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Abstract

Freight transport assures a vital link between Bewgp and customers and it
represents a major source of employment. Multi-eshelistribution is one of the
most common strategies in this field. This papersg@nés the main concepts of
multi-echelon distribution with cross-docking thghua multidisciplinary analysis
that includes an optimization study and a socioegoa analysis. The optimization
analysis uses both a geographic approach basdw: momcept of accessibility and a
scenario simulation analysis for collaborative dhgi transportation. The
socioeconomic analysis includes a conceptual frasrieor logistics and transport

pooling systems and a simulation method for strategimpig optimization.

Keywords: Freight transport systems, outbound logistics, cross-dgckimulation,
collaboration.



Freight distribution systems with cross-docking: a muidisciplinary analysis

Introduction

The freight transport industry is a major sourceenfployment and supports the
economic development of a country. However, freigahgport has many adverse
effects including congestion and environmentalulisince that affect quality of life
(Brewer et al. 2001). In recent years companies hadapted their logistics
strategies to changing demand leading to the deveppai multi-echelon transport
schemes in which two or more connected transportachemes are linked by one
or more transshipment operations (Gonzalez-FelldP0A wide variety of fields
have developed multi-echelon transportation appresowith cross-docking, for
example the press (newspaper and magazine), spasesppply, postal and urban
freight distribution systems, intermodal transpdotatand grocery distribution
(Gonzalez-Feliu 2008). A cross-docking operationaisform of consolidation
(Beuthe and Kreutzberger 2001), specific of roadrailtbad freight transportation.
In a multi-echelon transportation system, a crosg«ithg operation consists on a
trans-shipment of one or more freight units from inooming vehicle into an
outbound vehicle, with little or no storage in between @iter-Feliu 2008).

According to Brewer et al. (2001) cross-docking avatehousing are used
in such systems. However, multi-echelon transporiatith cross-docking differs
from that with warehousing in that there is no kbog on intermediary platforms
though consolidation and transshipment operatiores a@lowed (Beuthe and
Kreutzberger 2001). Because these two conceptdwaded separately by different
disciplines the relationships between them are lasderstood. This paper
contributes to understanding this relationshiusks a multidisciplinary framework
to conceptualize and study multi-echelon transpgstems with cross-docking by
focusing not only on their theoretical and techhiaapects but also on their

applicability and general feasibility.



The paper is organized as follows. First, a reviewhefrelevant literature
on multi-echelon systems with cross-docking is @nésd. It is followed by
mathematical models that conceptualize multi-eaheltvansportation cost
optimization with cross-docking and assess a twelen transport system for a
single carrier, and three collaborative freight $f@ortation scenarios to assess the
potentials of collaboration among carriers to optartransportation costs. In both
models the practical implications of the resultee agxamined rather than
computational effectiveness. Next is a section merview-based analysis that
identifies the benefits and limitations of multireton transportation systems,

followed by a conclusion section.
Literature Review

In freight transport, decisions on transport nekgdrave a direct impact on service
guality and costs. Consequently, it is important tap transport networks to
economic, geographic, organizational and quality taimgs. In the past, several
strategies and logistics models have been develmpitrease the effectiveness of
freight transport systems (Beuthe and Kreutzbe@#P Multi-echelon systems
with cross-docking are among the most popular tsxdioey reduce logistics costs
by avoiding inventories (Lambert 2008). Moreover,yttere the base of most
collaborative transportation systems (GonzalezdFelnd Morana 2011). In the
scientific literature several disciplines and reskas deal with multi-echelon
transportation with cross-docking including opeyas research, business,

management, economics and transport engineering.

In transport engineering, the main research rela®dmulti-echelon
distribution is vehicle management at terminals if¢/eand Regan 2008) and
infrastructure management and not transportateeifitAlso in operations research
such works relate to terminal management (Soltadi $adjadi 2010, Larbi et al.
2011) and infrastructure (Klose and Drex| 2005). seheategories of research will
not be detailed here because they are technicaluanelated to multi-echelon

transportation management.



In the past, tactical and operational issues in iraghelon transportation
were the focus in major research. For example mpstations research works in
freight transport management derived from the Jehiguting problem and sought
to minimize the total transportation cost of deling to a number of customers with
a fleet of vehicles that are based at one or mepotd (Toth and Vigo 2002). In
comparison multi-echelon vehicle routing aims tonimize the costs of both
locating intermediate facilities and delivering several final destinations using
cross-docking platforms. According to Jacobsen ardidédn (1980) there are four
phases in multi-echelon vehicle routing. First, coss are grouped and assigned
to vehicles using cross-docking platforms. Secone, wansshipment location for
each vehicle is determined. In the third and laages all routes are determined by

heuristics methods that assign each destination tdabkuroute.

Besides the heuristics approach, Semet and Tai(k883) develop an
algorithm which initially solves the route selectiproblem using a procedure
similar to those above, and improves the solutiorrdatlocating customers onto
routes. Gerdessen (1996) used an algorithm thas fand initial solution by a
combination of heuristics like those of Jacobsen and &tafl980), and improves it
by reallocating the destinations using iterativealaearch heuristics (Toth and Vigo
2002). Nguyen et al. (2011) used a constructiveisiie approach that builds each
echelon’s routes separately and a post-optimizattgorithm based on route
reallocation. These route selection studies haven lmeenplemented by studies
focusing on managerial issues in multi-echelonriistion related to interactions
between transportation and supply chain managemidost of these works,
however, deal with multi-echelon system optimizationthe general contexts of
supply chains defined as an integrated set of psmse related to product
manufacturing and distribution. These supply chaimger all the operations from
raw material collection to final product delivery tustomers and product returns.
According to Brewer et al. (2001) a supply chaimsists of three integrated parts
which are raw material collection and productioppy, production planning and

inventory, and distribution to the final destinatioo this must be added



transportation, information and financial flow adi®s which are important aspects
of supply chain management. In global supply chaatks, decisions on supply,
production and inventory are internal to the conypamhereas distribution and
transportation are usually externalized using tpady companies. Therefore, many
works in supply chain management focus on factotsrmal to the company and
include transportation as additional costs withtaking into account transport

management and optimization analysis (Lambert 2008).

