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ABSTRACT 

 
Different constraints often imply need for prioritization in implementation of projects. The 
need for prioritization in implementation of list of proposed projects can be caused with 
different factors such as available budget, available time, law constraints and others factors. 
An interesting case of creating implementation priority list is ranking of bicycle path 
sections. Bicycling is specific mode of transportation with low operating cost almost close to 
zero, bike riders are getting healthier riding bike for traveling and most important, use of bike 
as a transport mode do not have negative consequences on the environment. To create 
implementation rankings list of bike path sections Multi Criteria Decision Making (MCDM) 
methodology is an appropriate methodology. MCDM methodology applied in this research is 
Preference Ranking Organization Method for Enrichment Evaluations (PROMETHEE). The 
expert-based decision-support framework includes a procedure for defining list of evaluation 
criteria and their weights, scoring of alternatives, as well as sensitivity analysis. Presented 
decision -support framework is applied on six bicycle sections. Results indicate that the best-
ranked bicycle section is section 2. Decision-support framework is developed for 
transferability to different contexts, where local features can be taken into account by 
choosing specific alternatives, criteria, and criteria values. 
 
 
 
 
Keywords: Bicycle path, Sections, Promethee method, MCDM. 
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INTRODUCTION 
 

EuroVelo 8 bicycle route is a 5.888 km long route that connect many destinations at 11 
countries which are popular tourist attractions such as: Barcelona, Monaco, Venice, 
Dubrovnik, Montenegro Coast, Cyprus – the list goes on (Fig. 1).  

EuroVelo 8 route passes through Montenegro in a total length of 195km. It starts at the 
border crossing with Croatia and passing the Bay of Kotor, through Trojica and Njeguš, it 
leads to Cetinje. Then, it crosses Rijeka Crnojević, it reaches Virpazar, from where it leads 
through Ostros to the border crossing with Albania - Sukobin.  

Route EuroVelo 8 through Montenegro have attractive and diverse sections, along with a 
relatively comfortable ride. The route starts its path along the coastal part, which is without 
significant climbs in the extremely attractive ambience of the Bay of Boka Kotorska. The 
mountain part that follows is more demanding for cycling, the path goes up to 1.100m.a.s.l. 
This part of the route also has an extraordinary attraction, i.e. it offers an excellent view from 
the old Austro-Hungarian road of the entire Bay of Kotor, on the mountain range and on the 
national park of Lovćen. The next section offers a new type of attraction - cycling around 
Skadar Lake.  
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 1: EuroVelo 8 bicycle route 
 

The objective of this paper is the development of a decision-support framework for 
selecting the optimal prioritization list for implementation of bike path sections. The task is to 
analyze all the most important indicators of sections such as: geometry, level of service, 
attractiveness, safety, traffic and ecology, which define the basic characteristics of the 
sections.  

The next section will present an expert-based methodological framework centered on 
Preference Ranking Organization Method for Enrichment Evaluations (PROMETHEE) 
multi-criteria decision analysis technique. Moreover, the methodological framework 
integrates Modified Digital Logic (MDL) method for criteria weights determination. 
Decision-support framework is tested with six bike path sections. Following the results from 
the implemented decision-support framework (DSF), the discussion of implications is 
provided, including recommendations for future research.  

Macharis & Bernardini [1] gave an overview of the use of Multi-Criteria Decision 
Analysis (MCDA) for transport project appraisal. They stated that MCDA has already proven 
its usefulness in several transport related decision problems. Thus, Glavic at al. [2] apply 
MCDM on transport project in the decision process of selection of tolling technologies. 
Bearing that in mind, MCDA approach is suggested as a direction for further research. Barfod  
[3] dealt with the assessment task of prioritizing and selecting bike projects from a public 
pool with limited funds. 
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METHODOLOGY 
 

Considering the multitude of conflicting criteria stemming from both planners and bike 
users’ perspective, as well as a range of advantages and disadvantages of each section, 
decision-making (DSF) is based on MCDM methodology. MCDM refers to the process of 
making decisions between a number of alternatives by defining the decision criteria and their 
weights. The application of MCDM results in the ranking of alternatives, from the most to the 
least favorable, thus allowing comparison of alternatives. Some common methods for MCDA 
in transport applications include the Technique for Order of Preference by Similarity to Ideal 
Solutions (TOPSIS), Analytic Hierarchy Process (AHP), Simple Additive Weighting (SAW), 
and Elimination and Choice Expressing Reality ELECTRA. In particular, MCDM methods 
are often used for formulating DSFs for optimal solution.  

