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Assessing urban logistics pooling sustainability via a hierarchic
dashboard from a group decision per spective

Jesus Gonzalez-Feliu and Joélle Morana

Abstract

This paper aims to propose, via an experimentdhlootative decision support method, to define a @f
indicators and a reference situation database @sune the sustainable performance of urban logigtimling
systems. To do this, we start by defining the motib sustainability in the 4As approach, after wivatidentify
the main sustainability indicators from an overviefithe literature, and class them into four catego(one for
each A of the approach). Then, a group of 20 egperrequired and an iterative experimental coltatee
decision making method is applied to the group daverge to the concordance of a set of indicatohe
method allowed us to define a hierarchic dashbagrded by all experts with 7 main indicators ars@ndary
indicators. Moreover, the experts signaled the refedkfining a unified basis of comparison to estieninitial
situations. To do this, we proposed a databaserlminuroutes from the French Surveys on Urban Goods
Transport. This method has the advantage of progasidashboard agreed by all involved stakeholddrs.
proposed dashboard is an example and to providera mmified one the experience has to be iteragiugu
different groups of decision makers. Therefores tlaper shows the patterns to reproduce it, sheeenethod is
able to be replicated in any context of group denig urban logistics. The originality of the paeises on the
use of an experimental group decision method usiggoup with a majority of practitioners, and tdidate it by
consensus.

Keywords: logistics pooling; sustainable development; grdapision support; distribution; consensus.

1. Introduction

Sustainable supply chain management is of growiggif&cance to organizations to
gain a competitive advantage, but also to industsensitive to environmental problems or
social issues (Seuring and Miuller, 2008). Thus ddeption of sustainable supply chain
management requires that particular attention bmused on performance management,
accounting, auditing and management control. Inview, designing a sustainable dashboard
provides a tool for encouraging the applicatiorsa$tainable supply chain management and
allowing stakeholders to discriminate positivelyfanor of sustainable products and services.

The organizational aspects of urban logistics s&semust be considered in the global
sustainable supply chain (Allen and Browne, 201®)leed, with increasing urban traffic,
some organizations are faced with the problem ofiremg efficient urban freight distribution
(Morana, 2014). Additional constraints include telas with public authorities whose
motivations for managing product flows are diffdr@re. no deliveries to the city-center by
modes of transport considered highly pollutantdr logistics has been studied as a specific
research topic for more than 20 years (Taniguchalet2001; Macharis and Melo, 2011,



Gonzalez-Feliu et al., 2014) but has been traditiprassociated with decision support for
public authorities and single decision-makers. Hmveas pointed out by Boudouin et al.
(2014), urban logistics involves several stakehmsldd different natures and with different
aims and goals, which need to communicate andizwide.

The work proposed focuses on the performance afruldgistics, and more specifically
the performance of a pooled distribution systenuiban areas. Indeed, in downstream or
distribution logistics, urban logistics is incraagy being organized according to a rationale
of pooling, a form of logistics collaboration cheterized by, a mutual usage of material or
immaterial resources by two or more stakeholdeiftérent supply chains (Gonzalez-Feliu
and Morana, 2011). Collaboration is one of the npoginising areas of study in supply chain
management (Stefansson, 2004). In this context,ob&erve that collaborative logistics
requires sharing both common goals and resourcesughout the lifecycle of such
collaboration. This lifecycle can be divided intouf stages (Simatupang and Sridharam,
2002): (1) the engagement process, (2) inter-deppaamanagement, (3) the implementation
of operations, and (4) the evaluation of collabioratMoreover, collaboration in logistics can
take place at both longitudinal and transversal I$evieongitudinal collaboration can be
defined as the treatment of management issuesupply chain common to stakeholders of
different echelons, mainly those in direct relatiwith each other. This common process
management is based on complementary knowledge resulrce-sharing aimed at the
efficient use of synergies to accomplish the défertasks of supply chain planning,
deployment, follow-up and control. It is characted by cooperation and synchronization to
ensure better joint planning of a common supplyirchBlorizontal collaboration can be
defined as the collaboration between a group of stakeholdéerglifferent supply chains
acting at the same levels and having analogoussi€€wbnzalez-Feliu et al., 2013). The aim
of horizontal collaboration is not a common goaloptimizing the same supply chain but
finding synergies between different supply chainsegtain stages to obtain gains and savings
individually (for example, cost, lead time, servigeality or their combinations). In freight
transport, the main collaborative issues are rélaighis second type, since transport ensures
the links between the different echelons of supplgins.

