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Abstract Summary

Classic spatialised freight transport models are based orf@ur stage
representation of the decisions shippers and carriers takéhe decisions
this representation distinguishes are: emitted and reced ow rates,
supplier or receiver choice, transport mode, itinerary. Hasver, freight
transport is discrete by nature: commodities are moved by Indles called
shipments. Shipments are absent from the four stage repratsion.

This study is aimed at investigating the role of the choice athipment
size in the freight transport system. After a review of recenfreight
transport modelling advances and of some logistic modelse wroceed
to a systems analysis of freight transport. Agents are idengid, their
behaviours and relationships are described. This allows faclari cation
of the linkage between logistics and freight transport.

Then, attentions is paid to the empirical observation of thereight
transport system. Propositions are made to improve Frenchoadside
surveys, so as to better observe the productivity and techeal choices of
motor carriers. The seminal microeconomic model of optimahipment
size called Economic Order Quantity is assessed econoneztily using
the ECHO database.

Lastly, two particular issues are addressed using micro@mmic mod-
els. First, the equilibrium freight rates of a schematic ra@freight trans-
port market are modelled, on the basis of an explicit repres&tion of the
logistic imperatives of shippers and of the technology of céers (the con-
solidation of shipments in vehicles is accounted for). Sexh the logistic
imperatives of shippers are analysed in detail to explain wha shipper
would use two transport modes simultaneously for a unique mwnodity
ow.






Resune Court

La mocklisation spatialiee de la demande de transport déet est
classiquement foncee sur une repesentationa quatregpes des decisions
que prennent les chargeurs et les transporteurs; cette eg@ntation dis-
tingue les cecisions de volumeemis et recus, de choix deurnisseur ou
destinataire, de mode de transport et en n d'itireraire. Mais le transport
de marchandise est une ogeration de nature discete : lesarchandises
sont transporees par blocs, ou envois. Ces envois sont abts de la
repesentationa quatre etapes.

Ce travail a pour but detudier le rble du choix de la taille d'envois
dans le fonctionnement du transport de fret. Apes une revuele la
moctlisation du transport de fret et de certains probems logistiques, le
transport de fret est analys et decrit de facon sysemiue. Les agents
en jeu et leurs comportements sont identies. La distinctbn entre con-
sommation et production du transport de fret estetablie, e qui permet
de clari er le lien entre logistique et transport de fret.

Ensuite, I'attention est poree sur I'observation empirgue du syseme
de transport de fret. Des propositions sont faires pour arnerer les
enquétes en bord de route merees en France aupes des soldurds.
Elles concernent principalement la productivie et les ofjons techniques
des transporteurs routiers. Une validationecononetriqe du mocele mi-
creeconomique de taille d'envoi optimale Economic Order @antity est
e ectlee au moyen de la base de donrees ECHO.

Enn, la mocklisation micreeconomique est employe pou traiter
deux sujets en particulier. Premerement, pour analyserre cetail la
formation des prix dequilibre de transport de fret, en regsentant les
imperatifs logistiques des chargeurs et la technologie sléransporteurs
(notamment la consolidation d'envois). Deuxemement pourepesenter
en cktail le lien entre la logistique des chargeurs et leurednande de
transport de fret, a n, entre autre, de pouvoir moceliser lusage simultare
de deux modes de transport par un unique transporteur pour wmique
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.
Agens :  commodity density value.
Ay . warehousing cost.
. shipper's value of travel time savings.
| . shipper's value of light mode travel time savings.
; . shipper's value of heavy mode travel time savings.
tho . value of travel time reliability.
b . access cost.
B(n; p) . multinomial distribution of parametersn 2 N and
p2 [0;1].
X . estimated coe cient before variable X in an econo-

metric speci cation.
c haulage cost.
(o . transport unit cost.
G . light mode transport unit cost.
Ch : heavy mode transport unit cost.
C . (expected) cost function.
c . customer cost.

C

Cq . inventory cost.

Cp . pipeline inventory cost.

C . transport cost.

d . distance.

dh . heavy mode shipment size.

D . daily demand at timet.

D{ :sum of the demand over the past days at timet.

number of exceeding shipments of size 1.
expected value of the exceeding shipments of size 1.
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Notations

small variation.

distribution density of the commodity unit values of
time.

c.d.f. of the commaodity unit values of time.

daily demand distribution density.

daily demand c.d.f.

centered unit normal distribution density.

centered unit normal c.d.f.

unit generalised transport cost.

inventory at time t.

excess inventory at timet.

pipeline inventory at time t.

various constants.

loading factor of a vehicle.

equilibrium loading factor.

transport lead time.

light mode transport lead time.

heavy mode transport lead time.

destination inventory expected value.

excess inventory expected value.

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

amount of services of transport of shipments of size
I asked from a catrrier.

normal distribution of mean m and variance 2.
transport price.

transport price schedule, function os.

(expected) pro t function.

amount of services of transport of shipments of size
I supplied by a carrier.

industry supply of services of transport of shipments
of sizei.

yearly amount of goods of a given type sent by a
rm to a given receiver.

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

ratio of n$ over ns.

shipment size.

size of the shipment sent at timd.

size of the shipment sent at time by the light mode.
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St

|E

Ul(a; b

size of the shipment sent at timet by the heavy
mode.

vehicle capacity.

daily demand standard deviation.

destination inventory standard deviation.

excess inventory standard deviation.

standard deviation of travel time.

uniform distribution over interval [a; b).

1 if modei is used, O else.

marginal cost of an increase in.
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Abstract

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

The current state of the art of freight transport modelling 8 by and
large based on the four stages representation of transpdrtan systems.
In the case of freight transport, this representation is ermved with major
shortcomings, which have been partially addressed by retenodelling
advances. First, the de nition of the origins and destinabns of com-
modity trips is unclear, in particular if transshipment opeations take
place. Second, decision makers, and their microeconomité@eours, 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 consideplic-
itly shipments, which are, from a decisional perspectivehé atoms of the
freight transport system. The objective of this work is thugo 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 traport,
in order to identify decision-makers, their options, prefences and rela-
tionships, with the objective to improve the economic ream of freight
transport models. This system analysis is based both on a diative
analysis of freight transport and on a review of recent frelig transport
modelling advances.

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

As producers, carriers obey to a classic microeconomic logitheir
objective is to produce cost-e ciently the transport operdions they com-
mit themselves to do, using their resources(g. vehicles, drivers, fuel,
cross-docking platforms, etc.) To do so, they combine elentary trans-
port operations (.e. vehicle loading something somewhere and unloading
something else somewhere else) in order to produce doodtmr ship-
ment transport operations. Economies of scale, due for expla to the
capacity constraint of vehicles, and of scope, due to the sisility to
carry together shipments going to distinct origins and destations (hence
which should, in a context of spatial economics, be consi@eras distinct
products), are prominent in the transport technology, and xplain the
generalised use of various vehicles and modes and breakeltdnsport
operations by carriers. As a consequence, the linkage betweeshicle
movements and shipment movements is complicated. This liage is de-
ned as the \logistics of carriers”. The issue of the freighttransport
market structure is not addressed, although it may play a sig cant role
for some transport modes.

The microeconomic logic of shippers is more complicated. dieed,
the freight transport demand of shippers derives from theiown logistic
imperatives. The logistic imperatives of shippers stem fno the prefer-
ences of the customers of shippers. Indeed, a given good pies utility
to an economic agent only if it is available to this agent. In@neral, the
agent is asked an e ort to have the product he buys at his disgal. This
e ort can be a trip to a retail center, a delivery lead time, a isk of stock
shortage. It is a user cost, formally similar to the generaled cost of
passenger transportation. Decreasing the e ort of its cusiers is costly
to a shipper: it implies a series of logistic costs, such as ragetail cen-
ters, faster deliveries, larger safety stocks, etc. Shipgemust rst nd
a trade o between their own logistic costs and the satisfamin of their
customers, second organise their commodity ows e ciently This pro-
cess is de ned as the \logistics of shippers"”, and bridgesdlgap between
production-consumption ows as they are identi ed in inputoutput ta-
bles, and shipment door-to-door operations.

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

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

The trucking industry is characterised by a relatively simfe technol-
ogy, compared to other transport modes. Assume a transport egation
consists of an access movement on a relatively short distartowards the
origin, where the shipment is loaded, then a haulage movenmever a
long distance, then an access movement followed by an unloaglopera-
tion at destination; assume these operations are made usinghicles of
limited capacity. If several shipments are loaded at the sasrplace, access
movements are assumed speci ¢ to each shipment, whereas Halage
movement is shared among shipments. Other spatial consings such
as empty return or trip chaining are disregarded. Shipmentizes are
endogenous.

There is a di culty when deriving the cost function: a crucia pa-
rameter of this function is the loading factor,i.e. the average share of
vehicle capacity actually occupied by freight. Optimisinghe 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 knownnbpacking
problem, which is NP-hard. To overcome this di culty, we makea some-
what oversimplifying hypothesis, and assume shipments aoé size one,
two or three, with a vehicle capacity of three. It is thus posble to derive
the cost function explicitly, hence the marginal costs and arket prices.

Despite this simpli cation, this approach e ciently explains the qual-
itative properties of freight transport price schedules. n particular, it
appears the capacity constraint plays a complicated role.oBie shipment
sizes, which are big but not full truck loads, constitute a dculty for
carriers, who must nd small shipments, or run their vehicls partially
empty. As a consequence, depending on the di culty to nd smadlship-
ments, carriers may charge big shipments almost the price wtickload
shipments. This tends to deter shippers from sending shipmis of these
sizes. Symmetrically, carriers may charge small shipmengsvery low
price, because these shipments will be consolidated withhet, bigger
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shipments. On the whole, market prices behave so as to detéippers
from choosing shipment sizes which decrease the loadingidéas of ship-
pers. This explains why so many shipments are full truck load

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

Finally, this approach brings a new argument to an old discggn
about the market structure of the road freight transport maket. One of
the main statements according to which the road freight trasport mar-
ket is not under perfect competition is that perfect competion implies
marginal cost pricing, which is inconsistent with the obse&ed complex
structure and variability of prices. Other papers indicateghat the truck-
ing technology is complex enough for complex price struces to appear
under marginal cost pricing. This is particularly true here where trans-
port operations of shipment of distinct sizes are considetreas distinct
services, so that marginal cost pricing yields non-linearripe schedules.
As such, this study strengthens the position according to wth com-
plex price structure does not constitute a piece of evidenad market
distortions.

Accounting for shipment size in freight transport modellingalso re-
quires a description of how it is determined by shippers. S@eneconomet-
ric models of choice of shipment size have been developedgarticular to
explain modal choice. However, these models lack an undemkyimicro-
economic sense.

According to the inventory theory, the choice of shipment sederives
microeconomically from a trade o between transport costsinventory
costs (e.g. depreciation, capital opportunity cost, etc,)and other logistic
costs (e.g. customer dissatisfaction), notably derivingdm demand un-
certainty, and notwithstanding any interaction between poduction and
transport decisions. In order to investigate the microecamic drivers
underlying this decision, inventory theory models are angted.
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The most classic shipment size model, the Economic Order Qua
tity model, which is almost a century old, models the choicef shipment
size as resulting from a trade o between transport costs anthven-
tory costs. For a regular commodity ow between a given origi and
destination, given a xed transport cost per shipment, and ger ton
commodity value of time, the EOQ model yields an optimal shipent
size, increasing with the rate of the commodity ow and decessing with
the commodity value of time. It also yields a total cost, whie increases
less than proportionately with the commodity ow rate.

However, this model has not been estimated on a large scale ef-h
erogeneous rms yet. Indeed, estimating this model requsea database
not only describing shipments, by their sizes and unit valgeof time,
and the way they have been carried, but also describing the ipper-
receiver relationship, in particular the commodity ow rate. Shipment
size databases are scarce, and, to our knowledge, the onlipstent size
database describing the shipper-receiver relationshiptiee French ECHO
survey. The ECHO survey describes 10,000 shipments with mathgtails.
The size and value of shipments are observed, as well as theak@annual
commodity ow between the shipper and the receiver, which igot ex-
actly the variable we are looking for, but which is a good prgxfor a
number of reasons. The estimation of the EOQ model gives sdtiing
results, which con rms the validity of this model on a large ppulation
of rms.

Another classic inventory model, the newsvendor problem, msiders
a ow of commaodities from an origin where they are produced ta desti-
nation where they are sold. The demand at destination is stbastic, and
there is a positive travel time between the origin and destation, so that
the shipper must anticipate the demand. If the shipper has evestimated
the demand, a certain amount of commodity will remain unsoldt desti-
nation, with related inventory costs, whereas if the demanthas been
underestimated, some customers will have to wait before bgi deliv-
ered. An optimal logistic policy is easily derived in this clssic inventory
theory model. This policy is designed so that the expectedvid of the
destination inventory is a trade o between inventory costand customer
dissatisfaction.

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

This model can be extended to explain why a given shipper waolul
use two transport modes simultaneously for a given commogitow,
which is impossible for classic microeconomic mode choicedsals, where
mode alternatives are generally assumed mutually exclusivOperation
research models of the use of two transport modes (usually asic one
and emergency one) are not uncommon. However, as usual in @tiens
research, they yield optimal policies, but not the aggregatindices which
are necessary to a microeconomic analysis (such as an averagal cost
and a average demand for each mode). In this study, a model Hasen
developed which accounts for the use of two transport modesfast and
expensive one and a slow and less onerous one, based on a basistic
logistic policy. This model explains that in some cases, tiehipper takes
advantage both from the low cost of the slow one and the reawity
allowed by the fast one.

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

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

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

However, before shipments can be represented explicitly ipadialised
freight transport models, a series of issues must be addmesds First, if
shipments are represented, the consolidation process oipglers cannot
be ignored. But it cannot be represented explicitly, the da and compu-
tational requirements would be prohibitive. A strategy musbe designed
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to represent freight transport supply in a concise way, andtmodel how
door-to-door shipment transport yields vehicle trac. Seond, the be-
haviour of shippers must be modelled. As an outcome of this sky the
EOQ model constitutes a promising rst step. However, the spe@ of
this model is limited. Other decisions such as, for examplthe number
and locations of warehouses are much more complex. They aet tp be
modelled satisfyingly.






Resune

Ce travail a pour objectif d'aneliorer la mocelisation du transport de
fret, par l'identi cation de ses caraceristiques qualitatives, par letude
statistique des egularies qu'il pesente, et par leur mocelisation mi-
creeconomique. |l vise notammenta une meilleure compleension du
comportement des chargeurs et des transporteurs, et de leuelations.
Une attention toute particulere est accorcee a I'examendu role de la
logistique dans le syseme de transport de fret.

Actuellement, la mocklisation du transport de passagers came de
marchandises repose majoritairement sur la repesentat classique dite
a quatreetapes des sysemes de transport. En ce qui conaee le trans-
port de fret, cette repesentation pesente un certain nmbre de la-
cunes majeures, qui ontet repeees et partiellement ombkes par une
Lrie de ecents proges nethodologiques. Premererant, la ce nition
des origines et destinations des ceplacements est ambggan transport
de fret, notamment quands les operations de transport impuent des
ruptures de charge, c'esta-dire quand la marchandise estansborcee
d'un ehiculea un autre au cours d'une méme operation detransport.
Deuxemement, les cecideurs, et leurs comportements m@conomiques
sont mal identies. Troisemement, la nature discete des operations de
transport de fret est absente.

Une des pistes d'anelioration de la mocelisation du transprt de fret
consiste a tenter de repesenter explicitement les enw®iqui sont, d'un
point de vue organisationnel, les atomes du syseme de trgport de
fret. Repesenter explicitement les envois dans un moaelspatialie de
transport pose un certain nombre de di cules, et o re des perspectives
d'anelioration de la moctlisation. Ce travail a pour objectif detudier
ces di cules et perspectives.

An de disposer d'une base de travail qualitative, et de fairdace
aux cegaurs de la repesentation classique des sysemelke transport,
nous proedons en premier lieua une analyse sysemiqueudransport
de fret. Il s'agit d'identi er les cecideurs, leurs options, pekrences, et
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les relations qu'ils lient les uns avec les autres, tout cetklans I'objectif
d'accrotre le ealisme economique des mockles de traport de fret.
Cette analyse sysemique se fonde sur uneetude qualitae du transport
de fret, ainsi que sur une revue des proges ecents de la cetisation du
transport de fret.

Le esultat de cette analyse est une repesentation du sgsne de
transport de fret sous forme de couches superposes, eggntant diverses
caegories de cecisions leesa la formation des ux de mnarchandises et de
\ehicules. Au centre de cette repesentation, on place ceugest e ective-
ment produit per le syseme de transport de fret,a savoir &s operations
de transport portea-porte d'envois de marchandises. Sauemment,
on ck nit les transporteurs commeetant les producteurs @ ces operations
de transport, et les chargeurs comme enetant les consomreats. Avant
de cecrire plus pecisement le comportement des charges et des trans-
porteurs, il faut noter que les enquétes classiques d'obsdion du trans-
port de fret, qui cecrivent gereralement les mouvementsogees par les
\ehicules, ne permettent pas de reconstituer les operains de transport
portea-porte des envois, ces qu'il y a une rupture de chae.

Les transporteurs, en tant que producteurs, oleissentane logique
micreeconomique classique. Leur objectif est de produites operations
de transport qu'ils se sont engages a e ectuer avec les resurces dont
ils disposent (par exemple les \ehicules, les personndescarburant, les
plateformes de groupage-degroupage, etc.), et ce au moiactodt. Pour
ce faire, ils combinent des operations de transportekrantaires (charge-
ment par un \ehicule d'une certaine quantie de marchandsesa un en-
droit donre, et dechargement ailleurs) pour produire desogerations de
transport portea-porte. Les technologies de transport @t fortement
caraceriees pas la pesence deconomies dechellédues, par exemple,
a la capacie xe des \ehicules), et d'envergure (provemmnt du fait qu'il
peut &tre plus facile de transporter ensemble, sur une cairte partie de
leurs parcours, des envois provenant de et allanta des leulistincts).
De ce fait, les organisations des transporteurs impliquegereralement
l'usage de \ehicules et modes vares, et le recours coutaux operations
de massi cation et declatement. Cela a pour conequencaotable que
le lien entre mouvements des \ehicules et mouvements desmetandises
est complexe. Nous donnonsa ce lien une importance partieat, en le
e nissant comme la \logistique des transporteurs”. Le pobeme de la
structure des marclhes de transport de fret n'est pas aboed

La logique micreconomique du comportement des chargeest plus

complexe. Les pekrences des chargeurs visa-vis de®gsibilies de
transport sont fortement determirees par leurs propres mgeratifs lo-
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gistiques, qu'il est donc utile d'identi er et de comprende. Essentielle-
ment, ces imgeratifs logistiques sont fondes sur les pierences des clients
des chargeurs visa-vis de la disponibilie des produitgjue ces clients
acletent. En e et, un bien ne produit de l'utilie au clien t qui l'actete
gue si ce bien esta la disposition immediate de ce client. rEgereral,
en plus de la cepense correspondante, un client achetant uoen doit
fournir un certain e ort non moretaire; cet e ort peur consister en un
eplacement vers le point de vente corrrespondant, un tenspd'attente
de livraison, un risque de rupture de stock, etc. Il s'agit dn co0t usager,
similaire en naturea la composante temporelle dans le cogereralie en
transport de passagers. Le chargeur peut diminuer I'e ortel ses clients,
par exemple en multipliant le nombre des points de vente, enndinuant
les temps de livraison grace a l'utilisation de modes de @nsport plus
rapides, en augmentant les stocks de scurie, etc. Celaenta un co(t,
et le chargeur doit donc trouver le compromis iceal entre sepropres
colts logistiques et les e orts que doivent fournir ses elnts, puis or-
ganiser ses ux de biens en consequence. Ce processus cmeste lien
complexe entre les ux production-consommation des tablaa entee-
sortie deseconomies et les operations de transport poreporte. Nous
le e nissons comme la \logistique des transporteurs”.

Dans les moctles classiques de transport de fret, I'ore d&ans-
port est gereralement repesenee par des eseaux d'ecs et de noeuds
caraceriges par des temps de trajet, des coats, et des mes de trans-
port. Il n'est pas facile de prendre en compte la taille d'e dans cette
repesentation. Une approche micraconomique est promes an de
fournir quelqueseclairages sur cette question.

Dans le cas du transport routier, entre une origine et une d@sation,
le lien entre la taille d'un envoi et le prix de l'operation de transport
correspondante n'est pas simple ; en particulier, il n'estas lireaire.
En e et, les grilles tarifaires de transport de fret, qui donent les prix de
transport en fonction de la taille des envois, ne tendent pagrs Z2ro pour
les petits envois, et tendenta s'aplatir pour les tailles @&nvoi proches de
la capacit des \ehicules. Notre objectif est de proposeme explication
micraconomique de ces proprees. Plus pecismenton tentera de voir
comment elles esultent de la technologie de transport eted colts des
ressources des transporteurs. On suppose que les transpans routiers
sont en concurrence parfaite.

L'avantage du transport routier du point de vue de cette apprche
est que la technologie du transport routier est plus simpleug celle
des autres modes de transport de marchandise. On supposeuqgg'
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operation de transport d'un envoi d'une originea une deshation con-
siste en une operation d'enkvement dans la zone d'origsy avec un
eplacement d'aces et une operation de chargement, psiune ogeration
de traction pour rejoindre la zone de destination depuis laone d'origine,
en n une operation d'aces et de cechargement dans la zan de desti-
nation. On suppose que ces oferations sont e ectiees avees \ehicules
de capacie limiee. Si plusieurs envois sont charges des une méme
zone d'origine et transpores dans une méme zone de destilon, on
suppose que les colts d'aces, de chargement et de cedement sont
speci ques a chaque envoi, tandis que le coOt de tractiorest commun
aux envois transpores dans un méme \ehicule. Les autreontraintes
spatiales, telles que le retoura vide, et I'enchamemertde ceplacement,
sont laisees de cobe. Les tailles des envois sont eneogs.