This DSF centers on Preference Ranking Organization Method for Enrichment 
Evaluations (PROMETHEE), as the outranking method. In practice, PROMETHEE method 
is a group of methods, where PROMETHEE I is used for partial ranking of alternatives, and 
PROMETHEE II is used for complete ranking of alternatives [4]. The integration of 
PROMETHEE I and II, as well as MDL method into a DSF is presented in the following 
section. The procedure for implementing the PROMETHEE II consists of the following five 
steps [5]. 
 
Step 1. Determination of deviations based on pair-wise comparisons  

 

Where  is the difference between the evaluations of alternatives  and  per 

criterion. Step 2. Application of the preference function 
 
 

Where  is the preference of alternative  in comparison to alternative  per criterion, 
as a function of . 
 
Step 3. Calculation of an overall or global preference index  
 
 
 
 

Where of  over  (from 0 to 1) is defined as the weighted sum  of each  
criterion, and is the weight associated with the th criterion. 
 
Step 4. Calculation of outranking flows/PROMETHEE I partial ranking  
 
 
 
 
 
 
 

 

Where  and  are the positive outranking flow and negative outranking flow for 
alternative, respectively. 
 
Step 5. Calculation of net outranking flow/The PROMETHEE II complete ranking  
 

Where  denotes the net outranking flow for each alternative. 
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Modified Digital Logic (MDL) method of subjective evaluation of criteria weights was 
used to determine the criteria weights. Each expert individually evaluated weights of the 
criteria and assigned points to the alternatives in a chart. Then, mean values of the obtained 
individual weights were used. The Modified Digital Logic (MDL) method is used to address 
this issue by suggesting pair-wise comparisons of criteria [6].The decision makers use digital 
scoring scheme of {1, 2 and 3} to represent the less (1), equal (2), or more important (3) 
criteria. After all pair-wise comparisons are made, the MDL weights can be calculated as:  

 
 
 
 
 
 

If two criteria j and k are equally important, then Cjk=Ckj=2, otherwise Cjk=3 and Ckj=1 if 
the criteria k is more important than the criteria j. If the criteria k is less important than the 
criteria j, then Cjk=1and Ckj=3. 

 

APPLICATION OF THE DECISION-SUPPORT FRAMEWORK 
 

Decision-support framework is applied on six bike path sections, on a workshop with 
participation by five experts from the fields of transport planning, traffic operations, transport 
policy transport economics and environment. 

 
Criteria list and criteria weights 

 
During the workshop, experts have decided the list of criteria which were then grouped. 

As Table 1 shows, the groups of criteria have been divided into technical, traffic, safety and 
attractiveness criteria. Each group contains two to five criteria that cover all characteristics of 
alternatives, while total number of criteria is fourteen. Financial criteria such as construction 
costs, O&M costs are not included due to a lack of projects related to this sections. 

 

Table 1: List of criteria and criteria weights 
          Criteria  
 

Criteria group 
  

Criteria 
  Criteria   group  

     weights (%)   weights  
          

          (%)  
    Cross section 8%     

1. Technical  Equipment of section with traffic signalization 10%  33%  
 criteria  Type and condition of pavement 8%   
      

    Grades and maximum altitude difference 7%     
    Level of Service 8%     

2. Traffic 
 Traffic flow speed 6%     
 Traffic volume 8%  31%  

 criteria    
  

The existence of a public transport bus line 5%     

        

    Technical equipment of public transport for bicycle transport 4%     
3. Traffic safety  Cycling on bike lane or mixed traffic lane 6%  15%  

 criteria  The overall level of cycling safety on the section 9%   
      

4. Attractiveness 
 Capacities for food and drinks and accommodation capacities 7%     
 

Repair services and bicycle rental locations 5%  21%  
 criteria    
  

Vicinity of cultural and historical attractions, natural sights, etc. 10% 
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Scoring of alternatives and base matrix of input data 
 

Experts were scoring alternatives per each criterion. Figure 2 shows scoring for all criteria 
per sections.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2: Scoring of alternatives and base matrix of input data for EuroVelo 8 bicycle route 
 
Promethee I & II ranking 
 

The PROMETHEE Table (Table 2) displays the Phi, Phi+ and Phi- scores. The 
alternatives are ranked according to the PROMETHEE II complete ranking. 
 