Although many works have focused on evaluatingpgbgormance of urban logistics
(Patier and Browne, 2010; Melo and Costa, 2011/ sdme dealing more specifically with
multi-actor multi-criteria decision support (Maclsaet al., 2012), the selection of criteria and
indicators generally relies on the researchersesgpce, without taking the angle of group
decision support into account. Indeed, in most cabe choices concerning evaluation
indicators are made on the basis of a single daetisiaker, mainly a public authority, that
sometimes give the possibility to different stakeleos to define different weights to different
criteria. But in urban logistics pooling, the sta&klers most interested in knowing the
impacts of such systems are the different transgaoriers that have to collaborate with each
other. In our context, which derives from that ofp decision, decisions are not taken by an



individual decision-maker but by a group that nmestch agreement or consensus (Raifa et al.,
2002). Furthermore, there is an increasing demaodh fthe freight transport sectofor
standard tools to evaluate such impacts in a wuhviiay.

The aim of this paper is, on the basis of a fietdegiment, to draw up a sustainable
dashboard applicable to logistics pooling. The papstructured as follows. The next section
presents an overview of sustainable developmeet aftiich the paper proposes an overview
of the notion of performance and a synthesis ofoperance indicators in both supply chain
management and urban logistics. The position taknrespect to scientific literature is also
defined. Then, the group decision methodology falding a unified set of indicators suitable
for urban logistics pooling is presented. Finadlysustainable dashboard for evaluating urban
logistics is proposed in the light of the feedbagined from the group decision-making
approach. To complete our proposal, a databasef&fence situations for this sustainability
evaluation is also presented and discussed.

2. Visions of sustainable development in logistics pooling

Sustainable development is at base a principlerganizing human life in a context of
non-infinite resources (Stivers, 1976). This notias been well integrated in society since the
1997 Kyoto Protocol of the United Nations Framew@&nvention on Climate Charige
(Depledge, 2000). Although the basic idea of snata@le development is shared by all, its
interpretation and applications tend to divergeh@ various contexts that can be found. In
logistics and goods transport, sustainability ifatesl to taking the main elements into
account:

» The economic viability of logistics systems, whidm mainly take place to the notion
of Supply Chain Management (SCM) (Christopher, )982 this context, several
indicators have been defined to evaluate the ecansmitability of supply chains
(Griffis et al., 2007, Gunasekaran and Kobu, 2007).

* Respect for the environment, seen as an opportuaiber than a constraint, in the
perspectives of Green SCM (Srivastava, 2007). is tontext, we find several
concepts like eco-design (Michelini and Razzoli, £208nd reverse logistics (Rogers
and Tibben-Lembke, 1999).

» Last but not least, the social and societal imgbee of logistics in a Social SCM
approach (Morana, 2013). In this context, it seenprtant to consider both the intra-
organizational stakeholders (the employees of tlenpany) and the inter-
organizational ones (account taken of Stakeholteory).

! Statement pronounced in a set of interviews gimghe context of the ANR-MODUM project in France2013.

* The Kyoto Protocol was adopted in 1997 at the tAlchference of the Parties to the UNFCCC (COP 3jrdfer to stabilize greenhouse
gas concentrations in the atmosphere at a levelvibald prevent dangerous anthropogenic interferenith the climatic system. This
protocol established that the countries which hgudesl it were to reduce G@missions by 5% by 2010, a target not yet metaiaillevel.



An alternative vision of sustainable developmens leanerged recently (Macharis, 2014).
Instead of taking a classic approach, the authmpgses to consider sustainability on the basis
of four characteristics, noted as “the four As”. Sitoncept, more related to the freight
transport component of logistics than industrial vesrehousing operations, is organized
around the following four elements:

* Awareness is defined as the state or ability to perceivel,fer be conscious of
events. The first step to sustainable developnsetitarefore to be aware of the
need to act.

« Act and shift can be intended as the reactivity and capacignsure a modal
split in order to reduce the nuisance of freiglaingport. The second step of
sustainability can be seen as the will to transfexnmrent modes of transport
modeg and organization into cleaner and more sociallytahle ones.

* Such changes will not however be efficient withthe notion ofAvoidance,
seen as the capacity to avoid increasing the ncesaof logistics and freight
transport. Indeed, the third step of sustainabiditihat of acting to avoid instead
of needing to repair later.

* Finally, such avoidance must be combined vtiticipation. Indeed, the fourth
step of sustainability is that of forecasting adenitifying the possible nuisances
of logistics and freight transport in advance idesrto avoid them.

3. Measuring sustainable performance in logistics and freight transport

According to Morana (2013), performance in a supghain is not limited to cost
efficiency (in other words, profitability for thempany or its shareholders). It is important to
consider several aspects of performance consistiéht both a strategic dimension that
federates actions taken to ensure sustainabilibd with the aspect of competitive
performance which consists in seeking solutions gbabeyond a one-dimensional perception
of the structure. Moreover, we also need to take actount the perspective of socioeconomic
performance, reflecting on internal reconfiguratmiorganizational and social approaches,
but also the inter-organizational and environmergspects. In urban logistics pooling,
performance can be measured according to two viewgdhat do not always converge,
despite being complementary: that of supply chaifiop@ance and that of urban logistics
sustainability.

