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Executive Summary
This document shows the results from the various evaluation activities of WP8 during
the months of August of 2018 and June of 2019 (M23-M34).
The document picks up where D3.1 (Study of the state of the art and description of KPI
and KRI of terminals, hinterland mobility and rail network) ended and provides an
assessment over the final selection of indicators and considers their relevance according
to different profiles of terminal design decision makers.
Work has been focused on establishing a methodology for alternatives appraisal during
the design of multimodal freight terminals. The methodology is built to allow its
embedment within the product generated at the end of the INTERMODEL project.
The document describes existing literature on multi criteria analysis and discusses the
ad hoc methodology developed for this particular assessment, provides grading of the
indicators proposed at the end of WP3 within the INTERMODEL project and assesses the
relative importance of all indicators from an aggregate to pair wise comparison of
individual indicators depending on the profile of the decision maker.
The assessment of the role of the indicators is done with a variation of the Analytic
Hierarchy Process (AHP) and a sample of 18 interviews to Spanish decision makers
complemented with views expressed by additional 10 stakeholders at European level.
Findings stress the weight of operational indicators and those related with the operation
of the berth and the lack of consensus regarding the relative importance of other specific
indicators, mainly depending on the role of the interviewee (investor, operator or public
body) or the kind of terminal (maritime or dry).
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1 Introduction
1.1 Scope
The design of infrastructure is based on the expertise of engineers and architects with
knowledge on their respective fields combined with a desirable deep knowledge of the
use of the infrastructure once in operation. The use of Building Information
Methodologies (BIM) supposed an advancement in the design process, providing the
dynamic calculation that design changes would imply to the construction planning and
budget. The INTERMODEL project, aims at running the extra mile by dynamically linking
the BIM design of a specific kind of infrastructure (intermodal container terminals) with
how the design would feature when the terminal is running, both operationally and on
its neighbouring transport network.
To support the decision on the best suitable design, the use of a set of key performance
indicators or KPI became necessary resulting in an initial list of 40 potential indicators at
the end of D3.1. The next challenge to solve was to integrate them into the BIM platform
with metrics that could make them comparable and assess their relative importance
during the design decision process to provide meaningful design layouts to the final
decision maker. To that regard, multi-criteria decision making (MCDM) methods have
been commonly used to support decisions when a set of different solutions are
available.
This deliverable elaborates on MCDM methods and their applicability to a case with
about 20 potential indicators and designs a methodology to assess their relative
importance using an Analytic Hierarchy Process (AHP) combined with relative
comparison of attributes using multiple wise comparison and followed by an stated
preference experiment run to 18 relevant stakeholders at Spanish level, 9 from other EU
countries and 1 from the USA.

1.2 Audience
The document is public, of special interest to anyone with a view on logistics but more
especially to those with an interest in planning and designing greenfield and brownfield
container intermodal terminals. As a result, the reader will have a vision of the opinion
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of relevant actors with a say during the design process of an intermodal terminal on
what are the most relevant design parameters to be considered.
This specific document will be useful to obtain an overview on the relative relevance of
indicators in intermodal container terminals, multicriteria (scoreboard) methodologies
to be considered when dealing with complex systems with multiple meaningful variables
and benchmark values on the relative importance among them.
Combined with its companion deliverable 8.4, and based on the results gathered during
the projects life cycle, the reader will have an overview of the relevant factors that are
currently being considered during the planning and operation of intermodal container
terminals.

1.3 Definitions / Glossary
Main definitions with glossary and abbreviations used in this document are:
Alternative - Available possibilities created by the combination of a set of attributes.
Alternative fuel - a fuel other than petrol or diesel for powering motor vehicles. Some
examples are: natural gas, methanol, or electricity.
Attributes - Defined as the quality of the goods or resources included in the analysis.
BIM - This stands for Building Information Model. It is a shared digital representation of
physical and functional characteristics of any built object, including buildings, bridges
and traffic networks. The acronym is also increasingly used to define management and
Building Information Modelling in general, referring to using model-based applications.
(ISO 12911).
Carbon footprint - the amount of carbon dioxide released into the atmosphere as a
result of the activities of a particular individual, organization, or community.
Container - Object used for the transportation of goods by road, rail or sea.
Freight - Freight comprises all kinds of goods, materials or liquids which can be either
containerized or bulk and transported by road, rail or waterways.
Indicator - Quantifiable
impacts/aspects.

value

related

to
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Investor - Is defined as a private or public company which its main objective is to
prioritize the profitability of their investments. Due to this, they are focused on the
return on investment and timing of the same.
PI - Defined as the physical value used to measure, compare and manage the overall
organizational performance.
Key Performance Indicator - Indicator that tells you what to do to increase performance
dramatically. They represent a set of measures focusing on those aspects of
organizational performance that are the most critical for the current and future success
of the organization.
Maintenance - Combination of all technical and associated administrative actions during
the service life to retain a building or an assembled system (part of works) in a state in
which it can perform its required functions.
Multi-criteria decision making - This term is concerned with structuring and solving
decision and planning problems involving multiple criteria. The main goal is to organize
the given alternatives (from the most to the least preferred one) giving a support tool
for decision makers.
Multiple wise comparison – New term coined in the deliverable meaning an adaptation
of pairwise comparison to several criteria at once.
Operator - Usually a private company with operational and economic objectives which
organizes and runs de terminal operations. Their main objectives are to achieve and
sustain profitability by operational effectiveness and efficiency.
Pairwise comparison - Assessment of entities or qualities in pairs to judge which is
preferred and to what level relatively speaking. The method is used in the scientific study
of preferences among other disciplines.
Peak time – Period of time where the terminal is at its busiest.
Performance - Expression relating the magnitude of a particular aspect of the object of
consideration relative to specified requirements, objectives and/or targets.
Port: This is usually understood as a synonym of seaport. Seaport is a coastal location
with a harbour where ships dock and transfer goods to/from land. Port locations are
selected to optimize access to land and navigable water, meet commercial demand, and
shelter from wind and waves. There are also inland ports, e.g. airports or dry ports.
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Public Body - A local, regional or national government institution with its main objective
as strategic development including, employment, environment and safety.
Qualitative evaluation – Assessment or comparison between peers using attributes that
are difficult to quantify or for which no clear metrics or measurements exist, thus
meaning that they cannot be clearly quantified and are subjective to the opinion of the
evaluator.
Quantitative evaluations - Assessment or comparison between peers based in criteria
that can be measured, for which metrics exist and are obtainable. The resulting output
is then final and is not subject to the perception or background of the evaluator.
Revealed preferences - When the respondent reveals his or her real actions on a
decision making process of choosing between the available options for the exposed
situation. They are always based on real cases of data collection.
Selected actors - election of people that have extensive knowledge about one of the
following profiles on a terminal: investor, operator and public authority.
Stated preferences: When the respondent reveals what his or her decision would be on
a decision making process of choosing between the available options for the exposed
situation. They are always unreal situation that might be desired by the interviewee.
Terminal: In transport and logistics, terminal means a place where passengers or cargo
is gathered before moving to transport. In seafaring context, terminal has a particular
function in a port area, such as container handling, coal, oil, or passenger terminal. In a
case of a small and specialized port, terminal could refer to an entire port.
TEU: The twenty-foot equivalent unit is a standard measure for a container for
transporting goods, used to calculate how many containers a ship can carry, or a port
can deal with.
Throughput - measure of the activity related with imported, exported or transshipped
cargo throughout time.

1.4 Abbreviations
AHP: Analytic Hierarchy Process
ANP: Analytic Network Process
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CAPEX: CApital EXpenditure
CBR: Case-Based Reasoning
DEA: Data Envelopment Analysis
DEMANTEL: decision making trial and evaluation laboratory technique
ELECTRE: ELimination and Choice Expressing REality
ER: Evidential Reasoning
GP: Goal Programming
KPI: Key Performance Indicator
MAUT: Multi-Attribute Utility Theory
MCDM: Multi-Criteria Decision Making
OPEX: OPerational EXpenditure
PI: Performance Indicator
PROMETHEE: Preference Ranking Organization Method for Enrichment Evaluations
ROI: Return on Investment
RP: Revealed Preferences
SAW: Simple Additive Weighting
SMART: Simple Multi-Attribute Rating Technique
SP: Stated Preferences
TEU: Twenty Foot Equivalent Unit
TOPSIS: Technique for Order of Preference by Similarity to Ideal Solution

1.5 Structure
•
•
•
•
•

Section 1: contains an overview of this document, providing its scope, audience,
various definitions and abbreviations and the structure itself
Section 2: introduces research on the existing methodology for categorization of
KPIs on the decision-making process of an intermodal terminal
Section 3: presents the selected methodology and steps followed for its
implementation
Section 4: includes the obtained results from the followed methodology,
complemented by anonymous justifications from the participants
Section 5: englobes the drawn conclusions
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2 State of the art
2.1 Introduction
With the view of implementing the appropriate methodology for the categorization of
KPIs according to their importance on the decision-making process of an intermodal
freight terminal, several multi-criteria decision making methods are briefly discussed,
analysing its strengths and weaknesses.
In addition, stated preferences (SP) are introduced as an appraisal criteria for the
establishment of KPIs relevance through the approach of hypothetical scenarios. Based
on the criteria discussed down below, the choice of the final methodology will be
presented in the following chapter.

