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ABSTRACT

In this work we used a methodology based on a aonitééria model, which aims to
provide a systematic approach to the whole decigimotess, able to allow the
selection, within a provided set of alternativdg most advantageous. For this, the
principal criteria were identified, using questiames and interviews, and these were
the basis for the evaluation of each alternativthiwithe two methods that have been
tested (MMASSITTI and AHP).
Having identified the criteria, they were tested &ow each should be measured was
identified. They were then introduced in two diffat models to support decision
making so as to realize what is the best alteraativ
Once the quantitative criteria were treated, a itpidle scale was applied to
companies with which they usually work, knowingitHevel of service, presenting a
budget with all expenses including shipping (wittual loads) and time transport, in
order to understand what mode of transport, regasdbf the criteria, presents a better
solution, and thus achieved the applicability af test multicriteria model on a real
case.

Finally the option selected by the models was eatelliin order to understand
whether different models feature the same results.

Keywords: Freight transport, intermodal, support decisiorkimg multicrieria
1. Introduction

The freight transport sector is critical to the elepment of the economy and the
welfare of society. The main objective consistinviding mobility which can be
considered as one of the essential requirementghtorexercise of an economic
activity and allows the development of economiesaafle across the European Union
[1,2,3].



The transport sector generates 10% of the wealtheoEuropean Union in relation to
gross domestic product (GDP) and employs more tdramillion people [4].

Taking in particular account the neeed to mitigatesignificant negative impact that
transport has on the environment and the need réorsport companies to use
alternative modes of transport (e.g. rail), the E4$ been imposing through policies
and regulations along the last decade towards dbpt®mn of new policies so as to
promote competitiveness and intermodality [5,6).

Decision making can be typically described as "dcirugp between different
alternatives." But this view is simplistic becautgrision making is a comprehensive
process, not just a simple act of choosing betvdiféerent alternatives.

The decision making process is divided into a $egight steps which begins with
identifying the problem and the decision criteffdnen it is necessary to develop,
analyze and select an alternative that can solgtbblem. Then it is important to
implement the alternative and, finally evaluate dffectiveness of the decision.

The objective of this study was to evaluate thespart sector regarding the modal
use and respective motivation for their choice,luding: geographic location,
infrastructure  limitations, existing legislation, nnéronmental impact and
sustainability. Therefore the decision processdleding alternative transportation
with a focus on intermodal perspective is a probtEhmulticriteria framework, for
which companies do not use specific models.

The efficiency of decision making in the evaluatiand selection of the modal or
intermodal transport consists in choosing, as maglpossible, which one provides
better results, both in terms of minimal logist@ssts, response time and quality in
customer service [7,8,9,10].

This paper is organized as follows: section 1 ghiices the subject studied, in section
2 a short characterization of the Portuguese ftedghation is made. In section 3, a
review is carried out within the framework of th&1Tand models to use, focusing on
multi-criteria models.

2 Portuguese freight situation

The three main markets for Portuguese exports moatto be Spain, Germany and
France which represent 51.4% of total exports;taagon that is also found in
imports, according to information provided by thaianal statistical institute [11].
Currently, in Portugal and the rest of Europe,rtbed transport still remains the main
mode of transport used because it presents numeadusntages when compared to
other remaining modes, namely, the flexibility afutes, reduced door -to-door
delivery times, the frequency of service and higliability. [12, 13].

Rail transport has a key role in the implementatiérintermodality. However, to
make it happen, the sector will have to suffer @atgr restructuring, regarding both
the modernization of infrastructure, and the mansage of the business [5, 14].

The gauge (distance between rails) is one of thetmelevant challenges the
Portuguese railroad faces today. The Iberian Pelartgas a different gauge from the
one used in the rest of continental Europe, whigb heen detrimental for Portugal



and Spain, especially when the merchandise’s dgitinlies beyond the Pyrenees,
because of the need to change wagons at the btbfler|
Portugal’'s commitment to the Kyoto Protocol makieargent to adopt measures to
reduce pollutant emissions, without jeopardizinge thcountry's economic
development, otherwise the invoice in emissionditiga will be unacceptable to the
country in the medium term.
So that the objectives of the Marco Polo Il prograre achieved, with regard to
intermodality is necessary to:

 Sustain growth rates in the transport sectoowalig, in this way, to keep
mobility in the sector by 2050.

» Creating an efficient basic network to ensure fthevelopment of
intermodality in long-haul transport of goods.