Generally, the aim of measuring logistics perforneans to ensure permanent
improvement that leads to the conceptualizationianplementation of measurement systems

% This is a vision “transport” and not “supply chairanagement”. For this reason, the author speakst &fansport modes and does not
necessarily considers other aspecs of SCM likeymtioh or inventorying.



combining diagnostics and decision-aids. If we foon evaluating SCM with key indicators
(KPI: Key Performance Indicators), reference carmagle to two key works on the subject,
both topical and considered as equally importanbdty researchers and practitioners. The
first is the work of Gunasekaran and Kobu (200Mpwproposed a list of 26 indicators to
measure logistics performance, completing a previgark (Gunasekaran et al., 2001). The
second is that of Griffis et al (2007) who proposedist of 14 indicators. Although other
works have been proposed in the literature, we fake account only the 40 indicators
proposed in these two works since they are reprabemtof SCM and most works on the
subject refer systematically to at least one ohtheo they can be taken as a reference.
However, these indicators are defined from an SCkKpeetive and do not necessarily take
into account all the transport comporferdo they do not fully represent the vision of
sustainability given by the 4As. Table 1 gives asslfication according to the 4As approach,
showing that in SCM only the Awareness and the d\pdition components are well
represented. Avoidance and Act and Shift indicaoesabsent in such works because they do
not focus on transport. Indeed, transport modeshateonsidered, making it impossible to
define indicators of modal shift without previouslgfining transport mode usage. Moreover,
environmental aspects are not usually address&CM (Gunasekaran and Kobu, 2007); in
this context, the avoidance component is alsoatilfito fill-in.

4 We can see that only one indicator uses the wwas$port” [transport costs]. Moreover, this lisied not take environmental indicators
and few social/societal indocators.



Table 1 - Main key indicators in supply chain managementsotidated into “awareness”

and ‘anticipation” indicators

Awar enessindicators (number = 33)

Precision of scheduling;

Average time for fulfilling pending orders;
Average rate of fulfilling order by item;
Rate of fulfilling whole order;

Delivery reliability;

Precision of forecasts;

Inventory costs;

Procurement lead time;

Production lead time;

Ratio of logistics costs over sales;
Logistics costs per unit;

Obsolescence costs;

Conformity with specifications;
Conformity with regulations;

Items picked up per person and per hour

Labor efficiency.

Percentage of deliveries within lead times;
Variability of order cycle time;
Process cycle time;

Product development time;
Variety of products/ services;
Return on investment;

Sales price;

Cost of inventory shortage;
Supply chain response time;
Transport costs;

Added value;

Cost of guarantee;

Operating expenses;
Perceived quality;

Perceived value of product;
Percentage of pick-up errors.

Anticipation indicators (number = 8)

Average order cycle time;
Order management cycle time;
Utilization of capacities;

Days delay in fulfilling order.

Rate of inventory turnover;

Weeks procurement;

Sales lost due to inventory shortage;
Flexibility of production.

This non exhaustive panorama of the use of logisperformance indicators in
companies is, according to us, in line with thel@aton constraints in private organizations
but it omits the role of freight transport in loggs. Moreover, sustainability is only partially
taken into account, since Act and Shift and Avoaienare not reflected by these indicators.

Whereas global logistics obeys business managempm@mtiples, urban logistics is
generally linked to the actions of several actsosthat “business” perceptions are confronted
by those of “local authorities”, i.e. the actionsidaobjectives of public authorities.
Furthermore, urban logistics projects involve velifferent sectors, raising questions of
feasibility, acceptability and impact of very difémt natures. Consequently, it is important to
take these sectors into account in the quest fidoymeance indicators and choose those that
respond to the needs and objectives of each opd#ntes involved. These indicators are
sometimes difficult to measure and access.

Many of the indicators of urban logistics conceaods transport. Indeed, the question
of urban logistics inevitably includes that of l&kgbmeter deliveries to recipients. However,
the traditional indicators of long distance goodssport (tons transported, tons*kilometer,
quantity of energy consumed per ton*kilometer, kigter travelled empty, etc.) appear
relatively irrelevant in the urban environment. Thember of shipments, the number of



packages or the variety of actors concerned, anubhers, change the way in which this
measure is seen.