Une di cule majeure se pose quand, a partir de la description de
la technologie ci-dessus, on essaie déecrire la fonctioe do0t. En e et,
celle-ci cepend du taux de chargement, c'esta-dire de I&action de la
capacie des \ehicules occupee par de la marchandise. &ehargeurs
optimisent ce taux de chargement, an de eduire leurs ca8. Or ce
processus de minimisation, connu en recherche operatiaile comme le
probeme de bin-packing, est NP-di cile. Pour surmonter cdte di cult,
nous posons une hypothese simpliste: les envois ne peuvprgndre des
tailles que de 1, 2 ou 3 unies, avec une capacie des \ehites de 3. 1l
est alors possible d'obtenir une fonction de colt expligt donc des colts
marginaux et des prix de marcte.

Malge cette simpli cation, cette approche permet d'expiquer les pro-
prees qualitatives des grilles tarifaires de transpot de fret. En parti-
culier, le réle de la contrainte de capacie est mis en luere. Ce role
est assez complexe. Il semble que certains envois de graralket mais
ne remplissant pas les \ehicules sont compligles pour lésansporteurs
qui doivent trouver de petits envois pour compkter les \hicules, ou bien
faire rouler ceux-ci partiellement vides. En conequengcen fonction de
I'abondance relative des petits envois, les transporteuggeuvent faire
payer, pour les envois de grande taille, un prix proche du grdemance
pour les camions complets. De fait, cela dissuade les chamged'utiliser
ces tailles d'envoi, ils se reportent soit vers des envoisuplpetits, soit
vers des camions complets. Ceci explique notamment pourgaoitant
d'envois ont exactement la taille des \ehicules.

La qualie de linformation que les dierents agents ont les uns sur
les autres joue un rble fondamental dans cette approche. Upmpret
forte du syseme de transport de fret est qu'il est assez dicile pour
les chargeurs d'obtenir de l'information sur les codlts, ek estegalement
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di cile pour les transporteurs de pevoir la demande. Or, noins les
transporteurs ont d'information sur les envois qu'ils dewant transporter,
moins il leur est facile d'en organiser le transport, et en piculier, le
cas echeant, la massi cation. Pour repesenter ce plemmnene on sup-
pose dans notre approche que les transporteurs font faceaaudemande
stochastique, carackriee par une certaine variabigt On observe e ec-
tivement que plus la variabilie de la demande est grande,lps le taux
moyen de chargement des transporteurs est bas. Incidemmer#la con-
stitue une explication satisfaisante de I'existence sintaltee de marctes
spots et de contrats de long terme sur le marche de transpade fret. En
e et, un chargeur capable de garantir des ux eguliersa un transporteur
peut, enechange, regocier des tarifs ineressants, cates ux pevisibles
impliquent des colts moindres pour les transporteurs ; ceest pas le cas
d'un chargeur qui n'a pas lui-méme les moyens de pevoir seemande de
transport.

Il fautegalement noter que cette appproche apporte un no@vee-
menta un probeme cep ancien deconomie des transpots, celui de la
structure de marcte du transport routier de marchandises.Sur cette
guestion, deux points de vue s'opposent. Le premier congiatdire que
le transport routier de marchandises n'est pas parfaitemeroncurren-
tiel, car la concurrence parfaite implique la tari cation a1 cot marginal,
avec laquelle la variabilie des prix obsenes sur les derents marctes de
transport de fret est manifestement incompatible. A ceciglsecond point
de vue epond que la technologie de transport routier est g complexe
gu'il n'y para, et que c'est ce que les prix reetent. Leu variabilie ne
permet donc pas de pesumer de la pesence deconomiesdlielle. Dans
notre approche, la prise en compte des tailles d'envoi et lastription
Cetailee de la technologie de transport routier permet @ montrer que de
la tari cation au co0t marginal esultent bien des grilles tarifaires com-
plexe. En ce sens elle tenda con rmer le second point de vue.

Pour prendre en compte la taille des envois dans la moceligan du
transport de fret, il fautegalement cecrire la manere dont les chargeurs la
ceterminent. Certains mocklesecononetriques de choi de type d'envoi
existent, mais ils manquent de fondations micreeconomis.

Selon la theorie de l'inventaire, le choix de type d'envoesulte d'un
compromis micraconomique entre les colts de transpotes coots d'in-
ventaire (par exemple : la cepeciation, le colt d'oppotunie du capital,
etc.), et d'autres coats logistiques (tels que linstarfaction des clients
visa-vis de la disponibilie des produits), dus notammaeata la variabilie
de la demande. De manerea mieux comprendre les cecisisrprises par



34 Resume

les chargeurs, les mockles d'inventaire sontetudes.

Le mockle d'inventaire le plus classique, g de presquem secle, est
le mockle Economic Order Quantity. Selon ce mockle, la the d'envoi
choise par le chargeur esulte d'un compromis entre les utsde trans-
port et les colts d'inventaire. Plus peciement, pour un ux egulier
de marchandises entre une origine et une destination, poun ot de
transport xe par envoi, et pour une valeur du temps par tonnede la
marchandise, le mocele EOQ propose une taille d'envoi optiale, qui
augmente avec le cebit du ux et qui decrot avec la valeurdu temps.
Ce moctle donne egalement un co(t total, qui crot moinsgjue propor-
tionnellement avec le cebit du ux de marchandises.

Cependant, la validie empirique de ce mockle sur une grate popu-
lation de chargeurs reerogenes n'a pasee tesee jusqua pesent. Ceci
s'explique par la di cule d'obtention des donrees requises pour l'esti-
mation d'un tel mocele. Pour ce faire, il faut une base de domes
cecrivant non seulement des envois par leurs tailles, et kaurs du temps,
et la manere dont ils ontek transpores, mais aussi une description
de la relation expediteur-destinataire, notamment du dbit du ux de
marchandises. Les bases de donrees d'envois sont raresa ebtre con-
naissance, la seule base contenant des variables prochesatles requises
pour l'estimation du moctle EOQ est la base frarcaise ECHOCette
base decrit 10000 envois avec beaucoup de cktails. En padlier, la
valeur des envois, et le ux total de marchandises (tous tygeconfondus)
echanges entre I'expediteur et le destinataire sont meges ; ils constituent
des proxys acceptables des variables recessaires. Lhagtion du moctle
EOQ montre qu'il est assez performant, ce qui conforme la idike em-
pirique de ce mockle pour dcecrire une population de charges.

Un autre mockle classique de la theorie d'inventaire est lenoctle du
vendeur de journaux. Ce mockle concerne un ux de biens praidsa
un endroit donre puis transporesa un autre endroit aJ ils sont vendus.
La demandea destination est stochastique, et il y a un tempde trans-
port positif entre I'origine et la destination, ce pourquoie chargeur doit
anticiper la demande. S'il I'a surestinee, il lui reste uneertaine quan-
tie d'invendus. lls pourront étre vendus plus tard, maiscela engendre
un coolt d'inventaire. Par contre, si la demande aee souestinee, cer-
tains clients devront attendre avant d'eétre servis. Il exste une politique
de production optimale, s'adaptanta la demande. Cette pdique est
corcue de manerea ce que le niveau moyen de l'inventaisedestination
soit un compromis entre les colts d'inventaire et les cofitd'attente des
clients.

Ce moctle permetegalement de calculer le coot total logtique opti-
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mum, incluant les colts des clients. Ce co(t total cependentre autres
paranetres, du temps de transport et de la variabilie de & demande.
La cerivee de ce coot total par rapport au temps de transpa donne
la valeur du temps du chargeur. Cette valeur du temps est plaete\ee
guand la demande est plus variable, car dans ce cas, une etian du
temps de transport a des avantages plus grands en eductiales colts
d'inventaire et des colts suppores par les clients. En dutres termes,
un mode de transport plus rapide permeta un chargeur d'anteorer la
exibilie de sa cha™me d'approvisionnement. En tant quetel, ce mockle
donne donc une interpetation micreeconomique du concele eactivie
de la cha™e d'approvisionnement, et permet, dans une cente mesure,
de faire un premier lien entre logistique et transport de ftedans un cadre
micraconomique. De plus, ce mockle peut étre anelier pouretudier la
valeur de la egularie des temps de transport.

Ce mockle peutegalement etreetendu pour tenter d'exgpbuer pour-
quoi un chargeur peut, dans certains cas, utiliser deux magide transport
en paralele pour un ux de marchandises donre. Ce ptenoemne, obsene
dans certains cas, est inexplicable par les mockles cegags classiques de
choix modal. Un certain nombre de mockles de recherche ogtionnelle
repesentent 'usage simultare de deux modes de transporCependant,
si ce type de mockles propose gereralement une marcheaisre optimale,
il est dicile d'en tirer des indicateurs ageges recessires a l'analyse
micraeconomique, tels que les colts moyens, ou la demana®yenne
pour chaque mode de transport. Un mockle a doncet cevelppe pour
repesenter l'usage de deux modes en paralele, un rapidg orereux,
l'autre plus lent et moins cher. Ce mocktle repose sur une hestique
tes simple, certainement pas optimale, mais, dans certas cas, plus
e cace que l'utilisation du meilleur des deux modes seul. Dwe ces cas,
le chargeur pro tea la fois, dans une certaine mesure, duifde codt du
mode lent, et de la exibilie qu'ore le mode rapide. Cette approche
tend toutefoisa con rmer le fait obsene que peu d'entrepises utilisent
deux modes en paralele pour un ux de marchandises donre.

Dans I'ensemble, la treorie d'inventaire permet la modisation mi-
creeconomique des petrences des chargeurs en ce quicernt le trans-
port de fret, en lien avec leurs imgeratifs logistiques. Ga cee un
lien explicite entre le fonctionnement du syseme de traqsort de fret
et les petrences des consommateurs naux. Il faut cepedant noter
gue les moctles d'inventaire issus de la recherche opei@inelle sont
cereralement di ciles a exploiter dans le cadre d'une analyse micro-
economique.
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Tenter de repesenter le choix de la taille d'nevoi dans ladblisation
du transport de fret s'awere etre une approche fertile. B permet une
analyse plus cetailee du marcke du transport de fret, ansi que du com-
portement des chargeurs et des transporteurs.

Cette approche permet des avanees theoriques sur la stture du
marche du transport de fret, que ce soit pour les transportgs, dans
la mesure ai elle permet une analyse plus cetailee de les technolo-
gies, et donc de leurs coqdts, et pour les chargeurs, dont Emtraintes
logistiques peuvent &tre, dans une certaine mesure, repenes explicite-
ment. Elle constitue notamment un premier pas vers la modsation
micreeconomique de la logistique.

Cependant, avant que la taille d'envoi soit explicitement psente
dans les mockles spatialises de transport de fret, un cetin nombre
de probkemes doivent étre esolus. Premerement, il nest pas possible
de repesenter les envois sans repesenter les procesdasmassi cation.
Or ces processus de massication ne peuvent pas étre reqmaes en
cetail, cela exigerait beaucoup trop de donrees et de tengpde calcul.
Il faut donc trouver le moyen de les repesenter de maner@sunee,
peut-&tre par le biais d'une approche statistique du lienngére colts des
ressources des transporteurs et prix de marcte du transgan fonction
de la taille d'envoi. Ceci implique egalement de mocktligele lien entre
les operations de transport d'envois portea-porte et ls mouvements ef-
fectivement ealies par les \ehicules. Deuxemementil faut moctliser le
comportement des chargeurs. De ce point de vue, le moctle E@emble
constituer un bon candidat dans un premier temps. Mais la pbe du
mocele EOQ est limiee. De nombreuses cecisions de natarogistique lui
echappent totalement, telles que la localisation et le nobre d'entrepobts.
Introduire ce type de cecisions dans un mockle spatialesde transport de
fret est certainement une tache ardue.



Introduction

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

The purpose of this work is also to improve freight transporimo-
delling. Freight transport modeling requires that the freght transport
system be described in a concise, mathematical way, whichas much as
possible, microeconomically consistent. Under these catioins, freight
transport models can be useful as decision support totlsTherefore, we
aim at developing microeconomic models which capture theg@arities
of the freight transport system, including the linkage beteen logistic
and freight transport demand, at the center of which is the jot decision
of shipment size and transport mode.

Hopefully, these microeconomic models will constitute pabte ways
to improve freight transport modelling, in particular if they can be in-
cluded in spatialised simulation models, which currentlyrdy 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 eonomics and
policy. Some questions, in particular pertaining to techeal regulation
and market structure, but not only, have been discussed foedades, and
have motivated many academic works; but few of these workstaally
required to take into account explicitly the topographic caformation
of freight transport networks. The current need for spatiased freight
transport demand models is mainly motivated by environmeal, eco-
nomic and social issues which, if they are now considered cal, were

1On the usefulness of transport models, and, more generallpf cost-bene t ana-
lysis as decision support tools, see Maurice and Crozet (20D
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pretty much ignored a few decades ago. Example of these prik are
global warming, rarefaction of fossil fuels, discomfort caed by trucks
to car drivers, a renewed interest into alternative transpw modes such
as railroad transport (Acacemie des Technologies, 2009). Asich, this
need is relatively new, and much more recent than the need fatialised
passenger transport models.

Quite naturally, the rst attempts to model spatially the fr eight trans-
port system have been directly inspired from the methodolas which
have been continuously developed and applied over many ye&o model
passenger transport. Indeed, at rst sight, the freight trasport system
seems to be correctly represented by a four stage represéota almost
similar to the passenger transport four stage representati. Household
location corresponds to rm location, destination choicesi correctly re-
placed by supplier or customer choice, mode choice and routkoice
keep relevant. Similarly, the microeconomic theory undefing passenger
transport models, including the representations of the pferences of the
agents and of the transport alternatives, applies more ords smoothly to
freight transport. Finally, data is available to observe feight transport
decisions at each of these stages: in many countries, there databases
describing production and consumption of commodities by geons, trade
matrices, modal shares, and tra c.

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

- The de nition of the origin and destination of commodity trps is
ambiguous. For example, in the case where commodities are han-
dled through a port to be transshipped, the port is clearly nither
an origin nor a destination from the perspective of the shiggy (i.e.
the consumer of the transport operation), whereas it can béee
destination of a motor carrier, and the origin for a shipowrre The
same ambiguity appears in urban transport, where the vehas 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 distinguishedSup-
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ply is represented by the exogenoticharacteristics of transport
alternatives, while demand makes a series of decisions Vithare
explicitly represented. In the case of freight transport, lsppers
buy door-to-door transport operations with given charactestics,
but without necessarily paying the same attention as carnis to
how transport operations are actually realised. The four ages
representation, by aggregating all commodity ows of a givena-
ture on each origin destination pair, as is usually done, ignes this
distinction.

- The microeconomic description of the preferences of agergsveak.
As a direct consequence of the previous point, the microecomo
principles underlying the preferences of the shippers antid car-
riers are not clear. In particular, there is no direct linkag be-
tween the preferences of the shippers and their logisticahpera-
tives, which are, either way, not de ned.

- The discrete nature of freight transport operations is abse Except
for some rare cases, such as pipeline transport, transpoperations
are of discrete nature: a commodity ow is not transported ima
continuous, seamless manner, but as a series of shipmentsyieen
sizes and characteristics, which depend as much on the ldigis
imperatives of shippers as on the characteristics of the aleble
transport options.

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

0.0.0.2 Problem statement

One option for improving spatialised freight transport moelling, which
has the advantage to address some of the points listed aboxsto enhance
the classic four stages representation by including a ddois speci c to
freight transport: the choice of shipment size. The purposaf this work
Is thus to investigate the di culties and potential bene ts of represent-
ing explicitly the choice of shipment size in spatialisedefght transport
models. This wide eld will not be fully addressed; this work is rathe
focused on some of the questions it raises. These questiores @getailed
below.

2Except for the case where congestion phenomena are taken amtaccount.
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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 transpiomodelling,
so that shipment databases and microeconomic optimal shigmt size
models have been available for quite some time. Nevertheletere are
currently no fully- edged operational spatialised freightransport models
in which shipment sizes are explicitly represented. This nébe explained
by the many issues raised by the introduction of a new decisigtage in
a model on a microeconomic basis. Some of them are herebyelist

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

- A widely valid optimal shipment size modeMany models of opti-
mal shipment size have been developed in the inventory thgor
They are generally based on relatively limiting hypotheseadapted
to some rms but not to others, so that their relevancy for a
large population of heterogeneous rms is questioned, antdaild
be econometrically assessed. Subsequently, relevant deses are
necessary.

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

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

Selected perspectives  However, this approach is also endowed with
opportunities. Some of them, of theoretical nature, are psented below:
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- Logistic-based modelling of shipper preferenc@$e inventory the-
ory contains many models of optimal shipment size, mainly ldt
using operations research tools. Some of these models, wtace
simple enough (for example when the cost or input demands dte

optimum are given by a closed formula), can be used as a basis

for a microeconomic analysis. This has been done in some sase
notably to derive microeconomic mode choice models basedam
explicit representation of the logistic constraints of sippers. Some
of these models insist on the role of the structure of freighates,
others on the in uence of the variability of the demand, etc.The
explicit representation of shipments is a fruitful way to inestigate
the microeconomics of freight transport demand, and to link to
logistic issues.

- Simultaneous use of two modes for a given commodity ol the
classic four stages representation, as well as in most madef joint
choice of shipment size and transport mode, all shippers thet-
ically use only one transport mode, the optimal one, for a g
commodity ow. However, some shippers have been observed to
use two transport modes simultaneously for a single commudi
ow. Some inventory models describe such logistic proto&l These
models can be adapted to design microeconomic models for #ie
multaneous use of two modes, thus providing a deeper insighto
the drivers of the demand for freight transport.

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

0.0.0.3 Methodology

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

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



42 Introduction

is indispensable to further formal analysis. Third, statiscs, understood
both as data collection and econometric analysis, are callen both to
suggest a better observation of the freight transport syste and to discuss
the empirical validity of some theoretical models. Fourthgiven that nu-
merical models are exclusively based on mathematical forkations, some
qualitative properties of the freight transport system areepresented in
mathematical models, based on common microeconomic pripleis.

0.0.0.4 Outline

This study consists of seven chapters. These chapters aregped into
three parts, which present respectively bibliographic réesws, 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 trasport mo-
delling, as well as from an analysis of the role of logistics the freight
transport system.

Chapter 1, Advances in freight transport demand modelling: a micro-
economic perspectivereviews the recent advances in spatialised freight
transport modelling. This is not a review of the models currgly in use,
but rather of the recent modelling methodological advanceshich are
speci ¢ to freight transport. Some of these advances cornisia enhanc-
ing the four stages representation, in order to represent adture of the
freight transport system which is absent from classic model Others are
fundamentally new approaches, based on dedicated modelharectures
(this is the case, in particular, of a urban freight transpdrmodel). This
review identi es the state of the art of spatialised freightransport model-
ling, and also indicates quite clearly that the four stagesepresentation
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 rage of
academic studies pertaining to logistic problems have be&xamined.
This is notably the occasion to discuss the de nition of logtics, and to
examine which kind of logistic problems are addressed in tlagademic
literature. The approaches reviewed are very heterogensourhey have
been classi ed according to their perimeters (a single rma set of ver-
tically linked rms, a market, a territory); specic attent ion has been
brought to microeconomic models of choice of shipment siz&his 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 largeeterogeneous
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 repres@ation of the
freight transport system, by proposing a novel systemic regsentation of
the freight transport system. Some metrologic and econonmit results
are also presented.

Chapter 3, A systemic representation of the freight transportation sys-
tem discusses precisely the limitations of the four stages regentation
of the freight transport system. Once these limitations aréenti ed, a
new systemic representation describing the agents impliéd the freight
transport system, their options, preferences, and interdons, is presen-
ted. This systemic analysis insists on the pivotal place ohgments in
the freight transport system, both from the supply and the deand per-
spectives. It also clari es the logistic objectives of shjgers on one hand,
and the technical constraints of carriers on the other handlhis systemic
representation consists of superimposed layers standirg the hierarchy
of freight transport decisions, and, as such, should hopd#fuconstitute
an appropriate basis for freight transport modelling.

Chapter 4, Measuring the motor carriers activity: improvement of
a road-side survey protocolis focused on improving the observation and
knowledge of the road freight transport technology. This cpter presents
some propositions on how a classic french road-side survegtpcol, usu-
ally employed to observe the origin and destination of veHhes taking
a given road, can be improved to yield a more accurate knowbtpsl of
road freight transport. New questions have been added to theassic
guestionnaire; the enhanced questionnaire has then beerstezl in the
frame of two surveys. These new questions concern currentiyobserved
variables such as the volume occupied in vehicles, or the angsations
(double crew, relays) used by motor carriers, the existenad specic
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 rcde
used to assess econometrically microeconomic models ofi@hof ship-
ment size based on inventory theory. A useful particularitpf the ECHO
database is that it contains variables which are seldom obsed, yet cru-
cial for the estimation of even the simplest inventory basethodels of
choice of shipment size. This database is thus used to estiemahe sim-
ple Economic Order Quantity model, well known in the literatire and
presented in Chapter2. An extended speci cation is also estimated, to
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measure the in uence of variables which are external to theakic model.

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

Chapter 6, On shipment size and freight rates: technical constraints
and equilibrium price schedulesaddresses the issue of freight rates. In-
deed, taking into account shipment size immediately raisese question
of how freight rates depend on this variable. The linkage b&ten ship-
ment size and freight rates is not trivial. In particular, ae distinguished
the in uences of distance-dependent costs (such as fuel addvers), of
distance-independent costs (such as loading, unloading tansshipment
costs), and of the capacity constraint of vehicles. These uences are
analysed in the frame of a most simpli ed partial equilibritm model,
where shippers decide the sizes of the shipment they senddararri-
ers their rates. The model demonstrates the possibility to auel jointly
the logistic decisions of shippers and of carriers, and theaythe vehi-
cle capacity constraint in uences shippers through equirium prices. It
provides new insights on the structure of costs in the roaddight trans-
port market. It also reveals the complexity of representingverything
explicitly; some simpli cations that could be used in a larg-scale model
are suggested.

