount
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of output. This linkage between inputs and outputs constitutes a set of
technical relationships, which make up the sector production structure.
Under their simplest form, the technical relationships are modelled as
linear combinations, the coe�cients of which are known as the technical
coe�cients.

In an SIO model, the spatial structure is also addressed by distin-
guishing among regions of production - hence of intermediary consump-
tion. This requires to model:

- the structure of production: by industry sector and region, namely
under the shape of an IO matrix, region by region, and the sizeof
each sector in each region,

- the trade between regions:for each type of input i.e. each commod-
ity group. This trade gives rise to the freight ows between regions.
It may be modelled by trade coe�cients which indicate how thede-
mand of a given region in a given input is ful�lled by other regions.
In turn the trade coe�cients may be modelled on the basis of ei-
ther economic principles such as utility maximization (taking into
account both the input price in the region of production and the
cost to transport the input from the region of production to the re-
gion of consumption), or of statistical principles such as inference
by entropy maximization.

The last issue in an SIO model pertains to the �nal consumption by
region and sector. This makes a speci�c model input which, together
with the industry intermediary consumption, sets the need for and level
of economic production and thus of freight transport activity.

An SIO model enables one to assess �rst the impact on freight trans-
port demand of a change in the �nal demand of a given good, and second
the impact on the economy of a change in transport costs. The two main
limitations to the SIO class of models pertain to, �rst, their large data
requirement; second, that they cannot address issues such as the �rms'
behaviours, or the migration behaviour of the workers that provide the
labour force, among others.

The class of Spatial Computable General Equilibrium (SCGE)models
is aimed at the spatial and economic relationships between the local
demand and supply of commodities, as in SIO models, and also at the
labour market (with the subsequent demand for passenger transport)
and above all the �rms' behaviour in the production of commodities, in
relation to the goods' regional prices and the market structure in each
sector. A wide range of speci�cations are available, see e.g. Harker (1986)
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for a set of available assumptions about the nature of competition in
each region. Harker describes how one can represent either a monopoly
or a Cournot-type oligopoly competition in each region, andwhether
monopolistic �rms control the transport industry or not.

The speci�cation of an SCGE model covers a wide range of issues. As
illustration, let us consider an SCGE model for the Netherlands called
Regional Applied general Equilibrium Model (RAEM 3.0), from Thissen
(2003) and Ivanova (2007). By region the following issues are modelled:

- Products: sectors and varieties are considered, each sector provid-
ing a given number of varieties.

- Production: it is described as a two-tier production function. The
upper tier is a Cobb-Douglas function setting the trade-o� between
labour and sector intermediate inputs. The intermediate inputs
nest is modelled along a Dixit-Stiglitz monopolistic competition
framework (see e.g. Fujita et al., 1999). There is no lower tier for
labour, which is considered a uniform input.

- Consumption: total income in each region is fully spent on consum-
ption. The utility function is two-tier. The upper tier, whi ch yields
the consumptions of each sector, is speci�ed as a Stone-Geary util-
ity function. The lower tier, which concerns the consumption of
each variety in a given sector, is speci�ed as in the Dixit-Stiglitz
model.

- Prices: the price of a variety in a given region is equal to the price
of this variety in the region where it is produced plus transport
costs if that region is di�erent.

- Labour: the labour market is represented on the basis of a search
model, which yields wages, employment rates and the commuting
matrix, thus providing a major driver of passenger transport de-
mand.

- Transport: is modelled under the assumption of perfect competi-
tion.

- Government: the government raises income taxes so as to achieve
social transfers. It consumes a number of commodities, under a
budget constraint.

- International trade: it is modelled on the basis of an Armington
assumption, i.e. that the goods produced for domestic consumption
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or for exportation have di�erent speci�cations; the converse applies
to importations. Switching between the speci�cations is possible
but not totally exible.

- Migration: based on the di�erentials in the regional utilities of
living, people may migrate in order to improve their situation.

This shows the complexity of SCGE models. They are purported
to capture a wide range of phenomena, on the basis of a wide range
of microeconomic, behavioural models. Some technical assumptions are
required to ensure the existence and uniqueness of equilibrium, which
limit the model outreach. An SCGE model represents explicitly the
linkage between freight transport demand and the rest of theeconomy
| at the expense of a large data requirement and heavy speci�cation
work.

1.2.5 Identifying the logistic stages within the trade
relationship

A model of production and consumption may be coupled with a model
like NODUS so as to integrate accurate generalised transport costs within
the trade relationships between regions. However such a treatment would
miss other important logistic issues, such as for example the number,
location and function of warehouses or cross-docking platforms. Indeed
a warehouse, through the storage of one or several commodities, is pur-
ported to facilitate the matching of disaggregate demands and supplies
over time and space.

The identi�cation of logistic facilities, such as warehouses and break-
bulk platforms along logistic chains from production to consumption re-
gion necessitates a speci�c model. Let us now introduce two methods
designed to tackle this issue.

The �rst approach has been designed in the frame of the SCENES
European project1 (ME&P, 2002). This project had a number of objec-
tives, among which building a European spatialized transport model, by
improving the STREAMS model (ME&P, 2000). The SCENES model in-
cludes an SIO freight transport demand model, which yields Production-
Consumption (PC) matrices by commodity group. The PC to OD issue is

1At the origin of this project is a pioneering initiative, cal led SMILE (Strategic
Model for Integrated Logistic Evaluations), by the Transport Research Centre of the
Ministry of Transport and the research organisations NEI (Netherlands Economic
Institute) and TNO Inro. See e.g. Tavasszy et al. (1998).
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addressed by a speci�c logistical module called SLAM (Spatial Logistics
Appended Module), which works in three steps as follows:

1. For each PC pair a small set of candidate regions for a logistic
operation in a distribution centre is selected. The selection is ba-
sed on three factors of, respectively, economic activity, centrality
(meaning the presence of the region in the chains for servingthe
PC pair), and accessibility to the various infrastructuresnetworks.

2. A number of candidate logistic chains are generated, whereby the
commodity travels through zero, one or two of the previouslyse-
lected distribution centres. The generalised cost of each kind of
chain is evaluated on the basis of transport costs (the arc cost be-
ing a weighted average of the costs of the various modes), inventory
costs (uncertainty of the demand, safety), and logistic costs (deten-
tion, handling).

3. The PC volume is assigned to the candidate chains according to a
nested logit model, where the logistic chain type is determined at
the upper tier, then its geographic location at the lower tier. The
model yields OD matrices between zones of production, consump-
tion or logistic stage. These include the usage of logistic facilities
by freight ows, and the amount of usage at a given place is related
to the amount of logistic facilities supplied there.

The second approach, chosen for the EUNET2.0 model (Jin and
Williams, 2005), is also based on an SIO model of production and trade,
in association to a model of logistic chains. However the two features
are embedded in a single, extended SIO framework, wherein signi�cant
logistic stages are addressed as additional industry sectors.

In the EUNET model, by commodity group a set of candidate logis-
tic chains is de�ned (Figure 1.4, taken from Jin and Williams, 2005).
Each chain consists in a series of transitions called logistic legs such
as factory towards depot, or distribution centre towards local wholesale.
Commodities are therefore also distinguished by the logistic leg they com-
ply with, consequently making up what we could call virtual commodity
groups. The trade between regions is assumed to derive from autility
maximisation behaviour, taking into account the generalised transport
cost and the scale factors that characterize the regions' industrial and
logistic structure. As a consequence, the regional productions, consump-
tions, interregional exchanges and logistic chains are simultaneously cal-
culated. Some logistic speci�c variables which could be observed, like the
handling factor (i.e. the number of time the freight is touched between
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the production and the consumption places), are used for model calibra-
tion. In EUNET the PC matrix integrates the logistic stages, which need
not be modelled in an companion logistic module such as SLAM.

Both the SCENES and EUNET approaches take into account the
logistic organisation as a determinant of the demand for freight trans-
port. Their application requires a reasonable amount of data, disregard-
ing the details of the logistic choices made by the various companies. A
common, major advantage is to address mode choice in the context of
the choice of an integrated transport and logistic chain. However, some
economic hypotheses in the Input-Output models are questionable (parti-
cularly the linearity of the interdependence between sectors, and the non-
substitutability of production factors - a limitation which is relaxed in
SCGE models). Furthermore the logistic choices are not modelled in
a micro-economic, behavioural way, which puts at risk any forecasting
application.

Figure 1.4: An example of logistic chain in EUNET (Jin and Williams,
2005)

1.2.6 Modelling the carrier behaviour

Urban freight transport is a particular problem for modelling since it
features speci�c shipment endpoints, small distances, small commercial
speeds, small shipment sizes and the need to organize e�cient rounds. It
is therefore di�cult to address urban freight transport using the classical
four-stage architecture of transport demand models.

The FRETURB model (Routhier et al., 2002; Ambrosini et al., 2004)
developed in the frame of the French research program TMV2 is aimed

2Transport de Marchandises en Ville, i.e. Urban Freight Transport.
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at analysing freight ows in an urban area on the basis of limited data
requirement; a related objective is to assist local authorities in their
transport policies.

Within the TMV program, three large surveys were conducted in
the French cities of Bordeaux, Dijon and Marseille: strong statistical
regularities were identi�ed concerning, �rst, the organization of truck
rounds in terms of stop number and duration, and of average distance
between two stops (Figure1.5, taken from Routhier et al., 2002) etc.;
second, the infrastructure impact of urban freight transport in terms
of parking type and duration, of road tra�c due to trucks etc. These
regularities were embedded in FRETURB to model the movementsof
commercial vehicles on a given urban area on the basis of a setof socio-
economic variables.

Two aspects of the architecture of FRETURB are particularly inte-
resting. First, as a spatialised model it is focused on a set of zones that
represent the studied area, rather than a network of nodes and arcs.
As a consequence the model does not yield indicators by nodes and arcs,
but indicators aggregated by zone: total distance covered (in vehicle.km),
road occupancy (in vehicle.hours distinguished by the typeof occupancy:
moving, parking, illegal parking, etc.) Second, FRETURB hasa speci�c
architecture which combines the following modules:

- Movements' generation: in each zone, the number of movements
(delivery and pick up operations) is estimated from the number and
characteristics of the economic activities within the zonedescribed
by the type of activity, the type of settlement (o�ces, warehouse,
etc.), the number of employees, etc.

- Distance covered by commercial vehicles:knowing the number of
movements, the way rounds are organised, and a number of de-
scriptive variables such as the zone's density, the distance covered
by the commercial vehicles between each operation is calculated,
and as a consequence the total distance covered is estimated.

- Road occupancy calculation:this is performed along similar princi-
ples.

- Road occupancy with respect to time of day:it is computed on the
basis of observed timetables.

As a conclusion, the FRETURB model is an elaborate way to ex-
trapolate results of surveys conducted in a limited set of cities to any
city of similar socio-economic development by using a limited amount of
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descriptive data. It is all the more relevant as urban freight transport
is a particularly di�cult context to address by classical demand model-
ling methods, both for theoretical (companies behaviour, organisation of
rounds) and practical reasons (need for data). However, the framework is
not suited to cost-bene�t analysis. Indeed, the model does not represent
how carriers adapt to a change in the economic environment.

Figure 1.5: Average duration of a stop in a round (Routhier et al., 2002)

1.2.7 About shipment size: a survey and a model
under construction

Among the issues which are not addressed in the modelling methodologies
reviewed so far, a major one is the representation of shipment charac-
teristics and of the cooperation between the various agentsinvolved in a
transport chain. Both issues are particularly relevant in the context of
an individual freight carrier: however little microeconomic theory of this
speci�c area is available yet; even if it were, its application would require
critical data about shipments. A shipment survey is appropriate to yield
such data and to provide insight into then behaviour of both shippers
and carriers.

Let us now introduce the ECHO survey, which was conducted in
France from 2002 to 2004, of which the �rst results have been made avail-
able by Guilbault et al. (2008) (see also Guilbault and Gouvernal, 2008).
The ECHO survey is based on a sample of about 3,000 businesses and
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10,000 shipments (a shipment being de�ned as a given amount of freight
of a given kind, made available at given place and time, by a unique ship-
per in order to be moved as a whole towards a given, unique receiver).
Shipments using non-road modes have been over-sampled in order to
improve statistical signi�cance. Each shipment is accurately described,
with particular emphasis on the relationships between the various agents
involved in the shipment transport chain. The shipper business is also
described, with emphasis on the way it organises its production.

This survey already yielded noticeable results about the structure of
shipments and the use of transport modes within transport chains. It
can certainly be used for much deeper analyses, notably concerning the
shipment size and the relationships between freight agents(see Chapter
2). Similar surveys exist in other countries, though not withthe same
level of accuracy (e.g. the Commodity Flow Surveys in the U.S.A. or in
Sweden.)

Figure 1.6: Distribution of shipments (Guilbault et al., 2006)

Let us also mention the work of de Jong et al. (2005), continued in
de Jong et al. (2007) and de Jong and Ben-Akiva (2007). This work
aims at relating the shipment size to logistic costs at the disaggregate
level of a shipment, and conversely to relate the transport costs to the
consolidation of shipments in vehicle loads. The architecture of the model
is made up of three steps:

- Disaggregation:P(W)C ow matrices (W standing for an interme-
diate wholesale sector) are disaggregated into �rm-to-�rmows;

- Logistic choices:the decision of shipment size, transport mode and
routing are made in a disaggregate way, on the basis of a generalised
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logistic cost function;

- Aggregation: the resulting shipment ows are aggregated so as to
yield vehicle ows. Consolidation should be taken into account at
this step.

Although the model is still under construction, it deserves much at-
tention since it explicitly takes into account the shipmentsize.

1.2.8 Identi�cation of the long-run drivers of freight
transport demand

Beside the spatial structure of freight transport demand, the long-run
drivers in its temporal evolution make a major issue in the understanding
of the transport system. In the last decades, in-depth changes have taken
place in the logistic organization of �rms, the organisation of transport
(optimisation, subcontracting), the inventory strategy (including pooling
and concentration), the production organisation (outsourcing, specialisa-
tion, postponement), market strategies (product diversi�cation, short or-
der lead-times, short life-cycles), etc. (see e.g. Dornierand Fender, 2007).
In parallel, the sector of freight transport and logistic has been under con-
solidation, which also implies specialisation, externalisation, merges. All
these evolutions impact the freight supply and demand, and therefore
vehicle ows, and it is a tempting issue to identify the causalities and
put them in a hierarchy.

The European project REDEFINE (NEI et al., 1999) was conducted
under the 4th Framework Program to analyse the logistic drivers of the
transportation demand in �ve countries (France, Germany, the Nether-
lands, Sweden and the United Kingdom), using both quantitative and
qualitative approaches. The quantitative approach, in which we are in-
terested, consisted in relating the overall industrial production, expressed
in monetary unit, to the overall distance covered by commercial vehicles
throughout a series of stages characterized by key ratios.

The ordered set of key ratios provides a framework for the distinction
and analysis of the various trends in the evolution of freight transport
demand. These are listed hereafter:

- Density of value: the ratio of the value of a produced good to
its mass. This ratio is useful to convert the money value of a
production into its mass value, generally measured in tons in freight
transport.
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- Modal split: the proportion of goods mass which is carried by the
road.

- Handling factor: the ratio between the mass lifted and the mass
produced, which stands for the average number of times the goods
are handled.

- Average length of haul.

- Vehicle carrying capacity.

- Loading factor: this ratio de�nes the average �lling rate of the
vehicles.

- Empty return: to yield the share of those vehicles running empty.

On the basis of this analytical frame, an overall trend may besplit into
a set of simpler phenomena (Figure1.7, taken from NEI et al. (1999)).
As a consequence, it is possible to identify the critical drivers and, up
to a certain point, the scope for policy. It is also possible to use this
framework for extrapolation. The main disadvantage of the approach is
that the key ratios are still very aggregate indicators. Their respective
trends may well hide strongly varied evolutions at the disaggregate level
of microeconomic agents. Thus the REDEFINE model provides a �rst
step towards understanding the system evolution, rather than a de�ni-
tive explanation.

Figure 1.7: Economic activity and road freight transport 1985-1995
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1.3 Assessment

Having reviewed some advanced models for freight transport demand,
we are now in a position to assess their respective outreach with respect
to the following set of issues: �rst, the demand model in terms of vol-
ume, behaviour and heterogeneity; then, the supply model interms of
networks and services; next, the relationships between agents and the
market externalities; lastly, the potential outreach for policy assessment.

Our criteria are targeted mainly to supply-demand models, wherein
the demand and supply are modelled separately prior to beingfaced
with each other, which yields the activity of the related sector in freight
transport. Out of the models reviewed, those in REDEFINE and,up to
a certain point, FRETURB, are focused on freight transport activity in
a straightforward way, with no attempt to model the supply and demand
components and to put them into balance.

1.3.1 Quality of the demand's representation

The demand for freight transport derives from the need in given places of
commodities available elsewhere. Given the transport services available
and their characteristics, shipments will be transported in order to ful�ll
this need. The main questions from a modelling perspective are: how to
quantify the need for transport? On which grounds and in which way
are the transport services selected? To which extent can theshipments
be aggregated in the model?

1.3.1.1 Demand volume

On the basis of much empirical evidence (see e.g. Guilbault et al., 2008),
shipments are known to be widely varied in size and characteristics. Be-
sides, few freight databases include such a level of detail.As a conse-
quence, the demand for freight transport is often stated in ows of a given
intensity, expressed in tons per period of time, from originto destination
zones, by type of commodity. Overall, the demand is generally repre-
sented by a set of origin-destination ow matrices. Network assignment
models focus on how the transport demand, taken as an input, results
in vehicle ows on the infrastructure networks. This category includes
NODUS and NEMO. In these models, OD ow matrices are exogenous.

Other models focus on the formation of freight transport demand: no-
tably those in the SCENES and EUNET research projects, which both
include an SIO component. They proceed jointly to the generation and
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the distribution of the freight transport demand. This architecture en-
ables to derive the need for freight transport from the spatial and indus-
trial structure in the area of scope. Here the two recent achievements
are, �rst, the description of the industrial structure hence the population
of shippers taken in an aggregate way; second, the inclusionof impor-
tant logistic stages related to warehouses and platforms, into the process
of production and distribution. Thus the Production-Consumption ma-
trices, as yielded by the SIO model, are turned into origin-destination
matrices, which are more appropriate to perform the next step: to model
the choice of transport services.

We outlined the strategy used in the SCENES model, which consists
in appending a speci�c module (SLAM), in order to turn the P-C ma-
trices into O-D matrices. Such a module can be designated as an LIO
stage, for Logistic Input-Output. The EUNET approach takes a di�er-
ent way: logistic organisations were categorized and commodity groups
were further disaggregated to distinguish the logistic legthat pertains
to the commodity, thus yielding virtual commodity groups. Both appro-
aches allow for logistic imperatives to appear in the formation of freight
transport demand, although the drivers in the logistic choices are not
modelled in a microeconomic way.

Among the models we reviewed, FRETURB is the closest to con-
sidering shipments explicitly. The demand is predicted on the basis of
variables describing the economic and industrial base of the area of scope.
Furthermore, it is not expressed in ow but in operations (pickup or deli-
very). Shipments are not considered explicitly, but the level of detail is
high, and the demand formation is closely linked to the industrial ba-
sis, which is very appealing in a forecasting perspective. To sum up,
the demand for freight transport di�ers from the demand for passen-
ger transport at least for its speci�c linkage to the rest of the economy.
The projects of making explicit the logistic imperatives and of taking
the shipments as the decision unit have been undertaken, butthe recent
advances still leave much room for development.

1.3.1.2 Description of the behaviour of transport demand

Assuming that the needs for moving goods have been modelled, the next
step is to predict which transport services will be used, i.e. how the
freight ows will spread on the networks. Along a partition which has
already been proposed (see e.g. Marzano and Papola, 2004), two main
strategies can be identi�ed throughout the works reviewed.The �rst is
mainly statistical: a set of descriptive variables are usedto predict the
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ows, building on a number of statistic regularities. The second approach
is based on the description of the agents' behaviour, including notably
the paradigm of utility maximisation.

Statistic approach The statistic approach is best illustrated in FRE-
TURB wherein, from the large amount of data collected in a sample of
three cities, statistic regularities were observed considering the deriva-
tion of freight transport from industrial and economic activity. Thus
econometric relationships were estimated to link the intensity of freight
transport to variables describing the industrial and economic basis. The
way shippers and carriers organise themselves is not explicit.