Different authors have proposed sets of transpastamability indicators for urban
logistics (Taniguchi et al., 2001; Behrends et 2008; Patier and Browne, 2010; Melo and
Costa, 2011; Vaghi and Percoco, 2011; Morana et28l14). By compiling the main
indicators of these works we can form the basia obre set of indicators to evaluate urban
logistics. Based on these works we propose thevitrlg table:

Table 2 - Selected key indicators for freight transport, sifesd under the 4Astypology

Awar eness indicators (humber = 16)

Distance travelled; Service rate;

Travel time; Turnover generated;
Loading/unloading time; Number of packages/pallets
Vehicle fill rate; delivered/picked up;
Warehouse fill rate; Number of positions/stops;
Ratio of loaded distances over travelled rading area,;

distances; Trip regularity;

Return on investment; Distance between stops;
Stopping time. Freight vehicle.kilometers.

Act and shift indicators (number = 3)

Number of vehicles entering the city pe¥ehicle size;

mode; Vehicle capacity.

Avoidance (number = 10)

Energy consumption ; Road occupancy by running vehicles;
Greenhouse gas emissions; Road occupancy by stopped vehicles;
Pollutant emissions; Number of accidents;

Noise level (driving); Number of fatalities;

Noise level (loading/unloading). Involvement of freight vehicles in accidents.
Anticipation (number =5)

Customer satisfaction; Ergonomic design/user acceptability;
Retailers’ satisfaction; Number of jobs created, destroyed or
Rate of absenteeism from employees.| converted.

The 34 indicators proposed here are classified famation of the 4As of sustainable
development. We observe that most indicators dageckto public authority decision-support,
while the vision of private companies is underrgpreged. In conclusion, supply chain
management indicators do not take into accourthallelements of sustainable development
(being essentially related to the economic perfoiceaof the enterprise) and urban logistics
indicators mainly reflect public authorities’ visioof sustainability. However, it seems
important for us to integrate urban logistics istainable supply chain management, then to
define a grid of indicators capable of measuringtanability with all its components.
Consequently, and to take into account the colmba nature of logistics pooling, we
propose to keep the two sets of indicators (tte focused on supply chain management and



the second on transport management) presented deeréhe basis for establishing a
sustainability dashboard applied to urban logigti@sling.

4. Themethod proposed: reasoning through a collective and collabor ative approach

As shown above, KPI are widely used in literaturd practice, but are mainly related to
individual decisions. However, and since in logsstipooling decisions are not made
unilaterally, the search of consensus is an impbodtage of the decision-making process in
our context. Since logistics pooling is a spediige of horizontal collaboration, we want to
focus on group decision-making. In horizontal dodleation, stakeholders have similar
functions (in this case, they are transport cari@r transport organizéjs They are often
competitors, but when they converge to find a @atation strategy, they need to share at
least one common interest (for example, the colimr between Bridgestone and
Continental to have a common warehouse in Frantmwv® a logic of economic performance,
i.e. reducing both inventorying and transport goatsd will react like a group when taking
decisions (Raifa et al., 2002). Thus is appearsthiey require a tool related to group decision
and reasoning communities (Evangelou and Karadagil2007; Yearwood and Stranieri,
2009) and not to individual decisions since theigien processes of reasoning communities
are more complex and require particular attentionesthey combine two types of decision:
individual decisions made by each member of thersanity and a group decision taken by
the group as a whole, with or without negotiatidtcording to Yearwood and Stranieri
(2009), the group decision process of a reasoniaginwunity involves three main
components:

* In the individual reasoning phaseach individual decision maker seeks evidence,
organizes it and finally forms claims that représeis or her preferred position or
beliefs in order to take an individual decision.

* The communication of the reasoninghase describes the transmission of all the
aspects of individual reasoning, from the decigiself to the ways each individual
arrived at it, and starts a discussion that willgrpthe coalesced reasoning phase.

* Finally, in thecoalescence of the reasonipbase a form that represents the reasoning
processes acceptable to the entire community siredd. A coalescing of reasoning
does not mean that an agreement on a solutionashed. Rather, coalescing of
reasoning reflects the state where each individuedasoning is understood and
accepted as valid by the community even if viewedje to the extent that agreement
is impossible.

5Mainly 3PL and 4PL, sometimes combining own accdrarisport with subcontracting, or Freight forwasdand 5PL not having vehicles
and contracting all transport operations to spetifinsport carriers.



Therefore, when defining a tool for evaluating asdessing urban logistics pooling, it
is important to consider the nature of the reagpoommunity. Therefore, here, we propose a
group decision support methodology based on consemsearch (Raifa et al., 2002). To do
this, it is important to include in the collectiv@asoning the need to represent sustainability in
a suitable way. We thus propose to reason alongrtbe of the 4As approach developed for
logistics and transport, then to follow an intenaetmethod that shows explicitly the three
phases of group reasoning decision processes.