Table 2: Ranking of the sections using PROMETHEE method 
  

Rank 
 

Section 
 

Phi 
  

Phi + 
  

Phi- 
 

         
 1  S1 Debelii Brijeg - Kamenari 0,1921  0,4515  0,2594  
 2  S2 Kamenari -Trojica 0,1762  0,4653  0,2891  
 3  S4 Cetinje – Virpazar 0,1267  0,404  0,2772  
 4  S3 Trojica – Cetinje -0,0812  0,3069  0,3881  
 5  S5 Virpazar - Ostros -0,2059  0,2693  0,4752  
 6  S6 Ostros – Sukobin -0,2079  0,2752  0,4832  

 

Analyzing the flows given in Table 2 according to PROMETHEE II complete ranking it 
can be concluded that best ranked section is S1 Debeli Brijeg - Kamenari narrowly followed 
by section S2. This is not confirmed with the PROMETHEE I partial ranking where 
according to Phi+ flows best ranked is section S2 and according to Phi- flows best ranked 
section is S1. While the other alternatives have a significantly poorer value of positive, 
negative and net flow. The lowest ranked alternative is S6. 
 
Sensitivity analysis 
 

Sensitivity analysis is conducted using Stability intervals in Visual Promethee software. 
Stability intervals shows range of criteria weights values needed to keep the ranking 
unchanged or for the first place to remain unchanged.  

Results of sensitivity analysis show strong stability of first ranked section by groups of 
safety criteria and attractiveness criteria and two traffic criteria almost in the whole range of 
criteria weight variation from 0% to 100%.  

All criteria from the technical group and part of the criteria from the traffic group keep the 
first place of the section S1 Debeli Brijeg - Kamenari in case their range of criteria weight is 
from 0% to 10-13%. The change of these values leads to the change of the first place. 

 

5 



 
DISCUSSION AND CONCLUSION 
 

Using bicycles as a transport mode has proven to be beneficial to both traffic conditions 
and travelers’ health. In addition, it is very important to note that cycling also represents one 
kind of recreation and tourism. In order to properly design facilities and policies that will 
stimulate bicycle use, especially in cases of constraints, it is necessary to define the 
appropriate decision-support framework for prioritization in implementation of the bicycle 
path sections.  

To do this for EuroVelo 8 bicycle route the PROMETHEE method is used. The following 
rank was obtained: S1 Debeli Brijeg – Kamenari; S2 Kamenari –Trojica; S4 Cetinje – 
Virpazar; S3 Trojica – Cetinje; S5 Virpazar – Ostros; S6 Ostros – Sukobin.  

The sensitivity analysis showed the significant stability for most of the criteria, as shown 
in the sensitivity analysis. However, some criteria had the low stability of the first place and 
changing the weight of these criteria by more than 10% to 13%, the first ranked section 
changes position to lower rankings.  

The PROMETHEE II ranking has shown that the differences between the first and second 
positions are small, it is possible to get a clearer picture of their differences or even order 
changes by including financial criteria in the next phase when designs are finished, such as 
investment costs and maintenance costs that are not known at this moment. For many of the 
alternatives, it is impossible to determine their scores per criterion in an analytical manner. 
Thus, the lack of analytically determined data in the scoring procedure for each of the 
alternatives per criterion is a limitation of this paper. In addition, when selecting the optimal 
bike section, it is also significant to consider the attitudes of the bike path users. Surveying 
the users would provide information about their expectations, which would contribute to the 
ranking methodology from the users' point of view. The methodological framework presented 
here is transferable, as it can be applied to different case studies, while adapting it to local 
specifics, by adding specific criteria’s. 
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ABSTRACT 
 
The growth and the availability of the smart devices is becoming ubiquitous today and inter -networking of these devices make up 
what is commonly called the Internet of Things (IoT). IoT is being used to update, enhance, simplify and automate individual lives 
and communities. Most of the cities in general and universities in special are adopting IoT technologies in order to create a smart 
sustainable living and working environments. Based on the existing literature of smart campus domain, it can be observed that there is 
only a small number of models as such. This study attempts to bridge the following knowledge gaps of smart campus domain. 
 