The SLAM module in the SCENES model is also based on a statis-
tic approach. In order to turn P-C ows into O-D ows, the module
yields the probabilities for a break-bulk operation and theregion where
it would take place. Three indicators of economic activity,centrality
and infrastructure accessibility are used as explanatory variables, with
no underlying economic model.

Both approaches are readily operational and yield useful results; ei-
ther one may be instrumental in a forecasting perspective but, as will be
shown later, they are not as appropriate for policy testing.

Behavioural approach In a behavioural approach, some agents are
explicitly modelled as decision-makers involved in a choice process to
select one option among a set of alternatives. In most of the models that
we reviewed, the choice of the network route for a shipment ismodelled
as a discrete choice, of which the decision-maker may be the shipper
or a carrier. No indication is provided to distinguish between the two
economic positions; in the real world they can indeed be integrated, in
the case of own account transport.

Then comes the issue of which choice alternatives may be considered
by the decision-maker. In the area of freight transport the signi�cant
advance is to identify alternatives that integrate transshipment options:
this is achieved in NODUS.

The next step in a behavioural approach is to model the perception
and evaluation of the choice alternatives by the decision-maker. In con-
junction with the identi�cation of logistic features in the transport chain,
the signi�cant progress here is to identify the economic drivers of this be-
haviour, including operation costs, detention costs, inventory costs and
handling costs: this is also achieved in the NODUS model3. A related

3the approach is restricted to facilities that are available to any customer, with no
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advance is to take into account the temporal requirement on the ship-
ment: this is achieved in Groothedde's model with the segmentation of
shipments with respect to the requirement of disposal either with some
delay or as soon as possible.

The last issue in the behavioural approach pertains to the economic
preferences of the decision-maker, and to his trade-o� between the at-
tributes of an alternative. In general, the assessment of analternative
is modelled through a generalized cost function (or disutility function),
which takes into account a set of attributes, each of which isweighted
by a coe�cient of trade-o� against money. Here the advance would be
to make two separate accounts of, respectively, the time andmoney ex-
penses: thus a time versus cost trade-o� could be modelled atthe level
of the integrated alternative; and the decision-makers could be distin-
guished by their relative preference of time to cost (i.e. their unit value
of time). This approach has two main advantages: �rst, in terms of
economic outreach, this enables to model non linearity in the utility
functions and also to make explicit the inuence of the agent's money
budget as well as that of his time budget; second, it is instrumental in
that this increases the modeller's control over the calibration process and
provides more exibility in the speci�cation of a statistical distribution
for agents' trade-o�s between time and money. This advance has been
achieved in passenger mode choice models since the 1960s, especially in
price-time models (Quandt, 1968, Marche, 1973). However in the freight
models that we reviewed the time and cost expenses are not accounted
for separately at the level of the choice alternative. To ourknowledge
the distinction is only achieved in the truck network assignment of the
French Department for transport (Danzanvilliers et al., 2005), thus be-
ing restricted to route choice on a road network by OD pair with no
consideration of logistic features.

An additional issue pertains to the shipment size. Obviouslythe
choice of the shipment size depends on the commodity group and its
logistic requirements, the distance to overcome, and also the available
transport services and their characteristics (see e.g. Hall, 1985). This
issue is particularly relevant to understand correctly theactivity of freight
transport.

Addressing demand heterogeneity The demand consists in a set
of agents (or a set of shipments sent by or routed by these agents), who
need to use transport services. These agents or ows may havevery dif-
ferent requirements on those services, and considering them as a uniform

distinction of �rm
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population may lead to large biases in freight transport modelling.
There are two classical strategies to tackle demand heterogeneity. The

�rst one is to split the demand into classes (also called segments), which
is very much constrained by the level of detail in the available data.
Flows are generally categorised into commodity groups (as in almost all
the works reviewed in this paper), but some groups may still be very
heterogeneous. The segmentation in EUNET is noteworthy sincethe
commodities are distinguished by logistic family. Demand segmentation
is purported to improve the model relevance by grouping the similar
components of demand; however there is the issue of which criterion
would be relevant to characterize this similarity. The notion of a logistic
family is still to be de�ned clearly; if some commodity groups had similar
logistic imperatives, their transportation would probably be organised in
similar fashions, which would be amenable to a uni�ed model.Demand
segmentation has been taken in an original way in FRETURB, in which
the businesses are distinguished along a number of characteristics.

A related strategy, which was not used in the models we reviewed,
consists in modelling the drivers of demand heterogeneity in a probabilis-
tic way, by associating a random variable with given statistical distribu-
tion to each driver and also a joint distribution to the vector of drivers.
This is an explicit, probabilistic approach to demand heterogeneity - in
fact very much the same as demand segmentation into classes.

The second broad strategy is to address demand heterogeneity in an
implicit way, in the framework of random utility theory, by i ncorporating
an error term in the utility functions that the agents associate to choice
alternatives, as in the logit choice model. This error term stands for
unobserved characteristics or idiosyncratic choice criteria, among other
features (see e.g. Ben-Akiva and Lerman, 1985; Anderson et al., 1992).
This is instrumental when the drivers of some choices are notfully un-
derstood, particularly so in the case of modal choice. This strategy is
used in SLAM and EUNET.

The two strategies are integrated in the framework of discrete choice
models, by making the random utility functions depend on thesegment
characteristics (such as in random utility with random coe�cients).

1.3.2 On the supply representation

Let us come to the supply-side and consider it in a demand-oriented
perspective: our aim is to assess the supply features that are relevant in
the demand behaviour and choices. The detailed models of supply opera-
tions fall out of our scope, except in their connections to the demand, as
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in the interaction of Railsys and NEMO.
Let us consider in turn the three issues of, respectively, the spatial and

layered representation of supply; the modelling of transport and logistic
features; and the formation of scale economies.

On the spatial and layered representation of supply

Throughout our review, except for ECHO and REDEFINE, the spatial
extension of the supply is modelled, either in a zone-based approach in
the case of FRETURB, or in a network-based approach. A network
model of nodes and arcs is most appropriate for the infrastructure layer,
be it the transport mode road, railway, inland waterway, maritime or air.

In connection to the infrastructure layer, two other layersmay be
modelled. The distinction of vehicle types is achieved in NODUS. The
distinction of both vehicle types and services is achieved in NEMO for
the railway mode, and in Groothedde's model about the road and inland
waterway modes.

However there is no model of integrated transport and logistic opera-
tions as delivered by some logistic providers in the real world: yet this is
related to the issue of making explicit the shipment size.

The modeling of transport and logistic features

Nevertheless, signi�cant advances have been achieved to model logistic
features and operations within a transport chain: in NODUS these are
modelled by dedicated network arcs, whereas in SLAM and EUNET
the signi�cant logistic stages are made explicit and used toturn PC
relationships into OD relationships.

On macroscopic relationships: scale economies and congest ion

Scale economies are of particular importance at every layerin the supply
of freight transport, then also in the transport and logistic choices of
the demand: in the shipment size, shipment frequency, vehicle and mode
choice, and service choice. The classical way to represent scale economies
in freight transport demand models is based on a mass unitarycost asso-
ciated to any operation of a transport or logistic kind, together with tran-
sition costs associated to any transfer from one operational stage within
the transport chain to the next. This approach enables to simulate how
the demand agents can bene�t from the presence of scale economies; it
provides no indication of the formation of scale economies,of the under-
lying rationale of the transport and logistic providers. Toachieve that
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purpose, a re�ned model of supply is in order, as in Groothedde's work.
An intermediary step is taken in NODUS, in which the unit costs are
closely related to the characteristics of the facilities. Taking a further
step towards realism may be possible by taking explicitly into account
the shipment size, and then account for consolidation, as isbeing done
by de Jong and Ben-Akiva.

Another macroscopic relationship between the ow intensityand the
level of service is that of congestion. This issue has been much more
observed and well understood than the formation of scale economies, and
it is often modelled on the basis of a speed-ow relationshipat the level
of a given transport arc. This requires to de�ne a owing capacity for
that arc: models of roadway capacity have been well-developed, whereas
the capacity of non-road modes is a more complex issue that must be
addressed at several layers (in terms of vehicles, shipments, services. . . ).
The impact of congestion on reliability is also a topic for further research,
for road and non-road modes.

1.3.3 On agents' relationships and market externa-
lities

On the relationships between sector agents

The formation of scale economies is closely related to the industrial or-
ganization of transport supply, hence to the relationshipsbetween the
transport and logistic providers. Another such relationship lies in the
complementariness of the various facilities and services,which can be
used in an integrated way by the agents constituting the demand. No
other feature of supply relationship was detected in our review.

On the demand side, in every model it is assumed that shipments
are independent of each other: little attention is paid to the issue of the
shipment size, which pertains to the internal organizationof the demand
agent and is obviously more important than any relationshipbetween
demand agents. A noticeable exception to that point is the real-world
context of Groothedde's work, where shippers joined together so as to
stimulate the design of a multi-client service: in our classi�cation this is
rather an issue of scale economy.

Lastly, the matching between providers and users was indicated in
the French shipment survey, ECHO: this provides some insightinto the
commercial relationships in the freight transport sector,especially about
the temporal requirement and the price.
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On market externalities

The macroscopic relationships of scale economies and congestion con-
stitute market imperfections (or distortions) in the framework of the
neoclassical theory of microeconomics.

Other market imperfections lie in the external impacts thatthe freight
system exerts on the socio-economy and the environment: these include
positive impacts such as the achievement of scale economiesin any sec-
tor of the economy, as well as negative impacts - from the emission of
pollutants and noise, to the risks of accidents and the degradation of the
residents' living conditions. These external impacts falloutside the topic
of freight demand models: it is easy to address the negative impacts
by using dedicated models by impact type, taking the ow and level of
service results of the demand model as input to evaluate the impact.

1.3.4 On the ability to assess regulation policies

This is a twofold issue: �rst, is a modelling framework appropriate to
take into account a given policy? Second, is it possible to perform a Cost
Bene�t Analysis, and what would be its outreach?

To answer these questions one has to face the policy targets and in-
struments with the model scope in terms of (1) supply representation,
so as to e�ectively accommodate the implementation of the policy; and
(2) demand representation, so as to e�ectively simulate thedemand re-
sponse to the policy. From our earlier observations, it is obvious that the
NODUS, SLAM and EUNET models provide the widest frameworks for
policy assessment. The FRETURB model may be appropriate to sim-
ulate some of the e�ects of a change in commercial speed in an urban
setting.

If the model is policy-responsive, then it may be used to perform a
cost bene�t analysis of the policy under investigation.

1.4 Conclusion

1.4.1 Synthesis based on a two-dimensional typol-
ogy

In this paper, advances in freight transport demand models were re-
viewed and assessed. Let us sum up our analysis by putting forward a
classi�cation framework, in which each model is assessed along the two
dimensions of the focus and the behavioural content.
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The focus axis includes three categories as follows:

- Supply side orientation: this indicates advances in the representa-
tion of transport and logistic features.

- Demand side orientation: this indicates advances in the formation
of the demand and/or choices of the demand agents.

- Sector activity orientation: the focus is on deriving the intensity
of the freight transport sector activity, in a direct way rather than
through a demand-supply model.

The behavioural axis includes three levels of analysis, presented here-
after by order of increasing depth and outreach4:

- Descriptive approach:this pertains to the works that provide more
data, or some trend analysis, without further treatment. Such
works provide a sound basis for further studies and, up to a certain
point, the understanding to freight transport.

- Statistical method: this category refers to works in which statistic
regularities are identi�ed between various variables, butwith no
underlying microeconomic model.

- Behavioural method: this pertains to explicit models of agent be-
haviour, often on the basis of utility maximisation. This category
is most appropriate for realistic simulation, project evaluation and
policy assessment.

1.4.2 Some research perspectives

Our typology provides insights into how to combine the recently achieved
modelling advances in order to take an in-depth approach to topics from
among demand, supply and activity: hence to improve the behavioural
basis. As the �eld of freight transport makes indeed a large area for study
and research, several directions for development were suggested along our
review. Let us emphasize here two issues which we believe particularly
relevant for further investigation:

4This typology axis was suggested in other researchs (see e.g. Catalani, 2003)
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Figure 1.8: Modelling advances by focus and behavioural content

Market structure the relationships between the various agents of a
transport chain, and particularly the contracts they link, certainly exert
a strong inuence on the elaboration of transport services and costs, and
therefore on the shippers' decisions. For instance, large ows may imply
strong competition on some links and some modes, low prices,and as
a consequence, high availability and exibility for shippers. Conversely,
scale economies are achieved through capital-intensive methods, meaning
that some cooperation between suppliers is required to bene�t fully from
them | which probably requires in turn some coordination mechanism.
Overall, the market structure plays an important role in freight transport,
particularly so in the intensity of demand and its modal choices.

The choice of the shipment type the size, frequency, conditioning of
shipments result from demand decisions made under supply conditions.
In the theory of logistics, there are models for the choice ofshipment
size and frequency; they still have to be included into the demand-side
of freight transport demand models.





Chapter 2

Logistic issues and their
modelling

2.1 Introduction

Freight transportation demand derives from the spatial andtemporal
nature of the economy. More precisely, it derives from the fact that
consumers are located at places and times which are not the ones where
commodities are e�ciently produced. This discrepancy constitutes a gap,
calling for a bridge: freight transport ows make this bridge.

Understanding freight transportation demand thus proceedsfrom un-
derstanding this gap and the way it is bridged by the agents implied,
either �rms or end-consumers. This immediately raises a setof questions
of two natures. The �rst type of questions pertains to the agents beha-
viours, and their drivers: how do �rms address the spatial and temporal
gap between production and consumption? How do their interactions
inuence this gap, and conversely? How do these more or less atomic
behaviours build to form macroscopic phenomena, such as theones a
freight transport modeller is interested in?

From the perspective of freight transport modelling, whichis ours,
this �rst set of questions is followed by a second one, pertaining to the
macroscopic modelling of a whole population of agents of heterogeneous
natures and behaviours.

We translate these questions into two objectives, which guide our
approach in this chapter. First, we aim at understanding freight trans-
portation demand as the result of the behaviour of the agentsfacing
the production-consumption gap. Second and subsequently,we aim at
proposing methodological progresses or room for progress in freight trans-
port demand methodology.
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To address these two objectives, we proceed to a bibliographic review.
The aim of this review is to identify the approaches used in addressing
logistic problematics, to understand more closely the drivers of freight
transportation demand, and �nally to identify methodological tools or
models that could be used from a freight transportation demand model-
ling standpoint. The perimeter of this review is de�ned by the following
criterion: does the work considered address a logistic issue? The word
logistic is used here in its widest meaning: each work pertaining to the
behaviour of �rms in addressing the spatial and/or temporaldimension
of the economy is of potential interest. Naturally, these works are far too
numerous for us to review them all. This review thus keeps indicative,
and only presents a subset of the works of interest.

The sources of information on which this review is based are of varied
natures, as a consequence they will be presented in a organized way
in subsection2.1.1. This review reveals that our �eld of investigation
is characterised by a large heterogeneity of problem natures and scales.
Our �ndings have thus been organised accordingly, along rules we present
in subsection2.1.2.

2.1.1 Information sources

Our sources of information are of varied natures, and we present them
here from the most specialised to the least specialised.

The main source of information this review is based upon is the very
large range of academic reviews, technical reports proceeding from ad-
ministrations or from design o�ces, and books. These works belong to
such varied �elds as transport, transport economics, industrial economics,
spatial economics, industrial management, logistics, operation research,
etc.

The most important non-academic source of information is the spe-
cial press, for it provides useful elements of information about the cur-
rent state of the logistic sector. The logistic sector is large and con-
sists of many companies, of various sizes and businesses, who communi-
cate a lot through a large range of newspapers, congresses, groups, etc.
A non-comprehensive list of these newspapers comprisesL'O�ciel des
Transporteurs, primarily oriented towards freight transport but which
tackles always more with logistics, as carriers extend their perimeters to-
wards this domain. Logistique Magazineis rather focused on companies
whose core businesses pertain to the sector of logistics. Itappears to the
reader of these newspapers that the frontier between logistics and freight
transport is becoming less tangible. Similar newspapers exist in other
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countries.
If we get towards less specialised media, the technical press is a rich

source of information. In particular, the French economic newspaperLes
Echos has proved particularly instructive. Aside from �nancial markets
and �rms' strategies, this newspaper pays a signi�cant attention to the
industry, which is not the case of other �nancial newspapers, such asLa
Tribune for example. Matters such as raw materials, the consequences
of global warming in terms of regulation are often mentioned, as well as
the general conditions of freight transportation. The reader often meets
featured articles focused on logistic organisations, facilities, and markets.

Finally, we do not want to forget the mass media as one of our sources
of information, and particularly the press1 as well as the television. How-
ever, transportation seems to be seldom considered as a process on its own
by these media; on the contrary it is often addressed from theperspective
of one of its social impacts, such as congestion, accidents,social conicts
or, with increasing importance, global warming. In this context, the spe-
ci�c sector of freight transportation raises always more interest nowadays.
Logistics is little present apart from common mentions to the increasing
importance of just-in-time organisations in the industry and their impact
on the freight transport market.

2.1.2 Methodology

Through parsing the wide range of information sources presented in the
previous section, we have been able to identify a large set ofapproaches
addressing a wide range of varied logistic issues. Despite the hetero-
geneity of these approaches, we managed to derive one classi�cation,
consisting of three categories.

It soon appeared that the proposition of a series of de�nitions as well
as the delimitation of the perimeter of analysis was the necessary pre-
liminary stage of this review. Therefore, Section2.2 aims at addressing
this objective.

Once these basic elements given, the second part of the review is struc-
tured by the fact that �rst, the approaches identi�ed address problem-
atics of highly heterogeneous scales, second that scale canbe used as a
way to organise this presentation. As a consequence, the presentation
proceeds along increasing scales of concern and issues. Section 2.3 �rst
presents works related to the logistic behaviour of a single�rm. In such
approaches, the universe in which the �rm has to take its decisions is

1Let us quote, without claiming exhaustiveness, the following French newspapers
of large audience and diverse leanings:Le Figaro, Le Monde, Lib�eration
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generally taken as given,i.e. exogeneous. It appears these issues are
mainly of an engineering nature, and rely accordingly on engineering
approaches. Section2.4 is then devoted to examine relations between
�rms. These issues take on a strategic nature, and economic approaches
are more adapted to addressing them. These approaches allowto relax
the hypothesis of an exogeneous universe. We then present macroscopic
approaches in Section2.5. These approaches may involve macroscopic
aggregate indicators, such as tra�c or mode use, or large scale territories,
such as regional or national areas. These methodologies pertain more to
political concerns than to engineering concern, and the methodologies
used include geography, statistics and economics. Such approaches are
theoretically able to account for all kinds of relationships between a large
set of varied actors.

As the shipment size constitutes a particular problematic offreight
transportation demand modelling, as well as one of the focalpoints of this
work, we have chosen to devote an independent section to thisspeci�c
issue. The diverse approaches related to the choice of shipment size are
thus regrouped and presented together in Section2.6.

Our approach is summarised in Figure (2.1).

Figure 2.1: Roadmap of the approach.
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2.2 De�nitions, sector, agents

Finding a de�nition of logistics is complex. It can refer equally to a sector
of activity, a profession, a function of the �rm, or an academic �eld. We
will provide highlights that should help deciding for a de�nition useful in
the frame of this work, i.e. modelling-oriented. These highlights come
from di�erent perspectives.

A set of fundamental de�nitions are �rst presented in Section 2.2.1.
We then focus on the particular concept of Supply Chain Management
in Section 2.2.2, �rst on its nature then on the subsequent changes in
the organisation of the logistic function in �rms. We eventually show
examples of analyses of the behaviour of agents of the logistic sector, in
Section2.2.3.

2.2.1 The logistic function in the �rm and the sup-
ply chain: de�nitions

Goods or services2 provide utility to consumers insofar as they areavail-
able to them. This availability pertains both to the location in space
and time. Consumers can contribute to this availability, for example by
fetching the goods or services they want directly where those are located.
For example, they can grab a fruit on a tree they have in their garden,
or they can go to a forest nearby and hunt to get some meat, provided
it is legal to do so, as most of the economy had functioned for quite a
while. In a somewhat more sophisticated way, they may also goto the
supermarket and buy fruits and meat.

In the latter case, what consumers do is that they produce themselves
the �nal stage of a possibly very sophisticated chain of transport and
logistic operations, which will eventually allow them to dispose of the
service or good they desire. This chain starts from a possibly large set
of raw materials, comprises a possibly large number of transformation
stages, together with a potentially even larger number of waiting, moving
and conditioning stages. The former stages are of industrial nature, they
may be referred to asoperations. On the opposite, the latter ones can be
referred to as to logistic stages, orinter-operations. As a consequence, one
de�nition of logistics is: \the management of inter-operations" (Dornier
and Fender, 2007).