2.2 Review on existing methodology
2.2.1 Multi-criteria decision making

Based on the action of choosing, understanding choosing as selecting the most
appropriate of two or more alternatives, multi-criteria decision making (MCDM)
methods have become a useful tool with application in several types of cases. The
ultimate goal of this approach is to organize alternatives given, from the most preferred
to the least preferred one. The procedure determines that a set of criteria has to be
defined at first instance, in order to give the proper weights to each alternative.
Lately, complexity on decision-making problems has been growing which means
traditional MCDM have required to be improved and new (and more precise) methods
have appeared. For an overall review of multi-criteria decision making scheme, a
systematic decision framework is proposed in Figure 1.

Define Objectives
&
Set Alternatives

Identify criteria
&
Subcriteria levels

Gather value
judgements on
relative importance
of the criteria

Screen/Remove
clearly inferior
alternatives

Set performance of
alternatives for
criteria

Figure 1. Synthesis of decision-making steps (Kiker et al. 2005)
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All the steps mentioned on the previous figure are described as:
Define objectives & Set alternatives. Context has to be defined and objectives of MCDM
need to be established, also decision-makers should be identified. Decision-makers can
be from different backgrounds, so each of them will have its own idea about a certain
topic. A largest amount of data can be collected in order to support the decision process.
Identify criteria and sub-criteria levels. Once the set of alternatives is known, the main
criteria and sub-criteria levels have to be identified.
Gather value judgements on relative importance of the criteria. According to expertise
conclusions, the relevance of each criteria is determined by a first round questioning.
Screen/Remove clearly inferior alternatives. For the assessment, alternatives are
scored depending on the criteria and those with smaller values are located in the lower
levels of the ranking.
Set performance of alternatives for criteria. By taking into consideration the criteria
weighting, it is applied to scores of overall alternatives to obtain global weights.
Rank or Select final alternative(s). When global weights are assigned, alternatives are
ranked from higher to lower values. Therefore, those alternatives located in the upper
levels will have much more relevance.
In general, MCDM methods follow the stages of the decision process described above
as a base for their individual application. However, aspects of the scheme might need to
be modified due to the particularities of the chosen method. Each MCDM have its
corresponding advantages and drawbacks that help to identify which is the most
suitable for solving a certain problem. Hence, thirteen common methods are detailed
below:
Analytic Hierarchy Process (AHP)
The AHP is a theory of measurement through pairwise comparisons which are made
using a scale to set the corresponding weight of each attribute with respect to others.
Wang (2012, p.931) declares that AHP “is hierarchical and linear with the goal at the top
and the alternatives (in this case, KPIs) at the lower levels”. By defining a hierarchy
structure going from the top level to the lowest one the pairwise comparison matrices
are created. Once the upper priorities are obtained, those are used to weigh priorities
Page 13 of 70

D8.3 Set of Key Performance Indicators for assessing
and operating intermodal terminals

on the immediately lower level. Weighting process must continue until the last level is
reached and then, global scores are fixed (Saaty, 2008).
It is considered as one of the most used methods of MCDM and it has been applied even
in the educational field, as a global instrument to build an institution educational profile
in Malaysia (Yusof et al., 2013). Ambrasaite, Barfod, and Sailing (2011) give an example
of how to combine a non-monetary criteria (MCDM) and cost-benefit analysis for risk
analysis in transport infrastructure appraisal. Despite being an easy-to-use method and
without intense data level need, the approach of pairwise comparisons can lead to some
discrepancies in judgement and ranking criteria.
Analytic Network Process (ANP)
As a general nonlinear form of AHP, analytic network process (ANP) is considered as an
extension of it (Velasquez et al., 2013). “Decision-making problems in ANP are modelled
as networks, not as hierarchies” (Kadoic et al. 2014). In contrast to analytic hierarchy
process, ANP can handle the dependency between those factors which influence a
decision problem. Thus, interdependency of KPIs is recognized through this method.
In recent years, the use of ANP has become very popular due to its complementation
with other methods. Ha et al. (2017) proposed a hybrid approach of fuzzy evidential
reasoning (ER) with ANP and decision making trial and evaluation laboratory technique
(DEMANTEL) which will tackle the intense need of data demanded by the multi-criteria
decision making method for modelling port performance indicators.
Delphi Method
The Delphi technique consists on structured surveys answered by a group of experts
(including stakeholders) with the goal to weight variables in a multi-criteria analysis.
Comprising several survey rounds which are completely anonymous, the previous round
results are given as a feedback in a statistical form. Hence, experts might be conditioned
by others opinions when giving a response on the following survey round.
As a main objective, a consensus on a specific issue needs to be reached by the set of
experts. In this particular case, the weight assigned to each KPI requires to achieve a
convergence. Delphi surveys permit a long-term assessment and gathering judgements
from a wide range of experts from diversified backgrounds where alternatives can be
Page 14 of 70
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analysed, ranked and priorities can be set. Despite of its ease of application, operational
costs are high and the method might have a lack of representativeness of the panel of
experts (Loo, 2002).
Extensively used in many fields, this qualitative and structured approach has been
commonly applied in indicators selection processes where diverse viewpoints need to
be taken into consideration, such as in the health field (Freitas et al. 2018).
Multi-Attribute Utility Theory (MAUT)
Multi-Attribute Utility Theory (Konidari, 2011) is a complex approach that determines
the efficacy of factors, over distinct levels, based on preferences from respondents’
decisions. Uncertainty is included into the procedure but it could become arduous due
to the high amount of data that might not be available. Referred to decision-makers,
their announced preferences could be relatively under a subjective point of view.
Fuzzy Set Theory
Based on the classical version of a set theory, fuzzy set theory allows imprecise inputs
(and uncertain data) when solving problems. Even though lack of information is not a
matter, fuzzy method could be tedious to develop as many simulations can be required
before its implementation in a real case.
Case-Based Reasoning (CBR)
CBR systems basically recover similar projects and use their attached responses as an
example for proposing solutions to the present decision-making problem. Amount of
effort needed is minimum as existing database is utilized. Daengdej, Lukose, & Murison,
(1999) suggest that “sensitivity to inconsistency in data” is the higher drawback to take
note of.
Data Envelopment Analysis (DEA)
DEA is based on the measurement of the relative efficiencies of each alternative by
applying a linear programming technique (Velasques et al., 2013). The method is used
for the comparison of efficiencies. Rating efficiency of every alternative against each
other, it gives a value of 1 to the most efficient one, giving a value between 0 and 1 to
the rest.
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Simple Multi-Attribute Rating Technique (SMART)
SMART has become a popular method due to its simplicity on use and the capacity to
work under any weight assignment techniques. It is a simple form of MAUT which
considers “utility independence and preferential independence” (Chen et al., 2010) as
main assumptions and transforms weights into numbers.
Goal Programming (GP)
Goal Programming is a feasible programming method (Velasquez et al. 2013). It is able
to make a decision among infinite alternatives but incapable to do a coefficients
weighting. It leads to the fact that GP has to be used in combination with other methods
which can properly obtain weighted coefficients, overcoming its major drawback.
Electre
ELimination and Choice Expressing REality (ELECTRE) is an outranking method using a
large number of iterations to determine choices or rankings between multiple
alternatives. By means of pairwise comparisons, an outranking degree is created
through the combination of similarities and differences of each pair of alternatives.
When the ranking procedure is done, those alternatives that do not add value in the
decision-making process are dismissed.
A shortlist of alternatives is obtained and assessed again by ELECTRE or other methods
until final weights and winning alternative are achieved. As a major strength, it is more
reliable than others methods for its capacity to compare alternatives even though if
there is no clear preference from decision makers. Therefore, it takes uncertainty into
account. In contrast, the method requires huge amount of data and it is fairly entangled
to use.
Promethee
As the previous method, PROMETHEE (Preference Ranking Organization Method for
Enrichment Evaluations) is an outranking method which uses many iterations for ranking
a group of alternatives between criteria. Its most known advantage is its easiness to be
applied. On the contrary, an effective methodology to assign weights has not been
provided yet.
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The PROMETHEE family is composed by various outranking methods and have been
widely applied in decision-making problems of numerous fields. Behzadian et al., 2010,
p.199, described the function of these methods as following:


PROMETHEE I for partial ranking of the alternatives and PROMETHEE II for
complete ranking of the alternatives were both developed and presented by
Brans in 1982.