 
This project falls into the concept of Smart Campus and aims to design a Smart Campus solution for Staffordshire University. The 
primarily goal is to design a solution architecture able to collect data from remote sensor networks and analyse them with the support 
of data analytics and machine learning techniques for sound business decision making. The project has two stages. The first stage is 
the business side of the project where a business requirement study has been done to extr act the exact business requirements and once 
this complete the second stage was the technical implementation of one or many requirements and evaluation of the solution. The 
scope of this paper limits to the first stage of the project . 
 
A quantitative approach was chosen by considering the nature of this study. A self-administered online questionnaire was developed 
around several key challenges and directed especially to the staff members, in order to identify what are the expectations of university 
staff in relation to thematic topics. Subsequently, business requirements under each key challenge were ranked based on MoSCoW 
prioritisation method. Energy management, space utilisation and occupancy, cleanliness recognition, smarter car parking, internet 
enabled café, network and physical security and environment (temperature) control are the key business challenges identified. 
Moreover, intended system qualities and specific project benefits were also identified to scope the project well. 
 
 
 
Keywords: Smart campus, Internet of things (IoT), Decision support, Data analytics, Machine learning, United Kingdom
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INTRODUCTION 
 

The Internet of Things (IoT) is becoming an increasingly growing topic of conversation both in the workspace and outside of it. It 
is a concept that not only has the potential to impact how we live but also how we work [1]. When talks about IoT it naturally means 
that data, big or small is in the center of IoT world of connected devices. As any organization or institution needs to collect 
meaningful and mirroring information about its internal environment [2,3]. The Internet of Things provides with lots of sensor data, 
these data are the output of some devices that detect and respond to some input from the physical environment. However, the data by 
themselves do not provide value unless convert them into actionable, contextualized information [4]. In this context, the amount of 
information flowing around and through systems at any given time is truly remarkable, and the intelligent machines/solutions being 
created to deal with it are becoming even more remarkable.  

In the space of IoT, the concepts such as smart cities, smart homes and smart healthcare are dynamic and ever growing with the 
support of data analytics and machine learning [5]. This paper focuses on a fairly new concept called smart campus which largely 
attempts to improve the quality and performance of the university services, to reduce costs and resource consumption, and to engage 
more effectively and actively with its students, staff and other stakeholders. This paper presents the design of a novel smart campus 
solution in Staffordshire University, UK. 
 

 
RELATED WORK 
 

The Internet of Things (IoT) refers to the vast world of interconnected devices with embedded sensors whic h are capable of 
providing data, and in some cases, being controlled, across the internet [6,7]. Common examples include many home automation 
devices, like smart thermostats and remotely controllable lighting fixtures, but there are countless others, from traffic sensors to water 
quality meters to smart electric grid components to tracking manufactured goods and vehicle fleets worldwide [2,4]. Therefore, there 
is no exact definition to the Internet of Things, this concept was defined many times from different perspectives and points of view. 
 
 
The idea of Smart Campus 
 

Smart campus is a new idea in the development of ICT (Information and Communication Technology) within a University 
Campus to improve the quality and performance of the services, to reduce cost s and resource consumption, and to engage more 
effectively and actively with its members. The university presents itself as the ideal space of experimentation, representing to a lesser 
extent the urban environment and its real needs [2,8]. The defining technologies that have brought Smart Campus concept to the 
forefront are IoT and Cloud computing. 
 

Cloud Computing is the integration of various resources extensively, and the offer of supercomputing and storage capacity, which 
has three types of services: Infrastructure as a Service, Platform as a Service, and Software as a Service [1,5]. The internet of things 
which divides into sensing layer, network layer and application layer is the product of effective fusion o f sensor networks, Internet, 
and mobile communication network, and its core is the sensory system [4,9]. The architecture of smart campus based on the cloud 
computing and the Internet of things consists of unified portal system, service support platform, data information convergence 
platform, network convergence platform, as well as information standard system and security maintenance [1,6]. The drive towards a 
smarter campus and its extension towards smart cities is inevitable. 
 
Madrid Moncloa University Campus  

The Campus of the University of Moncloa has around 150 buildings in an area of 5.5 square kilometers, including schools, 
research centers, and student housing, plus three sport areas and large green spaces. Tens of thousands of cars use the Campu s roads 
every day. The Campus has a good public transport service with two subway lines and thirteen bus lines. 
 