We base the proposed methodology on the conseeauaking notion (Yearwood and
Stranieri, 2006). However, instead of simulating ssrsus via quantitative multicriteria
methods, like collaborative AHP (Ammarapala and haix 2007) or classification methods
(Gonzalez-Feliu et al., 2013), we propose an ister@ method, such as MAMCA (Macharis
et al., 2010). However, contrary to MAMCA, whichegsan analytic-based procedure to
support decisions, we propose a consensual mefRaifia(et al., 2002). To do this, it is
important to constitute a commission of experts @il interact and collaborate to choose the
most suitable indicators. Thus we aim to use acbgsoup-decision process structure
(Yearwood and Stranieri, 2006). First, the stakedd will make individual decisions without
interactions with the others, if possible. Secoadjecision communication phase will be
organized to allow the stakeholders to exchangthein choices and the importance of using
the different indicators. Third and lastly, a camsgs research phase will take place to allow
all the stakeholders to take a common decision bittwthey all agree. In this phase, not
finding a common solution but agreeing on the fabas not been possible to find it can also
be an alternative to consider.

To perform the above, we proceeded as follows. thoexperts was constituted that
included 4 scientists belonging to different unsiees, 6 technical and research
representatives from non-university public reseamshitutions, 3 operational managers from
private companies, 5 project managers from logistonsulting and transport planning
software development companies, and 2 represeesdftiom freight transport standardization
organizations, thus making a total of 20 expersorder to guide and support the decision
process, we developed the following action plan:

1. Creating a common definition of the scope, goald tamgets to reach. The scope here
was to measure the sustainability of a logisticslipgosystem, in a way that the
viewpoints and goals of the different stakeholdeas be reflected in the resulting
evaluation grid. Thus a group decision making methmdestablish a sustainability
dashboard was envisaged. This dashboard had taicdour sets of indicators (one per
element of the 4As sustainability approach), aredrtain targets here were to limit the
number of indicators to ensure good readabilitywa#i as to propose at least one per
category (to cover all of them). This principle ladeen presented to a panel of experts
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that would validate and possibly modify it, thenrtpdpate in the decision-making
process to define an operational sustainabilithbaard.

2. Individual decisionphase. After validating the scope and targetsegperts were asked
to make individual choices to fill a grid of indioas using a list of indicators from which
they chose those they considered most pertinemedoh the expected goal, initially
without limiting the number of indicators so asaltow adding indicators not on the list.
This was done so as not to limit the decision tehaice of a specific number of
indicators, and also to allow the decision-makergdentify other suitable indicators to
comment on them in the following phases.

3. A meeting had to be organized to discuss the esmtl choose the most suitable set of
indicators, in the sense of te®mmunication of reasonin{fearwood and Stranieri,
2006). This meeting would allow identifying the cmon indicators, the important
indicators for each stakeholder and feed the comeation and collaboration to find a set
of indicators and agree on it. In this second drthe meeting, thecoalescing of
reasoningphase starts.

4. After choosing the indicators, the goal was to @néshe set of indicators to all the
experts in order to reach consensus and validateodify the group decision. This was to
be done to allow the stakeholders to revise andtea#ly modify the set of indicators and
validate the final choice of dashboard. This praseesponds to theonsensus reaching
which can be seen as the logical conclusion ottfaescing of reasoning

To do this, a first meeting was scheduled to agneehe common scope, goal and
targets. Then, an initial list of 74 indicators (bguantitative and qualitative) was proposed to
the expert panel 21 days after the first meetinggedond meeting was scheduled one week
after presenting the indicators to state on th&ability of the proposed list and to launch the
decision communication phase. However, most ofetterts agreed during the meeting that
the proposed list was too exhaustive; they prefetwedecide on the basis of a reduced list of
30 indicators and to have more time to decide eir thoices. Thus a reduced list was sent to
the experts who had 45 days to examine them dfees¢cond meeting. The choices of each
expert were discussed and a principle of agreemvastsought. The following conclusions
were drawn from the meeting:

After that, a third meeting was then scheduled &@dater to update the indicators and
present a final version of the document. A consemsacess was defined and after reaching
consensual agreement, a final dashboard was peesérttis dashboard was accompanied by
a technical note reporting the main indicators @asdnethod of estimation. Then, both the
final dashboard and the technical note was valitidge the same group of experts. This
validation, performed by experts external to theidatbr definition process, led to a
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discussion on the interest and suitability of eaclcator and the global dashboard. Marginal
modifications (small changes in secondary indicatand details of form or calculation
methods) were introduced but the essence of thpopeal dashboard was maintained. We
proposed a hierarchical dashboard composed of i@ mdicators and 9 secondary indicators.
These indicators were classified according to ths4ypology of sustainable development.
This hierarchy works as follows: for each A (AwarssieAct and shift, Avoidance and
Anticipation), one or more primary indicators ardirked. The combination of indicators had
to be considered as sufficient to state on theasaility of a logistics pooling scheme for all
the stakeholders (either in the internal or thesmdl validation process). However, some
stakeholders (mainly logistics managers) showediraerest in having complementary
indicators associated with certain main indicat@@snsequently, we defined the sets of
secondary indicators. They were not essential butdchelp certain stakeholders to detail
several aspects of sustainability, mainly servietes, which were selected as a priority for
logistics managers.