In distribution logistics most works deal with mwdthelon distribution
systems with warehousing, focusing on inventory rgangent rather than on
transportation planning (Lambert 2008). Regardindtireahelon distribution with
cross-docking, most works focus on production-distibn coordination (Galbreth
et al. 2008). In these works distribution costs agéniy associated with transport
demand and cross-docking platform management @xisnot to traveled distances
or chosen transport strategies. In addition, thexegaalitative studies that deal with
supply chain management and can be related to-guliglon transportation with
cross-docking. Yang et al. (2010) analyze the facadfecting cross-docking in a
terminal management perspective including the ingpan other supply chain
echelons such as delays in production and distributionc€ning relational aspects
of collaboration, Newbourne (1997) defines the mpiinciples of a logistics
partnership and the differences between other fafnrster-enterprise relationships,
while Lambert (2008) presents a model to analyseféasibility of collaboration
from a management viewpoint. These works are maiglgted to production and

warehousing and in general involve multiple participants

While these studies continue there is very littien@l in terms of the
acceptability and limits of multi-echelon trans@tidn with cross-docking. Beuthe
and Kreutzberger (2001) analyze different multiedoh schemes and estimate the
changes in their costs. Simonot and Roure (2007)newa the typologies of
transport networks regarding their constitution, esbiyes and organizational
behavior. From their results they suggest that pramsnanagement and modal split

are less used in multi-echelon transportation texad several limitations in terms



of relationships between stakeholders and trarefpomt carriers. Gonzalez-Feliu
and Morana (2011) make a case study for press (epes and magazine)

distribution to examine the limits to possible changabeir distribution schemes.

To summarize, several works deal with multi-echeli@nsportation with
cross-docking in related disciplines and can bekdmointo two streams: (1)
optimization methods related to computer scienckapplied mathematics, and (2)
works from economics, business and management if@cusn business
relationships and not on transportation managemehése disciplines seldom
collaborate to provide multidisciplinary analysesah applied research subject like
multi-echelon transportation it is essential to ldeé&h realistic and applicable
methods and analysis. To deal with this questiomgmimization analysis focusing
on practical and applicability aspects of multi-elcm transportation with cross-

docking is presented below followed by a socio-econonaisilidity study.
Optimization Analysis

Two analyses are used to show the potentials dfi+echelon distribution systems.
These analyses are based on transportation castizgtion and are mainly related
to travel distances (Gonzalez-Feliu 2011). The f&rsin analysis from the viewpoint
of a single carrier, and the second is the podssiloli collaboration among various

operators.

Issues for a Single-Carrier Transportation System

The first considers the viewpoint of a single tgorgation operator who has both
possibilities of delivering freight directly usingss-than-truck load routes without
cross-docking, or using intermediate platforms tovetlsp a two-echelon
transportation system. In this context, one-echelstriloution results in direct
routes from the depot to a set of customers, andoeethelon transportation uses
intermediary cross-docking platforms (see Figurel'hg details of the mathematical

formulations of this problem and a solution are in &pgix A.

Accessibility is used to study the impacts of matthelon transportation



with cross-docking compared to one-echelon tramapon systems. Following
Geurs and van Wee’s (2004) accessibility is themxto which transport systems
enable individuals to reach their destinations. Adicg to them there are four
categories of accessibility indicators. The firstngists of infrastructure-based
indicators, largely used in transport planning stadiThese measures deal with
service levels of transport infrastructure, for eplencongestion or average travel
speed (Ewing 1993). The second includes locatioeébaseasures which analyze
accessibility on a macroscopic scale and descridoess to spatially distributed
activities, and are used largely in urban planrdng geography. Two main groups
of indicators in this category are distance basetetential accessibility measures.
The distance-based measures (Pirie 1979) reprdbentdegree to which two
locations are connected. Several distance measanelecdefined, for example the
linear distance between two points and travel tongransport cost to access a
number of opportunities (Geurs and van Wee 2004)erfial accessibility, also
called gravity-based measures of accessibilitynedtis access to opportunities in
zonei by all other zones. These measures take into atdmth the number of
opportunities and the transportation costs to reaem (Hansen 1959) and can be

generalized as follows:

@ A :ZDj-f(Cu')

where A is the potential accessibility of zomeD; are the opportunities at each
destination zong andf(c;) a function ofc;, the transportation cost between zone

and zong.

The third category defines accessibility at theviadial level (Burns 1979).
This measure is based on space-time geographwifotjioHagerstrand (1970) and
measures limitations on an individual's freedonaction in the environment. The
main measures are related to travel budgets andiféioelt to define precisely with
standard survey techniques (Geurs and van Wee .200d)fourth includes utility-
based measures derived from the benefits of haawogss to spatially distributed

activities. For example, utility-based accessibilign show benefits in terms of



travel time for users of a transport system or petwThis type of measure has its
origin in economics and considers accessibility the outcome of a set of
transportation choices. Two main types of measuresised for this accessibility.
One is a log-sum indicator (Ben-Akiva and Lerman79)9which is a summary
measure of the desirability of a full choice sehisTindicator is included in the
multinomial logit models of discrete choice commponised in the four-step
transportation models. The other is derived from WilBa(h976) integral transport-
use benefit measure defined as an integral funafocost and transport demand.
For more details about the four types of accesgibifee Geurs and van Wee
(2004).

In the context of the proposed analysis persondicators do not seem
useful because carrier-oriented transportation rphan often refers to facility
location and fleet management. Moreover, in multiedmh freight transportation
systems the main cost optimization issues are t@aéled distances related to the
geographic configuration of the transportation rwetuw For these reasons, location-
based indicators seem the most reasonable to usi@sirstudy since they take
geographic contexts of networks into account and use both costs and access

opportunities as their main variables.