PROMETHEE II for complete ranking of the alternatives.



PROMETHEE III for ranking based on internal.



PROMETHEE IV for complete or partial ranking of the alternatives with a
continuous set of viable solutions.



PROMETHEE V for problems with segmentation constraints.



PROMETHEE VI for human brain representation.

Simple Additive Weighting (SAW)
In SAW method, a value function is established based on a simple addition of scores
which shows the reached goal under each criteria; following on, it is multiplied by the
specifics weights. “The higher the weighted sum of the utility values, the better the
alternative” (Qin et al., 2008).
Technique for Order of Preference by Similarity to Ideal Solution (TOPSIS)
TOPSIS approach tries to identify the alternative that is closest to the model solution
and furthest to the negative model solution in a multi-dimensional computing space (Qin
et al., 2008). This is a simple method as number of steps remain constant apart from the
number of attributes in the decision-making problem. But it presents a shortcoming: no
correlation of attributes is considered which makes more complex to weight attributes
and to keep coherence on judgements.
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Allow dependency

x

TOPSIS

x

Difficulty to weight alternatives

x
x

x

x

x

x

x

x
x

Estimated results may be illogical

x
x

x

x

Include uncertainty

x

x

Large-scale problem handling
Pairwise comparisons

SAW

ELECTRE

x

Data intensive
Ease of application

GP

SMART

DEA

CBR

Fuzzy Set

MAUT

Delphi

ANP

PROPERTY

AHP

METHOD

PROMETHEE

Table 1. Summary of MCDM methods and their associated properties

x
x

x

Several rounds/iterations required

x
x

x

x
x

x

2.2.2 Stated preferences techniques

Understanding the behavioural responses of individuals to the actions of business and
government will always be of interest to a wide spectrum of society (Louviere et al.,
2000, p.1). There is some relevance in understanding and predicting people’s choices to
evaluate the resulting costs and benefits in markets for certain goods, services and
judgements. Choices are mainly influenced by experience, family and social
environment, advertisements, inclinations or built opinions. As a common objective, a
development on analysis and prediction would be the base for the enhancement of
stated preference techniques.
Revealed preferences vs. stated preferences
While revealed preferences (RP) answer to the question about what the respondent
actually did, stated preferences (SP) reckon what the respondent would do. Hence,
preference data source can be either a real fact or a forecasted future situation which
does not exist.
The RP techniques are based on data collection from real cases where individuals had to
choose between different available options. On that basis, the estimation of statistical
models that recreate demand will be done (Hicks and Tingley, 2012). On the other hand,
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SP methods present new ideal scenarios and participants have to decide between a set
of alternatives the preferred one.
In the transportation field, stated preference methods have become a familiar approach
when having to determine the demand of a new transport mode. A first analysis by using
revealed preferences stablishes the usage rate of each existing mode. Then, SP will
determine which users’ rate will swap to the newly proposed transport mode.

(a) RP

(b) SP

Figure 2. Data generation process (Louviere et al. 2000, p. 229)

Figure 2 shows the frontier set in RP data, as only a few current modes could be taken
into consideration. However, SP could simulate and observe experiments including a
wide range of transport modes, such as the already existing ones and other modes
proposed (i.e. tramway).
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Table 2. Comparison between RP and SP data (Sanko, 2001)

2.2.2.3

2.2.2.4

Preference
information
Alternatives

2.2.2.5

Attributes

2.2.2.6
2.2.2.7

Choice Set
Number of
response(s)

2.2.2.1
RP data
- Real situation
- Consistent with actual
behaviour
- Only choice-based collection
of data
Existing
- Measurement error
- Limited range of attributes’
levels
- Correlation
between
attributes may be high
Non-clear
One answer per respondent

2.2.2.2
SP data
- Hypothetical situation
- Might not be consistent with actual
behaviour
- Ranking-based, rating-based or
choice-based collection of data
Existing and non-existing
- No measurement error
- Widening of the range of
attributes’ levels
- Correlation between attributes can
be minimized (or avoided)
Clear.
One or more answer(s) per
respondent

The characteristics of RP and SP data are summarized in Table 2 (modified from Sanko,
2001). Since the SP is able to simulate unreal desired situations that are likely to be
implemented in the actual market, it offers the possibility to collect much more
information than RP. However, correlation might exist between some levels of
attributes which produce bias in the appraisal.
But as the most critical drawback, there is lack of reliability. There is the chance that the
individual’s preference is not compatible with real circumstances. Morikawa (1989)
proposed a new method that solved this issue and based in combining RP and SP data.
It suggests that advantages from both are gathered in a unique approach.
Design of SP game
For the definition of a SP analysis, the goal of the experiment must be introduced and a
set of attributes have to be characterized with its respective levels. Attribute levels
should have enough variation to cover a large range of reasonable responses in the
context of the topic of study. Commonly, SP are used to value non-market goods or
services.
The concept of attribute is understood as a quality of the goods or resources included in
the analysis. The combination of a set of attributes determines an alternative. In SP
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technique, the main aim is to seek for the best alternative testing the respondent’s
perception.
Generally, stated responses can be break down into two branches of interest (Hensher,
1994): (i) an individual is asked to indicate preferences among a set of alternatives by
using metric scales (ranking or rating scale). (ii) An individual is asked to choose one of
the alternatives presented. While SP methods based on ranking or range scales consist
in scoring or making a sequence of alternatives due to the respondent’s inclination,
choice-based method is related with individual’s preference from a set of scenarios with
varying the attribute levels.

3 Methodology
3.1 Introduction
As stated previously, the objective of this approach is to identify the relative importance
of each KPI on the performance of intermodal freight terminals. Three main
performance dimensions are considered: operational, financial strength and derived
effects from the terminal. Respectively, these groups are divided into more specific subdimensions which contain the proposed KPIs according to their function on the terminal.
The proposed methodology is meant not only to score the 23 KPIs but also to provide
an analysis validation with the aid of quantitative values of indicators which are obtained
from simulations and partners’ knowledge. A set of actors from various backgrounds
including public authorities, operators and investors are responsible for the evaluation
of the KPIs’ list according to their own criteria.

3.2 Sample selection
Candidates selected for the present study have a considerable relation with the treated
field. Therefore, the target population was chosen due to their expertise and knowledge
on intermodal freight terminals and transport networks, among other aspects.
Judgements of three main profiles of participants are included into the results: investor,
operator and public body. Every profile is focused in diverse characteristics and
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embraces a certain role in the freight sector. For a better understanding, a further
explanation of every profile is detailed below.
On the one hand, Investor view is defined as a private or public company that is primarily
interested in maximizing the profit of their investments. Investors evaluate alternative
investment options based on return on investment (total amount of return and timing).
Other aspects that could have an influence would be level of security of the investment
and potentially additional aspects as value added to the society (e.g. European
Development Bank) or type of the business (e.g. environmental conscious investment
funds). Private companies or investment organizations are a good example of it.
In a similar way, operators are usually private companies with economic but also
operational objectives. An Operator is interested to achieve and sustain effective and
efficient operational processes in order to achieve profitability. Operators have to
organize and run the terminal operations within the given requirements, which are
defined by laws, regulations and contractual agreements with their customers and
suppliers. This group includes rail operators, haulage companies, shipping lines, terminal
operators (both port and rail) and freight forwarders.
On the other hand, a public body is understood as a local, regional or national
government institution, which are focused on strategic development such as to
strengthen or support the competitiveness of an area by developing the corresponding
infrastructure. Other objectives of a Public Body could be to promote employment, from
occupational safety to high quality work environment. Typical examples are
municipalities and metropolitan/regional planning authorities and port authorities with
the responsibility of strategic planning (e.g. planning agency or port authority).
To summarize, the table below includes the initial number of expertise candidates
selected for the study. Not all of them agreed to participate in the procedure due to the
fact that it implied a personal interview.
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Table 3. Number of interviews by country