» Reduce GHG emissions in 60% until 2050 by devalp@an efficient and
competitive transportation system.

e Develop and implement propulsion systems for plsipn use of
sustainable fuels.

» Optimize the operation of the intermodal logistichain, promoting the
integration of transport modes that use energy raffigently.

The Strategies necessary for the European Unioachieve some of the
objectives proposed involve:

» Development of a Single European Transport Aremination of the few
remaining barriers between different modes of pants

 Creation of a European Strategic Research, Infmvand Development
organization in the transport sector.

» Development of a European network of mobilitythwa common vision
and with sufficient economic resources [16].

Taking into consideration the current logistics rastructure in Europe, the
Portuguese logistics situation can be considerditielet, both in qualitative and
quantitative terms, due to the strong modal anitdeial unbalance.

This situation is essentially due to the fact tiet major load points (airports, ports,
logistics and railway stations) have difficultiestiandling goods because they do not
have a second line which allows the developmembaiplementary functions which
in turn would allow them to share common servicé warious companies and thus
reduce logistics costs.

With the development and improvement of the Pomrsgulogistic system, it would
be possible to obtain:

1 — Environmental and energetic gains;

2 - Bigger and better modal balance;

3 - Higher utilization and profitability of all reand port capacity;

4 - Greater market competitiveness;

5 - Rationalization of logistics activities to aitt new market players;

6 — The promotion of intermodality, through the anbement of infra-structures and
the development of rail transport;

7 - An overall contribution to the development loé entire national economy [17].



In order to achieve the objectives of this study identify the key factors and criteria
and their respective weightings, which currentlggide over the choice of mode and
respective transport agents by the shipping comegamiperating in Portugal -
different research methodologies were used to atalgualitative variables and
process them in different quantitative resources.

At this point theories, methods and types of miitécia applications will be
identified, as well as different multicriteria amations already developed by
different European countries.

3 Problematic decision support

3.1 Processto support decision making

Currently, practically at every moment, humans ggineed to take different decision
which, depending on the context, are simple sonegtiand more complex at other
times. These decisions involve different levelsesponsibility; they may affect only
the decision maker, those around him or even thanization as a whole. This need
not always explicit, and often poses problems whdch specific to each situation
[18].

The most complex problems, for which, due to vasialternatives, there are more
than one objective and multiple criteria, with danihg goals, can be solved using
multi-criteria models.

Multi-criteria decision making assists and suppatisough a varied set of methods
and criteria, the selection of alternative solusiowhere different criteria from distinct
areas and sometimes contradictory criteria (minimgizosts or maximizing profits)
have to be considered [8,9,10,19].

In general, these decisions have at least sonteedbtlowing characteristics [20]:

« criteria for solving the problem are at leasbtand conflict with each
other;

e criteria and alternative solutions are not dieadefined and the
consequences of choosing a particular alternatiith,regard to at least one criterion,
are not clearly understood,;

« criteria and alternatives should and can belinteed in such a way that a
criterion appears to partially reflect other ciigemwhile the efficacy of an alternative
choice depends on a choice being selected or matase those alternatives aren’t
mutually exclusive.

The decision should seek the option that presemthtst performance, the best
evaluation, the lowest cost, the best quality oznethe closest match between the
expectations of the decision maker. [8,9,10].

311 Multicriteria models

Within the multicriteria model there is a set offelient models that have been
developed and are the most used by a high numbegutfiors in solving



transportation problems. Some of these models AHP (direct rating, paiwise,
individual or group) (21,22); ELECTRE 1, 2, 3... psaite (23,24,25,26); Topsis
suite [26,27); PROMETHEE suite [28,29,30,31,32]; MSBITTI [33]; TODIM
[34;35].
The choice of model is related to the simplicityuse and perception by the DM, as
well as the methodological foundations.
The AHP has been used to solve problems in thitegbas it solves decision making
problems with a high number of criteria more easlty main advantage is that it
decomposes the problem hierarchically, establishandpierarchy of criteria and
converting all subjective evaluations of differamiounts of a set of scores or weights
in a generalized way [36, 37]. It has also beenl ils€ombination with others, where
the AHP structures the problem and another modegreggtes valuations and
sensitivity analysis.
The AHP model is intended to reduce complex degssioithin a given set of simple
comparisons between a set of elements belongitigetbierarchy decision.
This method consists of the following steps:

« Structuring decisions in a hierarchy;