A two-echelon transportation system is defined lwo tconnected
transportation systems, each assigned to an ecli@othe first echelon, the freight
is not pre-assigned to each intermediary facilitythdugh capacity and other
operational data of these facilities are availatdenand is strongly dependent on
each final destination and on the second echeloereftre, two indicators are
defined. First, a gravity model based accessibiligasure is defined for the second
echelon following the general definition presentsoove. This accessibility is
related to both customer demand and distance tmsea satellite. Thus, a freight
transportation trip is more attractive when a lafggght can be delivered to a
customer’s location, and a customer is less acdessibben the distance from the
customer’s location to the starting point of thateoincreases. An exponential cost

function is used to accentuate the role of increpdistances. To compare test cases



of different sizes and scales, a normalized acdéigsindicator whose value range
is independent of its size (number of satellited anstomers) and distance is used

(Gonzalez-Feliu, 2008). This measure is defined as follows

— qi Cki_~ Cmin
(2) Ak = exp| - f| ——— —
X iDZ\:/C 4 max ( {Cmax ~ Cmin D
Whereq; is customer's demandgmax the maximum overall demand for customers,
C«i IS transport cost between satelkitand the customey Cqi, andcmax the minimum
and maximum values of the second-echelon transpsts respectively, affél is a
given parameter representing traveling impedanckowiog Bertuglia et al. (1987)

it is assumed thais 0.1 in Eq. (2). Concerning transportation cogtaccounts for

travel distance betwednandi. This distance can be Euclidean or not and it ts no

always symmetric, i.e; can be different frorgy.

A second measure of accessibility derived from agyerdistance ratios is
used to complement the accessibility indicator op E2). More precisely, it is
desired to measure how long it takes to delivest tustomer by passing through a
satellite and using a direct transportation patimfthe depot to the customer. This
indicator is denoted as first-echelon distanceratid it is defined for each satellite

k, as follows:

Y SOk * Cki
igv, COi
Nc

(3) rk =

Wherecy; is the distance between a depot and custonogrthe distance between a
depot and satellitk, ¢, transport cost between the satelkitand customer andn,

the total number of customers.

The accessibility analysis is carried out for 8& ases for which a global
optimum was found by solving the combinatorial pptation problem in the
appendix. This optimization considers four sets isbing of 66 test cases with 12

customers, six test cases with 21 customers andteatdepot, another six with 21



customers and a peripheral depot, and two with 32oaers. Each set is from

Christophides and Eilon (1965) and it is comparebésic one-echelon cases. Note
that the original single-echelon test cases withc@@omers have non-Euclidean
distances whereas all the others have Euclidedandiss (Christofides and Eilon

1965).

Overall transportation cost is calculated for ebeb-echelon test case and
compared to the corresponding single-echelon beadhoase. Then, the quartiles
(first quartile, median, third quartile, fourth qubg}iare calculated respectively for
the second echelon accessibility and the firstlecheost ratio. This division of the
data leads to 16 homogeneous classes, each cogtéirenvalues. Table 1 shows
for each class the number of test cases where a twoachadtem results in a lower

travel cost compared to a single-echelon scheme.

This table can be read as follows. For example,Herthird quartile of the
transport cost ratio and the second quartile of accesgiltiliee test cases result in a
cost reduction. Although the sizes of the test caseterms of the number of
customers are small the comparison is between exdicha and as such it provides
information about the travel costs impacts of medtihelon distribution with cross-
docking. Indeed, the table shows that multi-echad@tribution leads to a cost
reduction in 50 (63%) of the test cases. On the ameerthe range of the
decrease/increase is -23% to 21% of the transpsitaf a single-echelon system

resulting in an average cost decrease of 5% as shovabla 2.

Examining these results further, Table 2 showsatrerage cost increases or
decreases compared to the single-echelon approachitdble considers only the
cases where two-echelon distribution leads to & remhuction. It is observed from
the second echelon accessibility mean value thanwh increases two-echelon
systems are less costly than one-echelon schemiss hBlwever, is not the case for
average cost decrease. For example, when the secbeldbme accessibility is in the
fourth quartile (i.e., when it reaches its highest @g)u/5% of the two-echelon cases
result in cost reductions in Table 1 but the averageredsiction is only 2% in Table

2. Focusing on the fourth quartile of accessibiltynen the transport cost ratio is

10



low (the two first quartiles), nine test cases resulcost reductions in Table 1
ranging from 9% -15% in Table 2. Each of the thirdl dourth quartiles has three
cases resulting in cost reductions. However, thel thirartile has an average cost
reduction of 4% and the fourth, an average cost isered21%. To summarize, cost
reductions are found for the first three quartiddransport cost ratio in Table 2.
However, the effect of accessibility is less evidémieed, only for the first quartile
of the transport cost ratio is it observed that tlaenber of cases resulting in cost
reductions increases with accessibility. This ressilhot confirmed in terms of

average cost reduction (Table 2).

From this analysis, accessibility and cost ratio banused to study the
potential of two echelon transportation systems wibss-docking. In this analysis,
only transportation cost directly related to tréimgl distances has been taken into
account to produce a homogeneous comparison betaiagle- and two-echelon
transportation schemes. However, no investment castslbeen taken into account,
especially those related to the financing of irtftactures and vehicles needed in
two echelon schemes. Therefore, issues concerniggtinents and financing will

be considered in the socioeconomic analysis furtresgmted.

Comparison of Single-Echelon and Collaborative Multi-echelon

systems

A scenario analysis is used to compare single-eaha&hd multi-echelon strategies
with data from Fisher (1994) who proposed thredlifeatest cases. Each test case
can be seen as an optimization problem for a tahgwmpany. Complementary

information is assigned to each test case to alf®vcompany to use a single- or a
two-echelon transportation system. Each companyasacieristics are summarized
in Table 3.