INTERVIEWS
CONTACTED

AGREED

DENIED

NOT
ANSWERED

Italy

13

5

5

3

Germany

15

3

10

2

Poland

1

1

0

0

COUNTRY

Spain

30

18

5

7

Sweden

6

2

4

0

Total

64

29

23

12

The final sample is composed by a total of 29 interviews which have been performed for
the identification of relevant KPIs (and PIs) and their corresponding weighting. These
interviews were conducted to a variety of candidates with the described profiles and
from several countries such as, Spain, Germany, Italy, Sweden and Poland. Table 4 shows
the number of interviews conducted according to the defined profiles.
Table 4. Number of interviews by country and profile

PROFILE
TOTAL

OPERATOR

INVESTOR

PUBLIC BODY

Italy

5

4

0

1

Germany

2

1

1

0

Poland

1

0

0

1

Spain

18

8

4

6

COUNTRY

Sweden

2

1

0

1

Total

28

14

5

9

It is important to mention that one of the conducted interviews has been discarded due
to lack of information collected along the process.
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3.3 Design
3.3.1 Methodology proposal

An appropriate decision on the choice of methodology required an overview of
traditional decision-making methods, of either ease or complex application, where one
of the most well-known processes is Analytic Hierarchy Process (AHP). This technique is
capable to combine qualitative and quantitative factors, to handle many different
groups of actors and to capture and combine the revealed opinions of experts with the
purpose of serving as a useful decision tool (Bardfod and Salling, 2015). In general terms,
the principal role of AHP is to assign weights to a list of attributes by using pairwise
comparisons and following on, relying on judgements expressed by actors, the
suggested alternatives are ranked according to the obtained scores. Therefore, AHP
appears to be a good method for determining the relative importance of the set of
indicators due to its easiness of application. By contrast, there is no need to nominate a
case as the best alternative because the aim is based on the weighting of KPIs and PIs.
Thus, only the pairwise comparison concept from AHP is useful for the development of
the study.
However, for this particular case, the concept of using a multiple wise comparison is
presented, where the basis of the pairwise comparison technique is used in order to
obtain the relative importance between multiple indicators. This way, a variation of the
AHP is used in order to simplify the comparison between indicators due to the large
number of them being compared at the same time.
The proposed model for the assessment of KPIs and PIs proposed to be included in the
BIM model is a multiple wise comparison supported by a stated preference experiment.
Its main purpose is to select the relevant indicators that will be integrated in the BIM
decision‐making tool for the assessment of intermodal terminals. The procedure
intendeds to conduct personal interviews. Thought these interviews, actors might be
able to expound on the topic and to justify their answers.
The hybrid approach not only gives the chance to express their views with respect to the
list of indicators, if not also applies these judgements on real cases. In other words,
alternatives defined as examples of intermodal terminals and their corresponding KPIs
and PIs are brought in order to compare the scores obtained by the pairwise comparison
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already mentioned. To obtain a more realistic approach, stated preferences are
integrated into the decision-making process as to calibrate the previous steps. With the
introduction of hypothetical scenarios and the characteristics associated to them, the
respondent can see how their resulting weights for indicators are applied to these
examples.
Determine the objective
Determine the hierarchical structure for indicators
Choose experts for interviews
Calculate weights of indicators using pairwise comparisons
Calibrate through stated preference
Obtain final weights of indicators
Figure 3. Steps to be followed for the methodology.

When a problem is set out and a set of available alternatives are presented, some extra
information is needed in order to make the proper decision. Choices are based on the
characteristics of the alternatives, or so-called attributes. If turning more explicit, the
attractiveness of an alternative is defined by a vector of attribute values (Ben-Akiva and
Lerman, 1985). This fact leads to the conclusion that, in this specific case, the choice of
a specific alternative might help to designate which are the most remarkable attributes
of the whole.

3.3.2 Typology of a terminal

Since a container transport network involves more than one traffic network such as
maritime, road, rail or inland waterway traffic, intermodal terminals may have different
networks associated to them.
On a general basis, indicators have been defined considering intermodal freight
container terminals. Even though, there are some indicators directly involved with
maritime ports as their definition is based on vessels and the corresponding equipment
associated.
For a correct assessment of the operational KPIs, a distinction between maritime
terminals and inland terminals has been done. Therefore, the main factors of a sea port
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(gateway terminal) and dry port (railway and truck terminal) have determined the
indicators associated to them.

3.3.3 Hierarchy of indicators

Once the objective is set in clear, there is the need to make the process as dynamic and
easy as possible. According to the decision-making method chosen, indicators have been

structured under a hierarchy of main categories and subcategories considering their
exiting bond to facilitate pairwise comparison.
Embracing the diverse factors involved in intermodal terminals, three dimensions are
defined as:
• Operational Dimension: It is expected that the stakeholders identified as
OPERATOR will put the stress in this dimension.
Indicators are directly focused on how efficient are the processes performed in
the terminal by considering the resources used and how effective of producing
the desired result. Being expressed in terms of percentages and time, it involves
the subgroups of Asset Utilization and Service Time.
• Financial Strength Dimension: It is expected that the stakeholders identified as
INVESTOR will put the stress in this dimension.
Economic indicators are mainly related with the profitability of terminal
operations and activities. It is considered the capacity of turning investments into
revenues and benefits, as well as the use of resources to generate services and
increase shareholder value. The dimension is split in Profit and Costs.
• Derived effects Dimension: It is expected that the stakeholders identified as
PUBLIC BODY will put the stress in this dimension.
Indicators are focused on the environmental impacts on the surrounding area of
the terminal as well as the enhancement of social responsibility, promotion of
employment and implementation of sustainability in intermodal freight terminal
performance. Moreover, it introduces indicators related with the affectation of
the previous transport system which influence on the competitiveness of
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corresponding terminal/s. It is divided in Job Generation, Environment and
Effects in Transportation Network.

3.3.4 Shortlisted KPIs and PIs

The initial proposal of indicators was stated in a previous document (D3.1 – Study of the
state of the art and description of KPI and KRI of terminals, hinterland mobility and rail
network) which consisted on a list of 40 KPIs and PIs. As this number was not suitable
for the methodology applied, the idea of developing an expert consultation meeting for
a deep discussion of indicators was proposed. Taking advantage of the fact that there
was an Intermodel’s meeting scheduled for September 2018, partners were reunited
and asked about the indicators that should be included in the interviews.
The assessment resulted in a final classification of 19 indicators for sea port terminals
and a reduced one of 18 indicators for inland terminals. These indicators are directly
translated to evaluation criteria, however, for some cases, a further division has been
done to differentiate between average and peak time (for the case of equipment and
labor utilization) and transport mode (for the case of turnaround times).
Table 5. Classification of indicators

DIMENSION

SUB-DIMENSION

CRITERIA
Intermodal terminal throughput

Operational

Asset Utilization

Service Time
Financial
Strength

Derived
effects

Profit
Costs
Job Generation
Environment

CODE
AU1

Equipment utilization (peak* or average)

AU2/3

Labour utilization rate (peak* or average)

AU4/5

Storage area utilization

AU6

Rail track utilization

AU7

Berth utilization*

AU8

Turnaround time (vessels*, train or truck)

ST1/2/3

Return on investment – ROI

PR1

Profitability

PR2

CAPEX

CS1

OPEX

CS2

Direct jobs sustained by terminal activities

JG1

Indirect jobs sustained by terminal activities

JG2

Energy consumption per TEU

EV1

Carbon footprint per TEU

EV2
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Effects in
Transportation
Network

Use of alternative fuels from total
consumption
Increase in traffic time in the neighboring
road network
Delays on the rail network (number of slots
affected)
Congestion at the road gates of the terminal
(added time to both terminal users and
passer-by

EV3
TN1
TN2
TN3

*only for sea port terminals

A more detailed definition of the presented KPIs can be found on D3.1 (Study of the
state of the art and description of KPI and KRI of terminals, hinterland mobility and rail
network) of the INTERMODEL project.

3.4 Application
Through these personal interviews, the relevant factors acting in freight terminals are
analysed from different perspectives. By using an excel file as a support (Appendix I),
identified indicators for maritime and inland terminals are going to be assessed through
a three-step procedure – weighting, rating and choosing – in order to assign a weight
and calibrate the listed indicators.
The interview starts with an evaluation on relevance performance based on groups and
subgroups where KPIs are distributed. This step is based on allocating percentages to
estimate the relative weight of these dimensions and sub-dimensions. The following is
a point assignment to all KPIs through a relevance scale.
To calibrate weights obtained from previous stages, a third round where respondents
have the opportunity of testing how their answers are reflected in reality is performed.
Respondents observe how their own weights are used to score different examples of
intermodal terminals with their corresponding KPIs turned into values. Therefore, they
can change their first answers and see the effect on all the proposed examples.