* Setting the decision maker’'s preferences, compggpairwise the elements
from one level of the hierarchy in relation to tiext higher level;

» Determining the weight vector for each of thdefiént matrices;

* determining the consistency of preferences depgnon the value of the
reason for consistency;

« Marking the relative importance of each altewediin relation to the main
objective. [37,38]
The other model used in this study was MMASSITlisTmodel's methodology
proposes a new and different approach to the psoafstructuring the problem and
respective data collection, presenting the diffedtision makers with a conceptual
model which forms a work base and incorporatesedfit decision makers’
knowledge, thus facilitating the comprehensionhaf problem, the collection as well
as the systematization of information. The methogp| because of its simplicity,
helps understanding problem solving and using nuetlogy, leading decision
makers through the various stages of solving airotteria problem.
This method consists in eight distinct steps, ngmel

« Setting criteria;

« Validating and describing each criteria;

« Setting reference levels (‘'neutral’ and 'best’);

« Assigning weights to the alternatives;

« Setting a continuous scale containing seven ¢evel

* Setting "neutral" and "best" level for each aitgive;

« Evaluating different alternatives;

* Analysing sensitivity.
Considering that a transport system is composectrities providing different
services and features which ensure the independeitee criteria, two different
levels of the model were considered:

« Adjustment of the transport system to the reguéets of the decision maker;



« Information related to the technical and funcéibaspects of transportation
systems in analysis [33].

312 Problem For mulation

The alternatives considered here are for contaedriransport, including modes:
road (there are a large number of carriers indhés in Portugal), short sea shipping
(SSS); rail and intermodal.
The SSS is increasingly an option for loads that teansported to third countries,
since the geographical area chosen is the nortRootfugal, where most ports are
located, two of them are relevant Leix6es and Awveind still relatively close to the
Spanish port of Vigo.
The rail corresponds to approximately 5% shareaofgport, with options for specific
loads and Iberian market as the rest of Europenegithe gauge change.
Thus, Portuguese intermodal transport is greatyeed by the limitations mentioned
above.
To choose the alternatives in a particular multecia model, it is important to
understand the criteria used for the selectiom@fhode of transport.
The criteria should be relevant and incorporatebtsic properties for multicriteria
modelling, being independent, having minimum sigerability and not redundant.
To this end, a selection of information from a sémef companies was defined
methodologically so as to identify which multi-etita model would support the
evaluation and selection of transport alternatives.
The survey was sent to a set of such stakeholdenrding to the following

distribution (number of entities)

* Freight forwarder 30;

* 20 Logistics operators;

* 134 Importing companies;

» 129 Exporting companies.

From the information gathered we found that thevance of the criteria was:

* Criterion 1 - Compliance with deadlines - 23%

» Criterion 2 - Rate of Transport - 20%

* Criterion 3 - Time Transport - 20%

* Criterion 4 - Service Level - 15%

« Criterion 5 - Adaptation to the quantity shippetB%

* Criterion 6 - Risk of loss or damage - 5%

* Criterion 7 — Transport electronic monitoring%?2

» Criterion 8 - Shipping price- 2%

* Criterion 9 - Environmental impact - 2%

313 Operationalization of thecriteria

» Compliance with deadlines



This decision criterion can be easily quantifiedthy DM using the carrier history or
quantitatively by determining the number of orddedivered within the stipulated
time over the total of orders during this period.

» Time transport

The criterion time is combined with the distance apeed of the vehicle used, which
makes the time of freight vary considerably. Thadi@onsolidation depends on the
distance traveled, the urgency of the cargo, tharastteristics of the goods
transported, the existence of storage capacitypbfmany companies with continued
flows try to keep the stock in transit so as ndbdwe to pay for storage) the existence
of more loads along the entire route the average 8pent on the route from source
to destination, considering transport door-to-dimothe end customer. Therefore, this
criterion is measured quantitatively, i.e., timenfr the origin (To) to the destination
(Td) including the consolidation (C) and deconsaiiion (D) of goods taking into
account the number of kilometers that the mode rahsport has to travel is
quantified.

* Rate of Transport
This criterion consists of a sum of costs assodiatith transporting of goods, cost of
cargo transport (where the carrier includes the pes kilometer and cost per ton
transported, the cost of tolls, indirect costs esded with transportation such as
insurance and taxes) and the cost of unloadinggtmds at the final customer’s
premises or a particular logistics platform.