From the test cases four scenarios are defined.fif$teis where each
company has a single-echelon transportation systenthe second, each carrier
develops its own two-echelon distribution strategi€he third assumes a form of

collaboration involving companies sharing crosskiltg platforms. The fourth

11



assumes complete collaboration among partnersivimgpsharing both vehicles and
facilities. Because it is of interest to presentlisa situations and solve the
optimization problem quickly each carrier’s route dimulated using a two-step
algorithm (Jacobsen and Madsen 1980, Nguyen et &l)2The first is clustering,
where customers are assigned to each second echathizie, then to a satellite
using an adapted Forgy and Random Partition mefHadherly and Elkan 2002).
To initialize this algorithmm, observations are chosen randomly from the data set
(i.e., a number of customers equal to the numbeeadred echelon vehicles). Each
customer becomes the centroid of a cluster. Thern eastomer is assigned to a
cluster using a k-means algorithm. This algorithmais iterative procedure that
assigns each customer to a cluster to minimizerthan distance among customers
in that cluster. Here, the mean distance to mininizehe Euclidean distance
between each customer and the cluster’s centr@idh Eluster contains customers
whose overall demand does not exceed the capdditg second echelon vehicle to
which the cluster is associated. In order to take atcount the two echelon nature
of the problem, once the clusters are defined, eaakdigned to a satellite using the

same principle as shown in Figure 2.

The second phase is route construction. Given ttedlisaclusters defined
in the first phase, a semi-greedy algorithm (Totd &fgo 2002) is used. In the
initialization phase of the algorithm each custonerassigned to a satellite
following the results of the clustering phase. Thiem, each satellite, account is
taken of the maximum number of routes, which is etmahe number of clusters
assigned to it in the clustering phase. Routesgareerated following an iterative
procedure that adds each customer to a route ifotloeving manner. Given each
iteration and incomplete route, a list of candidasedefined by taking the closest
customers to the last point on the route as showhigure 3. This is done by
defining a distance thresholl Customers whose distances to the last point of the
route are less thad are included in this list, which will be called Résed
Candidate List (RCL). Then, the customer to be addethe route is chosen at

random from the RCL customers. Finally, the firstedoh routes are built following

12



the same principle knowing the load that will tiaria each satellite from the
second-echelon routes. Since the number of inteamedacilities is small, all

feasible first echelon routes can be easily idextithen the optimal solution is
obtained by combining those routes iteratively, luaitithe used satellites are visited
by at least one echelon route and those vehicles tiee capacity to deliver the
required freight. The algorithm solves optimizatiproblems of more than 200

destinations and five satellites in less than one second

To adapt the algorithm to a single-echelon systehis scheme is
represented by a two-echelon system with one gatelhose distance to the depot
is equal to zero. The different scenarios have kested by programming the
simulation in Python. This analysis identified theaim cost sources, traveled
distances, the number of open cross-docking plagand the number of vehicles
used. A generalized cost function is not used betrethod analyzes these three
variables and deduces their main implications gkitio account that each affects a

carrier differently.

It is observed that all scenarios result in de@gas distances and a larger
number of vehicles. In Table 4 scenario one givemall reduction of about 5% in
total travel distance and uses a larger numberebfcles. In this scenario, each
carrier needs to almost double its number of vebiand all available vehicles are
used. This is due to the algorithm and the assumptEssigning vehicles to each
satellite and not using the same vehicle on maae tne route. The number of open
platforms is seven, i.e., each carrier uses all thdliges it has and employees to

perform different operations related to consolidatioth @ansshipment.

A similar situation is observed in scenario twoollfly platforms are shared
transportation costs can only be improved by ugiege platforms, which is not the
best for the number of satellites and vehicles usedeed, the number of open
satellites is also seven (see the fourth colummalfle 4) but they are used by all
three carriers. This leads to a small reductionhim number of second echelon
vehicles because one carrier can, by using a s$atetit belonging to it, group a set

of customers to gain one vehicle. The overall fpansition costs in the last column

13



of Table 4 in terms of travel distances are redwdmulit 10% compared to scenario

zero or one-echelon schemes for each company.

Finally, the third scenario which involves collabiiva among all the
carriers to share vehicles leads to a reducticaboiit 22% in travel distance and a
better usage of vehicles. In this scenario Table 4 showsli8les are used (five for
the first and 14 for the second echelon) whicthéslest taking capacity constraints
into account. Note that in these simulations, accoanaken of the fact that one
route is served by only one vehicle. The cost redadh terms of distance traveled
by the vehicles remains however small if it is ¢des=d that other costs mostly
related to consolidation and vehicle driving hae¢ lbeen considered in this study.
To complete the study, an interview-based analysimajor limitations to transport

sharing and collaboration is presented in next section.
Interview-Based Analysis

From the simulation multi-echelon transport can ®efuwl in reducing transport cost.
However, these cost reductions do not ensure theesses of these schemes
because they are a part of a socio-economic syateimare influenced by it. To
study the limitations to multi-echelon transpodati with cross-docking, 25
companies and their contact persons were randataltified to be surveyed about
their experiences with multi-echelon distributiofrhe number of interviews was
limited to 25 for the following reasons. First isetmature of the analysis. A
gualitative analysis needs long interviews and gat@essing times are significant.
Second, it is important to use many companies oavstiverse use of multi-echelon
transportation. Third, the 25 interviews are morenttlee 20 Raux et al. (2007)
consider appropriate for a qualitative exploratanalysis. Questions for the survey
came from existing literature on multi-echelon #pportation and several
professional documents containing the experienéempanies regarding multi-
echelon distribution. Then, a face-to-face intervieaswonducted with each contact
person following the approach in Gonzalez-Feliu @aidrana (2011). Missing