The platform proposed is Smart CEIM, it has a powerful cloud -based storage and computing infrastructure [10,11]. It complies 
with open standards in order to facilitate the deployment of new e xperiments and services. This infrastructure provides adequate 
capacity for the use of Big Data techniques, as well as interfaces for Open Data access [12]. The demonstration room houses the 
platform dashboard and offers several large screens for displayin g experiment results. The platform offers an initial set of pilot 
services, which will be extended with additional services developed in the future. Currently deployed services include [10,13]: 
 
 

- Environmental monitoring: By deploying a network of sensors distributed across the campus, this service allows monitoring 
various environmental parameters such as temperature, humidity, light intensity, noise, and air quality. 
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- Monitoring energy consumption: This service allows monitoring and analysis of electricity consumption in campus buildings 

by using sensors coupled to electrical boxes.  
- Analysis of people flows and vehicle flows: This service allows the approximate count of people and vehicles in the  

campus, as well as the analysis of movement patterns, busiest places, times spent in points of interest, etc.  
The implementation of these services has required the installation and configuration of several sensor networks throughout the 

campus, plus auxiliary power and communication network infrastructures. 
 
University of Twente, Netherlands  

There are two key aspects of the smart campus solution of University of Twente (UT); human movement aspect and CO2 
reduction aspect. 
 
Human movement in University of Twente, Netherlands 
 

The University of Twente (UT) campus is a place where people can work, live and participate in leisure activities. All these 
functions were taken into account when the campus solution was designed. However, it is difficult to determine how the campus is 
actually being used. To this end, a measuring system that maps out the actual use and movements around the campus is required. 
 
 

The technology to be used for this is Wi-Fi tracking, which entails using the Wi-Fi signals of mobile telephones to analyze visitor 
behavior. To this end, the UT will work together with BlueMark Innovations, which is a UT spin-off company. The technology UT 
have opted for will provide it with a lot of information as well as with challenges, such as incomplete data, disruptive signals, privacy 
issues, etc. Moreover, due to its extensive nature, it is difficult to contain it in a two -year project [14,15]. 
 
 
CO2 for life in the University of Twente, Netherlands  

This project’s goal is to complete the carbon cycle by combining the fully renewable resources. This entails combining CO2 from 
the air with water and renewable electricity to form methanol (CH3OH). This process can be realized for one or multiple buildings on 
campus, including the high-pressure laboratory. This makes it possible to store a temporary surplus in electricity generated by solar 
panels/wind turbines, thus actively reducing CO2 emissions. The CO2 produced can then be turned into electricity in fuel cells, but 
also into petrol and diesel replacements (DME) or into a resource for plastics back into synth esis gas. Furthermore, the collected CO2 
could also be used for growing processes in greenhouses and for the cultivation of algae. This contributes to the creation of a society 
in which the carbon cycle is completed without creating an energy, food or resources deficit. 
 
 

The project can fit in seamlessly with some current programs as well as with research projects at various faculties. The project will 
likely be an important, additional component in the development of major, newsworthy projects [14,15,16]. 
 
Research gaps 
 

Based on the existing literature of smart campus domain, it can be observed that there is only a small number of models as such. 
This study attempts to bridge the following knowledge gaps of smart campus domain;  

1. Lack of end-to-end smart campus solutions which look at all aspects of a smart building such as environment control, energy 
management, room utilisation, cleanliness recognition, smart carpark, security patrolling and internet enabled café. 

 
2. Lack of usage of predictive and prescriptive analytics on real-time data feeds such as PIR sensors, air quality monitors, 

surveillance cameras and major university databases.  
3. Lack of such smart campus solutions in the United Kingdom context. 

 
 
RESEARCH APPROACH 
 

Staffordshire University Smart Campus is a project that aims to bring many benefits in the short term as well as in the long term. It 
aims to develop both the human and the technical infrastructures of the University by offering smart solutions to some issues 
encountered inside the campus in order to make the life easier for students and staff and to produce some important optimizations 
including energy, human resources and so forth. 
 

Therefore, the Smart Campus goal is to design an architecture able to collect data from remote sensor networks, to store them and 
to give access to them in an efficient way. The Smart Campus project has two stages. The first stage was the business side of the 
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project where a business requirement study has been conducted to extract the exact business requirements and once this complete the 
second stage was the technical implementation of one or many requirements and evaluation of the solution. The scope of this paper 
limits to the first stage of the project. The starting stage of turning Staffordshire University into a smart campus is converting Beacon 
building which is a new building that have been completed in September 2016 into an intelligent/smart building. 
 