3.4.1 Step 1: Weighting of dimensions and Sub-dimensions

In order to clarify the role of the listed KPIs, they are classified into sub-dimensions
regarding their function in an intermodal terminal. There are 7 sub-dimensions in total;
however, 3 main dimensions have been identified for a further organization
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(Operational, Financial Strength and Derived effects dimensions), arranging all the subdimensions inside of them.
The goal of this step is to identify the relative importance of each group or subgroup
depending on the point of view of the type of stakeholder. First of all, percentages
should be assigned to the three main dimensions (Operational, Financial Strength and
Derived effects) up to 100% overall. Secondly, considering the different subgroups
identified, percentages should be given within the same dimension: this time, 100%
should be distributed in either Operational dimension (between asset utilization and
service time), Financial Strength dimension (between profit and costs) and Derived
effects dimension (between job generation, environment and effects in transportation
network).

3.4.2 Step 2: Rating of KPIs

To apply the pairwise comparisons, the respondents need to choose an option from 1
to 9 to evaluate the performance relevance of each key performance indicator with
respect to others within the same subgroup. Having a relevance scale as a support,
respondents designate the value which fits the most to each KPI taking 9 as extremely
important on performance, 1 as low importance and criteria with the same values
representing equal importance, always considering the importance of a KPI from the
subgroup in comparison with the rest.
Table 6. Relevance scale

Irrelevant
1

Low
2

3

Medium
4

5

Extremely
High

High
6

7

8

9

This process will be repeated for each of the 7 subgroups. However, even though every
KPI has to be scored from 1 to 9, considering that the rating is a comparison between
the different KPIs inside the same subgroup, a total number of 5 “points” has been given
to each indicator determining the maximum “point” score to share between all subdimension components. This value is shown on equation (1), where 𝑑𝑑𝑖𝑖𝑖𝑖 represents the
total number of criteria within sub-dimension 𝑗𝑗.
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𝑑𝑑𝑖𝑖𝑖𝑖

(1)

� 𝑎𝑎𝑖𝑖𝑖𝑖𝑖𝑖 = 𝑑𝑑𝑖𝑖𝑖𝑖 × 5

𝑘𝑘=1

Moreover, the mathematical procedure developed for the described methodology
make use of the following matrices and equations:
𝑤𝑤𝑖𝑖𝑖𝑖𝑖𝑖 =

𝑎𝑎𝑖𝑖𝑖𝑖𝑖𝑖

(2)

𝑑𝑑

𝑖𝑖𝑖𝑖
∑𝑘𝑘=1
𝑎𝑎𝑖𝑖𝑖𝑖𝑖𝑖

As the weight of given criteria within its sub-dimension, 𝑤𝑤𝑖𝑖𝑖𝑖𝑖𝑖 represents the local weight

for each indicator obtained from the comparison and 𝑎𝑎𝑖𝑖𝑖𝑖𝑖𝑖 is the value assigned by the
variation of Saaty´s scale, where 𝑖𝑖, 𝑗𝑗 and 𝑘𝑘 are the individual sub-indexes of the

dimension, sub-dimension and criteria respectively.

Finally, in order to determine the global weight of each indicator, local weights obtained
from equation (2) are multiplied by their corresponding dimension and sub-dimension
weights assigned previously.

𝑊𝑊𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔

𝑤𝑤111 × 𝑤𝑤11
⋮
⎛𝑤𝑤 × 𝑤𝑤
11𝑘𝑘
11
= ⎜𝑤𝑤 × 𝑤𝑤
12
⎜ 121
⋮
⎝ 𝑤𝑤𝑖𝑖𝑖𝑖𝑖𝑖 × 𝑤𝑤𝑖𝑖𝑖𝑖

× 𝑤𝑤1

× 𝑤𝑤1 ⎞
× 𝑤𝑤1 ⎟
⎟

(3)

× 𝑤𝑤𝑖𝑖 ⎠

Through these simple calculations, the individual weight for each KPI is calculated in
order to have numerical results of the somehow qualitative opinions of importance on
KPIs.

3.4.3 Step 3: Choice-Based Experiment

Since the aim of the project is to define the most decisive factors acting in freight
terminals, the present stage will help to validate the previous weighting of KPIs.
Using the stated preference technique, four examples of intermodal terminals with KPIs
turned into real feasible values and their corresponding units are outlined. Additionally,
a terminal with average values for all the indicators called “Pass Terminal” has been
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proposed. The values for this terminal have been stablished based on examples from
real terminals as well as from the collected input of the performed interviews.
A brief summary of context for the 4 terminal scenarios is presented in the table below:
Table 7. Summary of the terminal scenarios

TERMINAL 1
Throughput Level: Low
Freight terminal with a large amount of movements per year but also with a high
rotation index, meaning that containers are not stored for long periods on the yard.
It is assumed that the terminal is located in an urban area which implies a possible
congestion on the network due to the high traffic levels that can be reached.
Medium tariff per TEU as operational expenses are quite high.
TERMINAL 2
Throughput Level: Low
Freight terminal with a short number of movements per year. Containers have a low
rotation index since they are stored for lengthy periods of time. Equipment usage is
high and operational times are quite efficient, even though the movements’ level is
low (equipment might be oversized). It is assumed that the terminal is located in a
newly developed area which leads to a small alteration on the traffic network of the
area. Low income as tariff per TEU is low.
TERMINAL 3
Throughput Level: High
Freight terminal with similar characteristics as Terminal 1. Even thought, peak times
are smoother so that there is a most effective use of resources. It implies a
reduction on turnaround times. It is less economically efficient as it is not as
competitive as other terminals. High social standards as there is a notable impact on
jobs generation. In contrast, a low utilization of renewable energies on vehicles and
a greater environmental impact makes it less “green”.
TERMINAL 4
Throughput Level: Medium
Freight terminal with a medium throughput and the rotation index of containers is
on average. Equipment utilization has low-medium levels of efficiency and storage
Page 31 of 70

D8.3 Set of Key Performance Indicators for assessing
and operating intermodal terminals

yard is not working at full capacity (medium-low levels of use). In contrast, the
financial part assumes optimal values meaning an economic development. Low
environmental impact and movement on transportation network is less smooth than
in other examples.
Global weights obtained from the previous stage are used for the calculation of a global
score for the four different cases, with the objective of determining the most adequate
option.
On the case of the respondents not agreeing with the obtained result, global weights
might be changed for more significant ones according to their own judgements. Changes
can be made either on the highlighted cell in yellow for individual KPIs or going back to
step 1 and modifying the percentages, where dimensions and sub-dimensions are rated.
The amount of modifications after the assignment of the virtual terminal depends on
the respondent’s willingness to assign a higher or lower importance to a set of KPIs or
just one. Nevertheless, in the case of making a modification on a single or a few KPIs,
the value increased (or decreased) should be compensate by arranging the difference
with weights from other KPIs.
On the right side of the excel tables final page (Appendix I), scores concerning each
dimension (Operational, Financial Strength and Derived effects) are specified in order to
supply a quick overview of relevant information about the strong and weak areas of
terminals.
Finally, as an alternative exercise, respondents have the chance of suggesting an
intermodal terminal configuration called Terminal 5, where values for all KPIs can be
freely chosen. Therefore, starting from the already defined Pass Terminal configuration
of feasible values, respondents can change them if they do not agree with the already
proposed ones. With this step, the objective in mind is to calibrate the grading of real
KPIs’ values.
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4 Results
4.1 Introduction
In accordance with the methodology proposed above, this chapter embraces the results
gathered for the present study. Information has been collected following an individual
interview procedure for each stakeholder so that various lines of thought were
evaluated.
The application of a pairwise comparison while its combination with stated preferences
method has been the basis of the research. By means of an on-site meeting where a
questionnaire was held, a set of quantitative values for indicators were collected and
processed in order to obtain consistent results. Besides, the overall performance of
terminals is considered by rating operational, economic and derived effect behaviours.
This method aims, on the one hand, to identify the most relevant aspects to consider
when planning or redesigning an intermodal terminal. On the other hand, the
respondents are giving qualitative judgements justifying the given answers in order to
consolidate the assigned weight to each indicator.
As an initial approach for the study a global analysis of the results from all countries as
well as an individual comparison between them was intended. Nevertheless, due to the
simple size (28 interviews) a comparison of the results between countries hasn’t been
possible. Therefore, a global analysis of the collected data from the total number of
interviews has been performed as a result of the study.
By following this method, the results will have a significant advantage: the enrichment
of the results by diverse perspectives, not only by different points of view given by the
interviewees profile but by several opinions of those same profiles from different
countries. This way, a more realistic analysis of the results can be done.
As mentioned, the sample is composed by 28 interviews from different countries, where
its distribution can be seen on Table 4. Interviews have been collected from several
stakeholder profiles from two types of terminal, seaport and dryport. An attempt of
collecting an even distribution of combination between stakeholder profile and type of
terminal has been made. However, even though an even sample variety has been
achieved on type of terminal (dryport and seaport), collecting similar number of
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interviews from all stakeholder profiles has been difficult; interviews representing
Investors opinions have been significantly lower than the other profiles.
Moreover, average country representation within the sample has not been achieved
properly; Table 4 shows a large difference on total number of interviews between
countries making it not a good example of average results of all the parties involved.
This difference in number could have repercussions on the results, since they might be
influenced by tendencies and set objectives of a singular country instead of being an
even representation of all of them.