information was collected by phone interviews.
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Each interview was organized in three parts. Fastjuestionnaire that
identified the main logistics schemes and flowshaf company was completed by
company contacts. In many cases, the questionnasesara prior to the interview
to decrease interview time. Next, a set of questabwit how the company should
change its logistics systems in relation to différexternal factors was developed.
Third, an open-phase interview was conducted thasisted of making the contact
person identify the main advantages and disadvastafjmanaging multi-echelon
transportation systems with cross-docking. More pregiie®yrespondent was asked
to define a list of factors that help or work agaimulti-echelon transportation
systems. For confidentiality reasons the compatudesitities are kept anonymous.
The interviews were done with six grocery distribntcompanies, four automotive
and spare part industry companies, three pressbdistn companies, three urban
consolidation centers, four parcel and postal dhstibn companies and five
transport operators. Except the urban consolidattemters the interviewed
stakeholders work for global companies or operatelifferent continents (Europe,

North America or East Asia).

The interview questions sought information on ddéfdrsocio-economic and
legislative factors that could affect multi-echekbansportation with cross-docking.
Three types of factors derived from the model weeatified in each interview, and
then synthesized to generalize the findings of Lemf2008) and Gonzalez-Feliu
and Morana (2011) about multi-echelon transpontatuith cross-docking. The first
factor is that of motivators, defined as the fagtitiat contribute to the development
of a transportation system with cross-docking. Therviewed stakeholders indicate
that these motivators derive from the socio-ecowoamd legislative contexts of
their practices and can be grouped into the folhgwsub-categories. First, are the
economic, environmental and value motivators, whrolm the interviews can be
defined as the factors relatedegconomic efficiency, prestige of partners and image.
For example, the need for just-in-time deliveriesi¢éal with service quality targets
is one of the main factors which defines the prasd spare parts distribution

systems, and which leads to a network of consotidatlatforms connecting
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different transportation networks. In addition avgistics performance related to the
optimal use of resources in terms of costs and & mentioned by all
stakeholders, and sustainable performance in teringh® minimization of
environmental impacts. The latter was mentioned &0 70f the company
representatives interviewed who believe that emvivental factors can motivate the
use of multi-echelon systems. The existence of b@ahcies as motivators was
mentioned by 24% of those interviewed. Also mentibrege legislation and
jurisprudence aspects of transport collaboratioriciviseem to affect transport
management. Transportation carriers, postal and lp#etieery operators, and urban
consolidation centers state that existing legistattompels them to develop new
forms of organizations including multi-echelon sportation. The most important
aspects of this latter category are different ldeavs that help develop multi-

echelon transportation systems in urban and regiogightrtransportation.

Relationship motivators are closely related to tsalsind inter-personal
relations, and are the most difficult to identify.oBle interviewed were not always
forthcoming about their relationships with direcmpetitors. But, when they have
collaborated in such schemes which as was foundnsnon in the automotive and
spare parts industry, collaboration is taken intcoant more naturally than when
there is no such prior experience. Last, there amanéiial motivators which
according to those interviewed are related to sidxsiand financial help that can
come from public, private or mixed companies. Howewé note is that multi-
echelon distribution is seen by transport carréard parcel distribution operators as
resulting in direct cost increases. As well, changihgir logistics systems to
accommodate multi-echelon transportation is seeB849¢ of those interviewed as
costly and slow. Therefore, financial support isnskg those interviewed as a factor

that can make them develop new organizational concepts.

The second category of factors is that of factitst which are the
conditions and situations that have positive impact the daily operations of multi-
echelon transportation schemes. They are similacoltaboration and logistics

partnerships (Lambert 2008) and will not be analyiredepth. These factors are not
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only related to the logistics organization but atsothe evolution of strategic
relationships between partners. A history of relahips can facilitate a durable
partnership, as shown by the urban consolidationtecenthat persist in the
automotive industry. The boundary between motivaaoid facilitators is not always
clear, as revealed by the interviews. Indeed, sewarapanies did not see clearly
the difference between these two categories ofofactFor this reason, it is
important to explain here the main differences leetwthem. The motivators have
an impact on strategic decisions before a projestfserimentation and deployment,
i.e., in strategic planning, and the facilitators hawpacts which are observed at

tactical and operational levels.

Closely related to the facilitators the study idfeed limitations and
obstacles which consist of the factors that camimecimpediments to the successful
development of strategies concerning multi-echelamsportation with cross-
docking. These factors constitute a third categony are seldom studied in the
logistics literature (Lambert 2008). For this regstimey are the focus of the
analyses. From the experiences and feedbacks, sdyped of limitations and

obstacles have been identified and are synthesizeti@sso

First, there are commercial strategies. Each enserptias its own
commercial interests, which are not the same fatdmaand transport operators. In
general, producers aim to sell products and trahgposeen as a cost and/or a
constraint but seldom as an opportunity to imprpggormance. This derives from
the fact that transport is carried out by thirdtigst Transport carriers see transport
management as a leverage to improve their perfarejaas stated by all considered
urban consolidation centers and transportation emmag, as well as four of the six
grocery distribution companies. However, each sdwsrits specific characteristics
and constraints. For example, transport demand #sspdistribution is fixed by
publishers and the benefits of the distribution pany depend on sales. Also, for
the press companies whose representatives wereviewed distribution by
transport and route selection are planned six mon#edasnd this makes it difficult

to optimize. Aggressive strategies and disregatdaofsport plans to favor “friends”
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or customers were identified by many transport atges as a problem in the
development of collaborative multi-echelon networkSince multi-echelon
transportation affects the transportation fieldedily, producers and distribution

companies that subcontract transportation are lesenoed about it.