Chapter 7, Logistic imperatives and modal choiceadapts a classi-
cal model of the inventory theory with two objectives. First a logistic
interpretation of the preference of shippers for shorter avel times is
provided. Indeed, a positive travel time means shippers muanticipate
the demands of their own customers before knowing their examount.
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,dther words,
costs. The concept of supply chain's reactivity is thus repsented for-
mally, and explicitly related to shippers' preferences fofaster freight
transport. Second, this model is adapted to explain microenomically
why a given shipper would use two transport modes simultanesly on
a given supply chain, something which is inconsistent withlassic mode
choice models. To keep the results analytically tractablesome rather
strong hypotheses are made. However, it is possible to shovathwo
modes can be used together by a shipper when the reactivityaaved by
a fast transport mode and the transport cost savings alloweoly a slow
transport mode are complementary.
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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 complcated sector
of the economy to tackle with. It is indeed closely interdepelent with
both the whole industry, which requires goods to be taken fmo places
to others under a set of tight constraints, and people's evwatay life,
their need for transport capacity, and their reluctance to bar the neg-
ative impacts of freight tra c. This sector is also subject to a number
of market distortions and externalities (most notably, sci@ economies,
congestion and environmental impacts), which implies thathe market
has little chance to reach a socially optimal situation by gelf - meaning
that regulation is in order. Such a regulation is all the mores cient
as it is backed by a thorough understanding of, rst, the opeation of
the freight transport sector; second, the potential in uece of a range of
regulation policies. Freight transport modelling is aimedo contribute
to that understanding, by providing rstly a systemic or ecanomic repre-
sentation of the freight transport sector, secondly toolsct estimate and
forecast quantitative indicators of its activity.

The methods applied in the eld of freight transport modellng have
been, up to recent times, largely inspired from those desigphfor and used
in passenger transport modelling. This is particularly tre with respect
to the models architectures and the underlying economic artehavioural
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hypotheses. Their adaptation to the particularities of freght transport
has thus been deemed necessary, and has been undertaken bgrak
research teams throughout the world.

A number of papers were published recently to contribute tohis
adaptation e ort. This motivated some review papers: notaly that by
Regan and Garrido (2002), who lists a series of approachesldheoreti-
cal models for freight transport and discusses some issukattremain to
be addressed, particularly with respect to shippers' behewurs. Another
state-of-the-art review was undertaken by ME&P and WSP (20, in a
diagnosis or prospective perspective. Let us also mentiaanse more spe-
ci ¢ reviews such as those by Ambrosini and Routhier (2004) @nRusso
and Comi (2004), which are focused on modelling freight traport in
an urban environment. These reviews provide rm ground for nder-
standing how freight transport may be modelled, and which ntleods are
used in operational environments.

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

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

1.1.2 Scope and structure

Our review is focused mainly on spatialised freight transpomodels.
We shall consider the model for freight concentration and iermodal
transport designed by Groothedde (2003), the strategic taiay simula-
tion model in NEMO and its interaction with the microscopic snulation
model RailSys, the NODUS model, the simulation models desigh@
the frame of the European projects EUNET2.0 and SCENES, the urba
freight transport model FRETURB, the ECHO French shipment suvey,
and nally the REDEFINE European project. Each model will be d-
scribed in terms of principles and behavioural assumptiored of logical
architecture, before we focus on its innovation. We will abscompare the
methodological choices to the claimed objectives.

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

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

- The representation of supply in terms of networks and laysytrans-
port and logistic features, macroscopic relationships ihgling scale
economies and congestion e ects.

- Relationships between agents and external impacts.
- Policy assessment.

We shall establish a typology to identify and classify the adnces,
distinguishing both the approach and the scope of the modiely. The
typology allows us to suggest potential linkages betweendhmodels under
review. Our conclusion is devoted to the identi cation of sme under-
investigated issues.

1.2 A review of advanced models

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

1.2.1 Re ned modelling of service supply in railway
transport

The representation of costs, and particularly of congestiocosts (or,
equivalently, of capacity limitations) is often over-simp ed. This is
particularly true with respect to the non-road modes, of wiih the op-
erating processes make it di cult to model the capacities. W present
here a strategy which has been designed to provide an accaraepre-
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 nady net-
work models (Kettner and Sewcyk, 2002; Kettner et al., 2008ewcyk
et al.,, 2007). The rst one, NEMO (Network Evaluation Model), is
a macroscopic, strategic simulation model developed sint899 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 passengersl &reight, and
the junctions, intersections, and marshalling yards for &ight transport.
The demand for passenger transport is described as OD owsrpéne
slice, on the basis of an average day according to the transpoThe
demand for freight transport is described as ows per commday group.
Both demands are inputs to the model. The transport supply cwists,
for the passenger transport, of a set of services, deliverbd trains of
given characteristics operated on given lines and servingvgn sets of
stations. Passengers are assigned on these services. Téiglit demand
is handled in a somewhat di erent way: block trains are opetad when
possible, whereas the residual freight is carried in singleagons, which
follow routes between marshalling yards, according to a @m routing
protocol. Optimal empty wagons ows are computed using the 3IPO
software, also developed by IVE, to address potential imbalaes. Apart
from the block trains, all services are determined i.e. spex as exoge-
nous. The demand, both freight and passengers, is assignedfus set of
services. The volume of trains required on each line is theetdrmined,
so as to meet the demand on the most heavily loaded section Wweéen
two neighbouring stations. Thus the number of trains requed for each
service is endogenous. Consequently the model yields théwek loads
due to freight and passenger transport. NEMO enables its ustr anal-
yse such issues, for example in order to evaluate the economiciency
of the infrastructure.

RailSys is a microscopic operational simulation model, deloped
since the 1980s by IVE, mainly for the German Federal Railwaysin
RailSys, the infrastructure is represented as a highly ddatad network,
taking into account physical characteristics (radii, gragents, etc.), the
signalling system (overlaps, release contacts, etc.), atie operation pro-
cess (prioritisation strategies and railway operation praess). A detailed
database is thus necessary for the functioning of RailSys.aiSys then
calculates, with respect to the trains characteristics, th running times
and minimum headways, using a point mass system and the potah
safety running time margins. Using all these data, and a de mktrain
operation, RailSys simulates timetables describing acaiely the move-
ments of all trains.

NEMO and RailSys have been interfaced respectively as clieahd
server. The rst reason for integration is that it allows boh models
to rely on a unique database, which ensures that they sharensistent
data. The second reason is that the outputs of the NEMO model ar
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based on extremely accurate data. The model integration preeds as
follows: rst, the microscopic network representation of ie infrastruc-

ture contained in RailSys is used to automatically generatemacroscopic
network in NEMO (Figure 1.1, taken from Kettner et al., 2003). RailSys
also transfers the timetables, from which NEMO de nes availde ser-
vices and the number of trains for each service. Then, NEMO cpares
the demand to the supply. If there are more trains than neededhe

super uous trains are removed. On the contrary, if the demahexceeds
the supply, then NEMO sends RailSys a request to add a train irhe

timetable. RailSys then searches for an additional train gh. Passenger
trains are processed rst, then the additional freight trans. 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, whch consists
roughly in determining the ratio of time during which the infastructure

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, accate data, thus
saving the cost of further data collection, and providing aapresentation
of the infrastructure based on highly realistic data. The neresentation
of capacity problems is all the more accurate (although theapacity lim-
itation identi cation criterion may be discussed). Secondit is very inte-
resting to note that this architecture allows to measure quditatively, at
a strategic, macroscopic level, the impact of a change in spgng modes
(such as the signalisation, speed limits, or priority rulgs

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

Scale economies are one of the main drivers of the organisatof freight

transport, and, on a larger scale, of companies' logistic @ites. They
characterise a production process such that the marginalgutuction cost
decreases when the quantity produced increases. Such aaiton 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 capacit of the ve-
hicles, or the presence of xed assets - logistics platforprailways, etc.);

second, decreasing unit cost when the frequency is increh¢e.g. due to
lower detention costs). Scale economies are of particulanportance in
transport networks relying on large organisations, such dsib and spoke
networks, or non-road modes. An additional user of such a traport

network may result in a decrease of the transport cost for atustomers,
through a headways decrease or a better use of vehicles' aapes, for

example. As a consequence, these economies of scale cotestixterna-
lities, and thus have particular implications for regulaton. Anyway, their

formation is seldom explicitly represented in freight trasport models.

In the model of Groothedde (2003), scale economies are reyarged
explicitly, on the basis of the frequency and size of shipmisn together
with demand grouping by the transport supplier. The model ispplied
to the design of a pro table, reliable, inland waterway freght trans-
port network, in the highly demanding eld of palletized fas moving
consumer goods (FCMG). As explained by Groothedde, a numbef o
companies tried to set up such an organisation for their ownsa, but
all of them failed. The project Feasibility of Inland Shipphg Networks:
"Distrivaart” was aimed at developing an intermodal hub-aul-spoke net-
work that would comply with the requirements of FCMG transpat.
Groothedde's work showed that owing to the presence of scal®nomies,
a pro table network could be designed.

The proposed transport scheme consists in a set of inland watay
services whose frequency is determined (a service beingros by an
itinerary and a set of served ports), provided by dedicatedgllet barges
with capacity of about 20 truckloads. These services are amgsed in
a hub and spoke pattern. Each freight shipper makes the deos to
have its shipment carried on by either the truck only, or the aterway
service, which necessitates speci ¢ truck movements andatrsshipment
operations (Figurel.2, taken from Groothedde, 2003). As the transport
time by waterway usually exceeds the order lead-time, demarhas to
be anticipated before it is sent by waterway. This is only pasble up to
a certain point, and the residual demand has to be accommoesat by
direct road transport.
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An extensive market analysis was performed to identify the pential
market. Manufacturers and retailers were identi ed, yielthg a market
of 26.6M pallets a year. The search of the optimal set of seres was
tackled as an optimisation problem, consisting in the minimsation of to-
tal costs (including operating costs, detention costs, arttandling costs.)
Note that some costs were not considered, notably the poteaticosts of
the cooperation between agents pertaining e.g. to the harmsation of
time-windows between manufacturers. Once de ned, the prigm was
solved using the simulated annealing method, which provideboth an
optimal organisation, and a development path, made up of gjas of in-
creasing pro tability. This methodology may be hard to exted to the
scale of macroscopic simulation, due to the data and comptitanal re-
source requirements. Nevertheless, it can be applied to dgsintermodal
transport services in an operational context: if it is sucasful to yield
pro tability on a nancial account, then its potential for s ocial welfare is
even greater since it also incurs environmental pollutionna congestion
savings. To sum up, Groothedde's work exempli es the scale@omies
achieved in the transport costs by the cooperation betweemgents.

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 theransport mode
for freight demand is generally modelled as the minimisatioof the per
ton generalised cost provided by each mode. This is evaludtey taking
into account the physical attributes of the mode path such asarriage
time, money cost, need for handling, reliability, etc. In adition the
generalized costs may be cast into the framework of randomility and
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discrete choice models, in which the principle of utility me&mization
yields a choice probability for each alternative. The podsiity to com-
bine two transport modes or more in parallel is usually disgarded, or
addressed in a generic, implicit way (e.g. using accessesy links, of
which the transport mode is not made explicit).

Owing to model calibration, the method may prove e cient eve
when the drivers of mode choice are not thoroughly understdd which
Is certainly the case when logistic features are neglecteat, when the
contract terms between the shipper and the transport sup@r are spe-
cic.

The NODUS model (Beuthe et al., 2002; Jourquin and Beuthe, 2000
2005), has been designed to cope for the rst aw, by way of reed
representation of the transport operation for each shipméerfrom origin
to destination, including transshipment operations. In NOJS both the
transshipment and transport operations are modelled as tngitions from
state to state, a state being characterized by location ang/pe of condi-
tioning. A transition induces a change in location and/or coditioning,
together with a time expense plus a money cost which depend tre
logistic or transport technique utilized. The transport tehniques are
distinguished by infrastructure type and vehicle type e.gseveral types
of barges. The network of states and transitions makes up trsupply
network in NODUS (Figure 1.3, taken from Jourquin and Beuthe, 2000);
hence a network path from origin state to destination state wdels a
transport chain including logistic operations.

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

- movement costs:implied by physical operations (capital cost, la-
bour, fuel, insurance, maintenance, tari s), be it on boarer 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 typedan
size. This is approximated by distinguishing commodity gups. Costs
are evaluated on the basis of a unit cost per ton, which impBehat the
shipment size is not taken into account. Costs pertaining tanforma-
tion availability, reliability or freight safety are not made explicit. The
network paths from an origin to a destination thus represenalternative
transport chains that may make use of all available modes, evtually
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in sequential combinations i.e. intermodality. Each comnuity ow is

faced with a set of transport chains, and it is assigned to thehain with
minimal generalized cost. Congestion e ects can also be nedleéd at the
arc level.

To sum up, the NODUS approach enables one to represent expligit
the various components within the generalised cost of camg a shipment
through a logistic and transport chain. In connection to thesearch for
scale economies, the approach is suitable to predict the danad 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 tle demand
and supply of commaodities are spatialised and temporalisede. goods
are not produced at the times and places they are needed. A degtion
of the commodity demand and supply therefore provides a stig basis for
the generation of freight transport demand, especially iténkage to the
rest of the economy, which can be particularly relevant in aofecasting
objective.

The class of Spatialised Input-Output (SIO) models, as reswed by
Marzano and Papola (2004), is purported to capture the spati and eco-
nomic relationships between the local demand and supply abramodi-
ties. They constitute a generalisation of the Input-Output(lO) class of
models, initially designed by Leontief (1936). Leontief'sriginal idea is to
represent, for each sector, the inputs necessary to producgiven amount
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of output. This linkage between inputs and outputs constittes a set of
technical relationships, which make up the sector producin structure.
Under their simplest form, the technical relationships are odelled as
linear combinations, the coe cients of which are known as ta technical
coe cients.

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

- the structure of production: by industry sector and region, namely
under the shape of an 10 matrix, region by region, and the sizd
each sector in each region,

- the trade between regionsfor each type of input i.e. each commod-
ity group. This trade gives rise to the freight ows betweenegions.
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 regns.
In turn the trade coe cients may be modelled on the basis of ei
ther economic principles such as utility maximization (takhg into
account both the input price in the region of production and he
cost to transport the input from the region of production to te re-
gion of consumption), or of statistical principles such asference
by entropy maximization.

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

An SIO model enables one to assess rst the impact on freightains-
port demand of a change in the nal demand of a given good, andsond
the impact on the economy of a change in transport costs. The/d main
limitations to the SIO class of models pertain to, rst, ther large data
requirement; second, that they cannot address issues suchthe rms'
behaviours, or the migration behaviour of the workers that qvide the
labour force, among others.

The class of Spatial Computable General Equilibrium (SCGEnodels
Is aimed at the spatial and economic relationships betweeiée local
demand and supply of commodities, as in SIO models, and alsotlae
labour market (with the subsequent demand for passenger trgport)
and above all the rms' behaviour in the production of commodiies, in
relation to the goods' regional prices and the market struate in each
sector. A wide range of speci cations are available, see elgarker (1986)
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for a set of available assumptions about the nature of compbn in
each region. Harker describes how one can represent either anpoly
or a Cournot-type oligopoly competition in each region, andvhether
monopolistic rms control the transport industry or not.

The speci cation of an SCGE model covers a wide range of iSSué\s
illustration, let us consider an SCGE model for the Netherlass called
Regional Applied general Equilibrium Model (RAEM 3.0), from Thissen
(2003) and Ivanova (2007). By region the following issueseamodelled:

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 letween
labour and sector intermediate inputs. The intermediate iputs
nest is modelled along a Dixit-Stiglitz monopolistic compgion
framework (see e.g. Fujita et al., 1999). There is no lowereti 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-Geatil-
ity function. The lower tier, which concerns the consumptio of
each variety in a given sector, is speci ed as in the Dixit-8jlitz
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 transprt
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 commui
matrix, thus providing a major driver of passenger transparde-
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, umde
budget constraint.

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

- Migration: based on the dierentials in the regional utilities of
living, people may migrate in order to improve their situaton.

This shows the complexity of SCGE models. They are purported
to capture a wide range of phenomena, on the basis of a wide gen
of microeconomic, behavioural models. Some technical asgtions are
required to ensure the existence and uniqueness of equiliion, which
limit the model outreach. An SCGE model represents explicitl the
linkage between freight transport demand and the rest of theconomy
| at the expense of a large data requirement and heavy speciation
work.

1.2.5 Identifying the logistic stages within the trade
relationship

A model of production and consumption may be coupled with a noel
like NODUS so as to integrate accurate generalised transpodsts within
the trade relationships between regions. However such a tteeent would
miss other important logistic issues, such as for examplegmumber,
location and function of warehouses or cross-docking platims. Indeed
a warehouse, through the storage of one or several commaghtiis pur-
ported to facilitate the matching of disaggregate demandsnd supplies
over time and space.

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

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

LAt 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 (Spatiaogistics
Appended Module), which works in three steps as follows:

1. For each PC pair a small set of candidate regions for a loggs
operation in a distribution centre is selected. The selecin is ba-
sed on three factors of, respectively, economic activityeuwtrality
(meaning the presence of the region in the chains for servitige
PC pair), and accessibility to the various infrastructureshetworks.

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

3. The PC volume is assigned to the candidate chains accorgito a
nested logit model, where the logistic chain type is determed at
the upper tier, then its geographic location at the lower tie The
model yields OD matrices between zones of production, consgor
tion or logistic stage. These include the usage of logistiadilities
by freight ows, and the amount of usage at a given place is akd
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 productionatrade,
in association to a model of logistic chains. However the twedtures
are embedded in a single, extended SIO framework, whereigrsicant
logistic stages are addressed as additional industry sersto

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 logestiegs such
as factory towards depot, or distribution centre towards loal wholesale.
Commaodities are therefore also distinguished by the logisieg they com-
ply with, consequently making up what we could call virtual ommodity
groups. The trade between regions is assumed to derive fromuity
maximisation behaviour, taking into account the generaled transport
cost and the scale factors that characterize the regions'dastrial and
logistic structure. As a consequence, the regional produatis, consump-
tions, interregional exchanges and logistic chains are sittaneously cal-
culated. Some logistic speci ¢ variables which could be drsed, like the
handling factor (i.e. the number of time the freight is touclked between
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the production and the consumption places), are used for meldcalibra-
tion. In EUNET the PC matrix integrates the logistic stages, wich 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 fight trans-
port. Their application requires a reasonable amount of dat disregard-
ing the details of the logistic choices made by the various rmpanies. A
common, major advantage is to address mode choice in the aaxit of
the choice of an integrated transport and logistic chain. Hosver, some
economic hypotheses in the Input-Output models are questiable (parti-
cularly the linearity of the interdependence between secty and the non-
substitutability of production factors - a limitation which is relaxed in
SCGE models). Furthermore the logistic choices are not mdt in
a micro-economic, behavioural way, which puts at risk any fecasting
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 modellirg since it
features speci ¢ shipment endpoints, small distances, sthaommercial
speeds, small shipment sizes and the need to organize e dieaunds. 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., 208)
developed in the frame of the French research program TM\is aimed

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

Within the TMV program, three large surveys were conductedni
the French cities of Bordeaux, Dijon and Marseille: strongtatistical
regularities were identi ed concerning, rst, the organiation of truck
rounds in terms of stop number and duration, and of average dlance
between two stops (Figurel.5 taken from Routhier et al., 2002) etc.;
second, the infrastructure impact of urban freight transpd in terms
of parking type and duration, of road tra ¢ due to trucks etc. These
regularities were embedded in FRETURB to model the movementsf
commercial vehicles on a given urban area on the basis of a sesocio-
economic variables.

Two aspects of the architecture of FRETURB are particularly mte-
resting. First, as a spatialised model it is focused on a sett zones that
represent the studied area, rather than a network of nodes @rarcs.
As a consequence the model does not yield indicators by nodesd arcs,
but indicators aggregated by zone: total distance covereth(vehicle.km),
road occupancy (in vehicle.hours distinguished by the typaf occupancy:
moving, parking, illegal parking, etc.) Second, FRETURB haa 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 numér and
characteristics of the economic activities within the zondescribed
by the type of activity, the type of settlement (o ces, warehouse,
etc.), the number of employees, etc.

- Distance covered by commercial vehicleknowing the number of

movements, the way rounds are organised, and a number of de-

scriptive variables such as the zone's density, the distamcovered
by the commercial vehicles between each operation is cakted,
and as a consequence the total distance covered is estimated

- Road occupancy calculationthis is performed along similar princi-
ples.

- Road occupancy with respect to time of dayt 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 tids to any
city of similar socio-economic development by using a lingitl amount of
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descriptive data. It is all the more relevant as urban freightransport
is a particularly di cult context to address by classical demand model-
ling methods, both for theoretical (companies behaviour rganisation of
rounds) and practical reasons (need for data). However, thefmework is
not suited to cost-bene t analysis. Indeed, the model doehrepresent
how carriers adapt to a change in the economic environment.

Figure 1.5: Average duration of a stop in a round (Routhier etlg 2002)

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

Among the issues which are not addressed in the modelling metiologies
reviewed so far, a major one is the representation of shipntesharac-
teristics and of the cooperation between the various agents/olved in a
transport chain. Both issues are particularly relevant in he context of
an individual freight carrier: however little microeconornt theory of this

speci ¢ area is available yet; even if it were, its applicabin would require
critical data about shipments. A shipment survey is appropate to yield

such data and to provide insight into then behaviour of both lEppers
and carriers.

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

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

Figure 1.6: Distribution of shipments (Guilbault et al., 2@6)

Let us also mention the work of de Jong et al. (2005), continden
de Jong et al. (2007) and de Jong and Ben-Akiva (2007). This wor
aims at relating the shipment size to logistic costs at the daggregate
level of a shipment, and conversely to relate the transportosts to the
consolidation of shipments in vehicle loads. The architaate 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 gaalsed
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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 acemt at
this step.