Considering the nature of the study, a quantitative approach was chosen [17,18]. The key challenges (building use, energy use, 
crewing guides, consumables and chemicals, response team, maintenance planning, security patrolling, positioning of retail offers and 
outlets, catering production planning, and student accommodation utilization) are the result of a number of comments and complaints 
received from the University students and staff directly or indirectly (social media pages, forums and student community). A 
questionnaire was developed around these challenges and directed especially to the staff members and student representatives, in 
order to identify what are the expectations of university staff and student representatives in relation to these topics. The reason for 
which the questionnaire was not directed to the students in general is that large numbers of student responses may lead the project 
requirements to a divergence in relation to the time and budget granted for this project. 
 
Smart Campus questionnaire 
 

The potential for and interest in developing the Staffordshire University as a Smart Campus, is considerable and growing. By 
Smart Campus, we mean a campus that is efficient, safe, sustainable, responsive and enjoyable place to study and work, underpinned 
and enhanced by digital/ internet based technologies. The objective of this questionnaire is to formulate and develop a clear idea about 
how a smart campus would improve the University business in order to be converted into a Smart Campus by targeting the users of 
university services. 
 

There are different types of questionnaires depending on the targeted people and the scope of the study (such as internet mediated, 
postal, and delivery and collection questionnaires) [17]. Only the undertaken type will be justified as the other types do not cope with 
the project nature. The type of questionnaire used was the internet questionnaire classified as a self-administered type of 
questionnaires that are administered electronically and usually completed by the respondents [17]. The fact that the targeted people are 
University staff and student representatives means that they all have access to internet and obviously computers. The questionnaire 
was created using the online tool Survey Planet and could be previewed via a link in the tool’s website - 
https://s.surveyplanet.com/593f53b2f09d543e1d4c5ed6 

 
ANALYSIS AND FINDINGS 
 

After determining the challenges faced by Staffordshire University’s campus and the type of data required for each challenge, and 
after collecting the questionnaire results that have given a more clearer idea about the expectations of the University stakeholders 
related to these challenges, a detailed project specification was the output in order to determine the qualities or the benefits and the 
potential functionalities and requirements of the targeted system. This solution was broken down into a Smart Building and Smart car 
parking, each one has a number of qualities that should be fulfilled by the end of the Smart Campus project. Each system should 
respond to the security measures so that the data manipulated as well as the physical infrastructure that would turn into a smart 
infrastructure would be well protected and secured. 
 
Business requirements 
 

From the qualities previously defined for the Smart Campus solution, a set of functionalities were extracted from each one of them 
in order to have a clear idea about what the system need to do after its implementation. The requirements were ranked based on 
“MoSCoW” technique that uses four priority groups [19]: Must, should, could and will not and where the project stakeholders 
prioritize the requirements in a collaborative way. The list of requirements is presented below (other requirements related to key 
challenges were not listed due to page restrictions such as Space utilization and occupancy, Cleanliness recognition, Smarter car 
parking, and Internet enabled café): 
 

Energy management 
An overview of energy usage, providing readings for electricity, gas, and other relevant energy source usages for buildings.   

MoSCoW Solution Aspect  
▪ Collect & display data on:

  
▪ electricity usage per room per time 

Must ▪ gas consumption per unit per time – more electricity data 
  

 ▪ water consumption  
 

4 

https://s.surveyplanet.com/593f53b2f09d543e1d4c5ed6


▪
 Switch off elevator light when not in use 

▪ Switch off room light when not in use 
Should

 
▪
 If devices are logged on and active for lengthy periods, email user – auto logout? 

▪
 Highlight/emphasise higher than usual usage 

Could 
▪
  Collect & display data on electricity usage per room per power outlet per time 
▪
  Remote disabling of outlets in case of issue(s) or abuse(s)   

Won’t 
 
Smart Campus business plan 
 

Several workshops have been conducted with the project stakeholders and coordinated by lead researchers in the project team in 
order to discuss different aspects of the project from various perspectives. One of the workshops was around studying the 
attractiveness factors of the project and prioritizing them based on the correlation between them and the elements that are going to be 
subject of the Smart Campus implementation. The project stakeholders participated in assigning to every correlation a number from 
one to ten [1-10] depending on whether it is high or low based on real examples. Then the total score was calculated for each 
challenge. This method was used in order to choose the three highest challenges that will be solved as part of the Smart Campus 
project which are the building use, the environmental monitoring, the crewing guides and the maintenance and planning, however, the 
implementation of the environmental monitoring is expensive and may lead to an over budget which will have negative effects on the 
university business. 
 