Another limitation identified in the interviews ooerns the financial aspects
of implementation of a multi-echelon system, morecpgely investment costs of
construction or adaptation of cross-docking plaifer depots or other
infrastructures. This is an important limitation tbe development of urban
consolidation centers and is one of the main factioat define grocery distribution
supply chains. Yet another limitation especially parcel distribution companies
and transportation carriers is the ownership ofe¢hmfrastructures or managerial
issues related to them once they are operationsd, Ahe logistics strategies of each
stakeholder as well as the potential or real charipat a multi-echelon system
would introduce are a source of obstacles to tbeirelopment. Most transport
carriers, postal and parcel delivery companies ahdrnuconsolidation centers state
that the physical and organizational conditions flgight compatibility such as
dimensions, type of freight, type of packaging, logdiunit and loading
requirements are important and are not only reldtedegislation but also to
organizational type, equipment and habit. Anotheftédition identified by 92% of

those interviewed is acceptability of organizatiorremes.

Two other important limitations identified by thoseterviewed are
responsibility transfer and confidentialilthough the main transactions in freight
transportation are regulated by several commecoadatracts, the responsibilities of
sub-contractors are not always well defined (Sim@ral Roure 2007). Moreover,
not all transport operators use subcontractorgsponsibility issues are not well
defined. And as found, none of the transportation patel distribution carriers
would give freight to another operator without wedfined responsibility transfer
rules. In cases of conflicts, the responsibilityngf@r clause of a contract plays an
important role because it defines liability. Forsthéason, transportation carriers are

reticent to organizational changes that imply dmlation with other carriers.
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Moreover, confidentiality was mentioned as an olbstas multi-echelon systems
when two competing companies decide to collabdmateduce their transport costs.
Since information flow is the basis of good colledi®n, if one or more partners
manage confidential information which they do nanivto share for competitive
reasons, the efficiency of multi-echelon approacbas decrease considerably.
These issues come to light in most of the initegiinvolving competing enterprises

which are not supported by public entities.
Conclusion

This paper presents a multidisciplinary analysisstiody multi-echelon transport
with cross-docking using both engineering and d$osi@ences approaches. Two
optimization analyses were undertaken to studyptitentials of these systems as
well as their main limits. The first based on the notibaccessibility shows that the
physical and geographical characteristics of a adtvinave important impacts on
the development of transportation systems with ssdmcking. Such systems are
useful if they group delivery points to use smadhicles to make short distance
deliveries, but are disadvantageous if the distatwesach cross-docking platforms
are long. The second analysis explores the posgilfi collaboration between
transport carriers to optimize vehicle loads. Thiglgsis leads to two main
conclusions. The first is that significant cost retthns can be obtained only by
sharing vehicles. However, other costs will appeainiy related to the introduction
of new vehicles and the use of cross-docking teesli This leads to the second
conclusion which is that it is important to haveegh freight to put on the vehicles
feeding the satellites. In this respect collaborateems a good way to increase

vehicle load.

To complete these analyses, a socio-economic stasldbon 25 companies
was undertaken. Several factors that can be coesidecentives and limitations to
multi-echelon transportation with cross-docking evédentified. These factors are
related to commercial strategies, financing, orgdimnaand legislation. Since
transport is used by humans, the social aspectarofih interactions are important

and can be its keys to success. For these reagatimejzation methods are useful
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but have to meet operational needs and limits, widstem related to habits that are

often difficult to change.

In conclusion, multi-echelon transport has potentad can be well
accepted by practitioners and public authoritied, dtructural changes have to be
implemented in a medium term perspective, after tifj@mg and analyzing the
potential obstacles to its development to enswwecantinuity from an economic
point of view. Finally, some future extensions tostkiudy can be done in two
complementary directions. One is to provide moralisgc simulation tools, by
adding a cost function that takes into accountamby traveled distances but other
costs related to vehicle usage, crew scheduling,fopfat management and
maintenance issues, among others. The other islt@@aqualitative variables in the
simulation approaches to develop integrated detisiopport systems to help
planners and practitioners in their strategic ati¢al decisions related to multi-

echelon transportation with cross-docking.

Acknowledgement

The author would like to acknowledge Christian Aoddni, Mathieu Gardrat,
Aurélie Mercier, Joélle Morana and Jean-Louis RautiiLaboratoire d’Economie
des Transports, France) for their suggestions aksaseCarlos Peris Pla (TComm,
Spain) for his help in algorithmic development. Téethor would also like to
acknowledge the co-editors in chief, as well astiie anonymous reviewers, for

their suggestions to improve the paper.

References

Ben-Akiva, M. and S.R. Lerman, “Disaggregate Travel iotility Choice Models
and Measures of Accessibility.” D.A. Hensher and P.Roh8o edsBehavioural
Travel Modeling Andover: Croom Helm (1979): 654—-679.

Beuthe, M., and M. Kreutzberger, “Consolidation andn§f&hipment.” A.M.
Brewer, K.J. Button and D.A. Hensher edtandbook of Logistics and Supply
Chain ManagemenfAmsterdam: Pergamon (2001): 239-252.

20



Bertuglia, C.S., G. Leonardi, S. Occelli, G.A. Rabino, andalei. “An Integrated
Model for the Dynamic Analysis of Location-Transpdmterrelations.”"European
Journal of Operational Researd1 (2), (1987): 198-208.

Brewer, A.M., K.J. Button, and D.A. Henshétandbook of Logisitcs and Supply
Chain ManagemenPergamon, Amsterdam, 2001.

Burns, L.D. Transportation, Temporal and Spatial Components cfeasibility
Lexington Books, Lexington-Toronto, 1979.

Christofides, N. and S. Eilon. “An Algorithm for the Mele Dispatching Problem.”
Operations Researc?0, (1969): 309-318.

Ewing, R. “Transportation Service Standards — As ifdReMatter.” Transportation
Research Recorti400, (1993): 10-17.

Fisher, M. “Optimal Solution of Vehicle Routing Prebis Using Minimum K-
Trees.”Operations Researci?, (1994): 626-642.