Some authors (e.g. Carbone, 2004; Tatineni and Demetsky, 2005a)

2At �rst sight, it can seem irrelevant to refer to the logistic s of services. Never-
theless, providing a service generally involves physical operations taking place at given
place and time, and not anywhere.
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use another de�nition, which may seem too wide at �rst sight3: \Logis-
tics is the function of the �rm in charge of managing physicalstreams
and related4 information and �nancial streams. This function consists
in three tasks: physical tasks, administration, planning." This de�ni-
tion e�ciently identi�es the object of the logistic functio n of �rms, i.e.
physical streams. But it disregards the objective of the logistic function.

The French Association for Logistics ASLOG5 gives the following def-
inition:

De�nition 2.1 Logistics is the art and manner to provide a given com-
modity at the right time, right place, at the lowest cost and with the best
quality.

This de�nition clearly indicates the object of logistics, which is to en-
sure products are available to customers, and that the logistic process is
cost e�cient. By listing clearly the four criteria of time, p lace, cost, and
quality, this de�nition also states implicitly the nature of the decisions
which constitute the logistic function. Therefore, this de�nition consti-
tutes a sound �rst step towards a microeconomic modelling ofthe logistic
function. It will be retained for the sequel of this work.

From this de�nition of logistics, logistic operations can be de�ned
from a top-down approach:

De�nition 2.2 A logistic operation is an operation pertaining to the
logistic function of the �rm.

This de�nition is unambiguous and quite large. For example,an indus-
trial operation such as the transformation of one good into another is
not a logistic operation, but scheduling this transformation is a logistic
operation.

However, this de�nition of logistics should be clearly distinguished
from other concepts very commonly met such as supply chains and sup-
ply chain management. These concepts are almost always closely related
to the strategic interaction of �rms working together to deliver �nal prod-
ucts to end consumers. Indeed, before �nal products become available to
customers, they are the object of many operations proceededby many
�rms, which have to cooperate in a more or less intense way in order to
provide a service. This set of �rms constitutes the supply chain, which
has been de�ned as follows by Christopher (1992) (in Carbone, 2004):

3This de�nition is at the opposite of narrow-scope de�nition s such as the one used
in Daganzo (2005), who understands logistics as the sciencewhich studies how to
convey items from production to consumption in cost-e�ective ways.

4\related" is ours
5Association Fran�caise pour la Logistique.
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De�nition 2.3 The supply chain of a (set of) good(s) or service(s) is
the network of organisations that are involved, through upstream and
downstream linkages, in the di�erent processes and activities that produce
value in the form of this product or service in the hand of the ultimate
consumer.

It thus appears that the supply chain may constitute a usefulbasis to
segment the market from a modelling perspective, particularly to under-
stand how the �nal consumer's demands impact the whole supply chain
upwards, and the resulting logistic requirements and freight transport
demand.

Two remarks should be done about these de�nitions. First, the def-
inition of logistics provided in this section makes no cleardistinction
between shippers,i.e. the agents who consume transport operations,
and carriers, i.e. the agents who produce transport operations. This
distinction is necessary to understand the complicated linkage between
logistics and transport demand, and how this linkage shouldbe taken
into account in freight transport modelling. This deeper analysis is the
object of Chapter3.

Second, the notions of supply chain and supply chain management
should be distinguished. While the concept of supply chain refers, as
stated above, to an organisation of �rms, the concept of supply chain
management is quite di�erent.

2.2.2 Supply Chain Management, integration and
segmentation

As logistic processes and methods are key to the economic performance
of the �rm, a large body of literature, both professional andacademic,
has been targeted at searching for, and promoting, e�cient logistics.
Our main information source in this section is the work of Dornier and
Fender (2007), as well as on a course given by Pr. M. Fender provided
at the Ecole Nationale des Ponts et Chauss�ees, entitled \Supply Chain
Management".

Supply Chain Management

The supply chain is of strategic importance for a �rm, for thefollowing
reasons. First, goods and services provide utility to a consumer only if
they are available to him. To the notion of availability corresponds the
professional notion ofquality of service, which accounts for the delivery
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time, the risk of stock-outs, etc.6 Firms do not compete only in price
and quality and other marketing-related variables, but also in quality of
service. A �rm which improves the availability of the goods or services
it sells increases its competitiveness. This advantage depends on the
willingness of its customers to pay for a better availability of the goods
it sells (see Chapter3).

Second, the pro�tability of the whole supply chain depends on the
�nal consumer market. As a consequence, the quality of service provided
by the most downwards �rm of the supply chain is important notonly
to this �rm, but to all the other ones.

Third, the cost to reach a given quality of service for a givenproduct
depends not only on the way each �rm manages the logistics of this prod-
uct in the frame of its own perimeter, but also on the way these�rms
cooperate. Indeed, in many instances, if each �rm of a supplychain opti-
mises its logistic without coordination with the other �rms of the supply
chain, the overall result is sub-optimal. For example, unexpected (or un-
predictable) variations in the �nal demand, which are most common on
several markets, may imply a lack of accuracy in the production plans of
the ultimate �rm of the supply chain. As these variations ow upwards
the supply chain, their amplitude may increase, potentially resulting in
huge variations, and even disruptions, in production plansat the lower
levels of the supply chain, with the following undesired consequences such
as shortages, over-dimensioned production units, uncontrolled costs, �-
nally resulting in the whole supply chain being out of the market. This
phenomenon, due to a lack of coordination and information sharing7 be-
tween �rms of a supply chain, is well known and often referredto as the
\bullwhip e�ect" (Forrester, 1961) 8.

Fourth, �rms are usually organised into departments (e.g. production,
purchases, research and development, etc.), each with its own function.
The optimisation of the logistic function, and of the supplychain requires
that these distinct departments cooperate. This need for cooperation
may be crucial, for example, between the transport department, the pur-
chases department, and the production department, as the optimisation

6We set the hypothesis that a consumer is always able to decidewhich one he
prefers between two �rms which propose similar services except for the quality of
service. It implies that the quality of service can be represented by a variable.

7Information sharing is a strategic question for a �rm, and th e trade-o� between
information sharing and lack of coordination is certainly not trivial. Besides, damp-
ening the bullwhip e�ect does not necessarily imply more information sharing, as we
will see later.

8This microscopic e�ect should be distinguished from the macroscopic e�ect of
variations of stocks described in Metzler (1941), as will beexplained in Section2.5.2
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of physical streams pertains to decisions which are traditionally taken
by these departments, sometimes without coordination at all. The re-
search and development department may also be associated, to take into
account logistic imperatives when designing new products.

Fifth, the �rm has to consider the supply chain it belongs to from a
strategic perspective. The diverse �rms in a supply chain may have asym-
metric relationships, some of them dominating others. The position in
the supply chain, as well as information availability, may play a strategic
role. Indeed, all the �rms of a supply chain not only considerhow they
can cooperate so that the supply chain is competitive as a whole, but also
try to determine how they can extract the largest share of theadded value
yielded by the whole supply chain. The example of retail distribution is
self-speaking: by taking control of the ultimate consumer market, dis-
tributors have reached a powerful position on the consumer goods supply
chain. The internet crisis of 2001 is another good example ofthe strategic
importance of supply chains: several arising �rms neglected the necessity
of an e�cient logistic coordination with providers to provide competitive
services, observed their logistic costs increase faster than their turnover
during their full lifetime, until failure.

These issues, which were before under-addressed by �rms, have been
granted progressively always more attention for the last decades. Taking
them into account is the object of a relatively young management �eld,
called Supply Chain Management(SCM).

De�nition 2.4 Supply Chain Managementis a management �eld de-
voted to taking into account the logistic and supply chain issues from a
strategic perspective.

As we will show in the next section, the Supply Chain Management
has the particularity to focus on the way to take into accountlogistic is-
sues in the frame of a �rm whose historical architecture is not necessarily
adapted to them. This imply �rst to focus heavily on the interfaces in
the �rm and between �rms, second a lot of integration.

Integration

Historically, the logistic function was performed locally:either no optimi-
sation was proceeded to, or these optimisations rested on local peri-
meters. There was not necessarily a dedicated logistic department in
the �rm. Those optimisation perimeters where often limitedby a set of
other frontiers, such as the various departments of a �rm, even its units,
or countries, and limits between �rms. Reserves of productivity were left
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unexploited, since the logistic function often involves interdependencies
between di�erent departments, units, or even �rms.

Today, not all the �rms totally apply the SCM principles. Never-
theless, the management of the logistic function have been undergoing
a series of changes for some decades. The optimisation perimeters have
got larger, they have aggregated and have yielded larger perimeters, in a
process that may be referred to as integration. Three types of integration
can be distinguished:

- Functional integration: The classical segmentation of the functions
of �rms, i.e. the departments, now cooperate more than before in
order to increase the overall e�ciency of supply chains and,as a
consequence, the pro�tability of �rms.

- Sectoral integration: It is necessary for �rms to cooperate along a
supply chain to optimise its e�ciency. In particular, �rms n eed to
share informations of possibly strategic importance. Thisexchange
may happen in the frame of a partnership (e.g. vendor managed
inventory9 agreement between a producer and a distributor), or be
imposed by the most powerful organisation on the supply chain.

- Geographical integration: international trade is less and less damp-
ened by economic frontiers. As a consequence, �rms that needed
before to organise themselves country by country are now able to
approach their markets on a regional, continental, or worldbasis.
This has obvious consequences on freight transport demand.

These trends are changing deeply the way the logistic function is managed
in �rms, with large consequences on markets, on the way �rms organise
their production, their transports, etc. They may be further studied by
getting into the detail of the agents' behaviours, and theirrelationships.

Segmentation

As a set of integrations allow �rms to manage their ows more e�ciently,
with respect to the quality of service provided on the end consumer ser-
vice, the better understanding of logistic issues also led to new, more
relevant ways to segment and regroup issues of similar characteristics.

9In such a con�guration, the vendor manages the purchases on behalf of the pur-
chaser. This situation may be e�cient when the demand for the product is highly
variable, and when the marketing strategy of the vendor heavily relies on commercial
actions such as sales promotion. This cooperation may yieldsigni�cant inventory
reductions, which is pro�table to both parties. Such an organisation goes against
deeply rooted habits.
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One of the notions which appeared and is now always more widely
used is the notion of logistic family. As �rms get a better knowledge
of their logistic imperatives10, they also discover that some products are
similar with respect to these imperatives. These similarities constitute
the basis for a logistic segmentation, which allows to applysimilar solu-
tions to products which have similar requirements, and thusto fully
bene�t from increasing returns to scale of logistic systems(these increas-
ing returns to scale pertain to the characteristics of logistic assets such
as warehouses or vehicle eets, or to the relatively higher simplicity and
reliability of systems processing similar tasks, etc.)

The notion of logistic family constitutes a sound basis for segmenting
the demand for freight transportation. Indeed, products which present
the same logistic imperatives and, as such, are processed similarly in
logistic systems, are likely to present similar characteristics when consi-
dered from a freight transportation modelling perspective. As a conse-
quence, we propose the following de�nition.

De�nition 2.5 A logistic family is a set of products which present sim-
ilar logistic imperatives.

Logistic families are now widely used as a segmentation criterion in
�rms. For example, it is common to hear about ABC classi�cation,
where A refer to a set of homogeneous, cheap, and much sold products,
whereas C refers to a set of heterogeneous, expensive products with a
small turnover, and B refers to intermediary products. In a paint �rm,
A may contain the white paints, B the most common paints, and Csome
exotic paints such as waxes, limes, etc. Family A products make most
of the turnover (but not necessarily most of the margin), andthe logis-
tic system associated with them is e�cient and not expensive. On the
contrary, family C products constitute only a small part of the turnover,
and their logistic is expensive. But from a commercial pointof view, the
presence of the whole range of products is necessary. As a counterpart,
the customers are ready to pay more and to wait more to buy C-kind
products.

2.2.3 Logistic agents

As suggested by the de�nition of Christopher (1992), the supply chain of a
given good consists of a set of agents. The supply chain is a complicated

10These imperatives, or constraints, can be the transport technologies which can be
used to carry a given type of good, warehousing requirements(temperature, safety,
etc.), lifetime, customer preferences with respect to the availability of goods, demand
variability, etc.
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concept from the perspective of freight transport modelling because it
is transversal to classical delimitations. It implies several functions in
the �rm, and several �rms of various sizes, kinds, and locations which
coordinate their activities in order to provide a single given output. An
approach towards understanding the supply chain is to examine the types
and behaviours of the agents intervening on it.

Methods of systems analysis, such as employed in Savy (2006b), or of
industrial economics and management sciences, such as usedin Carbone
(2004), are particularly relevant tools to operate such an approach. Savy
investigates the roles of all the agents intervening in the frame of a logistic
platform. His work focuses on their various time terms, theirvarious
objectives, their relationships.

Carbone's work is focused on the speci�c role of logistic providers.
The strategy of the twenty �rst European logistic providersis studied,
then a speci�c survey is led in Italy. Their objectives are examined, as
well as their market segments and the relationships betweenthem. Some
conclusions are drawn, such as the heterogeneity of the logistic landscape
between European countries, the specialisation of logistic providers ac-
cording to their clients, in parallel to their strategies ofgrowth, the trend
towards an asymptotic non-asset based logistic provider business model
11, etc.

This analysis also reveals the diversity of relationships observed be-
tween logistic providers and their customers, and shows that their re-
lationships may be described by their types and magnitudes.The type
refers to a set of similar traits (activities, expectations, duration) whereas
the magnitude of the relationship refers to its closeness orintensity. This
is con�rmed by the work of Golicic et al. (2003), who conducted a series
of interviews under the form of round tables with experts. According
to their conclusions, the relationships between the various agents of a
supply chain are well characterised by their types and magnitudes12.

11The notions of 3PL { Third Party Logistic Providers { and 4PL { Fourth Party
Logistic Providers { are often met in logistic-related works. Whereas the 3PL concept
refers to a company providing a logistic service, includingtransport and warehousing
services, and potentially more sophisticated logistic services such as conditioning, co-
manufacturing or inventory management, the less consensual 4PL concept refers to
a theoretically non-asset based company, that would provide its clients an integrated
logistic service by coordinating carriers and 3PL actors. Although the existence of
the latter business model is questioned, a clear trend of themain European logis-
tic providers towards supplying a larger range of more integrated logistic services,
to increase their own pro�tability and to decrease their amount of assets has been
observed between 2000 and 2004 (Carbone, 2004). This is why we consider that the
4PL notion makes sense, as a kind of asymptotic business model.

12This is an important issue of the theories of organisations,which try to explain the
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However, getting into the detail of the relationships between agents
is often a too complex and sophisticated approach for �rms from the
perspective of many issues. Even before thinking about optimising the
supply chain they belong to, many �rms try to optimise their own logistic.

2.3 Logistic problems of the �rm

Before getting into the complexity of their strategic interactions with
other agents, �rms �rst have to organise e�ciently their own logistics,
while considering their environments as exogenous. In doing so, they
meet a number of concrete issues of various time terms such asthe loca-
tion and movement of raw materials, intermediate products,�nal prod-
ucts, mobile resources (such as pallets, trucks, etc.) and �xed resources
(such as plants, warehouses and machines)

To address these issues, �rms can use a series of models of various
natures, which are more or less relevant depending on the situation. The
objective of this section is to present these models, and to discuss them
from the perspective of freight transport demand modelling.

Some of the models �rms use are very detailed: they operate onthe
basis of a technical, detailed description of the problem, and provide de-
tailed, numerical, potentially immediately applicable solutions; they are
often based on operation research theory. These models are discussed
in Subsection2.3.1. In some cases, approaches based on system dynam-
ics, presented in Subsection2.3.2, can be used. They are intermediary
between the low-level, fully detailed models of operationsresearch, and
high-level, less accurate microeconomic models. This lastcategory of
models, presented in Subsection2.3.3, is generally based on a simpli�ed
representation, and tries to allow for an intuitive interpretation of its out-
come. After a brief discussion on how these methods are applied to take
into account externalities in Subsection2.3.4, Subsection2.3.5concludes
this presentation of the modelling of logistic issues of the�rm.

existence of �rms and markets as modes of regulation. These theories also investigate
the existence of hybrid forms, such as alliances. It was for example observed that
alliances of various types existed. The two works just quoted brought evidence that
it is not su�cient to consider only the type to fully describe an alliance. A second
variable { magnitude { has been deemed necessary to do so. Thequestion of whether
it is su�cient or not remains open.
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2.3.1 Low-level problems and operations research

Operation research (OR) is a �eld of mathematics dedicated to provid-
ing tools for decision support. OR problems generally implyan accu-
rate (quantitative) depiction of the problem, and yield quantitative re-
sults, which optimise a given objective function. Typical OR problems
in logistics include scheduling, planning, packing, routing, etc. and are
often of combinatorial nature. In order to illustrate theseproblems and
their corresponding methods, we present in this section a set of typical
problems from which methods addressing various realistic situations de-
rive. The considerations hereafter are mainly based on Korte and Vygen
(2008). Examples of problems are taken from softwares' documentation
and other sources.

The Traveling Salesman Problem (TSP)

A classical example of theTraveling Salesman Problem (TSP)is the case
where an agent has to visit a set of destinations. The distance between
each pair destination is known, and the objective is to �nd anitinerary
minimising the total distance covered13.

This problem is NP-hard, which means that when the instance is
large, heuristics have to be used in order to �nd e�cient solutions in a
reasonable computation time. Such algorithms do not guarantee that the
solution provided is optimal. According to Korte and Vygen (2008), the
most successful way to obtain a good solution for the TSP in a reasonable
time is local search,i.e. starting from a given tour then improving it with
local modi�cations, such as cutting the tour into two piecesand joining
them di�erently.

If the so-called agent is a vehicle (including a driver), theproblem may
be referred to as theVehicle Routing Problem(VRP.) Complementary
constraints may be added, in order to address varied problems:

- Multiple-depot problem:observe that constraining the starting po-
sition of the agent does not change the solution of the TSP. On
the contrary, the problem may be enlarged to two or more agents

13The TSP is stated as follows:

Instance: A complete graph K n and weights c : E (K n ) ! R+ ,

Task: Find a Hamiltonian circuit T whose weight � e2 E (T ) c(e) is minimum,

where a complete graph is a set of vertices and undirected edges such that any pair of
vertices is connected by an edge (E(G) is the set of the edges ofG, whereasV(G) is
the set of vertices ofG) and a Hamiltonian circuit is a circuit with an itinerary tha t
passes once and only once through each vertice.
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starting from two determined points, having to visit all destinations
once, at a minimum cost. This can be applied to choose the tourof
a set of trucks starting from di�erent depots to deliver an identical
product to a set of locations.

- Time constraints: the travel time may be taken into account, and
time constraints may be considered for the visits (e.g. stores opened
at certain times or deliveries allowed during a given time-window)
and for the depots. The total tour duration may be limited, and
the operation time at each stop may be taken into account as well.

- Ordered stops: the order in which the stops are visited may be
constrained. For example, there may be backhaul stops, where
empty containers have to be picked up, which can be visited only
after all the delivery stops have been made. There may be pickup
and delivery stops, so that the vehicle capacity has to be considered.
In the last case, one can furthermore assume that the vehicleis last-
in-�rst-out (LIFO).

- Dynamic routing: the route may be optimised dynamically as infor-
mation arrives on the y. The corresponding algorithms are called
online algorithms.

Softwares that propose routing algorithms include TransCAD14, LogiX-
central15, ILOG16 TransportPowerOps, the Outbound Transportation
and Containerisation Optimisation solution of i217.

The Chinese Postman Problem

A classical example of theChinese Postman Problemis the case where a
postman has to deliver the mail within a given district, so that he has to
walk along each street of this district, starting from and �nally returning
to the post o�ce 18.

14www.caliper.com/tcovu.htm
15www.logixcentral.com
16www.ilog.com
17www.i2.com
18Under its general form, the problem is stated as follows:

Instance: An undirected connex graphG and weights c : E (G) ! R+ ,

Task: Find a function k : E(G) ! N such that G0, the graph which arise fromG by
taking k(e) copies of each edgee 2 E(G) is Eulerian19 and � e2 E (G) k(e) � c(e)
is minimum,
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The Chinese Postman is in fact a particular instance of a moregen-
eral combinatorial problem called theMinimum Weight T-Join Problem,
which can be solved inO(m3) time, where m is the number of edges
in the graph. The problem may be generalised to the consideration of
directed edges, minimum number of passes through each edge,and so on.