Although the model is still under construction, it deserves och 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, e long-run
drivers in its temporal evolution make a major issue in the wterstanding
of the transport system. In the last decades, in-depth charg have taken
place in the logistic organization of rms, the organisatia of transport
(optimisation, subcontracting), the inventory strategy ncluding pooling
and concentration), the production organisation (outsowing, specialisa-
tion, postponement), market strategies (product diversication, short or-
der lead-times, short life-cycles), etc. (see e.g. Dorngnd Fender, 2007).
In parallel, the sector of freight transport and logistic ha been under con-
solidation, which also implies specialisation, externaktion, merges. All
these evolutions impact the freight supply and demand, andhéerefore
vehicle ows, and it is a tempting issue to identify the caudaies 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 drexs of the
transportation demand in ve countries (France, Germany, he Nether-
lands, Sweden and the United Kingdom), using both quantitate and
gualitative approaches. The quantitative approach, in with we are in-
terested, consisted in relating the overall industrial prduction, expressed
in monetary unit, to the overall distance covered by commeial vehicles
throughout a series of stages characterized by key ratios.

The ordered set of key ratios provides a framework for the diisction
and analysis of the various trends in the evolution of freighransport
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 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 apts
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 bgplit into

a set of simpler phenomena (Figuré.7, taken from NEI et al. (1999)).
As a consequence, it is possible to identify the critical drérs and, up
to a certain point, the scope for policy. It is also possibleotuse this
framework for extrapolation. The main disadvantage of the@proach is
that the key ratios are still very aggregate indicators. Thie respective
trends may well hide strongly varied evolutions at the disagegate level
of microeconomic agents. Thus the REDEFINE model provides ast
step towards understanding the system evolution, rather #n a de ni-
tive explanation.

Figure 1.7: Economic activity and road freight transport 185-1995
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1.3 Assessment

Having reviewed some advanced models for freight transporemhand,
we are now in a position to assess their respective outreachharespect
to the following set of issues: rst, the demand model in tersof vol-
ume, behaviour and heterogeneity; then, the supply model iterms of
networks and services; next, the relationships between age and the
market externalities; lastly, the potential outreach for plicy assessment.

Our criteria are targeted mainly to supply-demand models, kerein
the demand and supply are modelled separately prior to beingced
with each other, which yields the activity of the related seor in freight
transport. Out of the models reviewed, those in REDEFINE anduyp to
a certain point, FRETURB, are focused on freight transport ativity in
a straightforward way, with no attempt to model the supply aml 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 gan places of
commodities available elsewhere. Given the transport sé&gs available
and their characteristics, shipments will be transportedn order to ful i
this need. The main questions from a modelling perspectiveea how to
qguantify the need for transport? On which grounds and in whit way
are the transport services selected? To which extent can tls@ipments
be aggregated in the model?

1.3.1.1 Demand volume

On the basis of much empirical evidence (see e.g. Guilbautta., 2008),
shipments are known to be widely varied in size and characistics. Be-
sides, few freight databases include such a level of detaAs a conse-
guence, the demand for freight transport is often stated inows of a given
intensity, expressed in tons per period of time, from origito destination
zones, by type of commodity. Overall, the demand is genemaltepre-
sented by a set of origin-destination ow matrices. Network ssignment
models focus on how the transport demand, taken as an inputesults
in vehicle ows on the infrastructure networks. This categry includes
NODUS and NEMO. In these models, OD ow matrices are exogenous.
Other models focus on the formation of freight transport deand: no-
tably those in the SCENES and EUNET research projects, which blot
include an SIO component. They proceed jointly to the genetian 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 spadl and indus-
trial structure in the area of scope. Here the two recent achiements
are, rst, the description of the industrial structure hene the population
of shippers taken in an aggregate way; second, the inclusiohimpor-
tant logistic stages related to warehouses and platformsto the process
of production and distribution. Thus the Production-Consumption ma-
trices, as yielded by the SIO model, are turned into originastination
matrices, which are more appropriate to perform the next spe to model
the choice of transport services.

We outlined the strategy used in the SCENES model, which cosss
in appending a speci ¢ module (SLAM), in order to turn the P-C na-
trices into O-D matrices. Such a module can be designated as BIO
stage, for Logistic Input-Output. The EUNET approach takes a der-
ent way: logistic organisations were categorized and comdity groups
were further disaggregated to distinguish the logistic lethat pertains
to the commodity, thus yielding virtual commodity groups. Both appro-
aches allow for logistic imperatives to appear in the forman of freight
transport demand, although the drivers in the logistic cha@es 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 onhe basis of
variables describing the economic and industrial base ofdlarea of scope.
Furthermore, it is not expressed in ow but in operations (ptkup or deli-
very). Shipments are not considered explicitly, but the leal of detail is
high, and the demand formation is closely linked to the indusal ba-
sis, which is very appealing in a forecasting perspective.oTsum up,
the demand for freight transport di ers from the demand for @ssen-
ger transport at least for its speci c linkage to the rest of he economy.
The projects of making explicit the logistic imperatives ad of taking
the shipments as the decision unit have been undertaken, bilte 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 modellelae next
step is to predict which transport services will be used, i.ehow the
freight ows will spread on the networks. Along a partition whch has
already been proposed (see e.g. Marzano and Papola, 2004)p main
strategies can be identi ed throughout the works reviewedThe rst is
mainly statistical: a set of descriptive variables are usetb predict the
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ows, building on a number of statistic regularities. The seond approach
Is based on the description of the agents' behaviour, includ) 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 sanh of
three cities, statistic regularities were observed congidng the deriva-
tion of freight transport from industrial and economic actvity. Thus
econometric relationships were estimated to link the intesity of freight
transport to variables describing the industrial and ecomuic basis. The
way shippers and carriers organise themselves is not explic

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 theegion where
it would take place. Three indicators of economic activitycentrality
and infrastructure accessibility are used as explanatoryaxiables, with
no underlying economic model.

Both approaches are readily operational and yield useful selts; ei-
ther one may be instrumental in a forecasting perspective huas 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 che&cprocess to
select one option among a set of alternatives. In most of theouels that
we reviewed, the choice of the network route for a shipment isodelled
as a discrete choice, of which the decision-maker may be thapper
or a carrier. No indication is provided to distinguish betwe® the two
economic positions; in the real world they can indeed be igeated, in
the case of own account transport.

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

The next step in a behavioural approach is to model the percepn
and evaluation of the choice alternatives by the decisionaker. In con-
junction with the identi cation of logistic features in the transport chain,
the signi cant progress here is to identify the economic drers of this be-
haviour, including operation costs, detention costs, invory costs and
handling costs: this is also achieved in the NODUS modelA related

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

The last issue in the behavioural approach pertains to the esomic
preferences of the decision-maker, and to his trade-o bedsn the at-
tributes of an alternative. In general, the assessment of ailternative
is modelled through a generalized cost function (or disuty function),
which takes into account a set of attributes, each of which mweighted
by a coe cient of trade-o against money. Here the advance wold be
to make two separate accounts of, respectively, the time amdoney ex-
penses: thus a time versus cost trade-o could be modelled the level
of the integrated alternative; and the decision-makers ctiibe distin-
guished by their relative preference of time to cost (i.e. #ir unit value
of time). This approach has two main advantages: rst, in tems of
economic outreach, this enables to model non linearity in éhutility
functions and also to make explicit the in uence of the agerl# money
budget as well as that of his time budget; second, it is instrental in
that this increases the modeller's control over the calibten process and
provides more exibility in the speci cation of a statistical distribution
for agents' trade-o s between time and money. This advanceal been
achieved in passenger mode choice models since the 196@=cedly in
price-time models (Quandt, 1968, Marche, 1973). However ihd freight
models that we reviewed the time and cost expenses are not @aasted
for separately at the level of the choice alternative. To ouknowledge
the distinction is only achieved in the truck network assigment of the
French Department for transport (Danzanvilliers et al., 205), thus be-
ing restricted to route choice on a road network by OD pair wit no
consideration of logistic features.

An additional issue pertains to the shipment size. Obviouslyhe
choice of the shipment size depends on the commodity groupdaits
logistic requirements, the distance to overcome, and alsbet available
transport services and their characteristics (see e.g. Hall985). This
issue is particularly relevant to understand correctly thactivity 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 ag®nwho
need to use transport services. These agents or ows may haxey dif-
ferent requirements on those services, and consideringith@s a uniform

distinction of rm
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population may lead to large biases in freight transport maalling.

There are two classical strategies to tackle demand hetessgeity. The
rst one is to split the demand into classes (also called se@mts), which
is very much constrained by the level of detail in the availdb data.
Flows are generally categorised into commodity groups (as almost all
the works reviewed in this paper), but some groups may stillebvery
heterogeneous. The segmentation in EUNET is noteworthy sindbe
commodities are distinguished by logistic family. Demandegmentation
is purported to improve the model relevance by grouping theirsilar
components of demand; however there is the issue of whichtetion
would be relevant to characterize this similarity. The notn of a logistic
family is still to be de ned clearly; if some commodity group had similar
logistic imperatives, their transportation would probaby be organised in
similar fashions, which would be amenable to a uni ed modeDemand
segmentation has been taken in an original way in FRETURB, in kch
the businesses are distinguished along a number of charaistécs.

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

The second broad strategy is to address demand heterogeyeit an
implicit way, in the framework of random utility theory, by incorporating
an error term in the utility functions that the agents assoate to choice
alternatives, as in the logit choice model. This error termtands for
unobserved characteristics or idiosyncratic choice crite, among other
features (see e.g. Ben-Akiva and Lerman, 1985; Anderson et 41992).
This is instrumental when the drivers of some choices are nfitlly un-
derstood, particularly so in the case of modal choice. Thidrategy is
used in SLAM and EUNET.

The two strategies are integrated in the framework of discre 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-ented
perspective: our aim is to assess the supply features thaearelevant in
the demand behaviour and choices. The detailed models of plypopera-
tions fall out of our scope, except in their connections to thdemand, as
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in the interaction of Railsys and NEMO.

Let us consider in turn the three issues of, respectively,érspatial and
layered representation of supply; the modelling of transpioand 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 spaal
extension of the supply is modelled, either in a zone-basedpaoach in
the case of FRETURB, or in a network-based approach. A network
model of nodes and arcs is most appropriate for the infrastture layer,
be it the transport mode road, railway, inland waterway, maitime or air.

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

However there is no model of integrated transport and logistiopera-
tions as delivered by some logistic providers in the real wdr 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 rebtbgistic
features and operations within a transport chain: in NODUS thee are
modelled by dedicated network arcs, whereas in SLAM and EUNET
the signi cant logistic stages are made explicit and used tturn PC
relationships into OD relationships.

On macroscopic relationships: scale economies and congest ion

Scale economies are of particular importance at every layiarthe supply
of freight transport, then also in the transport and logistc choices of
the demand: in the shipment size, shipment frequency, veléand mode
choice, and service choice. The classical way to represerdle economies
in freight transport demand models is based on a mass unitacpst asso-
ciated to any operation of a transport or logistic kind, togther with tran-
sition costs associated to any transfer from one operatidngtage within
the transport chain to the next. This approach enables to siolate how
the demand agents can benet from the presence of scale eqoies; it
provides no indication of the formation of scale economied, 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 Grootheét work.
An intermediary step is taken in NODUS, in which the unit costs a&
closely related to the characteristics of the facilities. dking a further
step towards realism may be possible by taking explicitly to account
the shipment size, and then account for consolidation, as lieing 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 beenanumore
observed and well understood than the formation of scale ewonies, and
it is often modelled on the basis of a speed- ow relationshigt the level
of a given transport arc. This requires to de ne a owing capeity for
that arc: models of roadway capacity have been well-devekgh whereas
the capacity of non-road modes is a more complex issue that sabe
addressed at several layers (in terms of vehicles, shipmgnservices. . .).
The impact of congestion on reliability is also a topic for fidher 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 thedirstrial or-
ganization of transport supply, hence to the relationshipbetween the
transport and logistic providers. Another such relationsip lies in the
complementariness of the various facilities and serviceshich can be
used in an integrated way by the agents constituting the denmal. No
other feature of supply relationship was detected in our réaw.

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

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

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

Other market imperfections lie in the external impacts thathe freight
system exerts on the socio-economy and the environment: seeinclude
positive impacts such as the achievement of scale economiesany sec-
tor of the economy, as well as negative impacts - from the ersisn of
pollutants and noise, to the risks of accidents and the degtation of the
residents' living conditions. These external impacts fatbutside the topic
of freight demand models: it is easy to address the negativeipacts
by using dedicated models by impact type, taking the ow anddvel of
service results of the demand model as input to evaluate thepact.

1.3.4 On the ability to assess regulation policies

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

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

If the model is policy-responsive, then it may be used to perim 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 exe re-
viewed and assessed. Let us sum up our analysis by puttingviard a
classi cation framework, in which each model is assesseamg 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, pented here-
after by order of increasing depth and outreacéh

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

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

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

1.4.2 Some research perspectives

Our typology provides insights into how to combine the recely achieved
modelling advances in order to take an in-depth approach t@pics from
among demand, supply and activity: hence to improve the behaural
basis. As the eld of freight transport makes indeed a large aa for study
and research, several directions for development were segigd along our
review. Let us emphasize here two issues which we believetigatarly
relevant for further investigation:

4This typology axis was suggested in other researchs (see e@atalani, 2003)
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Figure 1.8: Modelling advances by focus and behavioural ¢ent

Market structure the relationships between the various agents of a
transport chain, and particularly the contracts they link, certainly exert
a strong in uence on the elaboration of transport servicesna costs, and
therefore on the shippers' decisions. For instance, largews may imply
strong competition on some links and some modes, low prices\d as
a consequence, high availability and exibility for shippes. Conversely,
scale economies are achieved through capital-intensivethwls, meaning
that some cooperation between suppliers is required to betilly from
them | which probably requires in turn some coordination medanism.
Overall, the market structure plays an important role in freght transport,
particularly so in the intensity of demand and its modal chaies.

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






Chapter 2

Logistic issues and their
modelling

2.1 Introduction

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

Understanding freight transportation demand thus proceedsom un-
derstanding this gap and the way it is bridged by the agents iplied,
either rms or end-consumers. This immediately raises a set questions
of two natures. The rst type of questions pertains to the agets beha-
viours, and their drivers: how do rms address the spatial ashtemporal
gap between production and consumption? How do their interfions
in uence this gap, and conversely? How do these more or les®mic
behaviours build to form macroscopic phenomena, such as thees a
freight transport modeller is interested in?

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

We translate these questions into two objectives, which gig our
approach in this chapter. First, we aim at understanding frght trans-
portation demand as the result of the behaviour of the agenti&cing
the production-consumption gap. Second and subsequentlye aim at
proposing methodological progresses or room for progresfreight trans-
port demand methodology.
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To address these two objectives, we proceed to a bibliographeview.
The aim of this review is to identify the approaches used in adessing
logistic problematics, to understand more closely the drérs of freight
transportation demand, and nally to identify methodological tools or
models that could be used from a freight transportation denmal model-
ling standpoint. The perimeter of this review is de ned by tke following
criterion: does the work considered address a logistic is§u The word
logistic is used here in its widest meaning: each work pentgng to the
behaviour of rms in addressing the spatial and/or temporaddimension
of the economy is of potential interest. Naturally, these wds are far too
numerous for us to review them all. This review thus keeps irgtive,
and only presents a subset of the works of interest.

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

2.1.1 Information sources

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

The main source of information this review is based upon isehvery
large range of academic reviews, technical reports proceggdfrom ad-
ministrations or from design o ces, and books. These worksdiong to
such varied elds as transport, transport economics, indtisal economics,
spatial economics, industrial management, logistics, o@ion research,
etc.

The most important non-academic source of information is thspe-
cial press, for it provides useful elements of informationbaut the cur-
rent state of the logistic sector. The logistic sector is lge and con-
sists of many companies, of various sizes and businessesy atmmuni-
cate a lot through a large range of newspapers, congressesugs, etc.
A non-comprehensive list of these newspapers compride® ciel des
Transporteurs, primarily oriented towards freight transport but which
tackles always more with logistics, as carriers extend thigperimeters to-
wards this domain. Logistique Magazines rather focused on companies
whose core businesses pertain to the sector of logisticsapipears to the
reader of these newspapers that the frontier between logest and freight
transport is becoming less tangible. Similar newspapersistxin other
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countries.

If we get towards less specialised media, the technical pgas a rich
source of information. In particular, the French economicewspapeiLes
Echos has proved particularly instructive. Aside from nancial makets
and rms' strategies, this newspaper pays a signi cant attetion to the
industry, which is not the case of other nancial newspapersuch asLa
Tribune for example. Matters such as raw materials, the consequesce
of global warming in terms of regulation are often mentionedis well as
the general conditions of freight transportation. The reaer often meets
featured articles focused on logistic organisations, féties, and markets.

Finally, we do not want to forget the mass media as one of ourwwces
of information, and particularly the presg as well as the television. How-
ever, transportation seems to be seldom considered as a @$son its own
by these media; on the contrary it is often addressed from thperspective
of one of its social impacts, such as congestion, acciderstscial con icts
or, with increasing importance, global warming. In this cowxt, the spe-
ci ¢ sector of freight transportation raises always more i@rest nowadays.
Logistics is little present apart from common mentions to th increasing
importance of just-in-time organisations in the industry ad their impact
on the freight transport market.

2.1.2 Methodology

Through parsing the wide range of information sources preged in the
previous section, we have been able to identify a large setagfproaches
addressing a wide range of varied logistic issues. Despitee thetero-
geneity of these approaches, we managed to derive one clagasbn,
consisting of three categories.

It soon appeared that the proposition of a series of de nitiws as well
as the delimitation of the perimeter of analysis was the nessary pre-
liminary stage of this review. Therefore, Sectio2.2 aims at addressing
this objective.

Once these basic elements given, the second part of the rewie struc-
tured by the fact that rst, the approaches identi ed address problem-
atics of highly heterogeneous scales, second that scale banused as a
way to organise this presentation. As a consequence, the mewtion
proceeds along increasing scales of concern and issuestidde2.3 rst
presents works related to the logistic behaviour of a singlem. In such
approaches, the universe in which the rm has to take its degions is

1Let us quote, without claiming exhaustiveness, the followng French newspapers
of large audience and diverse leaningd.e Figaro, Le Monde, Likeration
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generally taken as givenj.e. exogeneous. It appears these issues are
mainly of an engineering nature, and rely accordingly on emgering
approaches. Sectior2.4 is then devoted to examine relations between
rms. These issues take on a strategic nature, and economippoaches
are more adapted to addressing them. These approaches alloarelax
the hypothesis of an exogeneous universe. We then presentcnoacopic
approaches in Sectior2.5. These approaches may involve macroscopic
aggregate indicators, such as tra c or mode use, or large dederritories,
such as regional or national areas. These methodologiestpigr more to
political concerns than to engineering concern, and the nieidologies
used include geography, statistics and economics. Such egarhes are
theoretically able to account for all kinds of relationship between a large
set of varied actors.

As the shipment size constitutes a particular problematic ofreight
transportation demand modelling, as well as one of the fogabints of this
work, we have chosen to devote an independent section to thspeci ¢
issue. The diverse approaches related to the choice of shgnnsize are
thus regrouped and presented together in Sectich6.

Our approach is summarised in Figure2.1).

l Definitions,

Systemic analysis

b Logistic of the firm Engineering
1 (single actor behaviour) concern

b Logistics and industrial organisation Strategic
1 (actors relationships) concern

b Logistic macroscopic modelling Political
1 (macroscopic approach) concern

Shipment size and
freight transport modelling

Approach

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 eqally to a sector
of activity, a profession, a function of the rm, or an acadent eld. We
will provide highlights that should help deciding for a de ntion 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 Sectio 2.2.1
We then focus on the particular concept of Supply Chain Managnent
in Section 2.2.2 rst on its nature then on the subsequent changes in
the organisation of the logistic function in rms. We eventally show
examples of analyses of the behaviour of agents of the logistector, in
Section2.2.3

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

Goods or servicesprovide utility to consumers insofar as they aravail-
able to them. This availability pertains both to the location in space
and time. Consumers can contribute to this availability, fo example by
fetching the goods or services they want directly where thesire located.
For example, they can grab a fruit on a tree they have in theirayden,
or they can go to a forest nearby and hunt to get some meat, prioked
it is legal to do so, as most of the economy had functioned fouite a
while. In a somewhat more sophisticated way, they may also go the
supermarket and buy fruits and meat.

In the latter case, what consumers do is that they produce theselves
the nal stage of a possibly very sophisticated chain of trasport and
logistic operations, which will eventually allow them to dspose of the
service or good they desire. This chain starts from a possidarge set
of raw materials, comprises a possibly large number of trdosmation
stages, together with a potentially even larger number of wang, moving
and conditioning stages. The former stages are of industriaature, they
may be referred to a®perations On the opposite, the latter ones can be
referred to as to logistic stages, anter-operations. As a consequence, one
de nition of logistics is: \the management of inter-operaions" (Dornier
and Fender, 2007).

Some authors (e.g. Carbone, 2004; Tatineni and Demetsky, 0%8)

2At rst sight, it can seem irrelevant to refer to the logistic s of services. Never-
theless, providing a service generally involves physicalperations 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 sight: \Logis-
tics is the function of the rm in charge of managing physicaktreams
and related 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 lagtic function.
The French Association for Logistics ASLO&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 anditl the best
quality.

This de nition clearly indicates the object of logistics, vhich is to en-
sure products are available to customers, and that the logis 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 denition consti-
tutes a sound rst step towards a microeconomic modelling dfie logistic
function. It will be retained for the sequel of this work.

From this de nition of logistics, logistic operations can ke 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 examplean indus-
trial operation such as the transformation of one good intormther is
not a logistic operation, but scheduling this transformatn is a logistic
operation.

However, this de nition of logistics should be clearly distiguished
from other concepts very commonly met such as supply chainsdasup-
ply chain management. These concepts are almost always elgselated
to the strategic interaction of rms working together to delver nal prod-
ucts to end consumers. Indeed, before nal products becomeadable to
customers, they are the object of many operations proceedbg many
rms, which have to cooperate in a more or less intense way imdr to
provide a service. This set of rms constitutes the supply &in, which
has been de ned as follows by Christopher (1992) (in Carbon2004):

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 scienaghich studies how to
convey items from production to consumption in cost-e ective ways.

“\related" is ours

5Association Frarcaise 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 upsam and

downstream linkages, in the di erent processes and activas that produce
value in the form of this product or service in the hand of theltimate

consumer.