4.2

Dimensional results

As mentioned on the methodology, the first stage of the interview consists on the
weighting of large dimensions which englobe all the KPIs selected for the interview
process. These dimensions are identified as Operational, Financial Strength and Derived
effect related aspects.

4.2.1 General overview

As a general weighting approach for each subgroup, most of the stakeholders agree on
the same matter: having a good operational terminal performance is essential, and
therefore, most interviewees have weighted this category with a higher value than the
other two. As a joined average weighting, Operational (OP) aspects have slightly under
45% (44.98% to be more exact) of total importance over Financial strength (FS) and
Derived effects (DE) related issues which have a relevance percentage of 34.45% and
20.57% respectively.
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Weighting by Dimensions

OP
44,98%

FS

34,45%

20,57%

DE
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Figure 4. General weighting results.

Figure 4 shows that Derived effects are the lowest concern for all the described profiles
that are involved on any decision making of intermodal terminals. Even though there
are several reasons on why derived effect related issues are not a priority, some
stakeholders agree on some aspects, for example, the low profitability of having a
“green” terminal. Following environmentally friendly measures tends to increase the
terminals costs making it a non-desirable option for port managers. Most of them mainly
follow the stated minimum requirements.
Moreover, the low weighting of derived effect related topics could be due to the lack of
knowledge and measures available on sustainable port techniques. However, their
relevance is increasing thanks to new regulations and social awareness campaigns. For
example, Equator´s principles (Principles, 2013) where created as a result of a concern
growth on derived effect related issues.
On the other hand, it is necessary to mention the difference of interest concerning
Environmental KPIs between the two types of terminals, seaports and dryports. Due to
the low contamination of trains on inland terminals, their effects on the environment
are less concerning than sea port terminals where many other aspects related to vessels
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have to be taken in to consideration, such as, air pollution from auxiliary engines, waste
discharge… etc.
Nonetheless, some interviewees have weighted social and environmental aspects with
higher value due to the concern on the effects on the transportation network. It has
been argued that this sub-dimensions is higher prioritized, due to the effects it has on
the surrounding access roads and road network, resulting not only on delays to all users
but increasing contamination related to environmental issues as well.
Finally, after all the interviews, the higher weighting of operational and financial
strength aspects are evident: no profit will be gained without a good operational
performance and no good operational performance will be obtained without a strong
financial investment.

4.2.2 Analysis by actors

As described earlier, each stakeholder profile tends to have different preferences when
deciding what the most important aspects of an intermodal terminal are. Some of these
preferences could seem obvious knowing the different performance objectives set by
each profile, however, results have shown preference diversity on the matter between
stakeholders and type of port (sea or dry).
From the point of view of an intermodal terminal Investor, after placing operational
aspects as their priority, out of the three described figures, stakeholders with this profile
have given the highest weight to financial aspects. Given that an Investor’s main
objective is maximizing the profit of their investments, these are coherent results. As it
has been mentioned above, all stakeholders agree that in order to have a profitable
terminal, it has to be operationally adequate, therefore, explaining the weighting values
given by the interviewed Investors. On the other hand, Investors tend to have quite a
high concern for the derived effects of the terminal. The reasoning behind this weighting
is due to the economical penalties involved on not having adequate infrastructures and
services to satisfy all the social and environmental requirements.
When looking at the results obtained for Operators in Figure 5, it is possible to observe
the evident similarities they have with Investors: values for all three dimensions are
quite similar, with a small increase on the weighting placed for operational dimensions,
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and therefore, a reduction of importance for the derived effects of the terminal. For this
profile, there have been several diverse opinions on where the highest importance
should be placed, for operational o financial KPIs. One explanation for these results
could be due to the large variety of stakeholder figures included within the Operator
profile, resulting on a wide diversity of opinions.
Finally, Public Bodies have placed their priorities on operational and derived effect
related KPIs, increasing their values to maximum values out of the three profiles. This
weighting follows the described profile of the selected candidates as Public Bodies, since
their goal is to promote the local activity of the terminal and ensure certain social
commitments such as employment promotion and sustaining environmentally friendly
standards. Moreover, in order to ensure the competitiveness of the terminal and its
correct development, operational KPIs are of their interest.
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Figure 5. Weighting results by actors.
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4.3 Sub-dimensional results
Following the hierarchical structure described on the methodology, weighting of KPIs
has been followed by assigning values to sub-dimensions inside the previously
stablished general dimensions.
Influenced by the results obtained at a dimensional level, sub-dimensions inside
operational aspects have resulted on the higher preferences for all stakeholders (Figure
6). However, inside this category, Asset utilization has been the number one priority for
interviewees.
Regarding Service time related matters, Investors and Operators defend that no more of
a minimum satisfaction is given to the client. For this reason, a higher weighting has
been placed on Asset utilization aspects of the terminal. Moreover, one of the main
objectives of a new terminal is having the capability to absorb high volumes of capacity,
and this cannot be obtained with the appropriate use of the existing assets of the
terminal.
However, even though overall weighting given by Public Bodies tends to have a higher
value for Service time, final results are quite similar to the weighting given to service
time. Stakeholders included on this profile have a higher concern for terminal users and
their satisfaction with the objective of having a happy clientele. A better service quality
will ensure an associated increase in traffic and revenue.
On the other hand, diverse opinions have been obtained regarding the following priority
ranking of sub-dimensions: both Investors and Operators place Profits as their second
priority, whereas Public Bodies are more concerned about the costs of the terminal. The
first two stakeholders argue that costs cannot be neglected, however, losing profit has
a higher price than costs itself and therefore, explaining the high weight given to the
sub-dimension. Nonetheless, many interviewees have mentioned that both subdimensions are co-dependent and cannot be prioritized as their own.
As mentioned, Public Bodies do not have the same priorities as the other two profiles;
results show that Cost are higher than Profits on their priority scale. Within the Financial
strength dimension, a lower concern for profits has been shown by the interviewees and
costs have been their main focus. Since profits of the terminal are not a priority, keeping
costs at bay is their main goal.
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Finally, all three profiles have agreed on placing indicators included inside the Job
Generation sub-dimension as the least important of the selected 19 ones. Job
generation will be a consequence with the generation of a new intermodal terminal, or
the expansion of the same, and therefore, other indicators have been prioritized.
Furthermore, their quantification and evaluation is a complex process being mostly
impossible for many respondents.
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Figure 6. Sub-dimensional results according to stakeholder profiles

As results clearly show, strong similarities between preferences determined by Investor
and Operator profiles have been found. Operators tend to be private companies, which
have to manage their investments as well as the operational aspects making their
preferences and objectives similar to Investors. Moreover, as it has been mentioned
before, due to the dependency between operational and financial aspects, the set
objective for both stakeholder profiles are similar as well.