Realistic situations described by this problem are not as commonly
met as for the TSP; we can quote for the sake of illustration the example
of door-to-door delivery such as mail, yers, phone books, but also col-
lecting trash or snow clearing. However, softwares do not advertise much
this feature; an algorithm is implemented in TransCAD.

The Bin-Packing Problem

A classical example of theBin-Packing Problem is the situation where
one has to ship a set of shipments of given sizes. The objective is to ship
them using a minimal number of vehicles of given capacity. Another case
corresponding to the Bin-Packing Problem arises when one has a set of
beams of given sizes and want to cut them into another set of given sizes;
the objective is then to make the desired set using a minimal length of
beams20.

This problem is NP-hard, approximation algorithms are therefore
necessary. There is a various set of such algorithms. Classical approx-
imation algorithms include the Next-Fit Algorithm (NF) in which each
pieceai is packed in the current bin if it is possible, in the next one if
not. The First-Fit Algorithm (FF) packs sequentially each pieceai in
the �rst bin where there is room left to do so. Both these algorithms
behave well if the pieces are small relatively to the bin's capacity. The
First-Fit-Decreasing Algorithm (FFD) is similar to FF apart that the
pieces are sorted in decreasing order before proceeding.

Some generalisations of this problem include (see e.g. Hall,1989):

- More than one dimension: the bin-packing problem may need to
be extended to represent some situations, such as packing pieces

where an undirected graphG is an Eulerian graph if each vertex is connected to an
even number of edges. It is therefore possible to �nd an itinerary in the graph covering
each edge once and only once, in a time linear in the number of edges and vertices.

20The Bin-Packing Problem is stated as follows:

Instance: A list of non-negative real numbersa1; : : : ; an 2 [0; 1].

Task: Find a k 2 N and an assignment f : f 1; : : : ; ng  f 1; : : : ; kg with
� i :f ( i )= j ai � 1 for all j 2 1; : : : ; k such that k is minimum.
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in a vehicle for example. It may be necessary to consider 2D bin-
packing, or even 3D bin-packing.

- Online bin-packing: it may be necessary to represent the case where
the pieces to be packed arrive sequentially, without information on
the subsequent items.

Among the softwares o�ering bin-packing algorithms, we �nd the
ILOG software CP Optimizer, the Outbound Transportation and Con-
tainerisation Optimisation solution of i2.

The Minimum Cost Flow Problem

A classical example of theMinimum Cost Flow Problemis the situation
where a set of uniform shipments must be transported from a set of
origins (e.g. warehouses) to a set of destinations (e.g. �nal customers) to
a minimum cost; or where empty rail cars have to be moved from their
locations to the places they are required21.

The solution is found by linear programming. A known particular
case of the Minimum Cost Flow Problem is theHitchcock Problem, where
the capacities of the edges are in�nite. A generalisation ofthe problem
exists where the costs of the edges depend on the ow on the edges.

The following softwares propose minimum cost ow algorithms or
solutions based on this kind of algorithms: TransCAD, ILOG LogicNet
Plus.

The Facility Location Problem

There are numerous examples of theFacility Location Problem, which
all are of strategic importance, as facility location decisions are usually
not easily reversible. The decision may imply the location of distribution

21The Minimum Cost Flow Problem is stated as follows:

Instance: A directed graph G, capacitiesu : E(G) ! R+ , numbers b : V (G) ! R
with � v2 V (G) b(v) = 0, and weights c : E (G) ! R,

Task: Find a b-ow f whose costc(f ) = � e2 E (G) f (e) � c(e) is minimum (or decide
that none exists),

where a b-ow de�nes ows over the edges such that the ows entering a vertex are
equal to the ows getting out of it { the ows are balanced, apa rt for the source vertices
where the balance is positive and for the sinks for which the balance is negative. The
function b de�nes the value of the balance at each vertex. The formal de�nition
is: a function f : E (G) ! R+ with f (e) � u(e) for all e 2 E(G) and � e2 � + (v)
f (e) � � e2 � � (v) f (e) = b(v) for all v 2 V (G), where � + (v) denotes the edges getting
out of vertex v whereas� � (v) denotes the edges arriving inv.
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centers making the interface between an industry and �nal customers, the
location of break-bulk platforms in a distribution network, the location
of a new plant, etc22.

Under some hypotheses which are generally veri�ed in realistic facil-
ity location con�gurations, the Facility Location Problem is NP-hard.
Despite strong interest on this question since the 1960s, the �rst approx-
imation algorithm has been proposed in 1997 by Shmoys et al. (1997).
Local search techniques work well for facility location.

Algorithms solving this problem and generalisations constitute the
basis of a series of softwares; basic versions of these algorithms may be
found e.g. in TransCAD whereas softwares such as LogicNet PlusXE
of ILOG, i2 Strategic Supply Chain Design solution, JD Edwards Enter-
priseOne Supply Chain Management of Oracle23 o�er integrated strategic
network design facilities which build on these kinds of algorithms.

General comments

First of all, note that the set of problems we presented is farfrom com-
plete. Operation research is used to address a wide range of concrete
issues such as production and transport planning and scheduling, inven-
tory management, etc.

Second, these tools are seldom applied under their canonical form in
an operational environment. Concrete situations imply accurate speci�-
cations, and the logistic decision support softwares are signi�cantly ded-
icated to an important related task: database management. Historically,
apart for some exceptions such as ILOG, of which the productshave been
designed speci�cally to identify feasible solutions in constrained problems
and to improve such solutions towards optimality, the objective of this
kind of softwares (calledEnterprise Resource Planning | ERP ), was to
improve data availability and quality. More sophisticatedfeatures were
then developed, and the softwares which o�er them are generally referred
to as Advanced Planning and Scheduling Systems | APS.

22The Facility Location Problem is stated as follows:

Instance: A �nite set D of customers, a �nite set F of potential facilities, a �xed
cost f i 2 R+ for opening each facility i 2 F , and a service costcij 2 R+ for
eachi 2 F and j 2 D .

Task: Find a subset X of facilities (called open) and an assignment� : D ! X of
the customers to open facilities, such that the sum of facility cost and service
cost

P
i 2 X f i +

P
j 2D c� ( j ) j is minimum.

23www.oracle.com
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Third, these problems also draw a signi�cant attention fromthe aca-
demic world, and papers concerning them are regularly published in a
wide set of reviews such as Transportation Research Part E.,the Journal
of Business Logistics, Logistics Information Management,the Interna-
tional Journal of Manufacturing System Design, etc.

Comments from a freight transport demand modelling perspec -
tive.

At �rst sight, the approaches and results of operation research seem
far from spatialised freight transport demand modelling theoretic and
practical concerns, for several reasons. We will present these reasons and
explain how and where we may nevertheless �nd room for synergies.

- Perimeter: the question of perimeter is prominent when compar-
ing �rm approaches and freight transport demand modelling ap-
proaches. We address on one side problems of which the perimeter
is limited to the �rm, with the rest of the economic environment
considered exogenous, whereas on the other side we are interested
in large scale e�ects, which are, by essence, out of the scopeof
operation research methods, as much for data availability as for
the low level of detail of the desired output of such models24.

It is however possible, under some circumstances, to use opera-
tion research tools to address medium-scale issues. For example,
Groothedde (2003) has designed an intermodal freight transport
network using both trucks and inland waterway transport which
would satisfy the needs of a set of �rms while achieving signi�cant
transport cost savings (see Chapter1 for details). There are draw-
backs though, in particular this research was made possiblethrough
provision of a large amount of proprietary data by a signi�cant set
of �rms. Furthermore, we do not know how these results can be
generalised.

It is interesting to note that in the speci�c �eld of urban freight
transportation modelling, operation research methods such as VRP
algorithms seem more adequate than classical transportation meth-
ods to address urban freight transport modelling. Indeed, urban
freight transport heavily relies on truck tours, along which the ve-
hicles deserve a sequence of stops, which imply that the vehicles'
origin and destination are somewhat disconnected from the goods'

24We obviously push back from our discussion the set of networkalgorithms which
are equally useful in both contexts, such as shortest path algorithms.
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ones. Spatialised transportation models, on the contrary,gener-
ally translate directly good ows into vehicle ows, using simple
transformations based on factors such as average payload. Such
an approach is therefore irrelevant for urban freight transportation
modelling (Routhier et al., 2002).

- Robustness:the main piece of criticism towards operation research
tools is, according to Daganzo (2005), that they deliver results of
an accuracy which may be out of proportion with the accuracy of
the inputs, especially when those inputs pertain to costs (either
because these costs are not observable { this is the case of opportu-
nity costs, or because they may vary signi�cantly { such as market
prices.) This is particularly problematic for freight transport de-
mand modelling, both for the lack of accurate data and for the
usually large time interval considered, on which costs may vary a
lot and are famously hard to forecast.

Daganzo (2005) presents a methodology devoted to produce nearly
optimal, robust results based on models using few parameters, as
we will see in subsection2.3.3. However, his criticism is not com-
pletely relevant, as a set of methods of operation research address
the problem of result robustness (i.e. results which remain good
even if the situation does not correspond to the inputs) and in-
puts lack of precision (e.g. stochastic inputs.) Let us quote for the
sake of illustration the work of Lee et al. (2007), which proposes
a two-step optimisation of a joint forward-backward25 distribution
network with stochastic demand and prices. The proposed algo-
rithm contains a nest optimising the ows for a given facility loca-
tion, price and demand scenario, then proposes an optimal facility
location on the basis of the total expected distribution cost.

- Ease of use: this question is twofold. It pertains �rst to data
requirements, second to whether the results are intuitive or not.

It is common that a realistic depiction needs a lot of accurate data
for an operational research tool to yield satisfying results. However,
freight transport demand modelling is a �eld of transportation sci-
ences renowned for the di�culty to access to detailed data. The
data usually available at regional, national or international scales
is usually of aggregated nature, and as such is not immediately in
the scope of the type of problems presented in this subsection.

25 i.e. which handles both the forward ows and bakward ows, due to customers
sending their deliveries back for example.
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The second drawback of OR tools is the lack of intuition on the
results. The algorithms yield speci�c solutions, with little informa-
tion pertaining to the linkage between the inputs and the result.
As a consequence, the identi�cation of strategic parametersand
causalities is not straightforward, which makes the results hard to
generalise.

The algorithms presented in this subsection are useful to support de-
cision in the frame of a �rm, or to optimise a collaboration between a
limited set of �rms. However, freight transport demand modelling is con-
cerned with public policy decision support. This means thatthe modeller
faces a situation of a much larger scale, and of a potentiallyextraordinary
larger complexity. Because of the lack of data and of the needto identify
the most strategic phenomena and the causality relationships between
them, freight transport demand models have to yield clear results and
clear intuitions of the linkage between results and inputs.As this is not
the �rst objective of OR tools used in logistics, those wouldneed some
adaptation before they can be used in freight transport demand models.

2.3.2 Medium-level problems and system dynamics
models

This subsection is devoted to two methodologies which may beused to
draw particular highlights on some speci�c logistic problems: discrete
system dynamics, and control engineering. They pertain arebased on
a more theoretical approach, where the representation of the issue is
simpli�ed.

Discrete system dynamics

The discrete system dynamics approach (usually simply referred to as
the \system dynamics" approach in the papers we quote) consists in
representing the system studied by a set of variables of timet 2 N, and a
set of discrete equations describing the values of these variables at t + 1
function of their values in t.

To illustrate this approach, let us present the Automated Pipeline
Inventory and Order Based Production Control System (APIOBPCS)
model. Designed by John, Naim and Towill (1994), it describesa system
where the order decisions are based on the forecast demand (based on
exponential smoothing), a fraction of the di�erence between target and
actual inventory levels, and a fraction of the di�erence between target and



98 Logistic issues and their modelling

actual goods-in-transit levels. Figure (2.2) provides a basic illustration
of the model.

Figure 2.2: The architecture of APIOBPCS.

This framework is able to illustrate the bullwhip phenomenon. In-
deed, consider a random demand series, where the daily demand t is i.i.d.
of given variance� d. Feeding this series into the system results into an
order series of given variance� o. The ratio of these variances� o=� d is
called theampli�cation ratio . If it is higher than 1, then a bullwhip e�ect
is identi�ed: perturbations amplify upwards the logistic system.

This framework is used by Potter and Lalwani (2007) in order to
assess the inuence of this e�ect on transport demand. The question is
considered both from the perspective of the eet size and of the loading
factor of the vehicles. The approach provides little information though,
apart from intuitive results such as the probable need for a greater eet
if the variability of the shipment's size is greater.

Control engineering

The control engineering approach consists in modelling thebehaviour of
the supply chain with tools of the theory of signal. Such tools are the use
of transfer functions, frequency response curves and spectral analysis. It
is thus possible to consider the supply chain as a system transforming
the demand input signal into the supply output signal.

This approach has been used in Dejonckheere et al. (2003) in order to
give a theoretical explanation of the bullwhip e�ect. The logistic system
is modelled using a set of variables depending on the time period t and
a set of linear26 equations describing the values of these variables int as
functions of their values int � 1 and the shipment need at dayt. The
transfer function of the supply chain is derived, allowing the calculation
of the frequency response plot (FR), which gives the ratio of the standard
deviations of the output and the input. The FR plot is interesting in that

26The linearity of the system ensures the relevancy of the approach.
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a value of more than 1 reveals an ampli�cation of variabilityin the logistic
system,i.e. a bullwhip e�ect.

Using this approach, Dejonckheere et al. (2003) are able to show the
inuence of the order policy rule on the bullwhip e�ect. They �rst con-
sider the classical order-up-to policy with exponential forecasting. The
order-up-to policy is:

Ot = D̂ t + k�̂ t � inventory positiont

whereD t is the demand at dayt, D̂ t its estimator, �̂ t the estimator of its
variance,k a constant ensuring a given level of service27. The exponential
forecasting formula forecasts future demand based on passed observations
is:

D̂ t = �:D t � 1 + (1 � � ):D t � 2

The second ordering policy is the smoothing policy, �rst introduced
by Towill (1982). It is not an order-up-to policy. It is rather based on
forecasting the demand and controlling simultaneously thenet stock level
and the work-in-progress level28

The FR plots of both these policies illustrated by Figures (2.3) and
(2.4) show that the second policy is globally e�cient in dampening the
oscillations inside the logistic system, apart from low frequencies. On the
contrary, the �rst policy systematically implies an ampli� cation of the
variations. However, although we tend to think that less variability is
a good thing, the work of Dejonckheere et al. (2003) also indicates that
the smoothing policy probably implies higher inventory costs. The next
step, i.e. making a microeconomic trade o� between these two outcomes,
is not done.

These approaches are interesting as they allow for the use ofa large set
of powerful analysis tools. Furthermore, implications of �ndings such as
the smoothing rule of Towill (1982) may be signi�cant in an operational
environment.

However, the transferability of these results is questionable, and the
various trade-o�s are not explicited. In particular, the inuence of some
parameters which are both basic and strategic, such as costs, is not clear.

27Assuming the demands of each day are identically distributed random variables,
provided that the estimator �̂ t is accurate enough, a given constantk is equivalent to
a given probability that there is no stock-outs.

28The exact formula is the following: Ot = D̂ t + 1=Tn � (DNS t � NSt ) + 1 =Tw �
(DW IP t � W IP t ), where the demand is still exponentially forecasted,NSt is the net
stock and T NSt the desired net stock level, andW IP t it the work-in-progress stock
and DW IP t the desired work-in-progress level.Tn and Tw are parameters.
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Figure 2.3: FR plot in case of an
order-up-to policy.

Figure 2.4: FR plot in case of a
smooth ordering policy.

The next part is devoted to presenting methodologies focused on deriving
near-optimal solutions depending on few parameters.

2.3.3 High-level models

We present here a set of methodologies which address operational logis-
tic issues with light models, based on generic descriptionsand few para-
meters. These models do not aim to provide an detailed optimal solution
to a given realistic and accurately described situation, such as it is done
in subsection2.3.1. They aim both at providing a correct solution to
a realistic situation, and at giving insights on the linkagebetween the
solution provided and some strategic parameters. A wide range of issues
can be addressed this way, from small-scale logistic operating problems
to large-scale logistic network design problems. This subsection rests
heavily on Daganzo (2005).

The Economic Order Quantity model

The �rst model to present is the simple Economic Order Quantity (EOQ)
model, a classic in the inventory control litterature. Originally developed
by Harris (1913), the credit for its �rst in-depth analysis usually goes to
Wilson (1934).

The EOQ model can be applied to a wide range of issues, among which
to �nd the optimal shipment size in the case of a simple supplychain.
Consider a continuous production of commodities at a given origin, at
rate Q. These commodities must be shipped to a given destination, where
they are also consumed at rateQ, using a vehicle of given operating costs
and capacityS. We assume that travel time are reliable, therefore there
is no need for a safety stock.

Denote b the cost of dispatching a vehicle, andt the travel time be-
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tween the origin and the destination. Denotea the value of travel time
savings by unit of commodity. If the goods are shipped by bundles of size
s (note that s � S), the average time a unit of commodity waits in the
origin inventory before being shipped iss=2. The average pipeline inven-
tory level (the amount of commodities being carried at a given instant)
does not depend ons. Therefore, the total cost per unit of commodity,
denotedg(s), is:

g(s) =
Qb
s

+
1
2

as: (2.1)

Note that as=2 is replaced byas if the commodities are consumed regu-
larly at the destination. In that case, each commodity waitson average
s=2 in the destination inventory. The qualitative propertiesof the model
remain.

The economic shipment size is obtained by minimisingg(s) with re-
spect to s:

s� = min

( r
2bQ

a
; S

)

: (2.2)

It is interesting to note that the total cost per unit function is robust
with respect to s: a variation of 10% in the shipment size implies a
increase of about 4% of the total cost. The converse consequence is
that even if the parameters are known with uncertainty, or are liable
to evolve, the solution provided by the EOQ model remains reasonably
e�cient. Furthermore, the formula is easy to handle and gives insights on
the linkage between the optimal shipment size and the cost parameters.
However, some of the hypotheses stated above reduce the generality of
the model.

Continuous approximation

Models such as the previous one have a limited generality if they rely on
hypotheses of uniformity of some of their parameters. This uniformity,
which is generally necessary for the analytic resolution ofthe equations,
is particularly irrelevant when one considers the variability of parameters
such as demand (in time) and density (in space).

It is in fact possible to overcome this limitation, using thecontinuous
approximation method. This methodology, �rst applied to transporta-
tion problems by Newell (1973), has been extensively used, notably by
Daganzo (2005), to address a wide range of logistic problems. It applies
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when one searches a discrete solution (schedule, facility location) to a
problem where one or more parameter varies smoothly.

For the sake of illustration, we will apply this methodologyto extend
the EOQ model. Assumeq(t) varies over a given time windowI , the
solution with uniform shipments has no reason to be optimal.One thus
looks for the timesf t i gi 2 N at which vehicles should be dispatched, which
is equivalent to deciding the headwaysH (t i ) = t i +1 � t i . Consider the
total cost per unit C(t). Assume q is continuously derivable, then for
all i , t �

i exists such that q0(t �
i ) is equal to the average slope (q(t i +1 ) �

q(t i ))=(t i +1 � t i ). Then, the total cost per unit of good between two
shipments is equal to:

Z t i +1

t i

�
cv

H (t i )
+

cwH (t i )
2

q0(t �
i )

�
dt:

This is where the continuous approximation is performed. First, we
replaceq0(t �

i ) by q0(t) in the formula; this is valid if q varies smoothly,
as assumed. Second, we consider the continuous functionH (t) instead
of the discrete set of headwaysf H (t i )g. As a consequence, we solve the
following extremely simple variational problem:

min
H :I ! R

Z

I

�
cv

H (t)
+

cwH (t)
2

q0(t)
�

dt;

which yields:

H (t) =

s
2cv

cw � q0(t)
:

This continuous function is then discretised, and it is shown on some
examples that the solution performs very well, providedq0 does not vary
too quickly.

This methodology is powerful in that the intuitive nature ofthe results
remains, whereas it provides near-optimal solutions in realistic frame-
works. Such an approach may be a good trade-o� between accuracy and
robustness, especially when there is uncertainty on some parameters.

Interface with OR models: statistical regularities

Continuous approximations may be applied in a wide range of situations.
However, some problems such as distribution in a spatialisedframework
still cannot be addressed without using OR models. As a consequence,
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a method has been designed in order to interface these modelswith con-
tinuous approximation methods. The idea is to divide the main problem
into a set of micro problems, all of which can be addressed using combi-
natorial algorithms, and then to use known statistical regularities of the
solutions of these algorithms in order to build a both easy tohandle and
realistic approximation.