5. Resaults

We propose in Table 3 the final hierarchical dashibozbtained after the double
validation. To offer an easy-to-read tool usableHh®y different stakeholders and for different
projects, we propose the following classificatidmatt presents 7 main indicators (3 for
awareness, 1 for Act and shift, 1 for Avoidance @ntbr Anticipation) and 9 secondary
indicators (4 for awareness, 3 for Avoidance aridr2Anticipation). Although no secondary
indicators for Act and shift are defined, the mdashboard (composed of 7 main indicators)
covers the 4As of sustainability. This is due tofit that logistics pooling mainly concerns
road transport, but we can link the change frontuperht vehicles to clean ones, which is the
case of urban logistics pooling systems.
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Table 3 - The key indicators of urban logistics in the 4Astainability approach

Category Nature Main indicator Stakeholder Secondary indicator
Awareness Economic Ratio of loaded km|Public or Ratio of loaded km over travelled km
over travelled private (volume)
kilometers (weight) Loading rates (weight and volume)
Economic Warehouse fill rate Private -
Service quality] Service rate Private Percentafideloveries at goods
destination

Percentage of deliveries in time

Act and shift Environmental] Saving in number ofPublic or -

trucks used private
Avoidance Environmental] Greenhouse gas |Public or Emissions of CQ
emissions private
Emissions of Cil CO
Emissions of NOx
Anticipation Economic Financial indicators |Private -
(10-years IRR)
Social Rate of jobs to be |Public Rate of jobs that could be destroyed
converted Rate of potential jobs that could be

created

We observe that the indicators are in general repeegific than those proposed in SCM
and transport management literature. Logisticscetdrs are related to transport loading rates,
with and without linking them to traveled distancésowever, such indicators must be
associated with warehousing performance (in termsoadling rates) and to the general
financial balance. No inventorying performance aadlors were assigned since the system was
aimed at generating collaboration between transgorters or their directly associated parties
(i.e. mainly 2PL and 3PL), so inventorying was mmluded in the decisions here. All these
indicators as well as those related to serviceopmdnce can be considered as awareness
indicators. Gains in congestion are linked to aucidn in number of trucks, which speaks
more to private stakeholders and can be direcg@ated with Act and shift. Moreover, this
indicator was considered useful for both public pridate stakeholders. Avoidance indicators
underscore the importance of greenhouse gas ahdgmilemissions (noise was not selected
since transport and logistics practitioners are Emsitive to societal issues than are public
authorities). Finally, Anticipation indicators arglated to two main questions: the economic
viability of the system proposed (via financial icators like internal rates of return over a 10-
year time frame — 10 years IRR) or the importanteamverting the potential number of
employees to be reduced into new and added-vahse jo

These indicators must then be applied to real fiegipooling systems and deal with the
Sustainable Supply Chain Management principles b&mtdogistics (Morana and Gonzalez-
Feliu, 2010) and the 4As vision of sustainabiliacharis, 2014). The aims of the present
work were to define the list of indicators, buisitalso important to give an indication of how
they can be used. The data needed to define theatods is in general obtained using
company data, mainly general information on ro(k@smeters and times of each route), and
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carrier financial and commercial data, so they bancalculated at carrier level to produce
output indicators that are anonymous and do notatgolrules relating to company
competitiveness and secrecy. Greenhouse gas alutiggolemissions can then be estimated
from route details. However, if each company ed@®ahese indicators using a common
basis of comparison, part of the possible advanfagthe community will be lost, since one
of the aims of evaluation is also to establish mgarison between logistics schemes. To
ensure this, it is important to have a common egfee to compare the different projects and
initiatives. Consequently, a reference database luals. This reference can be used to
compare projects to a current situation (witholirntig new actions) and to find which sectors
are the most suitable for entry into logistics paglsystems. The aim of the database
proposed is to define their main characteristiceerms of size in number of delivery points,
type of vehicle in weight capacity, type of freigtglivered, mode of management, travelled
distances and loading factors, making it possibleetfine and propose indicators for different
types of routes in an initial situation. This dasé was obtained from the National Survey
Database on Urban Goods Transport in France, wddohains data on 2111 routes collected
in three different cities between 1995 and 199%irigainto account the quantity and quality
of the data collected in the different surveys, @7&e 2111 routes were selected. A typology
of routes taking into account the criteria preserieove was established, and the main results
are summarized in Table 4.
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Table 4 - Main characteristics of urban routes accordindghéodatabase proposed