4.4 Results by individual KPIs
4.4.1 Asset utilization

All indicators included in this sub-dimension are focused on how efficient performed
processes are at the terminal by considering the used resources. For this study, as it has
been mentioned on section “3.3.4 Shortlisted KPIs and PIs”, 8 and 5 indicators will be
considered for this category for seaport and dryport terminals respectively.
Due to the large amount of KPIs included, the decision making process has been a
challenge for all participants; selecting a priority scale where so many options are
presented is not an easy task. Moreover, the presented KPIs are not completely
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independent from each other and therefore, responses will be conditioned by the
assessment of other indicators. For example, a high occupation of space, tracks and
berth will lead to an occupation of equipment and labour.
Every time a cargo reaches a terminal, the main priority is to load/unload that cargo as
fast as possible in order to leave an empty slot for future upcoming costumers. A high
rail track and berth utilization can be translated in to a large amount of
loading/unloading activities and therefore, positive income for the terminal. In order to
obtain this quick loading/unloading, equipment and labour utilization need to be used
efficiently; the objective is to make the necessary movements in order to handle the
cargo without doing any or many extra ones.
All three profiles have a big interest on the berth utilization; however, for the case of
dryport terminals this can be translated to, rail track and storage area utilization. As it
will be analysed on following sections, berth length and berth utilization is a limiting
factor within an intermodal seaport terminal since they are the main gate for incoming
and outgoing containers; for example, vessels nowadays are capable of transporting up
to 18,000 TEUs at the same time.

Asset Utilization
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AU2
AU3
AU4

Operator

AU5
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AU7

P_Body

AU8
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0,100

0,150
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Figure 7. Interview weighting results for Asset utilization KPIs

For the remaining indicators there is not much consensus on their relative importance.
Globally, Operators and Investors stress the use of quay cranes (referring to the
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Equipment utilization rate KPI) as relevant but not far away from the remaining criteria
in the sub-dimension.
Moreover, Investors mention the importance of standing out Labour utilization related
matters. Because of the large number of interviews obtained from Spain compared to
the results of countries involved on the project, obtained results are influenced by the
way of functioning of the country, and therefore, cost of stevedores is very elevated.
More information on this topic can be found on D8.4 (Assessment and validation
workshops onsite at selected terminals with local specialists). The cost of labour
utilization in Spain can even overpass 50% (Gómez et al. 2016) of the seaport terminals
final costs, making it a priority for many stakeholders.
On the contrary Public Bodies stress the relevance of the use achieved in the
infrastructure (storage area and rail track utilization KPIs) and the total throughput
obtained, probably because their own revenue in some countries depends on them (for
example, in Spain). The depots capacity will always be a limiting factor of a terminal,
implying the necessity of a constant expansion of the same when container traffic
increases; by planning the right use and capacity of the storage area of the same, this
constant expansion can be avoided up to a certain point, as well as reducing the number
of empty movements of containers.
As Table 8 shows, there is quite a variation within the respondents of each group and
between the group averages. In this sub-dimension, Investors seem to have the lowest
variation, however, due to the large amount of KPIs involved, all described profile
stakeholders have given a wide diversity of opinions.
As final observation, it can be mentioned that most Operators stress that terminals are
to be dimensioned having peaks in mind while, and all Public Bodies consider average
productivity to be more critical.
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Table 8. Mean and standard deviation results

Criteria

Total

AU1
AU2
AU3
AU4
AU5
AU6
AU7
AU8
TR1
TR2
TR3
PR1
PR2
CS1
CS2
JG1
JG2
EV1
EV2
EV3
TN1
TN2
TN3

1,004
1,012
1,072
0,859
0,904
0,934
0,998
1,200
1,596
0,660
0,766
1,093
0,836
0,948
1,052
1,085
0,915
1,186
0,957
0,857
0,844
1,067
1,089

Mean
P. Body Operator Investor
1,186
0,767
1,287
0,533
0,777
1,058
1,225
1,167
1,533
0,701
0,766
1,125
0,875
1,044
0,956
1,000
1,000
0,889
1,089
1,022
0,933
1,022
1,044

0,868
1,200
0,955
1,022
0,960
0,870
0,902
1,222
1,614
0,641
0,803
1,107
0,760
0,954
1,046
1,133
0,867
1,271
0,900
0,829
0,831
1,046
1,123

1,056
0,900
1,014
1,100
0,978
0,894
0,857
1,200
1,700
0,644
0,656
1,000
1,000
0,760
1,240
1,120
0,880
1,480
0,880
0,640
0,720
1,200
1,080

Total
0,436
0,390
0,335
0,457
0,365
0,406
0,386
0,436
0,277
0,284
0,323
0,379
0,353
0,297
0,297
0,321
0,321
0,381
0,350
0,356
0,290
0,294
0,262

Standard Deviation
P. Body Operator Investor
0,437
0,344
0,173
0,163
0,372
0,402
0,362
0,528
0,242
0,301
0,176
0,301
0,301
0,260
0,260
0,283
0,283
0,285
0,333
0,290
0,200
0,323
0,371

0,446
0,346
0,359
0,504
0,365
0,450
0,416
0,441
0,329
0,315
0,423
0,459
0,401
0,338
0,338
0,394
0,394
0,373
0,406
0,406
0,345
0,260
0,224

0,333
0,424
0,351
0,424
0,371
0,282
0,095
0,283
0,141
0,165
0,149
0,245
0,245
0,167
0,167
0,179
0,179
0,179
0,109
0,167
0,268
0,346
0,110

4.4.2 Service time

The following sub-dimension includes KPIs concerning turnaround time of the three
transportation modes operating at an intermodal terminal: vessels, trains and trucks.
The average time of stay at the terminal is a decisive factor, since it determines container
rotation within the same. Due to its importance, for some locations, an economic
penalty is placed whenever a certain stay period is exceeded resulting on a higher price
on TEU storage.
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Figure 8. Interview weighting results for Service time KPIs

As Figure 8 shows, all three stakeholders agree on placing the highest importance on the
same KPI: the turnaround time of vessels. Inside an intermodal terminal, vessels are the
transportation mode that have the highest turnaround time out of the three options
and therefore, the remaining modes have the necessity to adapt to their timing.
This concern comes from the growth in profit that implies the entrance of a large
number of vessels into the terminal; the longer stay a vessel has, the fewer vessel
rotations there will be. Moreover, being berth length one of the most limiting factors on
sea port terminals, attending vessels is always prioritized in order to reduce any waiting
times they might suffer when arrival.
Once vessel turnaround times are satisfied, even though the remaining transport modes
have similar values, turnaround time of trucks has had a higher weighting. This is
justified by their bigger share of land traffic that can reach up to 80% in most terminals
considered. However, these results might be influenced by the large amount of
interviews collected from Spain; countries located further north of Europe have a
tendency of equally prioritizing or having preference over rail transport than truck.
Some smaller variation between stakeholders included inside each profile have been
detected, with the exception of Investors, which have very regular results. Operators,
have shown a more irregular pattern, with a wide variety of answers, especially for TR3.
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4.4.3 Profits

In this category, two different KPIs are compared: on the one hand, the return of an
investment relative to the investment cost is rated (always considering terminals whole
expenditure and not only its equipment); on the other hand, profitability has been
weighted, defined as earnings before interest, taxes, depreciation and amortization
(EBITDA).
For this case, Public Bodies and Operators agree on giving a higher weight to return of
investment. Investment sized used for construction and modifications of intermodal
terminals tend to be of a large scale, and therefore, they are important within the subdimension. Moreover, the higher ROI is achieved, the faster benefits will be obtained.
Investors on the other hand give equal weight to both KPIs. Fort these stakeholders, due
to the nature of their profile, they are interested on maximizing profit of their
investments; nonetheless, ROI and the timing of the same is quite important as well.
Additionally, some interviewees have argued that nowadays, investments tend to be
lower, making its return more achievable.
When looking at results obtained of the standard variation (Table 8), Operators tend to
have the highest values, followed by Public Bodies and finally Investors. However, results
for the last two are similar.
After all interviews, it was interesting to observe how some of the participants (with the
exception of the ones defined as Investors), even if they knew the high importance of
financial aspects, they considered they did not have enough expertise to provide a
definitive answer when weighting KPIs included on this dimension, especially the ones
within the Profits sub-dimension. Due to this, they have considered both KPIs of equal
importance.
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Figure 9. Interview weighting results for Profit KPIs

4.4.4 Costs

Within this sub-dimension, costs related to profitability of the terminal operations and
activities are included. KPIs represented inside the category are capital expenditure and
operational expenditure, CAPEX and OPEX respectively.
CAPEX will always be dependent on the type o equipment used a the terminal: a terminal
that mainly uses reach stackers will have a lower capital expenditure than one using
gantry cranes, due to the large investment needed for this type of equipment. For
example, on the case of conventional inland terminals, since lower volumes of
containers are moved, the equipment preference is placed on reach stackers.
Looking at Figure 10, where KPI weighting results for CAPEX and OPEX are presented, it
can be seen that while results from Operators and Public Bodies have resulted on similar
values for both KPIs (with opposite views on which one is more important), Investors
have their priorities clear and are mainly concerned about operational expenditure,
probably because those deter the capacity to return loans provided. Moreover, fixed
costs are lower than the operational ones, even though it will always depend on the
equipment used at each terminal. Additionally, within this sub-dimensions, no large
result variations have been presented.
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Figure 10. Interview weighting results for Cost KPIs

However, Operators and Public Bodies indicate that proper terminal construction in
phases should keep operational costs at bay.
From a terminal designer point of view, global performance of the terminal is of high
importance in comparison with financial and environmental issues. Therefore, it must
be underlined that operational activities have a noticeable influence when considering
operational costs, before the generated fixed infrastructure costs.