Consider a complex problem: a �rm which delivers at home a large
set of customers. Assume the deliveries are small, so that an e�cient
organisation implies that the vehicles make rounds. Therefore, we are in
a combinatorial framework. Furthermore, consider the customers are not
uniformly spread on the territory studied. Our objective isto de�ne the
best location for our distribution centers, taking into account installation
and distribution costs.

We �rst consider the distribution costs of a single depot delivering
a given set of customers. Denote the density of customers on the area
deserved� , s the average shipment size,S the vehicle's capacity, andr
the distance of the depot to the area. Then it is possible to prove that
the average length of an optimal tour is approximately (Daganzo, 2005):

2r +
k � S
p

�:s
;

where k is a constant approximately equal to 0:82. As a consequence,
it is quite easily possible to derive analytically the expected distribution
cost from a depot to a given region of density� .

The continuous approximation can then be used on� in order to
decide how many depots should be installed and where, so as tominimise
the overall distribution costs.

Nevertheless, statistical regularities are not always easyto identify.
Let us quote the work of Hall (1989) as an example. In that paper,
vehicles make rounds in order to deliver sets of shipments ofstochastic
sizes to customers. The objective is to provide insights on the inuence of
bin-packing rules on the distribution costs, and on the trade-o� between
the average loads of the vehicles and the average route length. Hall could
not derive analytic formulae, thus limiting the outreach ofthis approach
in this case.

Applications

Daganzo (2005) examines a series of frameworks of increasing complexity.
For each of these frameworks, a simple model is designed. Then, the
limiting hypotheses are relaxed one after the other, as far as possible.
The problems thus addressed are:
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- One-to-One Distribution: in this simple framework, cost-e�ective
ways to ship a ow of goods from a given origin to a given desti-
nation are examined. This results in the EOQ model and its gen-
eralisation presented previously.

- One-to-Many Distribution: the previous framework is enlarged in
order to consider several destinations. The problematics of vehicle
routing appears. The analytic approach reaches its limits,as a
consequence particular cases are presented when some costsare
negligible before others. This has the advantage to help identifying
the strategic parameters.

- One-to-Many Distribution with Transshipments: the framework is
enlarged to consider potential transshipments in a break-bulk plat-
form.

- Many-to-Many Distribution: it is the most general framework in
Daganzo (2005). However, strong hypotheses are necessary tolead
an analytic approach.

Similar methods are presented in a number of papers. Let us quote,
for example, Blumenfeld et al. (1985) who examines the various networks
listed above, and possible simpli�ed ways to derive optimalshipment
schedules when there are many interdependencies (such as production
of di�erent products, consolidation centers, etc.), and Blumenfeld et al.
(1991), who consider a one-to-many framework and examine the amount
of cost savings allowed by various synchronisation policies. Similarly,
Hill (1997) examines jointed production-shipment policies, in a particular
framework where the inventory holding cost is higher for thebuyer than
for the vendor29. The result is interesting in that although the ow
considered is of constant rate, the optimal policy implies non-uniform
shipments.

Commentary

The methodology is e�cient in reaching the objectives announced at
the beginning of the subsection: light models involving a reduced set
of strategic parameters, yielding robust results, that maybe applied in
operational contexts, and yet provide valuable insights into the causalities
at stake.

29This may be the case when, for example, the buyer is a retail seller located in a
dense urban area where renting warehouse surface is expensive, whereas the seller is
located in an area where renting warehouse is cheap.
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The small amount of data necessary to use this methodology, as well
as the intuitive nature of its results, let us think that someof its ele-
ments can be applied with bene�t to large-scale, policy-oriented freight
transport demand models.

However, in the examples presented here, the focus is set mainly on
the logistic of one �rm, or, if several agents are explicitlyconsidered, on
the globally optimal setup. The inuence of the strategic behaviours of
distinct agents within a supply chain is not considered. Theinuence of
the nature and intensity of the competition on the market of the �nal
good neither. The approach is always based on the minimisation of
a total logistic cost function, but some of these costs are either taken
as is, without explanation (such as opportunity costs), whereas other
costs are simply neglected (costs of shortages). The level of service is not
considered, which is problematic given its central importance in the whole
structuration of logistic systems. After a short discussionon the role of
externalities in logistics microscopic modelling, we present in section2.4
how these questions may be addressed.

2.3.4 Externalities

Logistics microscopic modelling, as we saw in the previous subsections,
is mainly focused on ful�lling cost-e�ectively the requirements of the
logistic function of the �rm. This is the reason why very few papers use
these approaches in order to address issues which are out of this scope,
such as externalities (i.e. impacts of decisions taken by agents on other
agents who are not involved in these decisions).

One example of such works is Anciaux and Yuan (2007). The authors
examine the transfer along a various set of sequences of transport opera-
tions, involving systematically road transport, and potentially air, rail
and inland waterway transport. They assess, for each of these alterna-
tives, the transport costs, transshipment costs, the totaltravel time, the
environmental pollution, noise pollution, and risks caused. The shipment
size corresponding to each of these alternatives is derivedendogenously,
from an EOQ-type model. They identify the best alternative with respect
to each of these criteria, but do not synthesize the analysis.

Examining the question of externalities from this scope is interesting
insofar as these externalities can be corrected by incentives, and these
incentives inuence behaviours. As a consequence, it is necessary to un-
derstand behaviours. But the microscopic scale consideredin this section
neglects the relationships between actors. These relationships may play
a major role in the response to incentives, they should be considered with
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utmost attention from a policy decision support perspective.

2.3.5 Conclusion

The logistic issues of a �rm, even when its economic environment is
taken as given, are complex and of various natures. This is reected by
the wide range of tools which can be used to address these problems.
Depending on the accuracy of data, low-level models of operations re-
search can provide detailed solutions to clearly stated problems. Such
models are particularly useful to run complex processes where the costs
and requirements are precisely known.

Medium-level models of system dynamics help understandingsome
non-trivial e�ects of given logistic policies, in particular the ability of
a given system to resist to variations of exogenous parameters such as
prices and demand. These approaches have the advantage overlow-level
approaches to help diagnose the impact of choosing a given logistic policy
in terms of inventory levels and inventory level variations, and how these
variations propagate in a supply chain.

High-level models can be used for more strategic decisions where data
is less accurate and where insights on the relationships between decisions
and outcomes are valuable. They both provide satisfying approximate
solutions and highlight the trade o�s at stake. They represent in a sim-
ple and not very data demanding manner the linkage between logistic
requirements (the need to proceed to a given set of operations), costs
(including transport costs, and inventory costs), and the resulting trade
o�s between logistic resources such as warehousing and transport. As
such, they constitute an interesting basis for the microeconomic model-
ling of the behaviour of shippers.

2.4 The inuence of logistics on industrial
organisation

In order to model freight transport demand in a realistic way, one has
to consider logistics from the perspective of �rms. This motivated the
presentation int the previous section of the set of low-level approaches
�rms apply when they consider their economic environment asexoge-
nous. Complementarily, from a high-level decision supportperspective,
attention must be paid to the interactions between agents.

These interactions result from the strategic behaviours of�rms, and
are di�cult to model. Both analytical and numerical approaches involve
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strong assumptions so as to yield meaningful results. In a very simplistic
�rst approach, we can consider that the strategic behaviours of �rms have
two types of drivers: non-cooperative ones,i.e. reasons for �rms not to
cooperate, such as market competition, or cooperative ones, i.e. reasons
for �rms to cooperate, such as cooperation for the e�ciency of a whole
supply chain.

Figure 2.5 is a simpli�ed illustration of some of the drivers which
structure supply chains. Based on Christopher's de�nition, the starting
point is the end market. Then, we distinguishn much simpli�ed parallel,
competing supply chains. Each of these supply chains is simplistically
represented as a linear set ofk �rms, starting from the farthest of the
end market, indexed 1, to the nearest one, indexedk. We represent three
drivers of strategic behaviours in Figure2.5: competition between supply
chains, which is a non-cooperative driver, cooperation in asupply chain
for the quality of service to be the most cost-e�ective in the�nal market,
which is a cooperative driver in the frame of a supply chain, and �nally
margin sharing in a given supply chain, which is a non-cooperative driver.
Indeed, if �rms coordinate their activities so that their supply chain is
globally e�cient on the �nal market, they are able to withdra w a higher
margin. The remaining question is then: how is this extra margin shared
among the �rms of the supply chain?

Figure 2.5: Drivers underlying the strategic behaviours of�rms.

We present in Subsection2.4.1 works which focus on competitive,
non cooperative behaviours, and in Subsection2.4.2 works focused on
cooperative behaviours.
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2.4.1 Competitive behaviours

One of the prominent elements structuring the relationships between
agents is the relative position of the �nal product on its market. Sig-
ni�cant attention has been paid to competitive relationships by micro-
economists, and have led to classical models such as the perfect com-
petition model, Cournot-Nash oligopolistic competition inquantity, mo-
nopolistic competition, competition in price and quality30, etc. These
models have been generalised in many ways. We present here some gen-
eralisations pertaining which take into account logistic elements.

Competition in �nal product availability

In theoretical microeconomics, the basic model of the �rm isfocused on
a �rm which faces a demand made up of agents who are only interested
in the price of the good the �rm sells. This treatment is then extended to
account for other variables, typically characteristics ofthe commodities
considered31.

The availability of a good to the �nal consumer,i.e. its location at
the place and time of need, can be considered as a variable of the direct
utility function of consumers. As a consequence, �rms providing goods
compete with each other in the availability of the goods theyprovide.
Ensuring a given level of availability is the object of the logistic function.
A better availability means higher logistic costs, but thislinkage is not
trivial. For a more detailed analysis of this trade-o�, see Chapter 3.

This issue was investigated by Chopra (2003), which studieda series
of supply chain con�gurations and compare them with respectto avail-
ability variables (e.g. order lead-time, shortages probability, return pos-
sibility, customer information) and to costs (e.g. inventory level, number
of transport operations). Although there is no quantitativeanalysis and
the trade-o�s are not formally stated, this analysis shows that logistic
characteristics play a signi�cant role in market competition.

30Examples of references concerning these models are Tirole (1988) and Anderson
et al. (1992).

31Lancaster (1966) was the �rst to propose a consumer theory inwhich the direct
utility function of consumers does not derive directly from the good(s) the consumers
are granted with, but from its (their) characteristics. Thi s approach is based on
the idea that the value of this good from the agent's perspective derives from its
characteristics. Among other consequences, this theory provides a sound basis for
modelling substitution e�ects.
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Supplier-receiver interaction

At �rst sight, it is legitimate to ignore supplier-receiver interactions in the
microeconomic analysis of a supply chain. Indeed, under theassumption
of perfect competition, costs for a supplier are identical to market prices
for a receiver, so that these interactions do not inuence the economic
functioning of the supply chain.

Nevertheless, this (often underlying) perfect competitionassumption
is not always realistic. It is therefore useful to relax thishypothesis,
and to investigate more closely supplier-receiver relationships. Assume,
for example, that the supplier disregards the overall e�ciency of the
supply chain it belongs to. Assume also that this supplier is in charge
of choosing the transport mode by which the commodities it sends to
the receivers will be carried. Then the supplier will probably prefer a
cheaper transport mode to a more reliable one, against the preferences
of the receiver32, as the shipper considers it does not bear the costs
incurred by this lack of reliability. This is the kind of approach chosen
by Winston (1981). Winston considers two cases: either the receiver
chooses everything (FOB pricing), in which case he maximises his utility,
or the shipper chooses the mode (CIF pricing). In the latter case, it is
assumed that both agents bargain according to a Zeuthen-Hicks model
(Bishop, 1964), so that their joint utility 33 (i.e. the sum of the utilities
of the two agents) is maximised.

Winston's work thus reduces to the maximisation of the jointutil-

32Why should the receiver valuate more reliability than the shipper? A basic argu-
ment is that as stock-holders can diversify their portfolios, �rms should be risk-neutral.
Winston disproves this argument by saying that as risk-neutral as stock-holders may
be, managers are not, since their jobs are at stake.

33Consider two agents, whose behaviour is characterised by utility or pro�t func-
tions which depend on their decisions (e.g. two �rms competing in a Cournot-Nash
framework). A subset of these decisions are Paretian. Nevertheless, there is an un-
de�nitely high number of Pareto decisions. It is therefore assumed that a bargaining
process takes place. The Zeuthen bargaining model basically assumes that the agents
make rational concessions up to an equilibrium, which maximises the product of their
utilities (Picard, 2007). This result is consistent with th e analysis of Nash (1950),
in a more general framework. Nash further argues that when monetary transfers are
possible between agents, then the solution of the bargain game maximises the sum
of the utilities of the agents, and each agent has the same utility (note that it is
assumed that the agents are equally skillful in negotiation), hence the result used by
Winston, which is in fact not present in Bishop (1964). The Hicks model has been
developed on another basis; it is an asymmetric model of the negotiation between
employers and unions, which has the particularity to take into account a temporal
dimension. Bishop introduces this temporal dimension in the Zeuthen model to build
his composite model, which he calls the Zeuthen-Hicks bargaining model.



110 Logistic issues and their modelling

ity ( i.e. minimisation of global costs), but it has the merit to represent
explicitly the agents implied in the transport operations and their inter-
action. As such, this framework enables one to model some imperfect
competition e�ects, which are known to yield some counter-intuitive re-
sults.

Competition in a spatial framework

When addressing logistic issues, the spatial dimension of the economy
plays an important role. It appears through the availability of goods,
which has been analysed in the previous section, and also through the
spatial location of �rms. From this latter perspective, generalisations of
classical competition models to a spatialised framework are interesting.

Harker (1986) presented some generalisations. This approach consists
in taking the hypotheses of the classical models and giving them a spatial
dimension. Consider a set of regions, each one described by asupply and
a demand function on each commodity market. Consider generalised
transport costs34 between these regions. The equilibrium conditions of
these models are classical: �rst, the supply must equal the demand within
each region. Second, the e�ective prices must be uniform within each
region. Formally, if region i imports a good from regionj , then pi =
pj + t ji , wherepi denotes the price in regioni and t ji the unit transport
price from regionj to region i ; elsepi � pj + t ji .

Such models are referred to asSpatial Computable General Equilib-
rium (SCGE) models. This denomination insists on the objective of their
designers to develop models which can be solved numerically, and which
can address large-scale perimeters. Among other features, these models
address explicitly the issue of the structures of the distinct commodity
markets.

One of the di�culties in using these models is to dispose of generalised
transport costs reecting realistically their e�ect on trade. Combes and
Lafourcade (2005) studied how these transport costs shouldbe modelled.
They took the example of freight transportation by truck, between pairs
of regions in France. They based their analysis on the detailed accounting
of costs such as fuel, wages, vehicle operating and depreciation, etc. They
showed that in general, total distance and total time, and even as the

34We knowingly use this classical term of transport economicsout of the scope of
its usual de�nition. Our objective is to indicate that the di �erence between a good
available in the region of the consumer at a given time and a good available in another
region at the same moment pertains not only to freight transport rates, but also to
travel time, amount to be shipped, sensitivity of the consumer toward delivery times,
etc.
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crow ies distance constitute excellent proxies for transport costs, up to
a multiplicative constant. However, transport direct costsconstitute but
a small part of generalised transport costs, which encompass many other
logistic costs. These other cost components are neglected in this analysis.

These models have been build to forecast interregional or interna-
tional trade ows, notably as to provide inputs to freight transport mod-
els. Nevertheless, they currently have two main aws. First,the rep-
resentation of freight transport costs and, more generally, of the freight
transport market, is generally oversimpli�ed. Second, logistic issues are
absent from these models. As explained in more detail in Chapter 3,
they play a crucial role in the formation of freight transport demand;
freight transport demand cannot be explained alone by the production
and consumption of commodities.

2.4.2 Cooperative behaviours

As argued in Section2.2, the whole supply chain of a given good or service
is implied in the quality of service this good is supplied with. This raises
two questions. First, how should �rms cooperate in order to improve the
overall e�ciency of the supply chain they belong to? Second,on which
basis should �rms set the limit up to which they are willing tocooperate?

The �rst question seems to imply, by its formulation, that the ba-
sic situation is characterised by an absolute lack of cooperation between
�rms. On the contrary, situations of cooperation, implicit and explicit,
already exist. For example, delivery and pickup time windows are almost
uniform between �rms, so as to limit complex coordination operations.
Hensher and Puckett (2005) present modelling recommendations focused
on taking such interactions into account in urban freight transportation
models. Among other features, their proposition has the originality to
take into account explicitly concepts such as relationshiptype and mag-
nitude (see Subsection2.2.3) in the model's architecture.

The choice of transport mode may also be considered as an inter-
action. This is the approach of Holguin-Veras et al. (2007), who consider
the relation between a shipper and a carrier as a cooperativegame (i.e. a
game where a non-cooperative decision is never advantageous). They led
an experimental economic approach, where agents playing respectively
the roles of shippers and carriers decide the shipment size and mode,
and showed that the market coordination mode was e�cient in opting
for the most advantageous joint choice35. Nevertheless, the outreach of

35Experimentally con�rming the theoretical analysis of Wins ton (1981) presented
above.
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this work is limited by the simplicity of the decisions involved.
Cooperation in a supply chain may indeed be di�cult. This is the

reason why SCM took as much importance as a management �eld. This
also induced deep thinking on the ways �rms should cooperate. One
of the methods investigated and used by �rms is the Vendor Managed
Inventory (VMI) coordination mode. Consider a supplier (e.g. a produc-
tive �rm) selling to a receiver (e.g. a retail distributor) a product which
will ultimately be sold to consumers. If the receiver lacks information
on these products or has little control on the commercial policy of the
supplier (e.g. if the supplier advertises using mass media), it may be
appropriate to set up a VMI organisation, in which it is the supplier who
decides the amount of goods to be delivered to the receiver36.

The classic and VMI organisations have been compared in a number
of works, among which Disney et al. (2003). Disney et al. use ady-
namic system approach based on the APIOBPCS model (describedin
subsection2.3.2) in the frame of a supply chain consisting of a manu-
facturer and a retail center, in order to show that a VMI organisation
allows transport costs savings, compared to a classic organisation.

Cooperation is possible in a number of ways, more or less relevant
with respect to the circumstances. Firms may �nd an overall bene�t in
sharing information, designing jointly the products they sell, etc. Never-
theless, even if the best strategy was known in each case thatmay arise,
questions would still be left unanswered, in particular: how would the
overall bene�t be shared among �rms? One may forecast, without taking
too much risks, that this bene�t is generally shared in a way that leaves
at least one �rm unsatis�ed. This leads to the second question we raised
at the beginning of this subsection, pertaining to the margin sharing out.

2.5 Logistics macroscopic modelling

Policy issues arise in the logistic sector because of its impacts on the rest
of the economy (pollution, transport infrastructure use, land use, but
also economic e�ciency, etc.) To observe sectors and assessthe potential
need for regulation, administrations may avail themselvesof a set of tools
for building strategic diagnosis. Such tools may be appliedto the analysis
of the logistic sector, although with some methodological di�culties.

Some pre-modelling approaches are presented in Subsection2.5.1. We

36It is needless to say that this idea raised some apprehensionbefore it was �nally
experimented and deemed successful in a number of supply chains, e.g. between
l'Or�eal and Carrefour in France for cosmetics.
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then give an illustration of a classical macroeconomic approach account-
ing for the linkage between logistic and economic issues in subsection
2.5.2. Subsection2.5.3 is dedicated to the spatialised analysis of the
logistic activity. Lastly, we present how the logistic imperatives of �rms
translate into transportation demand in Subsection2.5.4.

2.5.1 Pre-modelling approaches

Despite the large stream of academic and professional literature pertain-
ing to logistics and SCM, there are striking gaps in the knowledge of
this sector of activity. Strongly linked to the economic e�ciency of the
territory, an e�cient logistic sector is a factor of attract iveness in the
international economic competition. On the contrary, by the transport
ows it generates, it is the source of negative externalities: noise, pol-
lution, risk of accident, congestion, etc. Despite the intensity of these
issues, institutions have little knowledge of logistic as an activity on one
hand, and as a driver of the structure of a territory on the other hand.
We present here some �rst steps towards a better understanding of both
questions.

The logistic sector and the logistic business segment

Our �rst task should be to provide a de�nition of the notion of sector.
However, this proves di�cult and no general answer will be provided to
this issue; a relevant and interesting discussion about this matter can
be found in Carbone (2004). We only recall that the notion of sector in
national statistics is based on the homogeneity of supply (i.e. the use of
similar production techniques.)