Averageload of a stop (in kg) Average load of aroute (in kg)
Routesize | Classical Small Small
category (in third parcel | Consigner | Consignee| Classical parcel | Consigner | Consighee
number of party LTL own own third party LTL own own
deliveries) | transport | transport | account | account | transport |[transport| account | account
TL routes (1
delivery) 3937 - 3469 3940 3937 - 346¢ 3940
2to 10
deliveries 1336 25 352 1023 5804 113 1794 61l
11to 20
deliveries 489 16 103 56 3898 247 144( 114
21to 30
deliveries 62 11 30 - 1140 249 1753 -
31 or more
deliveries 52 8 4 - 1181 406 1143 -
Average number of stops Aver age capacity of vehicles (in kg)
Routesize | Classical Small Small
category (in third parcel | Consigner | Consignee| Classical parcel | Consigner | Consignee
number of party LTL own own third party LTL own own
deliveries) | transport | transport | account | account | transport |transport| account | account
TL routes (1
delivery) 1 - 1 1 9708 - 7646 9000
21010
deliveries 6 8 6 3 8479 7669 6469 5643
11to 20
deliveries 15 16 16 11 5824 5145 6658 5872
21 to 30
deliveries 25 25 25 - 5721 6373 4976 -
31 or more
deliveries 37 42 36 - 5815 4832 3200 -

We observe that own transport deliveries mobilieslcommodities than third party
transport. TL transport and small LTL routes haweilar deliveries in weight but the vehicles
are sometimes different. Concerning third partydport, the average capacity of vehicles
travelling FTL and LTL routes comprising up to 1i@ss is about 9t, i.e. a total weight of
about 19t, whereas LTL routes with more than 11 sste travelled with single trucks of
smaller capacity, about 6-7t, i.e. a single tru¢kL8t. Concerning the average quantity of
freight unloaded at each stop (in weight), FLT anthll routes (up to 10 stops) involve about
4t and 1t per stop, respectively, an average Wwelgt decreases considerably for longer
routes (for 11 to 20 stops, the average weighbaie500 kg and for longer routes, 50-60kg).
Regarding small parcel deliveries, no FTL routesaWeund, and the average number of stops
is higher than that of pallet and parcel delive(ibg first category). Weights are low (15 kg
on average) with a decreasing trend when the nuoflsops increases (express deliveries, in
general characterized by routes with more than t8@ss involving average weights of
8kg/stop, whereas small parcel non express rootedvie weights from 10 to 25 kg).
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Own account transport follows different trends, alegpends strongly on the activity of
the sender. Sender’s own account transport folkimdar trends to those of third party pallet
and parcel deliveries, but with lower weights, etctr FTL transport, where weights are
similar. However, since the number of routes fas ttategory is higher than that of classical
third party transport, the numbers of sender's @woount deliveries are higher. Receiver's
own account presents two trends: FTL transportf (bfathe total number of routes in this
category) presents higher weights (about 4t/sté@n tsmall pickup routes (up to 20
deliveries) with collected weights of about 61 kg foutes up to 10 pickup points and higher
ones (about 116 kg in average) for routes fromolA0t pickup points.

From this database, and taking into account thisstal distribution of routes in a
considered spatial zone, a reference situationbeadefined. We report as an example the
dashboard obtained in the case of  a logisticsipgalystem resulted of merging 100 routes
delivering Paris into 300 other routes going to $hene destination. In other words, having
400 routes at the beginning, 100 of them have lbaanelled (those routes correspond to the
second worst quartile in terms of loading factae,,inot the 100 emptiest routes but the 100
following). The deliveries of such routes have thmen affected to the closest remaining
routes in order to simulate a logistics poolingtasys The simulations have been made in the
context of the LUMD project (Morana et al., 201B)om those simulations, we can assess the
proposed dashboard, which contains only the maiizéators:

Table5 - An example of use of the proposed dashboard.

Category Nature Main indicator Values
Awareness Economic Ratio of loaded km over traddtiiometers 0.51 (+21%)
(weight), per route

Economic Warehouse fill rate, per warehouse (awgrag | n.a.

Service quality] Service rate 95% (=)
Act and shift Environmental Savings on the numidrucks used 15%
Avoidance Environmental Greenhouse gas emissions 2% -2
Anticipation Economic Financial indicators (10-y2#RR) n.a.