4.4.5 Job Generation

Job Generation subcategory is represented as the promotion of employment creation
by the intermodal freight terminal performance by two KPIs, direct and indirect jobs.
For this case, Operators and Investors agree on preferences and give a higher weighting
value to direct jobs created by the terminal. One of the main reasons regarding this
weighting has been the difficulty of indirect job quantification and to which extent can
those generated jobs be considered as created by the terminals activities, making it an
ambiguous indicator to identify. The main difference between this two profiles has been
the variation of results provided by the different interviewees; while Investors tend to
have similar responses, Operators on the other hand, do not seem to agree on the
weighting of these KPIs and have a large variation on their results.
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On the other hand, Public Bodies have higher results for indirect job generation, justified
as there being a larger number of indirect job creation and the benefits of them
generating an economic activity, due to the setting up of companies involved on
logistical operations of the terminal.
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Figure 11. Interview weighting results for Job Generation KPIs

4.4.6 Environment

Sub-category defined as Environment, is centered on KPIs regarding emissions coming
from TEU handling operations. KPIs such as Energy consumption per TEU, Carbon
footprint per TEU and use of alternative fuels are included within this subcategory.
Following the correlation between the two profiles described on the previous sections,
Investors and Operators have similar weighting results. Figure 12 shows how both
profiles center their priorities on energy consumption per TEU, followed by carbon
footprint and use of alternative fuels. These results align with the set objectives of the
profiles; KPI assigned as energy consumption can be translated in to costs of the
terminal, which is high on the priority scale for both. Similarly, carbon footprint per TEU
can also be considered as costs of the terminal, since the number of costumers accessing
the terminal might be reduced due to taxes and extra fees placed when exceeding
certain thresholds (González-Cancelas et al., 2013).
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Figure 12. Interview weighting results for Environmental KPIs

On the other hand, Public Authorities have a different answer, prioritizing the carbon
footprint per TEU over the other two KPIs. However, even though EV2 has a higher
weighting, all three KPIs have more overall balanced values eliminating any possible
peaks shown for the other two profiles. This balancing of values is due to the answer
diversity given by the interviewed participants; unlike Operators and Investors,
interviewees described as Public Bodies have given very diverse answers regarding
Environmental KPIs, not clearly showing the general priority tendencies in the matter
for this profile.
Some terminals have started to be more conscious on the matter and have started to
consider making some changes regarding the type of fuel used for their equipment;
hybrid reach stackers are becoming more popular, replacing current ones for the diesel
fueled option. Nevertheless, not many stakeholders are concerned about the origin of
the energy, as long as it has no impact on the carbon footprint.

4.4.7 Effects in transport network

This final sub-dimension included inside the Derived effects main dimension, represents
KPIs describing possible delays both for road and rail networks, due to the hectic activity
coming from the intermodal terminal. These KPIs are identified as the Increase in traffic
time in the neighboring road network, Delays on the rail network (number of slots
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affected) and Congestion at the road gates of the terminal (added time to both terminal
users and passer-by.
All interviewees stress the importance of avoiding congestion at the gates (both TN2 and
TN3), especially when considering gateway terminals. Two main reasons were provided:
perception of the terminal or port from the average citizen and affectation on the overall
truck turnaround time. Furthermore, all Investors and some Public Bodies (they have
diverging opinions on the matter) prioritize the limitations of accessibility on the rail
network over added traffic times on the network (TN1). All these results can be observed
on Figure 13.
Some interviewees have mentioned, that during the design phase of a terminal, creation
of bottlenecks have to be avoided. Enough space for manoeuvre and circulation of trucks
should be estimated, assuring the correct integration on the road network. Moreover,
the design has to consider the capacity of the general railway network to adjust the new
time windows committed to freight trains of the terminal.
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Figure 13. Interview weighting results for Effects in transport network KPIs
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5 Conclusions
Along the entire report, a variation of the AHP method has been presented in order to
determine the most relevant criteria to consider during the design process of an
intermodal terminal. This process has followed a specific methodology based on a list of
relevant key performance indicators available in project planning and operational
simulation models. Moreover, the described method has been successfully
implemented on 28 different relevant actors from several European countries such as
Italy, Germany, Poland, Spain and Sweden.
Once all interviews where gathered and analyzed, research shows how operational
indicators are the most relevant according to all interviewees, followed by the economic
ones. Operational dimension represents the quality of service given to the costumer (it
includes asset utilization of the terminal and times of service) making it one of the most
important aspects of the terminal and explaining its prioritizing over Financial and the
Derived effects dimensions. Among all the indicators included inside the operational
dimension, the ones related with berth usage (vessel turnaround times and berth
occupancy rates) are given the highest weight.
Similarities are observed between Operators and Investors probably from the
codependency of smooth and efficient operation with revenue, although the former
show quite a variability of opinions. Both terminal Operators and Investors highlight the
importance of economic indicators to back their design decisions (even though
Operational aspects are always prioritized), nonetheless, Investors tend to have a higher
concern for costs, especially for operational costs, and Operators prioritize profits,
especially the return of investment.
Differences are specially observed between Public Bodies and the remaining
interviewees. Even though they seem to prioritize operational KPIs over the rest, this
profile has given a higher importance to all aspects related to Derived effects from the
terminal, resulting on a lower weighting for the financial dimension. Public Bodies do
not tend to have much concern economic related issues of the terminal, specially, the
profits of the same; nonetheless, they understand the correlation between operational
and financial aspects is not negligible. Furthermore, that shown lack of interest for
financial related topics has given the change to be more concerned about the Derived
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effects of the terminal, showing an equal interest for all three sub-dimensions included
on the same.
As it has been shown on the results section, indirect socioeconomic and environmental
affectations, are not considered relevant if certain thresholds are met and compliance
with current legislation ensured, even among the Public Bodies. Among the included
sub-dimensions, environmental aspects and effects in transport network are preferred
over job generation, however, this might be due to the complications presented when
quantitatively determining the scope of the indirect job generation KPI. Moreover,
within the criteria of the dimension, economic or quality-of-service related (energy
consumption per TEU, congestion at the gates) are preferred over the others.
Major differences are observed on peak versus average percentage of use of quay
cranes. Many Operators have argued the importance of designing a terminal to obtain
good performances during peak hours, while Public Bodies seem to aim at better
average values. Despite of the shown opinions, the type of terminal will determine the
preferred, KPI; a terminal with a high number of working hours will prioritize average
values, whereas, one with a smaller number of opening hours will give more importance
to peak values.
Overall, the modified version of AHP used and the results obtained are deemed as
appropriate to be introduced in the design tool elaborated at the end of the
INTERMODEL project. Obtained results seem to align with the collected intel from
interviewees and similar tendencies have been seen inside each described profile.
Although this statement seems to be true for Investors and Public Bodies, Operator
profiles have been the ones showing highest diversity of results. The small number of
willing interviewees participating on the project has forced the definition of three large
stakeholder profiles, which include very different figures involved on the design of an
intermodal terminal within the same group. This way, opinion from very diverse
Operator profiles have been grouped together, resulting on values with a low levels of
agreement.
Despite the used AHP being considered as adequate method for the presented project,
some drawbacks and recommendations for further studies have been identified along
the interviewing and analysis process:
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•

The uniqueness of terminals and their final purpose makes impossible to provide
weights that suit any kind of terminal.

•

Some indicators are not provided which, according to some interviewees are critical
in the decision process. Especially those related to commitment of shipping lines and
fulfilling requirements from the customers in the hinterland.

•

The sample is limited to draw clear conclusions and tendencies but the sample is
considered to provide enough diversity for the assessment.

As a final remark, future studies could benefit from the outputs of the model developed
within the project, to build on the interdependency of variables as a source to create an
ANP model instead of AHP since ANP is capable of expressing decision making problems
as networks and can handle de dependency between indicators.
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Appendix I
This appendix includes the Excel file used for the weighting of indicators during the
interview process.
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