This is a convenient de�nition to answer a large amount of questions,
particularly from a macroeconomic perspective. As a consequence, na-
tional statistics usually rely on this de�nition. On the contrary, it proves
weak in addressing the �eld of logistics. In fact, even the identi�cation of
the freight transport sector proves di�cult using this approach, since a
lot of �rms still carry their goods by themselves (own account transport),
and do not identify this activity as freight transport. The situation is
even worse in the case of logistics, as logistic activities are not much
externalised.

This fact was stated by Savy (2006a), who used the notion of business
segment to assess the importance of the logistic activity inthe economy.
French �rms are committed to state their activity, which is used to de-
�ne the sector(s) they belong to. In addition, they also haveto declare
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the number of people they employ and their functions37. People are as-
signed to categories along the job they do, and these categories are the
business segments. Using this notion, which is transversal to the notion
of sector, it is possible to measure how many people work in transport,
transport forwarding, warehousing, or material handling-related, but not
conditioning-related. 2M people were working in the logistic business seg-
ment in 1999, among which two out of three were working in �rmswhose
activity was neither freight transport, nor logistics.

These �gures were con�rmed by a more recent study by Mariotte
(2007), distinguishing clearly the transport and the logistic business seg-
ments. The logistic business segment was de�ned as people working in
warehousing and services associated to warehousing. According to this
de�nition, 700k people work in the transport business segment, 800k
in the logistic business segment, among whom only 22% workedin the
logistic sector, 15% in the wholesale trade sector or as trade interme-
diaries. These �gures con�rm that the logistic function is not much
externalised yet, at least not as much as the freigh transport. The study
also located these jobs, as illustrated in Figure (2.6), taken from Mariotte
(2007). This study thus constitutes a �rst approach towardsa geography
of logistics.

Figure 2.6: Employment in the logistic segment in France in 2007

37DADS dataset: D�eclarations Annuelles des Donn�ees Sociales(yearly social data
declaration).
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Geographic analysis

The above mentioned macroeconomic approach can be usefullycomple-
mented by a geographic approach, this quite naturally sincegeography
focuses on space, and space is a crucial dimension of logistic issues.

In a work for the DIACT 38, Savy (2006b) provided an analysis of the
interaction between logistics and territory. His work includes �rst a series
of interviews with a set of agents; second, a geographic analysis.

This analysis considers three objects. First, a series of maps of the
ows of goods in France were drawn by commodity type39, allowing to
identify types of regions and interactions, as well as main ows. Then,
the ratio of the goods getting in and out of a region to the internal ows
were calculated, and analysed together with the movements of palettized
goods per region and per capita. This allows to identify the type of
logistic activity of the di�erent regions, and the heterogeneity of the
territory with respect to the integration in logistic ows. Finally, a map
of the total areas of warehouses and of the number of related workers
was drawn, in order to illustrate the specialisation of someregions and
the concentration of logistic activities in particularly active zones.

This work allowed to draw conclusions on the logistic attractiveness of
the French territory, and the heterogeneity of this attractiveness between
French regions. Possible reasons to this heterogeneity were presented,
together with a set of recommendations. As a conclusion, thisapproach is
original as it takes into account explicitly and simultaneously the spatial
dimension of the territory and the logistic function of the economy.

2.5.2 Macroeconomic analysis

Macroeconomic analysis is based on a high-level, aggregated depiction
of the economy, which encompasses many elements pertainingto all the
economic sectors. Besides, the spatial dimension is generally not at the
center of macroeconomic approaches. From this perspective, logistic is-
sues are thus mainly peripheral.

However, the particular case of inventory levels is interesting. Indeed,
in the case of big economic shocks, for example during economic crises,

38Direction Interminist�erielle �a l'Am�enagement et �a la C omp�etitivit�e des Terri-
toires, land planning and territory competitiveness interminist ry department.

39Using the SITRAM database, Syst�eme d'Information du Transport de Marchan-
dises, database on freight transport. This database is maintained by the SOES (for-
merly SESP), statistic service of the MEEDDM , French ministry in charge, among
other �elds, of transports. It describes freight ows in ton s, commodity type, origin
and destination, transport mode and conditioning
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many �rms slow down or stop their production as long as their current
inventory levels allow it, implying a spectacular decreaseof their activ-
ities. These kind of e�ects, related to the logistic function of �rms, are
discernible at a macroeconomic scale. Due to our limited knowledge of
macroeconomic methodologies and literature, the models addressing this
phenomenon will not be presented here. Therefore, this presentation is
limited to one of these models, for illustration's sake.

When Keynes presented his theory of general equilibrium, helimited
his analysis to a static framework. Shortly after, a series of works were
conducted to investigate its dynamic properties40. It is indeed possible
to consider that a variation in the consumers income does notimpact
immediately consumption, whereas one can symmetrically assume that
it is the production side which exhibits inertia. Metzler (1941) takes a
step towards accoutning for logistics in his model, by assuming that there
are inventories, so that if the production level does not match the sales
level, the level of inventories variate correspondingly.

Metzler considers a number of scenarii, which are varied by the as-
sumptions about the sales forecasting policy as well as by the inventory
replenishment rules. He identi�es that under particular circumstances, a
perturbation can lead to an overshoot of the inventory level, oscillations,
and even explosion of the system. As a consequence, he identi�es, at the
macroscopic level, a phenomenon which is similar to the bullwhip e�ect
presented in Section2.2.2.

The hypotheses underlying this work are strong though, since it is
assumed that all the �rms have the same replenishment rules and the lag
between production and sale is the same for all markets. Furthermore,
this particular work is focused on the reaction of a whole sector to a
somewhat exogeneous perturbation, before the equilibriumis reached
again41. As a consequence, we cannot consider this work to represent the
bullwhip e�ect de�ned by Forrester (1961), which refers to an increase
in the variability of the size of orders upward a given logistic system.

This work builds on an aggregate description of the economy,without
taking into account the spatial dimension. The next subsection presents
works focused on this aspect.

40Notably by Samuelson, who also developed the well known IS-LM general equi-
librium model (Guerrien, 2002).

41The perturbation considered is a step variation of the levelof non-induced invest-
ment of �rms.
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2.5.3 Spatial analysis

The location of the �xed assets of �rms is, in itself, a logistic problem.
Nevertheless, and despite the very large number of them, the works tack-
ling this issue virtually never refer to, or set themselves in the frame of,
the �eld of logistics.

We present in this subsection some of these approaches, and the typ-
ical problems they allow to address. They can be classi�ed into two
categories, depending on whether they focus on the locationof the distri-
bution, or on the location of the production.

Spatial distribution of the demand

One of the �rst steps one can make towards modelling the inuence of
logistic considerations on spatial structure is to take into account the
distance �nal consumers have to travel to reach a given good or ser-
vice. This was done �rst by Hotelling (1929), who considered aduopoly
where two �rms compete on a single, linear street, on which consumers
are uniformly spread. The objective was to build a model where market
shares were continuous variables of prices, by introducinganother prod-
uct characteristics: the distance to the retail shop. Hotelling argued that
distance could be replaced by any characteristic liable to vary contin-
uously among customers42. Nevertheless, he concluded that �rms tend
to concentrate, which is of particular importance in understanding the
spatial structure of the economy43. One can �nd several generalisations
of this problem in Anderson et al. (1992): more than two �rms, simulta-
neous entry or sequential entry, choice of pricing policy (f.o.b. or uniform
pricing), etc.

However these models are often doomed with non-existence of an
equilibrium. To overcome this problem, they can be generalised to con-
sidering price, location and other product characteristics. It is thus shown
that �rms can choose to regroup or to move apart depending on the rel-
ative sensitivity of the customers to the price or to other characteristics,
also called preference for heterogeneity.

This phenomenon is illustrated by Figure (2.7), taken from Anderson
et al. (1992), in the case of three �rms, on a road of lengthl. z�

i de-
42Such as, for example, the utility for each customer of each ofthese two products;

in which case this model is an instance of address model (Anderson et al., 1992).
43It is also important to note that the spontaneous behavioursof the �rms in this

framework do not guarantee a socially e�cient outcome. Their concentration lead to
an average distance covered by customers way larger at the equilibrium than at the
social optimum. This incapacity of the market to reach a social optimum is a common
trait of models considering product di�erenciation (Ander son et al., 1992)
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notes the equilibrium position of �rm i , a function of � , the preference
for heterogeneity of consumers, and� , the unit generalised transport
cost. Three situations appear: for small values of�=� l (i.e. when the
spatial dimension is relatively more important for customers than the
preference for heterogeneity), there is no equilibrium44. Then, for higher
values of�=� l , an equilibrium exists, where the �rms are spread along the
road. They get closer as the preference for heterogeneity ofthe consu-
mers increases compared to the cost of transport, and �nallychoose to
concentrate at the same place when�=� l is high enough. This means
that when the geographic characteristic of goods is of little importance
relatively to their idiosyncratic characteristics, the monopolistic market
power a �rm can withdraw from going far from the other �rms does not
compensate the customers it loses doing so.

Figure 2.7: Optimal location.

This explanation of aggregation or separation of �rms as an e�ect
of the relative importance of the location of a good from the perspec-
tive of customers gives a particularly important insight onthe linkage
between logistic characteristics of the goods and the spatial structure of
the economy.

44This phenomenon was identi�ed by Hotelling.
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Spatial distribution of production factors

However, a �rm does not decide the location of its �xed assets on the
basis of its customers' locations. At the opposite side of the logistic
system, the location of production factors is important as well. This
issue is central to many models of international trade.

The �rst of these models was developed by Adam Smith, who ex-
plained trade as the result of the di�erence in absolute productivities from
a region to another. The international trade theory of Ricardo, based
on comparative advantages, proved to be more realistic (Krugman and
Wells, 2006). According to this theory, regions specialise in the sectors
of lowest opportunity cost in their respective economies. The Hecksher-
Ohlin-Samuelson model (presented in Helpman and Krugman, 1985) is
a general equilibrium model which leads to similar conclusions, but ex-
plains them not by exogenous di�erences in productivities,but by exo-
geneous di�erences in production factor endowments, theseproduction
factors being immobile.

These theories have been generalised by the fruitful introduction of
scale economies in production, and product di�erentiation(Helpman and
Krugman, 1985). Such models are able to explain both intersectorial
trade (which was already correctly accounted for by classicforeign trade
models) and intrasectorial trade (which was, by construction, irrelevant
in classic models). These models represent the complex relationships be-
tween �rm location (strictly speaking capital location), worker location,
prices, and wages. Many hypotheses can be made: workers can be assu-
med immobile or mobile, or partly mobile (the so-called \agricultural"
workers being immobile and the others mobile), capital can be assumed
immobile or mobile, etc. Much attention is paid to how the equilibrium
evolves when transport costs change, and a feature generally shared by
these models is that when transport costs decrease, the economy gets
progressively more specialised: a so-called \center-periphery" structure
appears. This asymmetry is then reduced when transport costs get even
lower. For a review of these models, see Fujita et al. (1999) or Combes
et al. (2006).

It should be noted that in these models, the description of the spatial
dimension keeps quite basic. In many cases, the economy is described
by two points separated by a given distance, and transport costs are
described as \iceberg" costs,i.e. a fraction of the amount of commodities
carried is consumed by the transport operation.

Evans and Harrigan (2005) proceeded to a more realistic approach
from a logistic perspective. Their work was focused on the speci�c role
of travel time in a supply chain when the demand is not known with
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certainty, and on how �rms decide their location in such a framework.
Evans and Harrigan model the economy as a general equilibrium. Firms
sell textiles in the United Stated on two periods. They have the possibil-
ity to locate their factories in Asia, or in the Caribbean. If they locate
their factories in the Caribbean, these �rms can adapt theirproduction:
they produce before the �rst period the goods they will sell during the
�rst period. Then, they observe the sales realised during the �rst period,
and decide the amount they produce for the second period, considering
the inventory left from the �rst period. On the contrary, if t he factories
are located in Asia, transport times are too large to do so. As a conse-
quence, �rms have to produce once and for all the amount that they will
sell over the two periods. Therefore, they face a higher demand uncer-
tainty, so that the expected amount of unsold products and the expected
amount of unsatis�ed customers is higher.

When examining the equilibrium of this model, it appears that the
�rms which are faced with the most uncertain demand locate atthe
Caribbean. As a consequence, the wages are higher at the Caribbean
than in Asia. But, despite these higher wages, it is bene�cialfor the �rms
located in the Caribbean to be close to their market. The conclusions of
the theoretical model are con�rmed by an empiric analysis ofaggregated
textile trade data as well as by an econometric analysis of proprietary
data of a textile manufacturer45. This approach pre�gures the speci�c
signi�cation of the value of time in the frame of a supply chain; see
Chapter 7 for details.

Comments

These theories, which are instances of the microeconomic approaches
used to explain spatial structure, provide insight on elements of the sup-
ply chains: the end market, and the issue of retail selling points, or the
choice of the best region for production.

Nevertheless, their strong linkage with the logistic issuesof �rms is
seldom advertised. Furthermore, there is no synthesis of these two appro-
aches to our knowledge; such a synthesis would be a second step towards
taking logistic requirements into account in economic models.

45It is also interesting to note that, as exible production is made possible thanks
to the advances of the technologies of communication, as stated by Evans and Harri-
gan: \ It turns predictions about the 'death of distance' on their head: in our model,
improvements in communications technology make distance matter more for income,
not less."
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2.5.4 Logistic drivers of transport decisions

In connection with the spatialised freight transport models which are
addressed in Chapter1, let us focus on the linkage between the logistic
and economic behaviours behind such decisions as the choiceof mode or
itinerary.

Mode choice

It has been generally aknowledged that the choice of transport mode
for a shipment depends heavily on the logistic requirementsof the given
shipment. Yet not much has been built on this observation. First, it is
hard to identify and to measure these logistic imperatives.Second, the
complex linkage between the role and relationships of a �rm in a supply
chain and the logistic imperatives of its shipments has not yet been much
investigated.

Pre-modelling approaches do exist, such as the work by Woodburn
(2003). The author interviewed a set of �rms. He identi�ed their respec-
tive roles in their supply chains, and asked them about the predictable
trends for their own supply chains46 , together with their assessment of
their potential for a shift towards rail. He thus identi�ed th e following
trends expected by the agents within the supply chain: �rst,the risks
associated with the increase of transport costs are of smallmagnitude,
since all competitors bear them equally. Second, the use of rail is small
but this may come to change. Third, customers' requirementswill get
stronger, and maybe more prone to variate. The logistic system will
have to be changed accordingly. The interviewees acknowledged that re-
deploying a logistic system is di�cult, and the exibility o f road is an
advantage in the prospect of a redeployment. Note that the second and
third statements of the actors are contradictory. The recent trend reveals
that in the trade-o� between end-consumer requirements andtransport
e�ciency, �rms shift towards the demand side.

Such qualitative approaches are hard to extrapolate to quantitative
modal shift potentialities, but they are very useful in thatthey allow to
assess its drivers and trends, to a certain extent. This workalso indicates
that methodological innovations can yield a much better understanding
of logistics, to a small incremental cost: it was easy to identify the role
of the �rm in the supply chain, this provided much understanding.

46It is interesting to note that the most important trends is th e expected increase
in the service demands made by the customers, and the shift toward more exible
organisations { particularly just-in-time organisations .
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Itinerary choice

The issue of itinerary choice is of central importance in freight trans-
port modelling, itinerary decisions are the microeconomiccauses of tra�c
ows. Understanding the microeconomic drivers of this decision is thus a
crucial problem of freight transport modelling. But the linkage between
logistic requirements and itinerary choice are not fully understood yet.

Many elements play a role in the decision of itinerary choice: time-
dependent operating costs, distance-dependent operatingcosts, depre-
ciation costs and opportunity costs of the freight transported, and other
logistic costs. However, the econometric approach to this issue seldom
distinguish these costs. The itinerary choice decision is usually reduced
to a trade o� between transport price and travel time.

Some works tried to address this simplistic representationby intro-
ducing other variables. For example, the agents willingness to pay for a
reduction in travel time variability can also be taken into account. This
issue is investigated by Fowkes et al. (2004). The authors performed a
stated preference survey in order to assess the agents' willingness to pay
so as to avoid respectively: a delay in the departure time of the vehi-
cle (i.e. scheduled delay, e.g. the vehicle has broken down), a delay in
the arrival time of the vehicle once the vehicle has left the origin ( i.e.
unscheduled delay, e.g. the vehicle is stuck in a tra�c jam),and �nally
variability in the arrival time 47. The results show that the highest will-
ingness to pay is to avoid unscheduled delay. It amounts to about 100e
(end-2000) per hour, whereas the willingness to pay to avoiddelay is
about 60e per hour, which is intuitively meaningful since a situation
with unscheduled delay is more constrained than with scheduled delay,
where the use of another itinerary or another mode is conceivable.)

These results constitute a basis for further modelling re�nements, and
highlight the complexity of the preferences of shippers towards freight
transport alternatives. Furthermore, these results make a�rst step to-
wards the issue of departure time choice in freight transportation, which
is still under-addressed.

47Note that the de�nition and assessment of travel time variability is problematic
in itself, and that this is not speci�c to freight transporta tion. For example, de Jong
et al. (2004) reviewed works about the willingness to pay of passengers to avoid travel
time variability. They notably insist on the di�erence betw een choosing a de�nition
of variability (e.g. standard deviation versus mean ratio) and proposing options of
various variabilities in SP studies. In particular, the standard deviation versus mean
ratio is often too complex a notion for the respondents, which means that it has to
be translated into more illustrative indicators (e.g. the di�erence between the 80th
and the 90th centiles of arrival times.)
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The disadvantage of these methodological elements is that they ignore
one of the basic di�erence between passenger and freight transportation
modelling. The load unit in passenger transportation is indeed the pas-
senger: as such, it cannot be modi�ed, and this makes a great di�erence
with freight transportation in which the size of shipments is a decision
variable. This degree of freedom, which is speci�c to freight transport,
has not yet been accounted for in freight transport models yet, although
some works have already addressed it. The next section is focused on
some of these works.

2.6 Shipment size in the frame of transport
demand modelling

Freight transport demand is generally represented by a set of ows,
expressed as aggregated indicators, e.g. tons per year. And yet, there are
many reasons to think that the shipment constitutes the unitdecision
in freight transportation, and that it should be used as the modelling
unit when possible48, in order to bridge the gap between tra�c model-
ling methodologies and logistic behaviours of �rms. Takinginto account
the shipments characteristics is thus a key direction of improvement of
freight transportation demand models.

The shipment size decision is di�cult to analyse and to model, �rst
because of the lack of data49 , second due to the limited knowledge con-
cerning the microeconomic drivers of �rms decisions and speci�cally the
linkage between their logistic imperatives and their decisions pertaining
to shipment characteristics on the one hand, and macroscopic knowledge
of costs, trends, and practices on the other hand.

We present pre-modelling methodologic elements such as database
collection and descriptive analysis in Subsection2.6.1. Subsection2.6.2
is focused on the use of shipment-related variables in econometric appro-

48This question is discussed in more detail in Chapter3. Besides, Routhier et al.
(2002) argue that, faced with the particular organisation of urban freight transpor-
tation, it is statistically more e�cient to consider the mov ement (i.e. the vehicle
movement between two stops, even if these stops are part of a route) as the decision
unit than the shipment or the origin-destination ow when mo delling urban freight
transport.

49Data about shipment size are di�cult and expensive to collect, particularly due to
the di�culty to follow a shipment accross the sequence of transport operations it goes
through from its shipper to its receiver. Furthermore, suchdata are often con�dential,
due to strategic information they contain with respect to th e type, amount and value
of the freight exchanged and to the �rms implied in the transaction.
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aches. We then introduce some research works investigatingthe micro-
economic drivers of shipment choice in Subsection2.6.3. We eventually
present choices and recommendations concerning shipment size choice in
freight transportation demand models in Subsection2.6.4.

2.6.1 Pre-modelling approach

Prior to any quantitative modelling approach, data availability is re-
quired, �rst to allow phenomena identi�cation and investigation, second
to calibrate potential subsequent models. We present some examples of
databases, and then some trends for France.

Databases

Shipment databases are not available in all countries, and when they are
available, they are not systematically renewed every year (see below the
French case).

Shipment databases provide more or less accurate data on shipments.
The de�nition of shipment is not straightforward. In the following of this
work, we use the following one, adapted from Guilbault et al.(2006) 50

De�nition 2.6 A shipment is a given amount of freight of a given type,
handed over at given place and time, by a unique shipper in order to be
carried as a whole towards a given, unique receiver.