Social Rate of jobs to be converted 18%

Concerning awareness, we observe that this typagadtics pooling allows to increase
the loading rates of each route (an average of @fLliiprovement), but being based on only
transport pooling there is no impact on warehows#opmance. The simulations have been
made in a perspective of maintaining a target servate of 95%. With 25% of the routes
eliminated (which is traduced to 15% of trucks eotering the city according to current
practices of urban freight transport), it is pobsito reduce C®by 22%, which is a good
indicator that shows the capacity of logistics pugplto avoid environmental nuisances.
Moreover, it is important to note that the reductminthe number of trucks (and then the

® The proposed results are an illustration obtaifiech simulated data and can be seen as an exarfiple o
utilization of the dashboard. In this sense, onbinmindicators are presented, but secondary inglisatan be
estimated as well.
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capacity to act) is traduced by an increase of eadke’s length, so in consequence an
increase of traveled distances, and then pollutimgssions. However, using in a good way
empty capacities allow to reallocate deliveriestihe routes which distance increase is
minimal with respect to others, and then contalms tlistance increase. In consequence,
overall travelled distance of remaining routes awdr than the total length of the routes
cancelled). Finally, the two anticipation indicatdrave to be analyzed carefully. Since the
pooled system does not imply high investment caséscan consider that finances are not
impacted highly, because of the cost reductiontdube usage of residual capacities instead
of specific trucks. However, those costs have tidtleen estimated in detail, mainly for
confidentiality reasons. The number of jobs havimdge converted, taking into account the
current structure of freight transport professisna estimated to 2%, taking into account the
current scheduling practices in urban goods tramspbe current vehicle uses and the
potential of using the cancelled vehicles for othgres of transport. In this context, the
number of jobs to convert, which is about 8, candbstined to assistance and added-value
tasks and operations related to pooling managenaert,assistance (mainly for cross-docking
and eventual consolidation) or transferred to inegmg and warehousing, when applicable.
In any case, the proposed results are a realiséimple of logistics pooling that illustrate the
usage of the proposed dashboard and show the jbtehttransferability to the various
stakeholders of logistics in urban contexts.

6. Conclusion

The evaluation of urban logistics pooling should deen from the perspective of
sustainable development. In this context, we thin&t the 4As vision of sustainability
(Awareness, Act and shift, Avoidance and Anticipajiis a good approach for evaluating the
sustainability of urban logistics pooling systerhgewise, it is advisable to enumerate a
limited though sufficient number of indicators fiecision making, according to the principle
of fast but efficient reading. In addition, the sifie characteristics of urban logistics and the
two predominant visions (those of private entegrand public authority, respectively)
regarding the problem of goods mobility in urban e®rconfer strong potential to the
evaluation and communication of urban logistics guty.

As seen in the literature analysis, supply chaimagament indicators do not cover all
four components of sustainability in transport, babw several interesting indicators for the
private sector. Urban logistics evaluation indicatare more focused on public decision-
makers, and on the case of one decision-maker mgadipport, and although they propose
indicators included in the 4As of sustainabilityt adl of them seem adapted to measure the
sustainability of a system in which a group of prévastakeholders must agree on a
collaborative logistics system in the context afug decision dynamics. Consequently, using
a group decision support methodology, we proposegtich of indicators to evaluate the
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sustainability of urban logistics pooling systerSice several stakeholders are involved in
such systems and effectively take decisions, itiwgmrtant to define a dashboard that shows
indicators with which the different stakeholders Idounderstand and analyze whether such
systems satisfied their aims or not. A group ofezigpdeliberated sequentially on the different
indicators to include in the dashboard (first, indiual decisions were made; second, a set of
meetings took place to ensure communication betvleerexperts, and their agreement on
and validation of a final dashboard). In this wdng indicators of the proposed dashboard are
organized on two levels. First, a set of 7 indicattitat cover all four As of sustainable
transport was defined to provide the general sththe sustainable performance of the system
with respect to a reference state (this referetaie svas also estimated using a database of
logistics practices in urban areas). Second, afs@tindicators was proposed to specify some
aspects not included in the first set of indicatous which could be added at the request of
certain stakeholders to meet their needs.

This work showed that group decision-making carajyelied to evaluate sustainability
in urban logistics pooling and provide a set oftahle indicators from an extensive list.
However, our aim in this work was not to estabhststandard” grid of indicators as we think
that more work must be done to define a unifiedhmgblogy and a core set of indicators to
evaluate the sustainability of urban logistics agwlsure the scientific comparison of
experiments. To do this, it is important to gethbogsearchers and practitioners (private and
public) to collaborate in an open-minded way talfihe most suitable set of indicators, taking
into account the ways data can be produced andintieepretations that the different
stakeholders can make of such indicators. Sincenithod is directly applicable to practice,
it is important to convince users of the power fup decision making and consensus search
and encourage the dialog instead of impositionsofutions” by public bodies, which is still
privileged in some urban logistics contexts.
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