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

Two remarks should be done about these de nitions. First, th def-
inition of logistics provided in this section makes no cleadistinction
between shippers,j.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 kage between
logistics and transport demand, and how this linkage shoullde taken
into account in freight transport modelling. This deeper aalysis is the
object of Chapter3.

Second, the notions of supply chain and supply chain managent
should be distinguished. While the concept of supply chairefers, as
stated above, to an organisation of rms, the concept of supp 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 perfance
of the rm, a large body of literature, both professional andacademic,
has been targeted at searching for, and promoting, e cientdgistics.
Our main information source in this section is the work of Darier and
Fender (2007), as well as on a course given by Pr. M. Fender yiaed
at the Ecole Nationale des Ponts et Chaussesentitled \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 camser only if
they are available to him. To the notion of availability coresponds the
professional notion ofguality of service which accounts for the delivery
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time, the risk of stock-outs, et® Firms do not compete only in price
and quality and other marketing-related variables, but als in quality of
service. A rm which improves the availability of the goods o services
it sells increases its competitiveness. This advantage dapuls on the
willingness of its customers to pay for a better availabiljt of the goods
it sells (see Chapter3).

Second, the pro tability of the whole supply chain dependsrothe
nal consumer market. As a consequence, the quality of sereiprovided
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 giveproduct
depends not only on the way each rm manages the logistics dfi$ prod-
uct in the frame of its own perimeter, but also on the way thesems
cooperate. Indeed, in many instances, if each rm of a suppthain opti-
mises its logistic without coordination with the other rms of the supply
chain, the overall result is sub-optimal. For example, ungected (or un-
predictable) variations in the nal demand, which are most ommon on
several markets, may imply a lack of accuracy in the productn plans of
the ultimate rm of the supply chain. As these variations ow upwards
the supply chain, their amplitude may increase, potentia§l resulting in
huge variations, and even disruptions, in production planat the lower
levels of the supply chain, with the following undesired ceequences such
as shortages, over-dimensioned production units, uncoalied costs, -
nally resulting in the whole supply chain being out of the maet. This
phenomenon, due to a lack of coordination and information ahing’ be-
tween rms of a supply chain, is well known and often referretb as the
\bullwhip e ect" (Forrester, 1961) 8.

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

SWe set the hypothesis that a consumer is always able to decideshich one he
prefers between two rms which propose similar services expt for the quality of
service. It implies that the quality of service can be represnted by a variable.

“Information sharing is a strategic question for a rm, and the 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 inbrmation sharing, as we
will see later.

8This microscopic e ect should be distinguished from the macoscopic 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 tradunally taken
by these departments, sometimes without coordination at lal The re-
search and development department may also be associateulfdke into
account logistic imperatives when designing new products.

Fifth, the rm has to consider the supply chain it belongs to fom a
strategic perspective. The diverse rms in a supply chain nyaghave asym-
metric relationships, some of them dominating others. Thegsition in
the supply chain, as well as information availability, may fay a strategic
role. Indeed, all the rms of a supply chain not only considehow they
can cooperate so that the supply chain is competitive as a wkpbut also
try to determine how they can extract the largest share of thadded value
yielded by the whole supply chain. The example of retail digbution is
self-speaking: by taking control of the ultimate consumer arket, dis-
tributors have reached a powerful position on the consumeogds supply
chain. The internet crisis of 2001 is another good exampletbg strategic
importance of supply chains: several arising rms negleaédhe necessity
of an e cient logistic coordination with providers to provide competitive
services, observed their logistic costs increase fasteaththeir turnover
during their full lifetime, until failure.

These issues, which were before under-addressed by rmsyéddeen
granted progressively always more attention for the last dades. Taking
them into account is the object of a relatively young manageemt eld,
called Supply Chain Managemen{SCM).

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

As we will show in the next section, the Supply Chain Managemen
has the particularity to focus on the way to take into accountogistic is-
sues in the frame of a rm whose historical architecture is nmecessarily
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 locallyeither no optimi-
sation was proceeded to, or these optimisations rested orcédd peri-
meters. There was not necessarily a dedicated logistic dejpaent in

the rm. Those optimisation perimeters where often limitedby a set of
other frontiers, such as the various departments of a rm, @n its units,
or countries, and limits between rms. Reserves of produstity were left
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unexploited, since the logistic function often involves terdependencies
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 beemdergoing
a series of changes for some decades. The optimisation petamns have
got larger, they have aggregated and have yielded larger peeters, in a
process that may be referred to as integration. Three type$ 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 andas 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. Thisxchange
may happen in the frame of a partnership (e.g. vendor managed
inventory® agreement between a producer and a distributor), or be
imposed by the most powerful organisation on the supply chai

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

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

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 csumer ser-
vice, the better understanding of logistic issues also led® hew, more
relevant ways to segment and regroup issues of similar chetexistics.

%In such a con guration, the vendor manages the purchases ondhalf 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 heaily relies on commercial
actions such as sales promotion. This cooperation may yieldigni 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 wigel
used is the notion of logistic family. As rms get a better knowedge
of their logistic imperatives®, they also discover that some products are
similar with respect to these imperatives. These similai#s constitute
the basis for a logistic segmentation, which allows to applsimilar solu-
tions to products which have similar requirements, and thuso fully
bene t from increasing returns to scale of logistic systen{these increas-
ing returns to scale pertain to the characteristics of logis assets such
as warehouses or vehicle eets, or to the relatively highemsplicity and
reliability of systems processing similar tasks, etc.)

The notion of logistic family constitutes a sound basis foregmenting
the demand for freight transportation. Indeed, products with present
the same logistic imperatives and, as such, are processeuhilgirly in
logistic systems, are likely to present similar charactestics when consi-
dered from a freight transportation modelling perspective As a conse-
guence, 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 @fiton in
rms. For example, it is common to hear about ABC classi catim,
where A refer to a set of homogeneous, cheap, and much solddurcts,
whereas C refers to a set of heterogeneous, expensive presiugth a
small turnover, and B refers to intermediary products. In a gint rm,
A may contain the white paints, B the most common paints, and Gome
exotic paints such as waxes, limes, etc. Family A products k& most
of the turnover (but not necessarily most of the margin), andhe logis-
tic system associated with them is e cient and not expensive On the
contrary, family C products constitute only a small part of he turnover,
and their logistic is expensive. But from a commercial poindf view, the
presence of the whole range of products is necessary. As a tenart,
the customers are ready to pay more and to wait more to buy Cihil
products.

2.2.3 Logistic agents

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

10These imperatives, or constraints, can be the transport tebnologies which can be
used to carry a given type of good, warehousing requirementéemperature, safety,
etc.), lifetime, customer preferences with respect to the wailability of goods, demand
variability, etc.
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concept from the perspective of freight transport modello because it
Is transversal to classical delimitations. It implies seval functions in

the rm, and several rms of various sizes, kinds, and locatins which
coordinate their activities in order to provide a single gien output. An

approach towards understanding the supply chain is to exane the types
and behaviours of the agents intervening on it.

Methods of systems analysis, such as employed in Savy (2006r of
industrial economics and management sciences, such as useQarbone
(2004), are particularly relevant tools to operate such anpproach. Savy
investigates the roles of all the agents intervening in thegme of a logistic
platform. His work focuses on their various time terms, theivarious
objectives, their relationships.

Carbone's work is focused on the specic role of logistic pralers.
The strategy of the twenty rst European logistic providersis studied,
then a specic survey is led in Italy. Their objectives are exmined, as
well as their market segments and the relationships betweémem. Some
conclusions are drawn, such as the heterogeneity of the kigi landscape
between European countries, the specialisation of logistproviders ac-
cording to their clients, in parallel to their strategies ofgrowth, the trend
towards an asymptotic non-asset based logistic provider bimess model
1 etc.

This analysis also reveals the diversity of relationshipsbeerved be-
tween logistic providers and their customers, and shows théeir re-
lationships may be described by their types and magnitudes.he type
refers to a set of similar traits (activities, expectationsduration) whereas
the magnitude of the relationship refers to its closeness imtensity. This
is con rmed by the work of Golicic et al. (2003), who conductk a series
of interviews under the form of round tables with experts. Aarding
to their conclusions, the relationships between the variguagents of a
supply chain are well characterised by their types and magnides'.

1The notions of 3PL { Third Party Logistic Providers { and 4PL { Fourth Party
Logistic Providers { are often met in logistic-related works. Whereas the 3PL coicept
refers to a company providing a logistic service, includingransport and warehousing
services, and potentially more sophisticated logistic sefices such as conditioning, co-
manufacturing or inventory management, the less consensuigtPL concept refers to
a theoretically non-asset based company, that would provié its clients an integrated
logistic service by coordinating carriers and 3PL actors. Athough the existence of
the latter business model is questioned, a clear trend of thenain European logis-
tic providers towards supplying a larger range of more integated 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 whyewonsider that the
4PL notion makes sense, as a kind of asymptotic business mdde

12This is an important issue of the theories of organisationsyhich try to explain the
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However, getting into the detail of the relationships betweae agents
Is often a too complex and sophisticated approach for rms dm the
perspective of many issues. Even before thinking about optising the
supply chain they belong to, many rms try to optimise their avn logistic.

2.3 Logistic problems of the rm

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

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

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

existence of rms and markets as modes of regulation. Theseneories also investigate
the existence of hybrid forms, such as alliances. It was forx@ample observed that
alliances of various types existed. The two works just quotd 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. Thguestion 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 dedicatedot provid-
ing tools for decision support. OR problems generally implgn accu-
rate (quantitative) depiction of the problem, and yield quatitative re-

sults, which optimise a given objective function. Typical ® problems
in logistics include scheduling, planning, packing, rouig, etc. and are
often of combinatorial nature. In order to illustrate theseproblems and
their corresponding methods, we present in this section ats# typical

problems from which methods addressing various realistitusations de-
rive. The considerations hereafter are mainly based on Kerand Vygen
(2008). Examples of problems are taken from softwares' deuantation

and other sources.

The Traveling Salesman Problem (TSP)

A classical example of th@raveling Salesman Problem (TSP)s the case
where an agent has to visit a set of destinations. The distaadetween
each pair destination is known, and the objective is to nd antinerary
minimising the total distance covereéf.

This problem is NP-hard, which means that when the instance is
large, heuristics have to be used in order to nd e cient soltions in a
reasonable computation time. Such algorithms do not guartee that the
solution provided is optimal. According to Korte and Vygen (208), the
most successful way to obtain a good solution for the TSP in aasonable
time is local searchj.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), theroblem may
be referred to as theVehicle Routing Problem(VRP.) Complementary
constraints may be added, in order to address varied problsm

- 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 agest

3The TSP is stated as follows:
Instance: A complete graph K, and weightsc: E(K,)! R+,
Task: Find a Hamiltonian circuit T whose weight ;g (7)c(€) is minimum,

where a complete graph is a set of vertices and undirected edg such that any pair of
vertices is connected by an edgeH(G) is the set of the edges of5, 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 desinations
once, at a minimum cost. This can be applied to choose the toaf
a set of trucks starting from di erent depots to deliver an igntical
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. stes opened
at certain times or deliveries allowed during a given time-wdow)
and for the depots. The total tour duration may be limited, am
the operation time at each stop may be taken into account as e

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

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

Softwares that propose routing algorithms include TransCAH, LogiX-
central®, ILOG?*® TransportPowerOps, the Outbound Transportation
and Containerisation Optimisation solution of i2”.

The Chinese Postman Problem

A classical example of theChinese Postman Problenis the case where a
postman has to deliver the mail within a given district, so tlat he has to
walk along each street of this district, starting from and rally returning
to the post o ce 8,

Mwww.caliper.com/tcovu.htm

BSwww.logixcentral.com

Bywww.ilog.com

www.i2.com

8Under its general form, the problem is stated as follows:

Instance: An undirected connex graphG and weightsc: E(G) ! R.,

Task: Find a function k : E(G) ! N such that G° the graph which arise fromG by
taking k(e) copies of each edge 2 E(G) is Eulerian'® and e2E(G)K(€) c(e)
is minimum,
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The Chinese Postman is in fact a particular instance of a mogen-
eral combinatorial problem called theMinimum Weight T-Join Problem,
which can be solved inO(m?) time, where m is the number of edges
in the graph. The problem may be generalised to the considémm of
directed edges, minimum number of passes through each edgg] so on.

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

The Bin-Packing Problem

A classical example of theBin-Packing Problemis the situation where
one has to ship a set of shipments of given sizes. The objeetis to ship
them using a minimal number of vehicles of given capacity. Atteer case
corresponding to the Bin-Packing Problem arises when oneda set of
beams of given sizes and want to cut them into another set ofvgn sizes;
the objective is then to make the desired set using a minimaéngth of
beam£°.

This problem is NP-hard, approximation algorithms are theriore
necessary. There is a various set of such algorithms. Class$iapprox-
imation algorithms include the Next-Fit Algorithm (NF) in which each
piecea; is packed in the current bin if it is possible, in the next onefi
not. The First-Fit Algorithm (FF) packs sequentially each pieca in
the rst bin where there is room left to do so. Both these algathms
behave well if the pieces are small relatively to the bin's pacity. 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. HaB89):

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

where an undirected graphG is an Eulerian graph if each vertex is connected to an

even number of edges. Itis therefore possible to nd an itineary in the graph covering

each edge once and only once, in a time linear in the number oflges and vertices.
20The Bin-Packing Problem is stated as follows:

Task: Find a k 2 N and an assignmentf : f1;:::;ng f 1;:::;kg with
it()=j & 1forallj 2 1;:::;k such that k is minimum.
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in a vehicle for example. It may be necessary to consider 2Dnbi
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 inforation on
the subsequent items.

Among the softwares o ering bin-packing algorithms, we nd he
ILOG software CP Optimizer, the Outbound Transportation ard 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 tsef
origins (e.g. warehouses) to a set of destinations (e.g. heustomers) to
a minimum cost; or where empty rail cars have to be moved fronmeir
locations to the places they are requiréed.

The solution is found by linear programming. A known particlar
case of the Minimum Cost Flow Problem is théditchcock Problem where
the capacities of the edges are in nite. A generalisation ahe problem
exists where the costs of the edges depend on the ow on the esdlg

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

The Facility Location Problem

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

21The Minimum Cost Flow Problem is stated as follows:

Instance: A directed graph G, capacitiesu : E(G) ! R., numbersb: V(G)! R
with oy gy b(v) =0, and weights c: E(G) ! R,

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

where ab- 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, apart for the source vertices
where the balance is positive and for the sinks for which the &lance is negative. The
function b de nes the value of the balance at each vertex. The formal denition
is: a function f : E(G) ! R, with f(e) u(e) for all e 2 E(G) and ¢ +(v)
f(e) e2 (v) (€)= b(v) for all v2 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 @tomers, the
location of break-bulk platforms in a distribution network the location
of a new plant, eté?.

Under some hypotheses which are generally veri ed in realistfacil-
ity location con gurations, the Facility Location Problem is NP-hard.
Despite strong interest on this question since the 1960s ethrst approx-
imation algorithm has been proposed in 1997 by Shmoys et al.997).
Local search techniques work well for facility location.

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

General comments

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

Second, these tools are seldom applied under their canotifam in
an operational environment. Concrete situations imply accate speci -
cations, and the logistic decision support softwares aregsi cantly ded-
icated to an important related task: database management. btorically,
apart for some exceptions such as ILOG, of which the produdtsve been
designed speci cally to identify feasible solutions in catrained problems
and to improve such solutions towards optimality, the objetove 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 gendlyareferred
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
costf; 2 R, for opening each facilityi 2 F, and a service costc; 2 R, for
eachi 2F andj 2D.

Task: Find a subsetX of facilities (called open) and an assignment : D! X of
the gystomers tg open facilities, such that the sum of facity cost and service
cost ,x fi+ jop C () Is minimum.

23www.oracle.com
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Third, these problems also draw a signi cant attention fronthe aca-
demic world, and papers concerning them are regularly pushied in a
wide set of reviews such as Transportation Research Part Ehe Journal
of Business Logistics, Logistics Information Managementhe 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 reseeh seem
far from spatialised freight transport demand modelling teoretic and
practical concerns, for several reasons. We will presenese reasons and
explain how and where we may nevertheless nd room for synées.

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

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

It is interesting to note that in the specic eld of urban freight
transportation modelling, operation research methods shas VRP
algorithms seem more adequate than classical transportati meth-
ods to address urban freight transport modelling. Indeed,riban
freight transport heavily relies on truck tours, along whih the ve-
hicles deserve a sequence of stops, which imply that the \&bsg'
origin and destination are somewhat disconnected from the@gds'

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

- Robustness:the main piece of criticism towards operation research
tools is, according to Daganzo (2005), that they deliver rakis of
an accuracy which may be out of proportion with the accuracyfo
the inputs, especially when those inputs pertain to costs ifeer
because these costs are not observable { this is the case qgfapu-
nity costs, or because they may vary signi cantly { such as méet
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 mayary a
lot and are famously hard to forecast.

Daganzo (2005) presents a methodology devoted to producerig
optimal, robust results based on models using few paramedgas
we will see in subsectior?2.3.3 However, his criticism is not com-
pletely relevant, as a set of methods of operation researctidaess
the problem of result robustnessife. results which remain good
even if the situation does not correspond to the inputs) andhi
puts lack of precision (e.g. stochastic inputs.) Let us quetfor the
sake of illustration the work of Lee et al. (2007), which prapses
a two-step optimisation of a joint forward-backward® distribution
network with stochastic demand and prices. The proposed alg
rithm contains a nest optimising the ows for a given faciliy loca-
tion, price and demand scenario, then proposes an optimakitty
location on the basis of the total expected distribution cads

- Ease of use: this question is twofold. It pertains rst to data
requirements, second to whether the results are intuitiver mot.

It is common that a realistic depiction needs a lot of accuratdata
for an operational research tool to yield satisfying resudt However,
freight transport demand modelling is a eld of transportaton sci-
ences renowned for the di culty to access to detailed data. e
data usually available at regional, national or internatinal scales
is usually of aggregated nature, and as such is not immedibten

the scope of the type of problems presented in this subsectio

25j.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 ¢ solutions, with litle informa-
tion pertaining to the linkage between the inputs and the rast.
As a consequence, the identi cation of strategic parametemsnd
causalities is not straightforward, which makes the resudthard to
generalise.

The algorithms presented in this subsection are useful to [goort de-
cision in the frame of a rm, or to optimise a collaboration b&aveen a
limited set of rms. However, freight transport demand modding is con-
cerned with public policy decision support. This means thahe modeller
faces a situation of a much larger scale, and of a potentialitraordinary
larger complexity. Because of the lack of data and of the neé&alidentify
the most strategic phenomena and the causality relationgis between
them, freight transport demand models have to yield clear selts and
clear intuitions of the linkage between results and inputsAs this is not
the rst objective of OR tools used in logistics, those wouldheed some
adaptation before they can be used in freight transport dema models.

2.3.2 Medium-level problems and system dynamics
models

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

Discrete system dynamics

The discrete system dynamics approach (usually simply refed to as
the \system dynamics" approach in the papers we quote) colsss in
representing the system studied by a set of variables of tint€ N, and a
set of discrete equations describing the values of theseightes att + 1
function of their values int.

To illustrate this approach, let us present the Automated Pigline
Inventory and Order Based Production Control System (APIOBES)
model. Designed by John, Naim and Towill (1994), it describessystem
where the order decisions are based on the forecast demandsg@xd on
exponential smoothing), a fraction of the di erence betweaetarget and
actual inventory levels, and a fraction of the di erence beteen target and
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actual goods-in-transit levels. Figure Z.2) provides a basic illustration
of the model.

Order production Forecasted Forecast
Demand
Production Sale
WIP L [ inventory f—-| Observed
Inventory Demand

Figure 2.2: The architecture of APIOBPCS.

This framework is able to illustrate the bullwhip phenomeno. In-
deed, consider a random demand series, where the daily dechaims i.i.d.
of given variance 4. Feeding this series into the system results into an
order series of given variance,. The ratio of these variances ,= 4 Is
called theampli cation ratio . If it is higher than 1, then a bullwhip e ect
is identi ed: perturbations amplify upwards the logistic gystem.

This framework is used by Potter and Lalwani (2007) in ordera
assess the in uence of this e ect on transport demand. The @stion is
considered both from the perspective of the eet size and df¢ loading
factor of the vehicles. The approach provides little infor@tion though,
apart from intuitive results such as the probable need for argater eet
if the variability of the shipment's size is greater.

Control engineering

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

This approach has been used in Dejonckheere et al. (2003) rder to
give a theoretical explanation of the bullwhip e ect. The lgistic system
is modelled using a set of variables depending on the time jmett and
a set of lineaf® equations describing the values of these variablestiras
functions of their values int 1 and the shipment need at day. The
transfer function of the supply chain is derived, allowinglte 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 interesing in that

26The linearity of the system ensures the relevancy of the apgach.
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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 toash the
in uence of the order policy rule on the bullwhip e ect. They rst con-
sider the classical order-up-to policy with exponential fecasting. The
order-up-to policy is:

O, = D; + k”, inventory position,

whereD; is the demand at dayt, B, its estimator, *, the estimator of its
variance,k a constant ensuring a given level of servite The exponential
forecasting formula forecasts future demand based on passbservations
IS:

Di= D, .1+ ):Dt 2

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

The FR plots of both these policies illustrated by Figures2.3) and
(2.4) show that the second policy is globally e cient in dampenigy the
oscillations inside the logistic system, apart from low fogencies. On the
contrary, the rst policy systematically implies an ampli cation of the
variations. However, although we tend to think that less vasgbility is
a good thing, the work of Dejonckheere et al. (2003) also imdites that
the smoothing policy probably implies higher inventory cds. 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 useadéarge set
of powerful analysis tools. Furthermore, implications of ndings such as
the smoothing rule of Towill (1982) may be signi cant in an oprational
environment.

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

27 Assuming the demands of each day are identically distributd random variables,
provided that the estimator ”; is accurate enough, a given constank is equivalent to
a given probability that there is no stock-outs.

28The exact formula is the following: O; = Dy +1=T, (DNS; NS;)+1=T,
(DWIP ¢ WIPy), where the demand is still exponentially forecastedNS; is the net
stock and TN'S; the desired net stock level, andW P, it the work-in-progress stock
and DWIP ; the desired work-in-progress level.T,, and T,, are parameters.
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Figure 2.3: FR plot in case of an Figure 2.4: FR plot in case of a
order-up-to policy. smooth ordering policy.