Project benefits 
 

The business benefit can be defined as an outcome of an action or decision that contributes towards meeting business objectives 
[9,20,21]. This serves well for many business planning and business analysis needs. Defining business benefits in terms of business 
objectives provides a practical basis for measuring, valuing, and comparing both financial and non-financial benefits [15,22]. The 
financial benefits are the defined and measured in financial terms, such as cost savings, sales revenues, or profits [23]. While the non-
financial benefits are defined and measured first in non-financial terms [23]. These may include changes in key performance 
indicators, accident rate, or student satisfaction survey scores. The Smart Campus benefits where decomposed as well into financial 
benefits and non-financial benefits. 

 
CONCLUSIONS 
 

This paper focuses to determine the upcoming demonstrator design starting with the data sources available for this project until the 
visualizations that could come out from these data that will help the decision makers to make appropriate decisions. Figure 1 shows 
that the main technology that has been used during this project is Machine Learning. Many algorithms were created in order to 
implement Machine Learning that is subdivided into many fields but only one algorithm has been used for the project.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 1: The Smart Campus design  
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The execution of this project as a whole requires data sources, these data sources vary between the University databases, historical 

data and online services, or they could be real time data generated by sensors. Based on the objectives set by the University that could 
result either from the University or the schools’ business plans, data have been modeled and integrated in order to present in 
appropriate patterns and provide as input to Machine Learning for predictive and prescriptive analytics. Machine learning for analytics 
is divided into three components: detection that could be detection of a change or detection of anomalies, pattern classification is 
about classifying objects or events into some known classes, or it could be prediction for future actions, events or values [18,24,25]. 
The result of the Machine Learning will be used in providing dashboards and data visualizations intended to the heads of schools, the 
executives, the staff, the students and the guests for making the appropriate interventions and make the right decisions in order to 
improve the University’s business results. These interventions could result in new ideas and needs for new data visualizations and new 
decisions [26]. 
 

All sections discussed in this paper constitutes different stages of the project; initial study of the Smart Campus project, that 
specifies all the work that was performed regarding this project, starting with the problems and challenges that were encountered by 
the University staff and students, then setting the targeted system qualities. Subsequently, the phase of requirements setting where for 
each challenge previously discovered, the business requirements were extracted based on priorities which were established based on 
questionnaire survey and MoSCoW prioritization method. Thus, the technical requirements and the material resources that will be 
required were externalized, and the benefits that would result from this project were presented. Finally, the design of this Smart 
Campus solution was developed. 
 

In future, we expect to extend the works of this paper to another paper in order to present the implementation of this smart campus 
solution using machine learning intelligence and other technologies used to put the current project into action. 
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ABSTRACT 

Concerns are mounting over increasing accidents and safety issues due to freight 
transportation (FT) operations and immediate interventions are necessary to make it more 
sustainable. Hence, organizations are adopting the triple bottom line framework into their 
strategies to guide the way for evolution of sustainable freight transportation systems 
(SFTSs). Development of SFTSs is a complex and challenging task due to the various 
inherent sustainability risks. Furthermore, the area of sustainability risk management is still 
developing, and basically immature, particularly in the FT domain. Therefore, this research 
introduces a novel integrated approach based on intuitionistic fuzzy number (IFN) and D-
number theory to quantitatively model and prioritize the sustainability risks in freight 
transportation systems (FTSs). The findings show that organizations need to evolve in the 
social dimension to facilitate the development of SFTSs. Furthermore, skill development 
programs and driver training courses to improve the proficiency should be the primary focus 
in the freight sector to curb the associated safety issues. The results of this study provide 
significant managerial implications for integrating sustainability and improving management 
of sustainability risks in FTSs. 
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1. INTRODUCTION 
 
Freight transportation (FT) is a key component to ensure the seamless functioning of supply 
chain and logistics system. It is expected that between 2000 and 2050, freight tonne-kms will 
increase at a rate of 2.3% per annum and the resulting CO2 emissions may increase by an 
additional 109 percent by 2050 [1]. Concerns are mounting over the increasing accidents and 
safety issues due to transportation operations and immediate interventions are necessary to make 
it more sustainable [2]. Hence, organizations are adopting triple bottom line concept into their 
strategies to guide the way for the evolution of sustainable freight transportation systems 
(SFTSs). 
 