* Level of service
The service level criterion can be determined dtativiely or qualitatively. The
qualitative approach can be based on company histomportfolio and qualifying
elements such as certifications they may have. gientitative analysis can be
determined by dividing the number of orders fudfil by the total of orders,
multiplied by 100 (%).

4 Application of the model

41  Application of the model to the multicriteria problem

Having identified the criterion considered the masportant by the companies
surveyed in the choice of a particular mode of gpamt,from the ones considered in
the model, it was decided to collect data and appé/ model on two tools that
implement multicriteria models — AHP and MMASSITI.



The model was applied to the choice of a shippmgpany to transport goods from
the industrial district of Arrifana, in Santa Mada Feira, to the city of Birmingham
in the UK, by a decision maker of a company whigeded the service. As this
transport can be accomplished by resorting to $ijppr road, the decision maker
asked for quotations for the two modes of transian, corresponding to a total of
five alternatives, ie, n =5
The alternatives considered by the decider werepemmes that perform this task
usually, namely:

* Alternative A

* Alternative B

* Alternative C

* Alternative D

* Alternative E
Only alternative A presented a quotation for freéigansportation by shipping. The
remaining companies presented quotations for n@asportation.

4.1.1 Application of the AHP M odel

Having introduced all the data in the model andifgi¢ompared all the alternatives
within each of the different criterion, the begeahative within the weights that were
assigned to each of the different criteria in asialyvas identified.

The concluding was that the most advantageousnatige for the company under
study to transport their goods is alternative Bl #iren alternative A.
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Figure 1. Weight assigned to the different criteria
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Because the results presented were very simikenasitivity analysis was necessary.
The sensitivity analysis, proved that, despite wayythe weights assigned to each
criterion or assigning equal weights, the orderaieis the same, i.e,. Alternative B
remains the alternative which provides a bettaulte®llowed by alternative A.

412  Application of MMASSITI model

The method used is a multicriteria methodology usedhis study in order to
facilitate the selection of one of the alternatiyesented, according to a set of
previously defined criteria by the companies sueekyThe selection was performed
using a continuous scale with seven semantic nedéerethat would allow assigning a
value to each criterion, according to the altemgatiurrently being evaluated.



After having entered all the data in the model assigned weights and values to each
of the different alternatives within each criterionder analysis, the conclusion was
that the two transportation alternatives selectethase that presented a better service
were alternative B and A.

Since the overall value of alternatives B, A andv€e very close, we performed a
sensitivity and robustness analysis by varyingwhight of the criteria.

These analyses proved that, regardless of the waggigned to each of the different
criteria or whatever the changes made, the orderaires the same. Therefore,
alternative B is the company with best results.

{8 MMASSI/TE Sequnda fase » Intermodalidade [= = ]
Resultados 9
- 9.2 de 9 Passos- -
Meste passo sdo apresentados os resutados em forma |
Criveriss | Avs | aL7 | a3 | aws ica, exp ando a escolha dos decisores ao
W 0,354 | 0935 | 6173 | 00% longo do p d Ivido nesta segunda fase.
Sifimite | Hes | deawe | Mewoo | s
Whamsial| 25 | Wi | 18
Ak 3] i &0 ™ 5
Bremaivad] 100 | 100 | = = Critérios as AB Az A7 |v. Global m
wi 0,313 0.281 0,219 | o.188 1.000
SI Neutro Meutro Meutro MNeutro Meutro MNeutro m
A 40 15 0 0 16,735 || a
B 47 5 a 0 16,116
g 35 15 0 0 15,170 m
D ] 13 0 0 5,780 g
Apos estes resultados E -10 15 1] [i] 1,085
poderd ainda, seleccionar na z
barra de ferramentas as
opcdes relatdros(impriric oz I
resultados da metodologia) &
andlize de sensibiidade e de g‘
robustez. ’
4| 2+
Gravar I << Anterior | Praximo >> | Custos |

Figure 4. MMASSITI model results

4.2  Comparison of methods applied

The model was applied in two methods which, degpiéér differences, allowed the
researchers to reach of same conclusions. The MNMASS multicriteria
methodology created for the purpose of selectingtesys and information
technologies, but has been applied to the seledfomansportation modes in this
study, has proven fit for application to any maultiteria problem (which consists of a
set of criteria and alternatives).

The AHP is a methodology widely used by decisiorkens in issues related to
transportation. In this case, it was used in oremunderstand whether the two
models, although totally different, would reack game results, see table 1.