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

2.3.3 High-level models

We present here a set of methodologies which address openadil logis-
tic issues with light models, based on generic descriptioaad few para-
meters. These models do not aim to provide an detailed optirnsolution
to a given realistic and accurately described situation, st 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 rga of issues
can be addressed this way, from small-scale logistic openat problems
to large-scale logistic network design problems. This sudagion rests
heavily on Daganzo (2005).

The Economic Order Quantity model

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

The EOQ model can be applied to a wide range of issues, amongaiih
to nd the optimal shipment size in the case of a simple supplghain.
Consider a continuous production of commodities at a giverrigin, at
rate Q. These commodities must be shipped to a given destinationhere
they are also consumed at rat®, using a vehicle of given operating costs
and capacity S. We assume that travel time are reliable, therefore there
is no need for a safety stock.

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

Qb 1
S)= — + -as: 2.1
os)= <+ 3 (2.2)
Note that as=2 is replaced byas if the commodities are consumed regu-
larly at the destination. In that case, each commodity waitoon average
s=2 in the destination inventory. The qualitative propertiesof the model
remain.
The economic shipment size is obtained by minimising(s) with re-
spect tos:
(r 56 )
a

S =min (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 consegce is
that even if the parameters are known with uncertainty, or a& liable
to evolve, the solution provided by the EOQ model remains reanably
e cient. Furthermore, the formula is easy to handle and givs insights on
the linkage between the optimal shipment size and the cost Eaneters.
However, some of the hypotheses stated above reduce the galitgrof
the model.

Continuous approximation

Models such as the previous one have a limited generality ifey rely on
hypotheses of uniformity of some of their parameters. Thisniformity,
which is generally necessary for the analytic resolution tfe equations,
is particularly irrelevant when one considers the variabity 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,talgy by
Daganzo (2005), to address a wide range of logistic problenisapplies
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when one searches a discrete solution (schedule, facilibcation) 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 window , the
solution with uniform shipments has no reason to be optimalOne thus
looks for the timesftjgi»n at which vehicles should be dispatched, which
is equivalent to deciding the headway$l (t;) = tj+; tj. Consider the
total cost per unit C(t). Assumeq is continuously derivable, then for
all i, t; exists such thatg{t,) is equal to the average slopeq(ti+1)
q(ti))=(ti+2  t;). Then, the total cost per unit of good between two
shipments is equal to:

4
g aH(t) .
TR AU

This is where the continuous approximation is performed. Fst, we
replaceqXt;) by g{t) in the formula; this is valid if q varies smoothly,
as assumed. Second, we consider the continuous functlaéit) instead
of the discrete set of headwaytH (tj)g. As a consequence, we solve the
following extremely simple variational problem:

: C , GyH(1) .
R B

which yields:
S
Hy=

Cu q0(t):

This continuous function is then discretised, and it is showon some
examples that the solution performs very well, provided® does not vary
too quickly.

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

Interface with OR models: statistical regularities

Continuous approximations may be applied in a wide range afations.
However, some problems such as distribution in a spatialiséémework
still cannot be addressed without using OR models. As a conseace,
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a method has been designed in order to interface these modeith con-
tinuous approximation methods. The idea is to divide the maiproblem
into a set of micro problems, all of which can be addressed ngicombi-
natorial algorithms, and then to use known statistical reglarities of the
solutions of these algorithms in order to build a both easy tbhandle and
realistic approximation.

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

We rst consider the distribution costs of a single depot délering
a given set of customers. Denote the density of customers dretarea
deserved , s the average shipment sizeS the vehicle's capacity, andr
the distance of the depot to the area. Then it is possible to pve that
the average length of an optimal tour is approximately (Dag#o, 2005):

k S
2r+ p—;
'S

wherek is a constant approximately equal to 2. As a consequence,
it is quite easily possible to derive analytically the expeed 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 asrtimimise
the overall distribution costs.

Nevertheless, statistical regularities are not always easy 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 sibchastic
sizes to customers. The objective is to provide insights ohé in uence of
bin-packing rules on the distribution costs, and on the trag-o between
the average loads of the vehicles and the average route ldngHall could
not derive analytic formulae, thus limiting the outreach ofthis approach
in this case.

Applications

Daganzo (2005) examines a series of frameworks of incregsiomplexity.
For each of these frameworks, a simple model is designed. hée
limiting hypotheses are relaxed one after the other, as faisgossible.
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 problematic$ eehicle
routing appears. The analytic approach reaches its limitsas a
consequence particular cases are presented when some casts
negligible before others. This has the advantage to help dying
the strategic parameters.

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

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

Similar methods are presented in a number of papers. Let usais,
for example, Blumenfeld et al. (1985) who examines the vaus networks
listed above, and possible simplied ways to derive optimashipment
schedules when there are many interdependencies (such asdpiction
of di erent products, consolidation centers, etc.), and Blmenfeld et al.
(1991), who consider a one-to-many framework and examinesthmount
of cost savings allowed by various synchronisation polisie Similarly,
Hill (1997) examines jointed production-shipment policiesn a particular
framework where the inventory holding cost is higher for thbuyer than
for the vendor®. The result is interesting in that although the ow
considered is of constant rate, the optimal policy impliesan-uniform
shipments.

Commentary

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

29This may be the case when, for example, the buyer is a retail der located in a
dense urban area where renting warehouse surface is expamsiwhereas 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 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-anted freight
transport demand models.

However, in the examples presented here, the focus is set nhaion
the logistic of one rm, or, if several agents are explicitlconsidered, on
the globally optimal setup. The in uence of the strategic bkaviours of
distinct agents within a supply chain is not considered. Then uence of
the nature and intensity of the competition on the market of he nal
good neither. The approach is always based on the minimisani of
a total logistic cost function, but some of these costs aretleer taken
as is, without explanation (such as opportunity costs), wheas other
costs are simply neglected (costs of shortages). The levetervice is not
considered, which is problematic given its central importece in the whole
structuration of logistic systems. After a short discussioon the role of
externalities in logistics microscopic modelling, we prest in section2.4
how these questions may be addressed.

2.3.4 Externalities

Logistics microscopic modelling, as we saw in the previoushsections,
is mainly focused on ful lling cost-e ectively the requirenents of the
logistic function of the rm. This is the reason why very few pers use
these approaches in order to address issues which are outlo$ tscope,
such as externalitiesi(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 autiso
examine the transfer along a various set of sequences of spart opera-
tions, involving systematically road transport, and potetially air, rail
and inland waterway transport. They assess, for each of theslterna-
tives, the transport costs, transshipment costs, the totakavel time, the
environmental pollution, noise pollution, and risks cause The shipment
size corresponding to each of these alternatives is derivexddogenously,
from an EOQ-type model. They identify the best alternative wh respect
to each of these criteria, but do not synthesize the analysis

Examining the question of externalities from this scope isieresting
insofar as these externalities can be corrected by incerds; and these
incentives in uence behaviours. As a consequence, it is nssary to un-
derstand behaviours. But the microscopic scale consideriedhis section
neglects the relationships between actors. These relatginps may play
a major role in the response to incentives, they should be dered with
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utmost attention from a policy decision support perspecti.

2.3.5 Conclusion

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

Medium-level models of system dynamics help understandispme
non-trivial e ects of given logistic policies, in particubr the ability of
a given system to resist to variations of exogenous paramegesuch as
prices and demand. These approaches have the advantage dwerlevel
approaches to help diagnose the impact of choosing a givegistic policy
in terms of inventory levels and inventory level variationsand how these
variations propagate in a supply chain.

High-level models can be used for more strategic decisionsandhdata
is less accurate and where insights on the relationships tveen decisions
and outcomes are valuable. They both provide satisfying appximate
solutions and highlight the trade o s at stake. They repres in a sim-
ple and not very data demanding manner the linkage betweengistic
requirements (the need to proceed to a given set of operat®n costs
(including transport costs, and inventory costs), and theesulting trade
0 s between logistic resources such as warehousing and tsport. As
such, they constitute an interesting basis for the microeoomic 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 wayone has
to consider logistics from the perspective of rms. This matated the
presentation int the previous section of the set of low-lelapproaches
rms apply when they consider their economic environment aexoge-
nous. Complementarily, from a high-level decision suppoperspective,
attention must be paid to the interactions between agents.
These interactions result from the strategic behaviours ofms, 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 aryesimplistic

rst approach, we can consider that the strategic behaviosrof rms have
two types of drivers: non-cooperative ones.e. reasons for rms not to
cooperate, such as market competition, or cooperative oneg. reasons
for rms to cooperate, such as cooperation for the e ciency ba 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 nitionthe starting
point is the end market. Then, we distinguism much simpli ed parallel,
competing supply chains. Each of these supply chains is silisfically
represented as a linear set & rms, starting from the farthest of the
end market, indexed 1, to the nearest one, indexdéd We represent three
drivers of strategic behaviours in Figur@.5. competition between supply
chains, which is a non-cooperative driver, cooperation insupply chain
for the quality of service to be the most cost-e ective in thenal market,
which is a cooperative driver in the frame of a supply chain,na nally
margin sharing in a given supply chain, which is a non-coopive driver.
Indeed, if rms coordinate their activities so that their sypply 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 magin shared
among the rms of the supply chain?
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Figure 2.5: Drivers underlying the strategic behaviours ofms.

We present in Subsectior2.4.1 works which focus on competitive,
non cooperative behaviours, and in Subsectiah4.2 works focused on
cooperative behaviours.
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2.4.1 Competitive behaviours

One of the prominent elements structuring the relationship between
agents is the relative position of the nal product on its maket. Sig-
ni cant attention has been paid to competitive relationshps by micro-
economists, and have led to classical models such as the @erfcom-
petition model, Cournot-Nash oligopolistic competition inquantity, mo-
nopolistic competition, competition in price and quality®, etc. These
models have been generalised in many ways. We present hermaegen-
eralisations pertaining which take into account logistic lements.

Competition in nal product availability

In theoretical microeconomics, the basic model of the rm ifocused on
a rm which faces a demand made up of agents who are only intsted
in the price of the good the rm sells. This treatment is then gtended to
account for other variables, typically characteristics ofhe commodities
considered?.

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 fué tirect
utility function of consumers. As a consequence, rms providg goods
compete with each other in the availability of the goods theyrovide.
Ensuring a given level of availability is the object of the Igistic function.
A better availability means higher logistic costs, but thislinkage is not
trivial. For a more detailed analysis of this trade-o , see Gapter 3.

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

S0Examples of references concerning these models are Tirol&988) 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 perspedve derives from its
characteristics. Among other consequences, this theory pwides a sound basis for
modelling substitution e ects.
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Supplier-receiver interaction

At rst sight, itis legitimate to ignore supplier-receiver interactions in the
microeconomic analysis of a supply chain. Indeed, under thesumption
of perfect competition, costs for a supplier are identicabtmarket prices
for a receiver, so that these interactions do not in uence # economic
functioning of the supply chain.

Nevertheless, this (often underlying) perfect competitiomssumption
Is not always realistic. It is therefore useful to relax thishypothesis,
and to investigate more closely supplier-receiver relatiships. Assume,
for example, that the supplier disregards the overall e ciacy of the
supply chain it belongs to. Assume also that this supplier isiicharge
of choosing the transport mode by which the commodities it Bds to
the receivers will be carried. Then the supplier will probdlp prefer a
cheaper transport mode to a more reliable one, against thegberences
of the receive??, 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 theeceiver
chooses everything (FOB pricing), in which case he maximgsais utility,
or the shipper chooses the mode (CIF pricing). In the latterase, it is
assumed that both agents bargain according to a Zeuthen-Hgknodel
(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-neutal as stock-holders may
be, managers are not, since their jobs are at stake.

33Consider two agents, whose behaviour is characterised by ility or prot func-
tions which depend on their decisions (e.g. two rms competng in a Cournot-Nash
framework). A subset of these decisions are Paretian. Nev#reless, 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 basicglassumes that the agents
make rational concessions up to an equilibrium, which maxirnses 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 migetary transfers are
possible between agents, then the solution of the bargain gae maximises the sum
of the utilities of the agents, and each agent has the same Uity (note that it is
assumed that the agents are equally skillful in negotiatior, 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 agotiation 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 bargaing model.
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ity (i.e. minimisation of global costs), but it has the merit to repreent
explicitly the agents implied in the transport operations ad their inter-
action. As such, this framework enables one to model some imieet
competition e ects, which are known to yield some countemtuitive re-
sults.

Competition in a spatial framework

When addressing logistic issues, the spatial dimension dfet economy
plays an important role. It appears through the availabiliy of goods,
which has been analysed in the previous section, and alsodhbgh the
spatial location of rms. From this latter perspective, gerralisations of
classical competition models to a spatialised frameworkeainteresting.

Harker (1986) presented some generalisations. This apprbaonsists
in taking the hypotheses of the classical models and giviniggm a spatial
dimension. Consider a set of regions, each one described lsypply and
a demand function on each commodity market. Consider genésad
transport costs* between these regions. The equilibrium conditions of
these models are classical: rst, the supply must equal theethand within
each region. Second, the e ective prices must be uniform Wwih each
region. Formally, if regioni imports a good from regionj, then p; =
P + tji, wherep; denotes the price in region and t;; the unit transport
price from regionj to regioni; elsep; P + t;.

Such models are referred to aSpatial Computable General Equilib-
rium (SCGE) models. This denomination insists on the objective of their
designers to develop models which can be solved numericadligd which
can address large-scale perimeters. Among other featurdsgde models
address explicitly the issue of the structures of the distat commodity
markets.

One of the di culties in using these models is to dispose of geralised
transport costs re ecting realistically their e ect on trade. Combes and
Lafourcade (2005) studied how these transport costs sholdé modelled.
They took the example of freight transportation by truck, béween pairs
of regions in France. They based their analysis on the detad accounting
of costs such as fuel, wages, vehicle operating and deprecrg etc. They
showed that in general, total distance and total time, and @an as the

34We knowingly use this classical term of transport economic®ut 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 god 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 consuner toward delivery times,
etc.
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crow ies distance constitute excellent proxies for transmrt costs, up to
a multiplicative constant. However, transport direct costgonstitute but
a small part of generalised transport costs, which encompasany other
logistic costs. These other cost components are neglectedhis analysis.

These models have been build to forecast interregional ortéma-
tional trade ows, notably as to provide inputs to freight transport mod-
els. Nevertheless, they currently have two main aws. Firstthe rep-
resentation of freight transport costs and, more generallpf the freight
transport market, is generally oversimpli ed. Second, lagtic issues are
absent from these models. As explained in more detail in Chagt3,
they play a crucial role in the formation of freight transpot demand,;
freight transport demand cannot be explained alone by the pduction
and consumption of commodities.

2.4.2 Cooperative behaviours

As argued in Sectior?.2, the whole supply chain of a given good or service
is implied in the quality of service this good is supplied wit. This raises
two questions. First, how should rms cooperate in order tomprove the
overall e ciency of the supply chain they belong to? Secondyn 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 cooagion between
rms. On the contrary, situations of cooperation, implicit and explicit,
already exist. For example, delivery and pickup time windosvare almost
uniform between rms, so as to limit complex coordination ogrations.
Hensher and Puckett (2005) present modelling recommendat®focused
on taking such interactions into account in urban freight tansportation
models. Among other features, their proposition has the ofglity to
take into account explicitly concepts such as relationshitype and mag-
nitude (see Subsectior2.2.3 in the model's architecture.

The choice of transport mode may also be considered as an rnate
action. This is the approach of Holguin-Veras et al. (2007), o consider
the relation between a shipper and a carrier as a cooperatigame {.e. a
game where a non-cooperative decision is never advantaggou hey led
an experimental economic approach, where agents playingpectively
the roles of shippers and carriers decide the shipment sizedamode,
and showed that the market coordination mode was e cient in pting
for the most advantageous joint choic®. Nevertheless, the outreach of

35Experimentally con rming the theoretical analysis of Winston (1981) presented
above.
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this work is limited by the simplicity of the decisions involed.

Cooperation in a supply chain may indeed be di cult. This is he
reason why SCM took as much importance as a management eldhis
also induced deep thinking on the ways rms should cooperateOne
of the methods investigated and used by rms is the Vendor Maged
Inventory (VMI) coordination mode. Consider a supplier (e.ga produc-
tive rm) selling to a receiver (e.g. a retail distributor) a product which
will ultimately be sold to consumers. If the receiver lacksnformation
on these products or has little control on the commercial pialy of the
supplier (e.g. if the supplier advertises using mass medida) may be
appropriate to set up a VMI organisation, in which it is the suplier who
decides the amount of goods to be delivered to the receRfer

The classic and VMI organisations have been compared in a nuerb
of works, among which Disney et al. (2003). Disney et al. usedy-
namic system approach based on the APIOBPCS model (described
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 orgarsation
allows transport costs savings, compared to a classic orgsation.

Cooperation is possible in a number of ways, more or less valet
with respect to the circumstances. Firms may nd an overall bnet in
sharing information, designing jointly the products they sll, etc. Never-
theless, even if the best strategy was known in each case timaay arise,
guestions would still be left unanswered, in particular: he would the
overall bene t be shared among rms? One may forecast, withu taking
too much risks, that this benet is generally shared in a wayHhat leaves
at least one rm unsatis ed. This leads to the second questiowe raised
at the beginning of this subsection, pertaining to the margi sharing out.

2.5 Logistics macroscopic modelling

Policy issues arise in the logistic sector because of its iagts on the rest
of the economy (pollution, transport infrastructure use, dnd use, but
also economic e ciency, etc.) To observe sectors and ass#ss potential
need for regulation, administrations may avail themselvesf a set of tools
for building strategic diagnosis. Such tools may be applig¢d the analysis
of the logistic sector, although with some methodologicali dulties.
Some pre-modelling approaches are presented in Subsecfidnl We

36]t is needless to say that this idea raised some apprehensidmefore it was nally
experimented and deemed successful in a number of supply dha, e.g. between
I'Oeal and Carrefour in France for cosmetics.
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then give an illustration of a classical macroeconomic apgach account-
ing for the linkage between logistic and economic issues inbsection
2.5.2 Subsection2.5.3 is dedicated to the spatialised analysis of the
logistic activity. Lastly, we present how the logistic impeatives of rms
translate into transportation demand in Subsectior2.5.4

2.5.1 Pre-modelling approaches

Despite the large stream of academic and professional leéure pertain-
ing to logistics and SCM, there are striking gaps in the knowtige of
this sector of activity. Strongly linked to the economic e dency of the
territory, an e cient logistic sector is a factor of attractiveness in the
international economic competition. On the contrary, by tke transport
ows it generates, it is the source of negative externalitg&e noise, pol-
lution, risk of accident, congestion, etc. Despite the intesity of these
Issues, institutions have little knowledge of logistic asnaactivity on one
hand, and as a driver of the structure of a territory on the otkr hand.
We present here some rst steps towards a better understamdj of both
guestions.

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 preided to
this issue; a relevant and interesting discussion about thimatter can
be found in Carbone (2004). We only recall that the notion ofextor in
national statistics is based on the homogeneity of supply.€. the use of
similar production techniques.)

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

This fact was stated by Savy (2008), who used the notion of business
segment to assess the importance of the logistic activity the 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 havdo declare
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the number of people they employ and their functio$. People are as-
signed to categories along the job they do, and these cateigsrare the
business segments. Using this notion, which is transversal the notion
of sector, it is possible to measure how many people work imatrsport,
transport forwarding, warehousing, or material handlingelated, but not
conditioning-related. 2M people were working in the logist business seg-
ment in 1999, among which two out of three were working in rmsvhose
activity was neither freight transport, nor logistics.

These gures were conrmed by a more recent study by Mariotte
(2007), distinguishing clearly the transport and the logisc business seg-
ments. The logistic business segment was de ned as peoplekimy in
warehousing and services associated to warehousing. Acaugdo this
de nition, 700k people work in the transport business segmg 800k
in the logistic business segment, among whom only 22% workiedthe
logistic sector, 15% in the wholesale trade sector or as tednterme-
diaries. These gures conrm that the logistic function is rot much
externalised yet, at least not as much as the freigh transporThe study
also located these jobs, as illustrated in Figure2(6), taken from Mariotte
(2007). This study thus constitutes a rst approach towardsa geography
of logistics.

Employment in the logistic Share of the logistic employment
segment by logistic zones in the working population
More than 4,5%
3,5% - 4,5%
2,5% - 3,5%
Less than 2,5%

Figure 2.6: Employment in the logistic segment in France inGD7

S"DADS dataset: Declarations Annuelles des Donrees Sociales(yearly social data
declaration).
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Geographic analysis

The above mentioned macroeconomic approach can be usefalymple-
mented by a geographic approach, this quite naturally sincgeography
focuses on space, and space is a crucial dimension of logjistsues.

In a work for the DIACT 38, Savy (200®) provided an analysis of the
interaction between logistics and territory. His work inclues rst a series
of interviews with a set of agents; second, a geographic ayss.

This analysis considers three objects. First, a series of pgof the
ows of goods in France were drawn by commodity typ¥, allowing to
identify types of regions and interactions, as well as mainows. Then,
the ratio of the goods getting in and out of a region to the inteal ows
were calculated, and analysed together with the movement§ alettized
goods per region and per capita. This allows to identify theype of
logistic activity of the dierent regions, and the heterogeeity 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 relatednkers
was drawn, in order to illustrate the specialisation of someegions and
the concentration of logistic activities in particularly active zones.

This work allowed to draw conclusions on the logistic attraoveness of
the French territory, and the heterogeneity of this attractveness between
French regions. Possible reasons to this heterogeneity wegresented,
together with a set of recommendations. As a conclusion, thapproach is
original as it takes into account explicitly and simultaneasly the spatial
dimension of the territory and the logistic function of the eonomy.

2.5.2 Macroeconomic analysis

Macroeconomic analysis is based on a high-level, aggregatiepiction
of the economy, which encompasses many elements pertainiogll the
economic sectors. Besides, the spatial dimension is geflgraot at the
center of macroeconomic approaches. From this perspectil@gistic is-
sues are thus mainly peripheral.