Galbreth, M. R., J. A. Hill, and S. Handley. “An Investigatiof the Value of Cross-
Docking for Supply Chain ManagementJournal of Business Logisticg9 (1),
(2008): 201-223.

Gendron, B. and F. Semet. “Formulations and Relaxsitior a Multi-Echelon
Capacitated Location-Distribution ProblenComputers and Operations Research
36 (5), (2009): 1335-1355.

Gerdessen, J. “Vehicle Routing Problem with TraiteSuropean Journal of
Operational Researcf3, (1996): 135-147.

Geurs, K. T. and B. van Wee. “Accessibility Evaluatidriand-use and Transport
Strategies: Review and Research Directiodstrnal of Transport Geographi2
(2), (2004): 127-140.

Gonzalez-Feliu, J. and J. Morana. “Collaborative $pamtation Sharing: From
Theory to Practice via a Case Study From Francd.” ¥Yearwood and A. Stranieri
(eds). Technologies for Supporting Reasoning Communitied &ollaborative
Decision Making: Cooperative Approachellershey, PA: Information Science
Reference (2011): 252-271.

Gonzalez-Feliu, J. “Two-Echelon Transportation Opgaion: Unifying Concepts
via a Systematic Review.Working Papers on Operations Managemeént(1),
(2011): 18-30.

Gonzalez-Feliu, J. “Models and Methods for the Cibgistics: The Two-Echelon
Capacitated Vehicle Routing Problem.” DissertatiBh.D). Politecnico di Torino,
Turin, Italy, (2008).

Hagerstrand, T. “What About People in Regional S@éheapers of the Regional
Science Associatiazd, (1970): 7-21.

21



Hamerly, G. and C. Elkan. “Alternatives to the k-Me&hgorithm That Find Better
Clusterings”.Proceedings of the eleventh international confeeean Information
and Knowledge Managemei(2002).

Hansen, W.G. “How Accessibility Shapes Land Us#&oturnal of the American
Institute Planner®5, (1959): 73-76.

Jacobsen, S.K. and O.B.G. Madsen. “A Comparative Stu#heofistics for a Two-
Level Routing-Location Problem.European Journal of Operational ResearSh
(1980): 378-387.

Klose, A. and A. Drexl. “Facility Location Models forifribution System Design.”
European Journal of Operational Researth2 (1), (2005): 4-29.

Lambert, Douglas M.Supply Chain Management: Processes, Partnerships,

Performance3* edition. Supply Chain Management Institute, Sarasota, F18.20

Larbi, R., G. Alpan, P. Baptiste, and B. Penz. “SchedulZrgss Docking
Operations Under Full, Partial and No Information on Inlabarrivals.” Computers
& Operations ResearcB8 (6), (2011): 889-900.

Newbourne, P.T. “The Role of Partnerships in Stratdgicount Management.” The
International Journal of Logistics Managemeéh(1), (1997): 67-74.

Nguyen, V.P. C. Prins and C. Prodhon. “A Multi-Startdted Local Search With
Tabu List and Path Relinking for the Two-Echeloncation-Routing Problem.”
Engineering Applications of Artificial Intelligen@5 (1), (2011): 56-71.

Pirie, G.H. “Measuring Accessibility: A Review and Posal.” Environment and
Planning Al1, (1979): 299-312.

Raux, C., L. Alligier and Danau, D. “Simulation d'un Magécde Permis d'Emission
de CQ Dans le Transport de Marchandises.” Rapport Fi@dahvention ADEME.
Laboratoire d’Economie des Transports, Lyon, 2007.

Semet, F. and E. Taillard. “Solving Real-Life Vehi&euting Problems Efficiently
Using Tabu SearchAnnals of Operations Researdh, (1993): 469-488.

Simonot, P.Y. and J. Roureogistique CollaborativeEconomica, Paris, 2007.

Soltani, R. and S. J. Sadjadi. “Scheduling Trucks ins€Docking Systems: A
Robust Meta-Heuristics ApproachTransportation Research Part &6, (2010):
650-666.

Toth P. and D. VigoThe Vehicle Routing ProblenSociety for Industrial and
Applied Mathematics, Philadelphia, 2002.

Wang, J. F. and A. Regan. “Real-Time Trailer Schedulfog Crossdock
Operations. Transportation Journald?7 (2), (2008): 5-20.

Williams, H.C.W.L. “Travel Demand Models, Duality Relatand User Benefit
Analysis.” Journal of Regional Sciends (2), (1976): 147-166.

22



Yang, K.K., J. Balakrishan and C.H. Cheng. “An AnalysisFactors Affecting
Cross Docking OperationsJournal of Business Logisti@&l (1), (2010): 121-148.

Biography

Jesus Gonzalez-Feliu is a Post-Doctoral Reseaathiie French National Center
of Scientific Research (CNRS), and member of theotatoire d'Economie des
Transports (LET, Laboratory of Transport Economidde obtained his Civil

Engineering Master’s degree in 2003 at INSA Lyon (Francg)passed his Ph.D. in
operations research in 2008 at Politecnico di Tofitaly). His Ph.D. thesis deals
with urban freight distribution solutions and twchelon vehicle routing problems.
His research interests include city logistics piagnand policy, freight demand
modeling, decision support systems, vehicle routingropation, sustainable supply

chain management and collaborative transportation.
Appendix: The two-echelon vehicle routing problem

Consider a transportation carrier that has to deliv a set oN¢ destinations, called
customers (Fisher 1994). To each customerassociated a quantity of freigitto
be delivered, called demand. The carrier has one depdsantbrmediate facilities,
or satellites (Nguyen et al., 2011) where cross-thackperations can take place.
The company has two fleets of homogeneous vehictgsand m,, assigned
respectively to the first and the second echelors&hvehicles have a maximum
capacity ofC' and C? respectively. Two types of routes are then defimew, for
each echelon. A first echelon route starts and Hesgsin a depot and visits the
satellites. At the satellites, the freight is tramggld into the second echelon

vehicles. Each of them makes a round trip to delivensor more customers.