Instances of shipment databases include the AmericanCommodity
Flow Survey (CFS), which is collected every �ve years (Holguin-Veras,
2007), and includes about 5 millions of shipments. A CFS is also available
in Sweden, with information on about one million of shipments, for years
2001 and 2004/2005 (de Jong and Ben-Akiva, 2007). These databases
contain information such as shipment origin and destination, size, value,
commodity type, etc.

The French CFS, namedECHO51, includes a unusual amount of infor-
mation on each shipment, particularly pertaining to the organisation
along the shipment movement. As described in Guilbault et al.(2006),
the 2003-2004 survey concerns 10; 000 shipments emitted by about 3; 000
shippers, which is relatively small when compared to other shipment

50The original de�nition is the following : \ la quantit�e de marchandises remise �a
un même moment �a un même endroit par un chargeur unique, pour être transport�ee
dans sa totalit�e vers un destinataire unique". The translation, hopefully accurate, is
ours.

51\ Envois-CHargeurs-Op�erateurs de transport", that we may translate as:
\Shipments-Shippers-Carriers".
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databases. This low sample size is compensated by the large amount of
information collected with respect to each shipment, including notably:

- The attributes of the shipment:commodity, size and weight, dis-
tance, value, desired travel time, costs and service level require-
ments,

- The sequence of operations:physical characteristics (origin, desti-
nation, conditioning, transport operations, logistic operations, en-
ergy consumption, travel cost and time) as well as organisational
characteristics (number of agents intervening, decision levels, sub-
contracting relationships),

- Shipper and receiver attributes:economic characteristics (activity,
turnover, relationships) as well as production characteristics (orga-
nisation of the production, information system) and physiccharac-
teristics (accessibility to transport infrastructures, amount shipped
per year.) The shipper-receiver relationship is also described.

These databases constitute a basis to understand the linkage between
freight transport demand and the logistic function of �rms. Furthermore,
even the simplest shipment size microeconomic models require the obser-
vation of speci�c variables, which cannot be derived from classic freight
transport databases Given the large number of variables observed in the
ECHO database, it is conceivable to proceed to the econometric assess-
ment of some of these models, a task which is impossible with other,
simpler CFS (see Chapter5).

On the whole, the snapshots classic freight databases give of freight
transport systems are both partial and biased. For example,these data-
bases are often focused on vehicles movements. This is the case of the
French database SitraM. As a consequence, if a shipment is moved from
its origin to its destination through several vehicle movements with trans-
shipment operations in between, the itinerary of the shipment cannot be
observed. For this reason, the amount of freight moving on the French
territory from or towards a foreign country is underestimated.

Trends

The considerable amount of detail available in the ECHO database allows
an extensive descriptive analysis of the freight transportsystem, which is
useful at a pre-modelling stage. Among other statements, this database
allows the identi�cation of a deep trend towards lower shipment weights
between 1988 and 2003.
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Figure 2.8: Distributions of shipment sizes between 1988 and 2003, taken
from Guilbault et al. (2006)

Figure 2.8shows the cumulative distribution of shipment sizes in 1988
and in 2003, and the cumulative distribution of shipment sizes weighted
by the size variable (measured in tons). Let us notice that there are
thresholds in the weighted cumulative distribution functions, located at
the values of maximum vehicle capacities. This indicates that some ship-
ments sizes are very probably constrained by vehicle technologies. The
presence of at, horizontal areas in the weighted cumulative distribution
functions also con�rms a theoretical result of Hall (1985), see Subsection
2.6.4 for details. Hall (1985) states that given freight rates, some ship-
ment sizes are avoided by shippers. This is the case, in particular, of
shipment sizes close, but not equal, to the capacity of vehicles.

The evolution of the distribution of shipment sizes is con�rmed by
statistical summaries such as the median size, which falls from 160 kg to
35 kg between 1988 and 2003, and the weighted median which increases
from 12:6 ton to 19 ton. Such an apparently paradoxical statement is
interesting. It is tempting to interpret it, in a �rst approa ch, as an overall
increase of logistic systems e�ciencies, both being able tosend smaller
shipments when needed and in using the whole capacity of vehicles in
order to move freight cheaply as much as possible. This issueis addressed
from a more theoretical perspective in Chapter6.

The analytic stages following the descriptive analysis aregenerally
based on technical tools. Indeed, taking into account the shipment size
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variable in microeconomic approaches or in large-scale freight transport
models proves quite di�cult. On the contrary, when this variable is ob-
served, it can prove useful in econometric approaches. As a consequence,
we now present how this variable has been used in various econometric
studies.

2.6.2 Econometric analysis

Shipment databases constitute a basis for the identi�cation of statistical
regularities. In particular, they can be used in order to re�ne the analysis
of issues such as freight transport demand forecasting, modal choice, or
shipper-carrier interaction

Freight transport demand forecasting

Using the shipment as the decision unit raises a certain amount of the-
oretical and practical problems. One of them is that classicdemand
forecasting methodologies cannot be used straightforwardly to forecast
demand at the level of the shipment.

Based on proprietary data provided by a single �rm, Garrido and
Mahmassani (2000) proposed an econometric model to estimate the num-
ber of loads52 sent from each zone of a given area. They estimated a
multinomial probit speci�cation, with spatial and temporal autoregres-
sion53, where the latent variable associated to each zone consistsin an
alternative-dependent constant and the �rst factor given by a principal
component analysis of the socio-economic attributed of those zones.

The dataset used has been granted by a major U.S. carrier company,
containing information on a large amount of loads: origin, destination,
earliest/latest pickup time, earliest/latest delivery time, distance trav-
elled, revenue earned. The model is estimated against a subset of this
dataset, corresponding to the loads picked up in the state ofTexas (16,287
loads). This sample is divided into four subsamples corresponding to the
four seasons. Three of these subsamples are used for estimation, whereas
the fourth is hold out to assess the estimated model. There are 80 zones
and 2 time intervals (0-12am and 12am-12pm.)

52Loads are not exactly shipments but constitute a �rst step towards this unit.
53Denote" t = f " it g wherei 2 1; : : : ; R and t 2 1; : : : ; T the error terms pertaining to

each zone/time interval alternative. Denote W the contiguity matrice, where wij is 1
if zonei and zonej are contiguous and 0 else. Consider� t the dynamic process de�ned
as � t = �� t � 1 + � t where � t is a vector of independent, centered normally distributed
processes� it . It is therefore assumed that " t = �W " t � 1 + � t , thus representing the
spatial temporal autoregressive nature of the model.
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The estimation indicates a negative spatial autocorrelation, thus re-
vealing the presence of high-demand clusters surrounded bylow-demand
areas. The temporal autoregressive coe�cient is signi�cant and lower
than 1, indicating the existence of a dynamic e�ect and the temporal
stationarity of the error term. However, the estimated model's perfor-
mance on the hold-out sample is mitigated. A Chi-squared test rejects the
hypothesis that the expected number of loads and the hold-out sample
values follow the same multivariate normal distribution. On the contrary,
the non-parametric Spearman's rank text rejected the no-agreement hy-
pothesis with more than 99% con�dence. This illustrates thedi�culties
of such an approach.

Modal choice

Shipment characteristics are di�cult to forecast when forecasting the
whole freight transport demand, as illustrated by the previous example.
On the contrary, they are easier to handle when focusing on modal choice
for a given demand. A number of works have investigated the possibility
to specify an econometric model considering both the shipment size and
the transport mode. We present two of these works, which provide an
illustration of the methodologies used.

Holguin-Veras (2002) examines a series of model speci�cations which
are summarized here. The objective of the model is to forecast the choices
of shipment size and vehicle in the frame of urban freight transportation.
To do so, a shipment size submodel is derived:

y =

 

� 0 +
nX

i =1

� i � i

!

ln(D) + �;

wherey is the shipment size,D is the distance travelled54, � i are binary
variables representing the commodity group and the activity type, � the
error term.

The vehicle choice is then modelled as a discrete choice. Theutilities
of the vehicle options are:

Ui = � 1i + � 2i Cw
i + � 3i XL i (y) + " i ;

where Cw
i is the average unit cost per ton, the� are parameters to be

estimated, andXL i denotes a sort of distance between the shipment size
54As it will be explained in the sequel of this chapter and in Chapter 5, there are

strong theoretical and econometric reasons to believe thatshipment size and transport
distance are at most loosely related. This may explain why these models do not �t
the data perfectly (R2 = 0.46 for the most complete speci�cation.)



2.6 Shipment size and freight transport modelling 129

and the average payloadM i of the vehicle of typei :

XL i = jM i � yj;

thus representing the linkage between the shipment size andthe vehicle
mode choice55. " i is the error term, it has been successively speci�ed
as a multinomial logit error term and as a heteroscedastic extreme value
error term. No correlation has been assumed between� and the " i ,
which implies that the mode choice/shipment size process ismodelled as
sequential, i.e. that the choice of transport mode is conditional to the
choice of shipment size.

The approach developed in Abdelwahab and Sargious (1992) over-
comes this limitation, in assuming that these error terms are dependent.
The framework set up by the authors is not the same as in the previous
work, since they focus on the choice between rail and truck. They con-
sider the choice of transport mode and shipment size are simultaneous,
and opt for the following speci�cation:

I �
i = Z i + " i ; (2.3)

Y1i = � 1X 1i + "1i i� I �
i > 0; (2.4)

Y2i = � 2X 2i + "2i i� I �
i � 0: (2.5)

Equation (2.3) represents the mode chosen (truck ifI �
1 > 0, rail oth-

erwise), whereas equations (2.4) and (2.5) represent the shipment size
conditionally to the choice of respectively truck or rail.X 1i and X 2i are
exogenous variables;Z i consists of some or all the exogenous variables
in X 1i and X 2i , and also additional exogenous variables.Y1i and Y2i are
endogenous. The three error terms" i , "1i and "2i are centered, serially
independent, trivariate normally distributed. Their variance-covariance
� is:

� =

0

@
� 2

1 � 12 � 1"

� 12 � 2
2 � 2"

� 1" � 2" � 2
"

1

A :

The parameters to estimate are� 1, � 2,  , � 1, � 2, � 1" , and � 2" . Among
them, � 1" and � 2" draw special interest, as they capture the interdepen-
dency between the shipment size decision and the mode choice.

55The approach proposed by Holguin-Veras, not used in the following of his work,
allows for the use of a distinct shipment size speci�cation for each vehicle type. Never-
theless, the set of alternatives depends on the shipment size forecast by the �rst
equation, to reect the technical limitations of the vehicl es.

Note that vehicles do not necessarily carry shipments one byone. A measure of
the distance between a given shipment size and the average size of shipments carried
by a given type of vehicle might have been more relevant here.
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The model speci�ed by Abdelwahab and Sargious has been estimated
against the Commodity Transport Survey56 of 1977. The results are
interesting and clearly illustrate an interdependency. For example, an
increase in the cost of truck transport implies a higher probability of
choosing the rail transport mode. It also implies, if the truck mode is
chosen, a higher shipment size, certainly to bene�t from better rates. The
shipment size conditionally to the choice of the rail mode also increases,
seemingly accounting for the reasoning of a shipper who considers higher
shipment sizes whatsoever given the higher truck transportcosts.

This example illustrates both the �ndings and the limits of the ap-
proach. Taking into account the shipment size certainly improves the
�t of the model, and allows for a more accurate calculation ofelastici-
ties, as is done in Abdelwahab (1998). But the economic causalities are
not accounted for, and the model used is weakly linked to the existing
theory concerning shipment size choice. For example, the shipment size
su�ers no technical constraints such as vehicle capacity. Second example:
among the variables present in the dataset, the total volumeshipped on a
given origin-destination was used in the regression, and its inuence was
estimated positive on the shipment size. According to the authors, this
would con�rm the existence of economies of scale in road freight trans-
portation. We think that this may be the sum of two e�ects: �rs t, a
larger ow between an origin and destination allows for larger shipments
shipped at a larger frequency, which is generally good for the shipper
and the receiver. Second, the greater amount of vehicles present on the
origin-destination pair allows for a more e�cient use of them, better
average payloads and a greater availability, which could lead, all other
things equal, to the possibility to send smaller shipments:in this case,
the second e�ect identi�ed by Abdelwahab and Sargious pertains to the
presence of economies of scale in road freight transport.

Such an analysis would certainly be enriched by a microeconomic
analysis.

2.6.3 Microeconomics of the choice of shipment size

A large number of works and methodologies consider explicitly the choice
of shipment size, as it is one of the central variables of decision of the
logistic function of �rms. A subset of these works investigate this question
using microeconomic tools and from the perspective of freight transport
demand modelling. This section introduces some of them. Notethat

56Stopped in 1988, renamed Commodity Flow Survey, re-launched in 1993 (Holguin-
Veras, 2007) and presented page124.
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some of these models have already been met in Section2.3; however,
what is here discussed is not their validity for a given �rm ina well
identi�ed environment, but for a large, potentially very heterogeneous
population of �rms.

The work of Baumol and Vinod (1970) is one of the �rst models
which investigate the issue of shipment size from a freight modelling
perspective. Using our notations, a �xed amount shipped per year Q is
considered. The objective is to minimise the total logisticcost, denoted
g, which consists of four cost components. First, the direct shipping cost
ctQ, where ct is the transport cost per unit (e.g. ton). This cost does
not depend on the shipment size. Second, the in-transit carrying cost
atQ, where a is the in-transit cost per unit of time and freight57, and
t the transit time. Third, the ordering cost bQ=s, where b is the cost
of ordering a shipment, depending on the transport mode, ands the
shipment size. Fourth, the inventory cost. The authors consider only the
destination inventory costads=2 (wheread is the inventory cost per ton
and year58, and s=2 is the average inventory level if the shipments are
uniformly spread over the year). Then, the total logistic cost is:

g = ctQ + at tQ +
bQ
s

+
ads
2

:

The problem of the shipper is then to choose a shipment sizes and
mode f ct ; b; tg that minimises g. These decisions can be considered se-
quential. Indeed, the optimal shipment size conditionallyto the use of
a given mode is

p
2bQ=ad (this is equivalent to the optimal shipment

size in the EOQ model presented in Subsection2.3.3). The shipper then
chooses the mode providing the lowest total logistic cost.

The authors then assume the system presents stochasticity (either in
the demand or in the travel time). In that case the a safety-stock is
needed, to ensure shortages do not happen too frequently. Ifthe demand
is stochastic, for a shipment sizes, the maximal delay for �lling an order
is s=Q+ t, the average unsatis�ed demand that may accumulate during
this period therefore is (s=Q+ t)Q. Given the variance of the demand
at each period and for all� between 0 and 1, there is a constantk such

57This cost is the willingness of the shipper to pay for a decrease of the travel time
of one ton of commodity of one year. It typically encompassesa capital opportunity
cost and a depreciation cost.

58This cost is the willingness of the shipper to pay for a decrease of the waiting time
of one ton of commodity at the destination inventory of one year. This cost typically
encompasses a capital opportunity cost, a warehousing cost, and a depreciation cost,
etc.
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that the following safety-stock:

k
p

s + tQ;

ensures that the probability of a stock-out is smaller than� . k increases
in � . For a given � , the total logistic cost becomes:

C = ctQ + atQ +
bQ
s

+
aws
2

+ k
p

s + tQ:

With this new cost function, there is no close formula for theoptimal
shipment size. Furthermore, there is no microeconomic reasoning ex-
plaining the choice of an optimal� . See Chapter7 for further discussion
about this speci�c issue.

The analysis led by Hall (1985) is similar in its principle. The frame-
work is identical, except that it takes into account the capacity of the
various vehicles available. DenoteS the maximal capacity of a given
vehicle (with our notations). Therefore, the maximum shipment size is
S. The optimal shipment size is:

s� = min

( r
2bQ
aw

; S

)

:

Hall then examines the joint mode and shipment size decision for a
shipper sending a ow of productionQ (in pounds per week in the ex-
ample) on a given origin-destination pair, with three alternatives: either
using truckload (TL) contract carriers (who provide directservice, and
whose rates are distance dependent), or less-than-truckload (LTL) com-
mon carriers (who specialise in grouping small shipments),or through
the United Parcel Service (UPS) (specialised in the smallest shipments).

Figure (2.9) illustrates the costs of each mode for a givenQ. The best
mode is the cheapest one. Figure (2.10) illustrates the optimal shipment
size for a ow Q, as well as the mode to use. Both these �gures are taken
from Hall (1985) It is interesting to note that, given the modes available,
some shipment sizes are never optimal.

These works make a step towards accounting for the linkage between
the logistic imperatives of �rms, and freight transport demand. They
have been extended to many distinct frameworks. Tyworth (1991) re-
views some of these models, with special emphasis on how the stochastic
nature of demand and transit time can be modelled. A more recent re-
view, by Vernimmen and Witlox (2003), is available. From these reviews,
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Figure 2.9: Movement cost incurred
by each mode (taken from Hall,
1985).

Figure 2.10: Optimal shipment size
and mode (taken from Hall, 1985).

it appears the basic elements of joint shipment size and modal choice de-
cisions are all presents in the work by Baumol and Vinod (1970). The
subsequent re�nements bring little to the economic analysis.

Furthermore, due to data requirements, it has not been possible to
proceed to the econometric assessment of these models. Indeed, even the
simple model of Baumol and Vinod requires a measure of the commod-
ity ow between the shipper and the receiver. Except for the case of
the ECHO survey, this variable is generally not available. Attempts to
estimate these models without this variable prove di�cult, as con�rmed
by the example of the work by McFadden et al. (1985). This particular
issue is addressed in Chapter5.

Finally, these models aim at explaining how shippers choosebetween
distinct transport modes. As a consequence, they are by design unable
to explain why a shipper would combine two transport modes for a given
commodity ow. Modelling this kind of phenomenon requires amore
detailed analysis of the logistic imperatives of �rms. Thisis the object
of Chapter 7.

2.6.4 Shipment size in freight transport modelling

We presented in Chapter1 recent advances in freight transport demand
methodologies. They pertain to many aspects of freight transport model-
ling, including considering new decision units, such as thevehicle move-
ment in FRETURB (Routhier et al., 2002) or shipments (but in a rather
coarse way) with the logistic chains in EUNET (Jin and Williams, 2005).
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But none of these models address explicitly the shipment size decision in
their architectures.

The approach of de Jong and Ben-Akiva (2007) aims at addressing
this gap59. The approach they propose is referred to as \aggregate-
disaggregate-aggregate". Production-Consumption matrices, obtained
through conventional ways, are disaggregated into a large set of �rm-to-
�rm ows. The way the goods constituting these ows are movedresults
from a joint shipment-size / transport chain decision, using a model sim-
ilar to those presented in the previous subsection. This procedure is a
major originality in freight transportation modelling.

The second originality is that consolidation is taken into account.
Taking into account both the shipment size and transshipments requires
indeed the representation of economies of scale. Nevertheless, theoretical
questions remain concerning the existence, uniqueness, and convergence
towards an equilibrium of such a model60.

2.7 Conclusion

We began our appraisal of logistics from a freight transportation model-
ling perspective by de�ning unambiguously a number of terms, which
will be used later in the analysis.

For �rms, logistic issues are �rst and foremost operational. As such,
we �rst studied the tools developed to address them, which are therefore
mainly engineering tools. Their accuracy depends on the trade-o� made
by their users between �ne-tuning and robustness. The shortpresenta-
tion of these tools gives an idea of the nature of a logistic issue, and how
it may be addressed.

We also showed that when addressing macroscopic issues suchas
freight transportation at a large scale, interactions between agents play
an important role. We presented some elements of analysis with respect
to the necessary coordination of �rms in a supply chain, as a contradic-
tory force with the competitive drivers resulting from markets structures.

These macroscopic features also exist at an even greater scale, when
one does not consider a single market but a regional or national spatial
scale. We presented some approaches which focus on the e�ectof space

59This model is still being built in 2007; its principles were presented two years
before (de Jong et al., 2005), and a presentation was done in 2007 about its calibration
on aggregate data (de Jong et al., 2007). Its estimation on disaggregate data is still
to be done in 2007.

60These questions are likely to be di�cult to address, due to the explicit presence
of increasing returns in the model.
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and time on the economy. These approaches are symmetric to those
addressing logistic issues of the �rm.

We �nally focused on one of the central questions of our work,which
is the identi�cation of the drivers of the shipment size decision, and how
they may be accounted for in a large-scale freight model.

We thus tried to ful�ll the two objectives of this analysis: identifying
the drivers of the logistic decisions of �rms, and how they explain the
properties of freight transport demand; and presenting a set of appro-
aches, methodologies and models that may provide inspiration in building
a more realistic freight transportation demand model.