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

38Direction Interminiserielle a I'Anenagement eta la C ompetitivie des Terri-
toires, land planning and territory competitiveness interministry department.

39Using the SITRAM database, Syseme d'Information du Transport de Marchan-
dises database on freight transport. This database is maintainel 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 wrrent
inventory levels allow it, implying a spectacular decreasef their activ-
ities. These kind of e ects, related to the logistic functio of rms, are
discernible at a macroeconomic scale. Due to our limited kntedge of
macroeconomic methodologies and literature, the modelsdadssing this
phenomenon will not be presented here. Therefore, this pesgation is
limited to one of these models, for illustration's sake.

When Keynes presented his theory of general equilibrium, henited
his analysis to a static framework. Shortly after, a seriesf vorks were
conducted to investigate its dynamic properti€$. It is indeed possible
to consider that a variation in the consumers income does nanhpact
immediately consumption, whereas one can symmetricallysasne that
it is the production side which exhibits inertia. Metzler (B41) takes a
step towards accoutning for logistics in his model, by assumg that there
are inventories, so that if the production level does not mah the sales
level, the level of inventories variate correspondingly.

Metzler considers a number of scenarii, which are varied bhd as-
sumptions about the sales forecasting policy as well as byetinventory
replenishment rules. He identi es that under particular cicumstances, a
perturbation can lead to an overshoot of the inventory levebscillations,
and even explosion of the system. As a consequence, he idedj at the
macroscopic level, a phenomenon which is similar to the buhip e ect
presented in Sectior2.2.2

The hypotheses underlying this work are strong though, siacit is
assumed that all the rms have the same replenishment rulesid the lag
between production and sale is the same for all markets. Fagrmore,
this particular work is focused on the reaction of a whole sec to a
somewhat exogeneous perturbation, before the equilibrium reached
agairfl. As a consequence, we cannot consider this work to represem t
bullwhip e ect de ned by Forrester (1961), which refers to a increase
in the variability of the size of orders upward a given logigt system.

This work builds on an aggregate description of the econonwjthout
taking into account the spatial dimension. The next subseiin presents
works focused on this aspect.

4ONotably by Samuelson, who also developed the well known ISNM 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 logist problem.
Nevertheless, and despite the very large number of them, th@sks tack-
ling this issue virtually never refer to, or set themselvesithe frame of,
the eld of logistics.

We present in this subsection some of these approaches, ahd typ-
ical problems they allow to address. They can be classi edto two
categories, depending on whether they focus on the locatiohthe 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 in uee of
logistic considerations on spatial structure is to take it account the
distance nal consumers have to travel to reach a given good ser-
vice. This was done rst by Hotelling (1929), who considered duopoly
where two rms compete on a single, linear street, on which nsumers
are uniformly spread. The objective was to build a model whemarket
shares were continuous variables of prices, by introduciagother prod-
uct characteristics: the distance to the retail shop. Hotalg argued that
distance could be replaced by any characteristic liable tcaky contin-
uously among customefd. Nevertheless, he concluded that rms tend
to concentrate, which is of particular importance in undetsnding the
spatial structure of the econom§?. One can nd several generalisations
of this problem in Anderson et al. (1992): more than two rms, isnulta-
neous entry or sequential entry, choice of pricing policy.(f.b. or uniform
pricing), etc.

However these models are often doomed with non-existence aof a
equilibrium. To overcome this problem, they can be generaéd to con-
sidering price, location and other product characteristg It is thus shown
that rms can choose to regroup or to move apart depending orhé rel-
ative sensitivity of the customers to the price or to other caracteristics,
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 length z de-

42Such as, for example, the utility for each customer of each athese two products;
in which case this model is an instance of address model (Andson et al., 1992).

43t 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 eifjbrium than at the
social optimum. This incapacity of the market to reach a socal 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 | (i.e. when the
spatial dimension is relatively more important for customes than the
preference for heterogeneity), there is no equilibriuth Then, for higher
values of = | , an equilibrium exists, where the rms are spread along the
road. They get closer as the preference for heterogeneitytbé consu-
mers increases compared to the cost of transport, and nallghoose to
concentrate at the same place wher= | is high enough. This means
that when the geographic characteristic of goods is of liglimportance
relatively to their idiosyncratic characteristics, the mmopolistic 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 ect
of the relative importance of the location of a good from the grspec-
tive of customers gives a particularly important insight onthe linkage
between logistic characteristics of the goods and the spaltistructure 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 assetsnothe
basis of its customers' locations. At the opposite side of ¢hlogistic
system, the location of production factors is important as @ll. 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 pragttivities from
a region to another. The international trade theory of Ricado, based
on comparative advantages, proved to be more realistic (Kgman and
Wells, 2006). According to this theory, regions specialisa the sectors
of lowest opportunity cost in their respective economies. he Hecksher-
Ohlin-Samuelson model (presented in Helpman and Krugman, 8%) is
a general equilibrium model which leads to similar conclusis, but ex-
plains them not by exogenous di erences in productivitiedyut by exo-
geneous di erences in production factor endowments, thegeoduction
factors being immobile.

These theories have been generalised by the fruitful intradtion of
scale economies in production, and product di erentiatioffHelpman and
Krugman, 1985). Such models are able to explain both intexgerial
trade (which was already correctly accounted for by classforeign trade
models) and intrasectorial trade (which was, by construatn, irrelevant
in classic models). These models represent the complex tielaships be-
tween rm location (strictly speaking capital location), worker location,
prices, and wages. Many hypotheses can be made: workers carabsu-
med immobile or mobile, or partly mobile (the so-called \agcultural”
workers being immobile and the others mobile), capital canebassumed
immobile or mobile, etc. Much attention is paid to how the egiibrium
evolves when transport costs change, and a feature generahared by
these models is that when transport costs decrease, the emmy gets
progressively more specialised: a so-called \center-gdrery" structure
appears. This asymmetry is then reduced when transport castjet even
lower. For a review of these models, see Fujita et al. (1999 Gombes
et al. (2006).

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

Evans and Harrigan (2005) proceeded to a more realistic appah
from a logistic perspective. Their work was focused on the exgi ¢ role
of travel time in a supply chain when the demand is not known \th
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certainty, and on how rms decide their location in such a frenework.
Evans and Harrigan model the economy as a general equilibriufairms
sell textiles in the United Stated on two periods. They have t possibil-
ity to locate their factories in Asia, or in the Caribbean. If hey locate
their factories in the Caribbean, these rms can adapt theiproduction:

they produce before the rst period the goods they will sell aring the
rst period. Then, they observe the sales realised during ¢h rst period,

and decide the amount they produce for the second period, &mhering
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 awse-
guence, rms have to produce once and for all the amount thathey will

sell over the two periods. Therefore, they face a higher denthuncer-
tainty, so that the expected amount of unsold products and th expected
amount of unsatis ed customers is higher.

When examining the equilibrium of this model, it appears thiathe
rms which are faced with the most uncertain demand locate athe
Caribbean. As a consequence, the wages are higher at the Cheén
than in Asia. But, despite these higher wages, it is bene cidbr the rms
located in the Caribbean to be close to their market. The cohesions of
the theoretical model are con rmed by an empiric analysis &ggregated
textile trade data as well as by an econometric analysis of qgprietary
data of a textile manufacturef®. This approach pre gures the specic
signi cation of the value of time in the frame of a supply chai; see
Chapter 7 for details.

Comments

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

Nevertheless, their strong linkage with the logistic issuesf rms is
seldom advertised. Furthermore, there is no synthesis ofdke two appro-
aches to our knowledge; such a synthesis would be a secong sbevards
taking logistic requirements into account in economic mote

45|t is also interesting to note that, as exible production is made possible thanks
to the advances of the technologies of communication, as stad 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 atter more for income,
not less:
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2.5.4 Logistic drivers of transport decisions

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

Mode choice

It has been generally aknowledged that the choice of transpanode
for a shipment depends heavily on the logistic requirements the given
shipment. Yet not much has been built on this observation. Fst, it is
hard to identify and to measure these logistic imperativesSecond, the
complex linkage between the role and relationships of a rmmia supply
chain and the logistic imperatives of its shipments has noey been much
investigated.

Pre-modelling approaches do exist, such as the work by Woadh
(2003). The author interviewed a set of rms. He identi ed ther respec-
tive roles in their supply chains, and asked them about the pdictable
trends for their own supply chainé® , 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: rstthe risks
associated with the increase of transport costs are of smatlagnitude,
since all competitors bear them equally. Second, the use ailris small
but this may come to change. Third, customers' requirementaill get
stronger, and maybe more prone to variate. The logistic sysn will
have to be changed accordingly. The interviewees acknowged 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 seed and
third statements of the actors are contradictory. The recdrirend reveals
that in the trade-o between end-consumer requirements anttansport
e ciency, rms shift towards the demand side.

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

46|t 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 Weard more exible
organisations { particularly just-in-time organisations.
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Itinerary choice

The issue of itinerary choice is of central importance in fight trans-
port modelling, itinerary decisions are the microeconomaauses of tra ¢
ows. Understanding the microeconomic drivers of this dedgmn is thus a
crucial problem of freight transport modelling. But the lirkage between
logistic requirements and itinerary choice are not fully uderstood yet.

Many elements play a role in the decision of itinerary choiceime-
dependent operating costs, distance-dependent operatiogsts, depre-
ciation costs and opportunity costs of the freight transpded, and other
logistic costs. However, the econometric approach to thissise seldom
distinguish these costs. The itinerary choice decision isually reduced
to a trade o between transport price and travel time.

Some works tried to address this simplistic representatioloy intro-
ducing other variables. For example, the agents willingngego pay for a
reduction in travel time variability can also be taken into acount. This
issue is investigated by Fowkes et al. (2004). The authors niemed a
stated preference survey in order to assess the agents' wghess to pay
so as to avoid respectively: a delay in the departure time ohé vehi-

cle (.e. scheduled delay, e.g. the vehicle has broken down), a delay i

the arrival time of the vehicle once the vehicle has left therigin (i.e.
unscheduled delay, e.g. the vehicle is stuck in a tra c jam)and nally
variability in the arrival time #’. The results show that the highest will-
ingness to pay is to avoid unscheduled delay. It amounts to abt 1002
(end-2000) per hour, whereas the willingness to pay to avoiklay is
about 6C2 per hour, which is intuitively meaningful since a situation
with unscheduled delay is more constrained than with schelda delay,
where the use of another itinerary or another mode is concable.)

These results constitute a basis for further modelling re aments, and
highlight the complexity of the preferences of shippers t@xds freight
transport alternatives. Furthermore, these results make ast step to-
wards the issue of departure time choice in freight transpiation, which
is still under-addressed.

4"Note 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 pssengers 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, whib 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 thatly ignore
one of the basic di erence between passenger and freightrisportation
modelling. The load unit in passenger transportation is inekd the pas-
senger: as such, it cannot be modi ed, and this makes a greatetence
with freight transportation in which the size of shipments $ a decision
variable. This degree of freedom, which is speci c to freighransport,
has not yet been accounted for in freight transport models fealthough
some works have already addressed it. The next section isudeed on
some of these works.

2.6 Shipment size in the frame of transport
demand modelling

Freight transport demand is generally represented by a setf cows,
expressed as aggregated indicators, e.g. tons per year. Aed yhere are
many reasons to think that the shipment constitutes the unitdecision
in freight transportation, and that it should be used as the rodelling
unit when possiblé®, in order to bridge the gap between tra ¢ model-
ling methodologies and logistic behaviours of rms. Takingnto account
the shipments characteristics is thus a key direction of inmpvement of
freight transportation demand models.

The shipment size decision is di cult to analyse and to model rst
because of the lack of datd , second due to the limited knowledge con-
cerning the microeconomic drivers of rms decisions and speally the
linkage between their logistic imperatives and their ded@ns pertaining
to shipment characteristics on the one hand, and macroscognowledge
of costs, trends, and practices on the other hand.

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

48This question is discussed in more detail in Chapter3. Besides, Routhier et al.
(2002) argue that, faced with the particular organisation o 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 aute) 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 colled, 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 investigatitige micro-
economic drivers of shipment choice in Subsecti@6.3 We eventually
present choices and recommendations concerning shipmeaaeshoice in
freight transportation demand models in Subsectiof.6.4

2.6.1 Pre-modelling approach

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

Databases

Shipment databases are not available in all countries, andhen they are
available, they are not systematically renewed every yeasde below the
French case).

Shipment databases provide more or less accurate data onghents.
The de nition of shipment is not straightforward. In the following of this
work, we use the following one, adapted from Guilbault et a(2006) >°

De nition 2.6 A shipmentis a given amount of freight of a given type,
handed over at given place and time, by a unique shipper in @rdo be
carried as a whole towards a given, unigue receiver.

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

The French CFS, named&CHO?®!, includes a unusual amount of infor-
mation on each shipment, particularly pertaining to the orgnisation
along the shipment movement. As described in Guilbault et a{2006),
the 2003-2004 survey concerns ;M0 shipments emitted by about 3000
shippers, which is relatively small when compared to othethgpment

50The original de nition is the following : \ la quantie de marchandises remise a
un méme momenta un méme endroit par un chargeur unique, par étre transporee
dans sa totalie vers un destinataire uniqué'. The translation, hopefully accurate, is
ours.

51\ Envois-CHargeurs-Operateurs de transport’, that we may translate as:
\Shipments-Shippers-Carriers".
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databases. This low sample size is compensated by the largeoant of
information collected with respect to each shipment, inclling notably:

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

- The sequence of operationsphysical characteristics (origin, desti-
nation, conditioning, transport operations, logistic opetions, en-
ergy consumption, travel cost and time) as well as organisanal
characteristics (number of agents intervening, decisioevels, sub-
contracting relationships),

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

These databases constitute a basis to understand the linkagetween
freight transport demand and the logistic function of rms. Furthermore,
even the simplest shipment size microeconomic models reguhe obser-
vation of speci c variables, which cannot be derived from aksic freight
transport databases Given the large number of variables adysed in the
ECHO database, it is conceivable to proceed to the econometassess-
ment of some of these models, a task which is impossible witther,
simpler CFS (see Chapteb).

On the whole, the snapshots classic freight databases givefr@ight
transport systems are both partial and biased. For exampléhese data-
bases are often focused on vehicles movements. This is theecaf the
French database SitraM. As a consequence, if a shipment is radrom
its origin to its destination through several vehicle moveents with trans-
shipment operations in between, the itinerary of the shipnmt cannot be
observed. For this reason, the amount of freight moving on éhFrench
territory from or towards a foreign country is underestimagd.

Trends

The considerable amount of detail available in the ECHO dataise allows
an extensive descriptive analysis of the freight transpodystem, which is
useful at a pre-modelling stage. Among other statements, ghidatabase
allows the identi cation of a deep trend towards lower shiprant weights
between 1988 and 2003.
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Figure 2.8: Distributions of shipment sizes between 1988@&B003, taken
from Guilbault et al. (2006)

Figure 2.8 shows the cumulative distribution of shipment sizes in 1988
and in 2003, and the cumulative distribution of shipment sis weighted
by the size variable (measured in tons). Let us notice that #re are
thresholds in the weighted cumulative distribution functons, located at
the values of maximum vehicle capacities. This indicates @h some ship-
ments sizes are very probably constrained by vehicle techogies. The
presence of at, horizontal areas in the weighted cumulatevsdistribution
functions also con rms a theoretical result of Hall (1985),e2 Subsection
2.6.4for details. Hall (1985) states that given freight rates, som ship-
ment sizes are avoided by shippers. This is the case, in patiar, of
shipment sizes close, but not equal, to the capacity of veles.

The evolution of the distribution of shipment sizes is conmed by
statistical summaries such as the median size, which fall®m 160 kg to
35 kg between 1988 and 2003, and the weighted median whichr@ases
from 126 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 ®end smaller
shipments when needed and in using the whole capacity of ves in
order to move freight cheaply as much as possible. This isss@addressed
from a more theoretical perspective in Chapte6.

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

2.6.2 Econometric analysis

Shipment databases constitute a basis for the identi catio of statistical

regularities. In particular, they can be used in order to rene the analysis
of issues such as freight transport demand forecasting, naahoice, or
shipper-carrier interaction

Freight transport demand forecasting

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

Based on proprietary data provided by a single rm, Garrido ad
Mahmassani (2000) proposed an econometric model to estim#ite num-
ber of load$? sent from each zone of a given area. They estimated
multinomial probit speci cation, with spatial and temporal autoregres-
sior?®, where the latent variable associated to each zone consigtsan
alternative-dependent constant and the rst factor given lg a principal
component analysis of the socio-economic attributed of tee zones.

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

52| oads are not exactly shipments but constitute a rst step towards this unit.

each zone/time interval alternative. Denote W the contiguity matrice, where w; is 1
if zonei and zonej are contiguous and 0 else. Consider; the dynamic process de ned
as = 1+ twhere . isavector of independent, centered normally distributed
processes i . It is therefore assumed that"; = W" 1+ ¢, thus representing the
spatial temporal autoregressive nature of the model.

a
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The estimation indicates a negative spatial autocorrelain, thus re-
vealing the presence of high-demand clusters surrounded|bw-demand
areas. The temporal autoregressive coe cient is signi canand lower
than 1, indicating the existence of a dynamic e ect and the t@poral
stationarity of the error term. However, the estimated modét perfor-
mance on the hold-out sample is mitigated. A Chi-squared te®jects the
hypothesis that the expected number of loads and the hold-bsample
values follow the same multivariate normal distribution. @ the contrary,
the non-parametric Spearman's rank text rejected the no-agement hy-
pothesis with more than 99% con dence. This illustrates theli culties
of such an approach.

Modal choice

Shipment characteristics are di cult to forecast when foreasting the
whole freight transport demand, as illustrated by the previus example.
On the contrary, they are easier to handle when focusing on i@l choice
for a given demand. A number of works have investigated the gsibility
to specify an econometric model considering both the shipniesize and
the transport mode. We present two of these works, which prme an
illustration of the methodologies used.

Holguin-Veras (2002) examines a series of model speci casowhich
are summarized here. The objective of the model is to foret#se choices
of shipment size and vehicle in the frame of urban freight tresportation.

To do so, a shipment size submodel is derived:
!

X0
y= ot ii In(D)+ ;
i=1
wherey is the shipment sizeD is the distance travelled*, ; are binary
variables representing the commodity group and the actiwttype, the
error term.

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

U= 1+ 2aC"+ gXLi(y)+"i;

where C\" is the average unit cost per ton, the are parameters to be
estimated, andXL ; denotes a sort of distance between the shipment size

54As it will be explained in the sequel of this chapter and in Chater 5, there are
strong theoretical and econometric reasons to believe thashipment size and transport
distance are at most loosely related. This may explain why tkese models do not t
the data perfectly (R? = 0.46 for the most complete speci cation.)
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and the average payloadV; of the vehicle of typei:
XLi = JM| yj,

thus representing the linkage between the shipment size atfie vehicle
mode choice®. "; is the error term, it has been successively specied
as a multinomial logit error term and as a heteroscedastic #gme value
error term. No correlation has been assumed betweenand the ";,
which implies that the mode choice/shipment size processnsodelled 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) eve
comes this limitation, in assuming that these error terms a dependent.
The framework set up by the authors is not the same as in the pieus
work, since they focus on the choice between rail and truck.h&y con-
sider the choice of transport mode and shipment size are sitameous,
and opt for the following speci cation:

i = Zi+" (2.3)
Yi = Xg+"g i ;>0 (2.4)
Ya = 2Xg+"z 0 I} O (2.5)

Equation (2.3) represents the mode chosen (truck if, > 0, rail oth-
erwise), whereas equations2(4) and (2.5 represent the shipment size
conditionally to the choice of respectively truck or rail. X and X, are
exogenous variablesZ; consists of some or all the exogenous variables
in X4 and X, and also additional exogenous variable¥;; and Y, are
endogenous. The three error term$;, "y and ", are centered, serially
independent, trivariate normally distributed. Their variance-covariance

o , 1
1 12
= @ 12 % 2 A
2
1" 2
The parameters to estimate are,, ,, , 1, 2, 1v,and ,. Among

them, ;- and » 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 fotwing of his work,
allows for the use of a distinct shipment size speci cation ér each vehicle type. Never-
theless, the set of alternatives depends on the shipment szforecast by the rst
equation, to re ect the technical limitations of the vehicl es.

Note that vehicles do not necessarily carry shipments one byne. A measure of
the distance between a given shipment size and the averagezsiof 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 estieth
against the Commodity Transport Survey® of 1977. The results are
interesting and clearly illustrate an interdependency. HRoexample, an
increase in the cost of truck transport implies a higher prability of
choosing the rail transport mode. It also implies, if the trak mode is
chosen, a higher shipment size, certainly to bene t from btr rates. The
shipment size conditionally to the choice of the rail mode sb increases,
seemingly accounting for the reasoning of a shipper who catess higher
shipment sizes whatsoever given the higher truck transpocbsts.

This example illustrates both the ndings and the limits of the ap-
proach. Taking into account the shipment size certainly im@ves the
t of the model, and allows for a more accurate calculation oélastici-
ties, as is done in Abdelwahab (1998). But the economic causak are
not accounted for, and the model used is weakly linked to thexisting
theory concerning shipment size choice. For example, theigment size
su ers no technical constraints such as vehicle capacity.e8ond example:
among the variables present in the dataset, the total volum&hipped on a
given origin-destination was used in the regression, and iin uence was
estimated positive on the shipment size. According to the alobrs, this
would con rm the existence of economies of scale in road fyht trans-
portation. We think that this may be the sum of two e ects: rst, a
larger ow between an origin and destination allows for largr shipments
shipped at a larger frequency, which is generally good forehshipper
and the receiver. Second, the greater amount of vehicles geat on the
origin-destination pair allows for a more e cient use of then, better
average payloads and a greater availability, which coulddd, all other
things equal, to the possibility to send smaller shipmentsin this case,
the second e ect identi ed by Abdelwahab and Sargious pertas to the
presence of economies of scale in road freight transport.