Define three sets of nodeg; includes the depol/s the satellite nodes and
V¢ the customers. Then define an @Jj¢ to link nodei and nodg. Costc; is defined
as the travel distance associated with @j¢. The decision variables are the
following: x; is an integer that represents the number of &dtelon vehicles

traveling on ardi,j); ¥ is a binary variable equal to one if a second lecheoute
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starting from satelliték travels on argi,j) otherwise it is zero. Also defirg as a
binary variable equal to one if the freight to belivkred to customej is
transshipped at satellite otherwise it is zero. Finally define a set of vhles that
represents the quantity of freight loaded into hisle passing through each arc.

These variables are real and can be not€d, &" respectively for each subsét,

representing the satellite where the second echrelate starts. The corresponding

optimization problem can be written as follows (GonzaleltsF2008):

(AD min Y gx+> > GV

i, OV, OV KVs i, jOV OV
Subject to
(A2) D X <m,
Vg
(A3 D X=X
jOvs Vs
(A4 > D yism
KVs i, OV,

(AB) D yi= >y OkOVq
i, OV i, Ve
> gz, if jisnotthedepot
A. L 1= v
(A5) %Q” k%,:SQ’k Y —qif jisthedepot
iV,

0j OV, OVg,k# ik #

z,q;if jisnotasatellite
2k 2k _
(A7) ZQij -2.Qf = - q,z,, if jisasatellite
[[mVA (WA Ve

O0j OVs OVg, Ok OV | # i,k # |

(A8) > Q! =0;

Vg
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(A9 > Q*=0 Ok OVq

iV
(A10) Qi <Cl O, jOVsOV,,i# |

(A1) Qs czyijk Oi, j OVe OV, 0k OV, i # j
(A12)  yf<z0Oi,jOVs OV, OkOV

(A13)  y < D xy Oi0Vs, OOV, OkOVg

MVgry0y

(Al19) > z,=1 00OV,

KV
. Kk . FaY! 2k
Wherex; is integery; and z,are binary;Q; and Q;" are real.

The objective function (A. 1) seeks to minimize thnerall transportation
cost. Equations two and four impose the maximum rarnalb routes. Constraints
(A.2) to (A.5) balance the number of vehicles engrand leaving each node.
Equations A.6, A.7, A.8 and A.9 ensure that each raitens to its departure point
and each node receives its corresponding demandcl¥atapacity constraints are
expressed by equations A.10 and A.11. Constraint$2jAand (A.13) ensure the
connection between the two echelons. Constraint4)Aassigns each customer to

one and only one satellite.

To test the two-echelon model, four test casesdaptad from Christofides
and Eilon (1969). These test cases represented ,a211282 and 50 customers
respectively. Then, 102 two-echelon test cases wesaead in the following way.
Given a reference dataset (one of the chosen Gfidiss and Eilon’s test cases),
two satellites are added. The second echelon vefteeleis taken from the reference
and then the first echelon vehicles are added. Tinabar of such vehicles is two,
and their capacity is 2.5 times the capacity inréference. After creating the test
cases we solve them using XPress 2006 (see Gorfzeliez2008 for the detailed

computational issues). All test cases up to 21 ocuwsts and two having 32
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customers were solved to optimality. The Xpress esolthus gives the global
optimum solution. The other test cases were notesote optimality in the given
time (45 minutes), but at least one solution wavidem by the solver in less than
20 minutes. Although there is a gap between the $m@stion and the best lower
bound (i.e., a bound lower than the optimum calcdlate Xpress solver), only test
cases with 50 customers and a central depot presértions too far from it. In the
other cases, on average a gap of less than 10% btagexr between the best
solution and its best lower bound found with Xpreslver, which is considered as a
good result (Toth and Vigo 2002).
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Figure 1 — Single-Echelon and Two-echeloviehicle Routing Schemes
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Figure 2 — An Example of the Clustering Phase
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Table 1: Impacts of Accessibility and Transportation CosRatio

Transportation Cost Ratio
Quartile First Second Third Fourth

quartile | quartile guartile guartile Total

5 _2 First quartile 3 4 3 0 10
& S5 | Second quartilg 4 3 3 0 10
= g @ | Third quartile 5 5 2 3 15
20 § Fourth quartile 5 4 3 3 15
Total 17 16 11 6 50

Table 2: Average Percent Gain/Loss Compared to the SitegEchelon Optimum

Transportation Cost Ratio

Quartile First Second Third Fourth
quartile quartile quartile quartile Average

5 First quartile] -23% -13% -1% 14% -6%
E > Second
9= quartile -20% -13% -71% 11% -7%
< ® | Third
S 8 | quartile -11% -12% -4% 9% -5%
g & |Fourth
2 quartile -9% -15% -4% 21% -2%

Average -16% -13% -4% 14% -5%
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Table 3: Main Characteristics of Each Carrier (Adapted from Fisher 1995)

Transport Carrier Number Numberpt |n. |my |[mp |C G
Customers
1 712 |71 |2 |6 | 7800 | 3000
2 442 |44 |2 |6 | 6500 | 2500
3 1363 |136 |3 | 10| 6500 | 250(¢

ns: Number of cross-docking platforms (also knownsatellites); @ Number of customers; imNumber of first-
echelon vehicles; snNumber of second-echelon vehicles; Raximum capacity of first-echelon vehicles (in kg
C,: Maximum capacity of second-echelon vehicles (jh k

Table 4 : Scenario Simulation Results

First- Second- Used First-echelon Second-echelon| Distance
echelon echelon satellites| vehicle variation| vehicle variation | variation
vehicles vehicles

0 0 15 0 - - -

1 7 22 7 +7 +7 -5%
2 7 21 7 +7 +6 -10%
3 5 14 4 +7 -1 -22%
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