Table 1. Comparison results

AHP model results MMASSATTI model results
Rateof  Time C‘“‘“’f’t:‘“’ Level of Rateof  Time C""""f’t:‘“’ Levelof | Total
Transport tramnsport ewl. service | Total AHP | Transport transport &Wl- service | MMASSA

Weight 0.4 035 0,13 0,13 0.313 0.281 0.219 0,188 m
Alt. B 0.26 022 0.2 0.2 0,88 40 15 0 0 16,735
Alt. A 0.33 0.1 0.2 0.2 0.84 A7 5 0 0 16,116
Alt. C 0.21 0,22 0.2 0.2 0.83 35 15 0 0 1517
Alt. D 0,12 0,22 0.2 02 0,74 5 15 0 0 5,78
Alt. E 0,08 0,22 0.2 0.2 0,7 -10 15 0 0 1,085

From the analysis of the results of the two methdds possible to conclude that the
most advantageous alternative for the company urstiedy is the same, i.e..
Alternative B followed by alternative A.

Another conclusion is that if only criteria ratedatransport were under study, the
most advantageous transportation company for tlvéside maker would probably
not be alternative B but alternative A, since this the carrier that submitted a lower
quote.

The fact that there was another criterion that tlezider considered quite as
importantly, i.e. the transportation time / timettansit, allowed the validation the

road option, as road transportation has slightlyelotransit time (approximately 2

days). Because the company planned to deliver duelggas soon as possible to
customers to meet their needs, faster shippingsebeted, as price difference was
just slightly higher. The other two criteria coreidd in the model (timeliness of
delivery and service level) were undervalued bydheision maker, this was due to
fact that they had worked with the different altgives and knew their level of

service, so they were always assigned the same ¢alge all alternatives met these
two criteria equally.

5 Conclusions and suggestions for further work

The transport sector is responsible for one oftlest serious environmental problem
in Europe, since the intensity of transportatioméeasing.

To meet the main objective of this study, whichdsunderstand the criteria used by
logistics companies to choose the mode of tranapont and the reason that leads or
may lead to increased use of intermodal solutiiesgonducted a survey.

The survey also identified the criteria that lead the choice of a mode of

transportation, namely the timeliness of delivergnsport fee, shipping time and

service level. The remaining criteria - environnarnipact, rate of storage, risk of

loss or pallets and others - were not considered.

After having identifyed the criteria companies @y®d considered the most
important in choosing a particular mode of trangpibrwas decided to collect data

and apply these criteria in two existing modelsomder to be able to validate the
criteria and understand its importance, and hovagply them. The models were

applied to the choice, by a decision maker, of #able shipping company to
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transport the goods from the industrial districofifana, in Santa Maria da Feira, to
the city of Birmingham in the UK. Because this spart can be done either by road
or by resorting to shipping, both modes of transp@re included, corresponding to a
total of five alternatives.
After having identified the alternatives, the degidssigned the respective weights to
each of the different criteria, depending on theiative importance, and weights
assigned to each criterion depended on the decmaler, the company, the type of
product to be transported. What the analysis ofréisalts of the two models showed
is that the first, most viable alternatives are Hagne (in the same order), which
reinforces the confidence in the suggested chagoebs strongly suggests that the
criteria used in the two models are probably thastrsaitable.
If the decision maker had considered solely the abthe transportation, the shipping
company would have been selected, as they presartader cost. However, a set of
factors influenced this decision indirectly; rargifrom reliance on ports docks
(dependent on dockworkers’ strikes, for examplejdeernment interference, among
others. It was thus possible to conclude that, winencost of road and maritime
transport are close, decision makers usually chooad transportation, dismissing
concerns with environmental issues.
There is another important factor the decision makasidered which is the time of
transit / transportation. This factor is subjectedconditions such as the type of
charge, the company, the characteristics of thelgothe fact that many companies
that have continued flows try to keep stocks ingiaso as not to pay storage fees, the
existence of more cargo along the route and theageetime spent on the route from
source to destination, considering door-to-doorivdey. This criterion made the
decision maker assign a higher value to the rodidmjnstead of to the sea, because
shipping had a slightly higher cycle time (2 days).
The criteria level of service, which is directfated to the availability of the product,
the product cycle, compliance with deadlines, tegdency of delivery, the flexibility
of the delivery system and information system adé, among others, was
considered a qualifying element because it was nasduthat all companies
considered complied with these requirements.

The criteria fulfilment of delivery times was alsconsidered an eligible
element, since all companies usually met the deeslli
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