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

2.6.3 Microeconomics of the choice of shipment size

A large number of works and methodologies consider expligithe choice
of shipment size, as it is one of the central variables of dsicn of the
logistic function of rms. A subset of these works investiga this question
using microeconomic tools and from the perspective of fraigransport
demand modelling. This section introduces some of them. Notkat

56Stopped in 1988, renamed Commaodity Flow Survey, re-launchekin 1993 (Holguin-
Veras, 2007) and presented pagé&24.
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some of these models have already been met in SectihB;, however,
what is here discussed is not their validity for a given rm ina well
identi ed environment, but for a large, potentially very heerogeneous
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 adelling
perspective. Using our notations, a xed amount shipped perear Q is
considered. The objective is to minimise the total logisticost, denoted
g, which consists of four cost components. First, the direchgping cost
¢ Q, wherec is the transport cost per unit (e.g. ton). This cost does
not depend on the shipment size. Second, the in-transit cging cost
atQ, where a is the in-transit cost per unit of time and freight’, and
t the transit time. Third, the ordering cost bQ=5 whereb is the cost
of ordering a shipment, depending on the transport mode, ansl the
shipment size. Fourth, the inventory cost. The authors comser only the
destination inventory costays=2 (whereay is the inventory cost per ton
and year®, and s=2 is the average inventory level if the shipments are
uniformly spread over the year). Then, the total logistic cst is:

g=cQ+ atQ + b—Q+ &2,
S 2

The problem of the shipper is then to choose a shipment sigeand
modef ¢; b tg that minimises g. These decisions can be considered se-
quential. Indeed,the optimal shipment size conditionallyo the use of
a given mode is 2bQ=g (this is equivalent to the optimal shipment
size in the EOQ model presented in Subsecti¢h3.3. The shipper then
chooses the mode providing the lowest total logistic cost.

The authors then assume the system presents stochasticisither in
the demand or in the travel time). In that case the a safety-sick is
needed, to ensure shortages do not happen too frequentlytHé demand
is stochastic, for a shipment sizs, the maximal delay for lling an order
is s=Q+ t, the average unsatis ed demand that may accumulate during
this period therefore is 6=Q+ t)Q. Given the variance of the demand
at each period and for all between 0 and 1, there is a constarit such

5"This cost is the willingness of the shipper to pay for a decrese of the travel time
of one ton of commodity of one year. It typically encompasses capital opportunity
cost and a depreciation cost.

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

kp 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=q¢gQ+ atQ + b—Q+ ?+ kps+tQ:

With this new cost function, there is no close formula for theptimal
shipment size. Furthermore, there is no microeconomic regsng 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. Tle frame-
work is identical, except that it takes into account the capeity of the
various vehicles available. Denot& the maximal capacity of a given
vehicle (with our notations). Therefore, the maximum shiprant size is
S. The optimal shipment size is:

(r

S =min @;S

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

Figure (2.9) illustrates the costs of each mode for a giveQ. The best
mode is the cheapest one. Figur@(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 mods available,
some shipment sizes are never optimal.

These works make a step towards accounting for the linkagetiveen
the logistic imperatives of rms, and freight transport demand. They
have been extended to many distinct frameworks. Tyworth (B4) re-
views some of these models, with special emphasis on how toelsastic
nature of demand and transit time can be modelled. A more retere-
view, by Vernimmen and Witlox (2003), is available. From thee reviews,
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Figure 2.9: Movement cost incurred
by each mode (taken from Hall,Figure 2.10: Optimal shipment size
1985). and mode (taken from Hall, 1985).

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

Furthermore, due to data requirements, it has not been posde to
proceed to the econometric assessment of these models. éueven the
simple model of Baumol and Vinod requires a measure of the comeh
ity ow between the shipper and the receiver. Except for the ase of
the ECHO survey, this variable is generally not available. Aempts 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 paitular
issue is addressed in Chaptés.

Finally, these models aim at explaining how shippers choobetween
distinct transport modes. As a consequence, they are by designable
to explain why a shipper would combine two transport modes f@ given
commodity ow. Modelling this kind of phenomenon requires anore
detailed analysis of the logistic imperatives of rms. Thigs the object
of Chapter 7.

2.6.4 Shipment size in freight transport modelling

We presented in Chapterl recent advances in freight transport demand
methodologies. They pertain to many aspects of freight trasport model-
ling, including considering new decision units, such as thwehicle move-
ment in FRETURB (Routhier et al., 2002) or shipments (but in a ather
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 sizlecision in
their architectures.

The approach of de Jong and Ben-Akiva (2007) aims at addresgin
this gap®™®. The approach they propose is referred to as \aggregate-
disaggregate-aggregate”. Production-Consumption mates, obtained
through conventional ways, are disaggregated into a largetof rm-to-
rm ows. The way the goods constituting these ows are movedesults
from a joint shipment-size / transport chain decision, usig a model sim-
ilar to those presented in the previous subsection. This predure is a
mayjor originality in freight transportation modelling.

The second originality is that consolidation is taken into ecount.
Taking into account both the shipment size and transshipmes requires
indeed the representation of economies of scale. Nevertss|gheoretical
guestions remain concerning the existence, uniquenessg aonvergence
towards an equilibrium of such a modé.

2.7 Conclusion

We began our appraisal of logistics from a freight transpaation model-
ling perspective by de ning unambiguously a number of termswhich
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 artherefore
mainly engineering tools. Their accuracy depends on the tta-o made
by their users between ne-tuning and robustness. The shogresenta-
tion of these tools gives an idea of the nature of a logisticsise, and how
it may be addressed.

We also showed that when addressing macroscopic issues sash
freight transportation at a large scale, interactions beteen agents play
an important role. We presented some elements of analysighviespect
to the necessary coordination of rms in a supply chain, as aoatradic-
tory force with the competitive drivers resulting from marlets structures.

These macroscopic features also exist at an even greaterlscevhen
one does not consider a single market but a regional or natadrspatial
scale. We presented some approaches which focus on the e@icspace

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 ir027 about its calibration
on aggregate data (de Jong et al., 2007). Its estimation on diaggregate data is still
to be done in 2007.

80These 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 toote
addressing logistic issues of the rm.

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

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

Modelling microeconomically the choice of shipment size pgars to
be a fruitful but dicult task. Joint mode choice and shipment size
models are able to account at least partially for the linkagdetween
logistic requirements of rms and freight transport demangin particular
mode choice. As such, they are a very interesting direction improve
freight transport models. But their empirical relevancy isnot proved.
Indeed, assessing these models econometrically requipescsc data, not
only on shipments, but also on the shipper-receiver relatiship, 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 nblg freight
transport demand, in several directions. All these lines ofrpgress share
one same objective: to improve the realism of models in view their
ability to generate realistic reproductions of known situtons and in view
of their use as decision support tools, which would notablyebpossible if
they can be used for di erent extrapolation operations.

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

However passenger transport and freight transport are di @nt in

'Here, 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 specic econometric methods and are not of a derent type from
spatialised models.
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many respects and these di erences have an impact on the rieai of
models. Recent advances in freight transport demand modetj progress
often consist of better representations of mechanisms tdita specic

to freight transport, for example: improvements in the repesentation
of freight transport supply, the logistics dimension of choes made by
shippers, and even the explicit consideration of shipmenia models
(Tavasszy, 2006; Combes and Leurent, 2007). Each of thesénpoforms
a fundamental di erence with passenger transport, thereblimiting the

scope of the classic 'four-phase’ representation in the ifn@ of freight
transport.

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

Section 3.2 presents more precisely the objectives of this study. Sec-
tion 3.3recalls the four stage representation and the reasons forialhnit
is now widely used in passenger transport modelling. The s why
it is not adequate for freight transport modelling are then dtailed. A
systemic representation of freight transport is then preséed in Section
3.4, as the result of a systemic analysis of the freight transposystem.
Section3.5 concludes this study.

3.2 Objective and method

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

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

We will then proceed with a systemic analysis of freight trasport,
identifying all agents whose decisions a ect freight transort operations
directly. For each of these agents, we shall identify the dismons they
make, the options and resources available to them, the wayvhich they
choose between these alternatives and lastly, the relat®between these
agents. Throughout this analysis, we shall determine theeghents that
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need to be represented explicitly in a freight transport deend model,
those that can be represented in a simplied manner and thosthat
can be overlooked without a ecting results. We will use thisnalysis to
construct a representation of the freight transport system

3.3 The four stages representation

Passenger transport demand modelling resides in a consaistfour-
phase" representation (Quinet, 1998). This representatids microecono-
mically and statistically consistent with the behaviour ofthe agents of
the passenger transport system, and its structure in layers a convenient
base to build a model upon. Given the similarities between ¢hpassenger
transport system and the freight transport system, it was, &isuch, 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 modlling con-
cerned the sizing of road infrastructures. These models agenerally
designed to forecast the use of di erent transport possilities by pas-
sengers. They were therefore constructed using a pragmaéipproach:
the objective was to forecast tra c, the pertinence of di erent aspects
of passenger transport was assessed in the light of their trdsution to
tra ¢ formation, and the capacity of modelling methods to factor them
in.

These passenger transport models are supply-demand modé&ians-
port supply is described quite simply and the behaviour of transport
suppliers (infrastructure managers, public transport opators) is not
represented explicitly; we only see the result, considerad exogenous in
the models.

The demand - i.e. the need for passengers to travel and the wiay
which they choose from the di erent alternatives availablg¢o them - is
examined in further depth. Initially, passenger transporimodelling was
solely focused on trac on the road network. At a very early sage,
three phases were identied in the formation of demand, resptively
called generation, distribution and assignment, correspding more or

2This simplicity is deceptive: it disregards the multiple tari regulations present
on all transport networks and the speci ¢ supplier-demande relations are concealed.
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less to the di erent decisions made at di erent time scalesybpassengers.
The modal choice was later introduced between the distribisn and the
assignment stages, when the competition between the di eftemodes of
transport (particularly personal cars and public transpat) incited more
interest.

These decisions show a form of hierarchy since a decision mad
a given level determines the options available at the levelelow. The
phase which is the farthest upstream - generation - correspis more or
less to the location decisions of households, activitiescacompanies (and
therefore employment). The distribution phase corresposdo the choice
of activity by an agent: the choice of a job, the reason for camuting,
the choice of shops, schools for children etc. The journeysey have to
make stem from this choice of activity. These passengers thaeed to
select their mode of transport and lastly, the itinerary fortheir journey.
This segmentation of decisions impacting tra ¢ formation s well-suited
to modelling. These decisions can be represented in the foofmrsuperim-
posed layers, thereby clarifying both hierarchical relatns between these
decision levels and their common spatial dimension (Figu@el).

Generation

Distribution

Modal choice

Assignment

NN

Figure 3.1: The four stages representation

This representation of the passenger transport system doekscourse
have its limits in terms of suitably modelling certain charateristics of
passenger transport. Examples of missing elements includen explicit
representation of the use of a private vehicle by several gée, chained
trips, tari decisions by suppliers and even the choice of garture time
when considering a dynamic context. However it does represengood
foundation for constructing a realistic passenger transpomodel and a
good starting point for attempting to overcome these probfas.

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 detalil.
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3.3.2 Speci cities of the freight transport system

Initially, the freight transport system and the passengerransport sys-
tem have similar features. For example, if the passenger ois replaced
by the merchandise ow expressed in units of weight, and theansport
services in terms of transport time and cost, the itinerary lmices can
be modelled correctly. We can also note that characteriscare on av-
erage more similar for commodities using the same mode ofrisport,

than for commodities using di erent modes of transport. And nally,

the generation stage is more or less functional if we applycgmmical de-
scriptive variables (GDP, population, employment, possiip categorised
into sectors) to forecast the intensity of freight emissiaand receptions.
The distribution phase is more complex, but the methods usddr pas-
senger transport are applicable. In short, the four-phasepresentation
presented above is applicable, to a certain extent, to theefight transport

system.

Nevertheless, if we wish to improve the realism of a freightansport
model, we need to account for the speci c operating characistics of
the freight transport system, which cannot be achieved expitly in the
context of the four-phase representation. We shall highlg 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 desion unit of
the freight transport system,i.e. the smallest group of freight considered
as indivisible in decisions pertaining to its transport. Tle corresponding
notion in passenger transport is straightforward: it is thepassenger it-
self. 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 witkhkongestion;
the 'atoms' are aggregated directly to form origin-destingzon ows which
alone are explicit. Whereas the agents involved in freightansport do
not decide the way in which each atom of commodity is to be traported,
nor do they make this decision at the scale of an origin-deséition ow
as a whole. The decision unit for freight transport is interrediate. It
must therefore be identi ed.

3Nevertheless, a certain measure of ambiguity resides betea the passenger and
the vehicle, bypassed by the use of an occupation rate, withd necessarily being
explicit. Certain commuting cases can also be considered, vere the passenger does
not choose to make the journey and has limited options in terns 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 relelyvwell iden-
tied, and correctly represented by microeconomic or stastic models
(trade o between working time/leisure time, choice of job,etc.). In
the case of freight transport, the cargo doesn't make any desmns. The
agents constituting the demand for freight transport,i.e. the shippers,
are very heterogeneous. They may be individuals, di erergized com-
panies, selling products to end-consumers, or to agents piypng other
companies. Their decisions are based on many parameters;luaing
transport cost and duration, but also customer satisfactio, punctuality,
delivery tracking, stock shortage probability incidenceand so on.

Origins and destinations The destination of a passenger's trip is
generally the place where the passenger wants to or needs @gresent,
since it will be performing an activity at that location. The intermedi-
ary stops made by the passenger, to change their mode of traonst for
example, are short and, in transport models, are not consigel 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 demation
the place where the merchandise is consumed, used or proed3s Or
simply the destination of a transport operation? If we opt fothe rst
de nition, we consider that stops at warehouses, potentigl very long,
are only intermediary stops in the course of a trip. Whereaommodities
can be stored for varying reasons, other than synchronisaiti of di erent
transport operations. The second de nition poses a problem terms of
symmetry: short stops at cross-docking platforms would beterpreted
as the end of a journey and the start of a second journey, whietould
not be pertinent.

In the next section, we address these three limitations, coerning
respectively the decision unit in freight transport, the iénti cation of
decision makers and their criteria, and the di erent stagesn freight
transportation.

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

A model of freight transport demand has two purposes: it enss the
forecast of activity indicators for the freight transport fctor (possibly
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spatialised, as in, for example, the case of heavy goods wéhitra c
per road link), and, ideally, it can be used as a reliable deston-making
tool. These two objectives will be more likely to be achieved the
model accounts realistically for the behaviour of the agestinvolved in
freight transport and the way in which they react to changesni their
environment. This is why systemic analysis of freight trarsort is use-
ful, particularly if we wish to incorporate a maximum of micoeconomic
behaviours into the model.

Fundamentally, freight transport results from the spaciainadequacy
between the location of productive resources and the locai of the end
consumers. Furthermore, the technologies (in the economicsense of
the term) enabling the transformation of these resourcestm products
required by end consumers, are often endowed with economidsscale
of varying magnitudes, favouring the concentration of pragttion instal-
lations. Consumer preferences are such that they prefer toake an
e ort to obtain goods that are not immediately available, raher than
contenting themselves with what is immediately availableThis e ort is
substantial, considering that the transport and logisticsector employed
approximately 1.5 million people in France in 2004 (Mario#, 2007).

Many agents are involved in commodity movements emanatingoim
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 transpdrsystem is
proposed in SectiorB.4.2

3.4.1 Freight transport systemic analysis

The rst of the four stage representation limitations mentoned in Section
3.3.2concerns the decision unit for the freight transport systemit will
be addressed in SectioB.4.1.1 Section3.4.1.2will then examine the way
in which the freight transport o er is constructed, then the determining
factors behind the demand are investigated in Sectid4.1.3 We refer to
the freight transport demand as \shippers" and to the freightransport
supply as \carriers".

3.4.1.1 The decision unit for the freight transport system

The rst fundamental step in the systemic analysis of freightransport
involves determining the freight transport decision unitj.e. the smallest

4Therefore, if a company performs itself a transport operaton it wants done, it is
both a shipper and a carrier.
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set of merchandise considered as invisible in decisionstpgring to its
transport. This entails de ning the freight transport central object, di-
rectly concerned by all the decisions made by the di erent a&mts 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 accaou for the
full dimension of decisions concerning freight transport ades. Indeed,
characteristics such as the choice of shipment size and inditioning
play a role that is (at least) just as important as the choice fothe mode
of transport and itinerary, to which they are all, nevertheéss, closely
linked. The shipment characteristics result from logistimperatives of
shippers and strongly in uence the technical options avaible to the
carriers for transporting the consignment, as well as theicosts. For
example, the shipper might assign a high level of importande the
transport's cost and therefore proceed with large-sizedipments, to use
the capacities of large-sized vehicles to best advantagedaio therefore
o0 er better tari s per unit; it might, however, opt for a shor ter travel time
and therefore dispatch smaller shipments. Symmetricallthe shipment's
characteristics are a major determining factor in terms ofhe way in
which it can be transported. For example, if the shipment's icdhensions
are signi cantly less than the capacity of the vehicle that he carrier
proposes to use, the carrier will have to dedicate a transgavperation
to this shipment, or else other shipments will need to be fodnto make
more e cient use of the vehicle and driver. If the shipper regires the
shipment to be delivered very quickly, such pooling can be tder to
execute, particularly in terms of synchronisation.

The second step of the discussion is to show that the shipmdatel
Is detailed enough. Indeed, the commodities which form a phient are
considered as a whole by the shippers and the carriers in thdecisions
pertaining to freight transport operations. For example,n cases where
a consignment is divided into several vehicles (due to thezei exceeding
the vehicle capacity, for example, or to perform a handlingperation®)
, the quantity of freight is still considered as a whole whiclmeeds to be
transported as a whole, under pre-determined conditions.

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

SA shipment of twenty pallets of freight, transported by truc k, can therefore be
transported in two phases, stopping at a platform to transfe 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, neitherhipper 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 gsented in
Figure 3.2

Vol 20

Figure 3.2: The shipment layer

In this diagram, the consignments are represented by red aws with
small squares running above them. These small squares plagrenthan
just an aesthetical role, they allow us to highlight the di @ence be-
tween this representation, where all the pertinent charaetistics of the
shipment (including size and packaging) are explicitly psent, and the
classic representations in freight transport where the asws represent
freight ow, as a unit of weight, volume or value, per unit of tme.

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

3.4.1.2 The freight transport supply

The freight transport supply consists of the supply by cardrs, a group
of a large number of heterogeneous agents, of transport apts with
very dierent characteristics®. The carriers can perform the shipping
operations themselves (case of own-account transport), thie company's
main activity may be transport, etc.

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

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

Decisions of a strategic nature will not be subject to an explt rep-
resentation. In general, the freight transport market is ratively com-
petitive, at least for certain types of transport operatios. Subsequently,
prices seen by shippers correspond more or less to the carciests, mean-
ing that strategic decisions can be overlooked, in an inilisapproach.
Nevertheless, a certain measure of caution ought to be obssy Let's
look at the example of road transport. Clearly, the size andgstnerships
of road carriers (or those using the road mode) result from dir strategic
interactions. Whereas it is precisely because these roadréas manage
to reach a certain critical size and because they form partrehips that
they are able to draw suitable bene ts from the economies ofale linked
to the xed capacities of vehicles. Inversely, they are unable to address
road infrastructure congestion phenomena by coordinatingemselves to
use the network of infrastructures e ectively, precisely bcause of the rel-
ative dispersal of this market. The strategic dimension therefore holds
a signi cantly important role. Nevertheless, initially we d not intend to
include it in our representation of the freight transport sgtem; the cost
in terms of complexity would most probably outrun the gain interms of
precision. The strategic dimension shall therefore be accted for using
ad hochypotheses.

Decisions of an operational order, however, are interesgirprimarily
in terms of freight transport modelling, and must be represged as ex-
plicitly as possible. The numerous economies of scale pregse freight
transport, and the way in which they are exploited, contribte substan-
tially to the characteristics of transport operations whia form the freight
transport o er. We propose to draw a distinction between thali erent
decisions inherent in the formation of the transport o er, dviding them
into three categories, according to whether they concernéhocation of
xed resources, elementary transport operations, or trap®rt of ship-
ments.

The result of this systemic analysis is represented by FigeiB.3 in
which the di erent decision levels are shown by di erent lagrs. In the
column on the left, we indicate the decisions to which the lays appearing

A carrier cannot adapt the capacity of its vehicles to the cago, nor the number
of drivers on board. Subsequently, for a given vehicle typethe marginal cost corres-
ponding to the transport of an additional transport unit is | 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 trangort operator, for ex-
ample.
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in the middle column correspond. In the column on the right, eindicate
observables corresponding to decision layelisg. borrowing the notion
from physics - phenomena that can be measured and thereby blea
deductions to be made with regards the way in which the deaisi layers
operate. These observables condition data collection piiskties.

Fixed assets The xed resources that a carrier may require to perform
transport operations include platforms, warehouses, sarg stations and
even combined transport sites. The location of these resges strongly
conditions the options available to the carrier, since it gaot reorganise
its operations, especially when it is the owner. A road casat, for ex-
ample, will need to determine the number of break-bulk platifms that
it wishes to have, their locations, their sizes, their con grations; it can
choose to rent them or to have them built; its decision will dgend on
the costs of these options as well as the opportunities thahey o er
him in terms of o ering transport operations that meet certan shipper
requirements. Interactions of carriers at this level are oaplex: cooper-
ation on inter-modal nodes, competition due to property reml rates for
operating in advantageous zones, etc. The observable cepending to
this decision level is industrial urban planning.

Elementary transport operations The second decision level invol-
ves determining elementary transport operations, where veensider that
one elementary transport operation consists of the vehidgourney be-
tween two places where at least one loading or unloading opgon is
performed. The cargo can only be modi ed, therefore, betwedwo el-
ementary transport operations. A change of driver does nobnstitute
an interruption in an elementary transport operation. Thes operations
are characterised by time tables, itineraries, costs assated to the use
of di erent resources such as vehicles, drivers, fuel, etéany options
are available to carriers, and the choices that they make aguided by
the objective of minimising costs to produce the transportperations re-
quested by the shippers under set terms. The observable @sponding
to this decision level is tra c, which can be measured in di gent ways.

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