Modelling microeconomically the choice of shipment size appears to
be a fruitful but di�cult task. Joint mode choice and shipment size
models are able to account at least partially for the linkagebetween
logistic requirements of �rms and freight transport demand, in particular
mode choice. As such, they are a very interesting direction toimprove
freight transport models. But their empirical relevancy isnot proved.
Indeed, assessing these models econometrically requires speci�c data, not
only on shipments, but also on the shipper-receiver relationship, which
is seldom observed.
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Chapter 3

A systemic representation of
the freight transportation
system

3.1 Introduction

Substantial progress has been made over recent years in modelling freight
transport demand, in several directions. All these lines of progress share
one same objective: to improve the realism of models in view of their
ability to generate realistic reproductions of known situations and in view
of their use as decision support tools, which would notably be possible if
they can be used for di�erent extrapolation operations.

Let's consider the category of spatialised models of freight transport
demand1, i.e. models that represent explicitly the spatial dimension of
variables of interest (for example: tra�c and speed for eachinfrastruc-
ture network arc, vehicle ow for each origin destination pair, etc.) Un-
til recently, these models have been constructed by adapting models of
passenger transport demand, with minor methodological improvements
aimed at compensating for the inadequacy of passenger transport mod-
els to adapt to the context of freight transport. As a result, spatialised
freight transport model have long been structured along theclassic 'four-
phase' representation which forms a common basis of passenger transport
demand models.

However passenger transport and freight transport are di�erent in

1Here, we will not go into non-spatialised models that relateto aggregate indi-
cators, such as the total number of tkm in a given country per year. These models
are built using speci�c econometric methods and are not of a di�erent type from
spatialised models.
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many respects and these di�erences have an impact on the realism of
models. Recent advances in freight transport demand modelling progress
often consist of better representations of mechanisms totally speci�c
to freight transport, for example: improvements in the representation
of freight transport supply, the logistics dimension of choices made by
shippers, and even the explicit consideration of shipmentsin models
(Tavasszy, 2006; Combes and Leurent, 2007). Each of these points forms
a fundamental di�erence with passenger transport, therebylimiting the
scope of the classic 'four-phase' representation in the frame of freight
transport.

Adapting this context to freight transport would be useful inseveral
capacities: it would enable us to draw comparisons between recent works
and assess their coherence; it would also enable identi�cation of points
that still require further research and as such would potentially constitute
a common work basis; it could then be used as a structure for a freight
transport model, coherently integrating the latest lines of progress.

Section3.2 presents more precisely the objectives of this study. Sec-
tion 3.3 recalls the four stage representation and the reasons for which it
is now widely used in passenger transport modelling. The reasons why
it is not adequate for freight transport modelling are then detailed. A
systemic representation of freight transport is then presented in Section
3.4, as the result of a systemic analysis of the freight transport system.
Section3.5 concludes this study.

3.2 Objective and method

As explained in the previous section, our objective is to propose a frame-
work for modelling freight transport demand, �rstly to determine the
relative place of recent works, drawing a comparison between them, and
secondly to act as a base for the construction of a realistic spatialised
model of freight transport demand.

This task shall be conducted in two phases. First, we shall recap the
classic four-phase representation of passenger transportdemand model-
ling, the objectives to which it responds and the speci�cities of freight
transport for which it is not suitable.

We will then proceed with a systemic analysis of freight transport,
identifying all agents whose decisions a�ect freight transport operations
directly. For each of these agents, we shall identify the decisions they
make, the options and resources available to them, the way inwhich they
choose between these alternatives and lastly, the relations between these
agents. Throughout this analysis, we shall determine the elements that
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need to be represented explicitly in a freight transport demand model,
those that can be represented in a simpli�ed manner and thosethat
can be overlooked without a�ecting results. We will use thisanalysis to
construct a representation of the freight transport system.

3.3 The four stages representation

Passenger transport demand modelling resides in a consensual "four-
phase" representation (Quinet, 1998). This representation is microecono-
mically and statistically consistent with the behaviour ofthe agents of
the passenger transport system, and its structure in layersis a convenient
base to build a model upon. Given the similarities between the passenger
transport system and the freight transport system, it was, as such, a good
starting point for modelling freight transport. We shall therefore recap
its principles (Subsection3.3.1) and then explain the limitations of its
adaptation for freight transport (Subsection3.3.2).

3.3.1 The passenger transport system

Initially, the intention of passenger transport demand modelling con-
cerned the sizing of road infrastructures. These models aregenerally
designed to forecast the use of di�erent transport possibilities by pas-
sengers. They were therefore constructed using a pragmaticapproach:
the objective was to forecast tra�c, the pertinence of di�erent aspects
of passenger transport was assessed in the light of their contribution to
tra�c formation, and the capacity of modelling methods to factor them
in.

These passenger transport models are supply-demand models. Trans-
port supply is described quite simply2 and the behaviour of transport
suppliers (infrastructure managers, public transport operators) is not
represented explicitly; we only see the result, consideredas exogenous in
the models.

The demand - i.e. the need for passengers to travel and the wayin
which they choose from the di�erent alternatives availableto them - is
examined in further depth. Initially, passenger transportmodelling was
solely focused on tra�c on the road network. At a very early stage,
three phases were identi�ed in the formation of demand, respectively
called generation, distribution and assignment, corresponding more or

2This simplicity is deceptive: it disregards the multiple tari� regulations present
on all transport networks and the speci�c supplier-demander relations are concealed.
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less to the di�erent decisions made at di�erent time scales by passengers.
The modal choice was later introduced between the distribution and the
assignment stages, when the competition between the di�erent modes of
transport (particularly personal cars and public transport) incited more
interest.

These decisions show a form of hierarchy since a decision made at
a given level determines the options available at the level below. The
phase which is the farthest upstream - generation - corresponds more or
less to the location decisions of households, activities and companies (and
therefore employment). The distribution phase corresponds to the choice
of activity by an agent: the choice of a job, the reason for commuting,
the choice of shops, schools for children etc. The journeys they have to
make stem from this choice of activity. These passengers then need to
select their mode of transport and lastly, the itinerary fortheir journey.
This segmentation of decisions impacting tra�c formation is well-suited
to modelling. These decisions can be represented in the formof superim-
posed layers, thereby clarifying both hierarchical relations between these
decision levels and their common spatial dimension (Figure3.1).

Generation

Distribution

Modal choice

Assignment

Figure 3.1: The four stages representation

This representation of the passenger transport system doesof course
have its limits in terms of suitably modelling certain characteristics of
passenger transport. Examples of missing elements include: an explicit
representation of the use of a private vehicle by several people, chained
trips, tari� decisions by suppliers and even the choice of departure time
when considering a dynamic context. However it does represent a good
foundation for constructing a realistic passenger transport model and a
good starting point for attempting to overcome these problems.

The situation is similar for freight transport; the four-phase represen-
tation is a good starting point, but it is to a certain extent restrictive, as
we shall explain in further detail.
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3.3.2 Speci�cities of the freight transport system

Initially, the freight transport system and the passenger transport sys-
tem have similar features. For example, if the passenger owis replaced
by the merchandise ow expressed in units of weight, and the transport
services in terms of transport time and cost, the itinerary choices can
be modelled correctly. We can also note that characteristics are on av-
erage more similar for commodities using the same mode of transport,
than for commodities using di�erent modes of transport. And �nally,
the generation stage is more or less functional if we apply economical de-
scriptive variables (GDP, population, employment, possibly categorised
into sectors) to forecast the intensity of freight emissions and receptions.
The distribution phase is more complex, but the methods usedfor pas-
senger transport are applicable. In short, the four-phase representation
presented above is applicable, to a certain extent, to the freight transport
system.

Nevertheless, if we wish to improve the realism of a freight transport
model, we need to account for the speci�c operating characteristics of
the freight transport system, which cannot be achieved explicitly in the
context of the four-phase representation. We shall highlight three of these
limitations.

The decision unit In order to assess the level of aggregation in a
freight transport model, it is necessary to identify the decision unit of
the freight transport system,i.e. the smallest group of freight considered
as indivisible in decisions pertaining to its transport. The corresponding
notion in passenger transport is straightforward: it is thepassenger it-
self3. With freight transport, the decision unit is less clear andmany
models do not make it explicit; they opt implicitly for an 'atomic' de-
cision unit which is consistent with assignment models withcongestion;
the 'atoms' are aggregated directly to form origin-destination ows which
alone are explicit. Whereas the agents involved in freight transport do
not decide the way in which each atom of commodity is to be transported,
nor do they make this decision at the scale of an origin-destination ow
as a whole. The decision unit for freight transport is intermediate. It
must therefore be identi�ed.

3Nevertheless, a certain measure of ambiguity resides between the passenger and
the vehicle, bypassed by the use of an occupation rate, without necessarily being
explicit. Certain commuting cases can also be considered, where the passenger does
not choose to make the journey and has limited options in terms of modes of transport.
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Decision makers In the context of passenger transport, a large pro-
portion of the decisions involved in tra�c formation are made by the
passengers themselves. Most of their decisions are relatively well iden-
ti�ed, and correctly represented by microeconomic or statistic models
(trade o� between working time/leisure time, choice of job,etc.). In
the case of freight transport, the cargo doesn't make any decisions. The
agents constituting the demand for freight transport,i.e. the shippers,
are very heterogeneous. They may be individuals, di�erent-sized com-
panies, selling products to end-consumers, or to agents supplying other
companies. Their decisions are based on many parameters, including
transport cost and duration, but also customer satisfaction, punctuality,
delivery tracking, stock shortage probability incidence,and so on.

Origins and destinations The destination of a passenger's trip is
generally the place where the passenger wants to or needs to be present,
since it will be performing an activity at that location. The intermedi-
ary stops made by the passenger, to change their mode of transport for
example, are short and, in transport models, are not considered as the
destination of a trip and the origin of a second trip. De�ningthe desti-
nation of the trip of freight is a more complex task: is the destination
the place where the merchandise is consumed, used or processed? Or
simply the destination of a transport operation? If we opt for the �rst
de�nition, we consider that stops at warehouses, potentially very long,
are only intermediary stops in the course of a trip. Whereas commodities
can be stored for varying reasons, other than synchronisation of di�erent
transport operations. The second de�nition poses a problemin terms of
symmetry: short stops at cross-docking platforms would be interpreted
as the end of a journey and the start of a second journey, whichwould
not be pertinent.

In the next section, we address these three limitations, concerning
respectively the decision unit in freight transport, the identi�cation of
decision makers and their criteria, and the di�erent stagesin freight
transportation.

3.4 The freight transport system: a sys-
temic representation for modelling

A model of freight transport demand has two purposes: it enables the
forecast of activity indicators for the freight transport sector (possibly
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spatialised, as in, for example, the case of heavy goods vehicle tra�c
per road link), and, ideally, it can be used as a reliable decision-making
tool. These two objectives will be more likely to be achievedif the
model accounts realistically for the behaviour of the agents involved in
freight transport and the way in which they react to changes in their
environment. This is why systemic analysis of freight transport is use-
ful, particularly if we wish to incorporate a maximum of microeconomic
behaviours into the model.

Fundamentally, freight transport results from the spacialinadequacy
between the location of productive resources and the location of the end
consumers. Furthermore, the technologies (in the economical sense of
the term) enabling the transformation of these resources into products
required by end consumers, are often endowed with economiesof scale
of varying magnitudes, favouring the concentration of production instal-
lations. Consumer preferences are such that they prefer to make an
e�ort to obtain goods that are not immediately available, rather than
contenting themselves with what is immediately available.This e�ort is
substantial, considering that the transport and logisticssector employed
approximately 1.5 million people in France in 2004 (Mariotte, 2007).

Many agents are involved in commodity movements emanating from
the motives outlined above. They form the freight transportsystem.
Section3.4.1will now describe how this system functions, phase by phase.
Then, an integrated representation of the freight transport system is
proposed in Section3.4.2.

3.4.1 Freight transport systemic analysis

The �rst of the four stage representation limitations mentioned in Section
3.3.2concerns the decision unit for the freight transport system. It will
be addressed in Section3.4.1.1. Section3.4.1.2will then examine the way
in which the freight transport o�er is constructed, then thedetermining
factors behind the demand are investigated in Section3.4.1.3. We refer to
the freight transport demand as \shippers" and to the freight transport
supply as \carriers"4.

3.4.1.1 The decision unit for the freight transport system

The �rst fundamental step in the systemic analysis of freight transport
involves determining the freight transport decision unit,i.e. the smallest

4Therefore, if a company performs itself a transport operation it wants done, it is
both a shipper and a carrier.
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set of merchandise considered as invisible in decisions pertaining to its
transport. This entails de�ning the freight transport central object, di-
rectly concerned by all the decisions made by the di�erent agents involved
in the freight transport system.

This decision unit is the shipment (De�nition 2.6). To see it, we
must �rst show that this level of detail is necessary to account for the
full dimension of decisions concerning freight transport modes. Indeed,
characteristics such as the choice of shipment size and its conditioning
play a role that is (at least) just as important as the choice of the mode
of transport and itinerary, to which they are all, nevertheless, closely
linked. The shipment characteristics result from logisticimperatives of
shippers and strongly inuence the technical options available to the
carriers for transporting the consignment, as well as theircosts. For
example, the shipper might assign a high level of importanceto the
transport's cost and therefore proceed with large-sized shipments, to use
the capacities of large-sized vehicles to best advantage and to therefore
o�er better tari�s per unit; it might, however, opt for a shor ter travel time
and therefore dispatch smaller shipments. Symmetrically,the shipment's
characteristics are a major determining factor in terms of the way in
which it can be transported. For example, if the shipment's dimensions
are signi�cantly less than the capacity of the vehicle that the carrier
proposes to use, the carrier will have to dedicate a transport operation
to this shipment, or else other shipments will need to be found to make
more e�cient use of the vehicle and driver. If the shipper requires the
shipment to be delivered very quickly, such pooling can be harder to
execute, particularly in terms of synchronisation.

The second step of the discussion is to show that the shipmentlevel
is detailed enough. Indeed, the commodities which form a shipment are
considered as a whole by the shippers and the carriers in their decisions
pertaining to freight transport operations. For example, in cases where
a consignment is divided into several vehicles (due to the size exceeding
the vehicle capacity, for example, or to perform a handling operation5)
, the quantity of freight is still considered as a whole whichneeds to be
transported as a whole, under pre-determined conditions.

In a representation of the freight transport system, it is important
that this decision unit be explicitly present. If we respectthe spatial

5A shipment of twenty pallets of freight, transported by truc k, can therefore be
transported in two phases, stopping at a platform to transfer the load from one
trailer to another. During this handling operation, pallet s are handled one by one, for
relatively precise technical reasons. Of course, neither shipper nor carrier considers
each of the twenty pallets as the subject of a di�erent transport operation.
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dimension, we can opt for a representation similar to that presented in
Figure 3.2.

Figure 3.2: The shipment layer

In this diagram, the consignments are represented by red arrows with
small squares running above them. These small squares play more than
just an aesthetical role, they allow us to highlight the di�erence be-
tween this representation, where all the pertinent characteristics of the
shipment (including size and packaging) are explicitly present, and the
classic representations in freight transport where the arrows represent
freight ow, as a unit of weight, volume or value, per unit of time.

It should be noted that we have little data with regards the ship-
ment, despite the fact that the shipment is the fundamental decision
unit for freight transport. To our knowledge, the ECHO database is the
only recent database available concerning shipments in France (Guilbault
et al., 2006).

3.4.1.2 The freight transport supply

The freight transport supply consists of the supply by carriers, a group
of a large number of heterogeneous agents, of transport options with
very di�erent characteristics6. The carriers can perform the shipping
operations themselves (case of own-account transport), orthe company's
main activity may be transport, etc.

The decisions that have to be made by a carrier can be divided into
several di�erent registers. For simplicity, we can divide these into two
categories: strategic and operational. The operational decisions concern
the way in which the carrier uses the resources available to it to perform
the operations within its set objectives. The strategic decisions include
the choice of services that the carrier is o�ering, their tari�s and their
characteristics, as well as the �nancial, material and human resources
that the carrier will deploy to supply these services and itsrelations with

6By means of example, we can illustrate the variety inherent in these charac-
teristics: freight transport agents use a conventional segmentation of transport opera-
tions according to the weight of shipments, in several categories such as express deli-
very, parcels, pallets, full truck, etc.
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agents o�ering more or less similar services (partnerships, subcontracting,
competition, etc.)

Decisions of a strategic nature will not be subject to an explicit rep-
resentation. In general, the freight transport market is relatively com-
petitive, at least for certain types of transport operations. Subsequently,
prices seen by shippers correspond more or less to the carrier costs, mean-
ing that strategic decisions can be overlooked, in an initial approach.
Nevertheless, a certain measure of caution ought to be observed. Let's
look at the example of road transport. Clearly, the size and partnerships
of road carriers (or those using the road mode) result from their strategic
interactions. Whereas it is precisely because these road carriers manage
to reach a certain critical size and because they form partnerships that
they are able to draw suitable bene�ts from the economies of scale linked
to the �xed capacities of vehicles7. Inversely, they are unable to address
road infrastructure congestion phenomena by coordinatingthemselves to
use the network of infrastructures e�ectively, precisely because of the rel-
ative dispersal of this market8. The strategic dimension therefore holds
a signi�cantly important role. Nevertheless, initially we do not intend to
include it in our representation of the freight transport system; the cost
in terms of complexity would most probably outrun the gain interms of
precision. The strategic dimension shall therefore be accounted for using
ad hochypotheses.

Decisions of an operational order, however, are interesting primarily
in terms of freight transport modelling, and must be represented as ex-
plicitly as possible. The numerous economies of scale present in freight
transport, and the way in which they are exploited, contribute substan-
tially to the characteristics of transport operations which form the freight
transport o�er. We propose to draw a distinction between thedi�erent
decisions inherent in the formation of the transport o�er, dividing them
into three categories, according to whether they concern the location of
�xed resources, elementary transport operations, or transport of ship-
ments.

The result of this systemic analysis is represented by Figure 3.3, in
which the di�erent decision levels are shown by di�erent layers. In the
column on the left, we indicate the decisions to which the layers appearing

7A carrier cannot adapt the capacity of its vehicles to the cargo, nor the number
of drivers on board. Subsequently, for a given vehicle type,the marginal cost corres-
ponding to the transport of an additional transport unit is l ow unless the capacity is
saturated, while the �xed transport cost is signi�cant: thi s is the cause for increasing
returns to scale.

8Which, in theory, is accessible to a monopolistic rail transport operator, for ex-
ample.
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in the middle column correspond. In the column on the right, we indicate
observables corresponding to decision layers,i.e. borrowing the notion
from physics - phenomena that can be measured and thereby enable
deductions to be made with regards the way in which the decision layers
operate. These observables condition data collection possibilities.

Fixed assets The �xed resources that a carrier may require to perform
transport operations include platforms, warehouses, sorting stations and
even combined transport sites. The location of these resources strongly
conditions the options available to the carrier, since it cannot reorganise
its operations, especially when it is the owner. A road carrier, for ex-
ample, will need to determine the number of break-bulk platforms that
it wishes to have, their locations, their sizes, their con�gurations; it can
choose to rent them or to have them built; its decision will depend on
the costs of these options as well as the opportunities that they o�er
him in terms of o�ering transport operations that meet certain shipper
requirements. Interactions of carriers at this level are complex: cooper-
ation on inter-modal nodes, competition due to property rental rates for
operating in advantageous zones, etc. The observable corresponding to
this decision level is industrial urban planning.

Elementary transport operations The second decision level invol-
ves determining elementary transport operations, where weconsider that
one elementary transport operation consists of the vehicle's journey be-
tween two places where at least one loading or unloading operation is
performed. The cargo can only be modi�ed, therefore, between two el-
ementary transport operations. A change of driver does not constitute
an interruption in an elementary transport operation. These operations
are characterised by time tables, itineraries, costs associated to the use
of di�erent resources such as vehicles, drivers, fuel, etc.Many options
are available to carriers, and the choices that they make areguided by
the objective of minimising costs to produce the transport operations re-
quested by the shippers under set terms. The observable corresponding
to this decision level is tra�c, which can be measured in di�erent ways.

Transport of shipments The third decision level concerns the rout-
ing of shipments in elementary transport operations. The shipments can
be transported in one single operation (in the context of an elementary
transport operation) or in several operations, with stops at break-bulk
platforms, or even changes in the mode of transport, etc. Separating
these two levels - the transport operations and the shipmentitinerary
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