Development of SFTSs faces a major challenge due to the various inherited sustainability risks  
[3]. These risks pose an intrinsic threat to the sustainable performance of FT and make it 
susceptible to various disruptions. Strategic management of sustainability risks is essential to 
avoid inherent consequence and to achieve high economic as well as environmental performance  
[4]. In order to tackle these risks, organizations need to adopt the risk management process as an 
embedded part of their SFTSs. 
 
The study introduces a risk evaluation methodology based on intuitionistic fuzzy numbers (IFN) 
and D number theory to evaluate sustainability risks. IFN can very well address the fuzziness of 
linguistic assessment while the D number theory increases the objectivity of expert assessments 
by fusing multiple expert judgments [5]. This research adds to the expansion of knowledge and 
innovation of tools in the area of sustainable freight transportation (SFT). 
 
 

2. SUSTAINABLE FREIGHT TRANSPORTATION SYSTEMS (SFTSs) 
 
Sustainability has obtained recognition both as a research field and as a practice especially in the 
last decade [6]. The external pressures due to government regulations, marketplace demand, 
competitor’s actions, green image, and NGOs are obligating the organizations to adopt 
sustainable practices [7]. FT is one such area in which sustainability incorporation is extremely 
essential to impede the awfully high negative consequences on the people and planet [1]. 
However, SFTSs in most of the organizations is under-developed, complex and ambiguous due 
to the various inherent sustainability risks [8]. In order to ensure the successful functioning of 
SFTSs and to achieve the desired results, it is necessary to combat these risks. 
 
Based on the literature review, it is evident that the domain of sustainability risk analysis is still 
unexplored especially in the context of SFTSs. Accordingly, building upon the supply chain risk 
management and FT literature, the study attempts to identify the various sustainability risks 
present in FTSs. A total of ten sustainability risks in SFTSs have been identified and are 
presented in Table 1. 
 
Table 1: Sustainability Risks in SFTSs 

S. No. Sustainability Risks References 
1 Empty Running Risk (R1) [7]; [8] 
2 Capital Sourcing Risks (R2) [9]; [10] 
3 Fuel Price Volatility (R3) [11]; [6] 
4 ICT inadequacy Risk (R4) [12] 
5 Escalating Rate of Pollution (R5) [1] 



6 Unpredictable Traffic Congestions (R6) [7] 
7 Safety & Health Risk (R7) [13] 
8 Delay Risk(R8) [8] 
9 Driver Associated Risk (R9) [11] 

10 Lack of Awareness & Logistic Knowledge (R10) [9]; [14] 

 
After the initial identification and mapping of sustainability risks, it is required to determine the 
most critical threats to ensure the proper allocation of mitigation resources. Hence, the study 
proposes an integrated approach based on IFN and D-number theory to quantify the identified 
sustainability risks as described in the next section. 

 

3. METHODOLOGY  
In this section, the basic concepts of both the involved approaches namely, IFS and D-number 
theory is discussed and the step-by-step explanation of the integrated methodology is provided. 

 

3.1 Intuitionistic fuzzy set (IFS) theory  
IFS is an extension of fuzzy set theory [15] and was first proposed by [16]. IFS can depict three 
grades of membership function i.e. membership degree, non-membership degree and hesitancy 
degree to examine the DMs’ linguistic judgments from preferred, not preferred and 
indeterminate point of views. The basic concepts and definitions of IFS theory are explained in 
detail in [16] and [17]. 

 

3.2 D-number theory 
D-number theory, which is an extension of Dempster-Shafer evidence theory, was introduced by  
[18]. D-Numbers can represent incomplete and non-exclusive linguistic assessments efficiently  
[5]. Hence, D-number theory can handle the practical scenarios better. For better understanding, 
some of the fundamental concepts of D-number theory are explained in [5] and [18]. 

 

3.3 An integrated IFN-D number theory based model  
In this section, intuitionistic fuzzy numbers (IFN) are combined with D-number for evaluating 
sustainability risks in SFTSs and the step-by-step explanation of the proposed model is given 
below. 

 
Step 1: Identification of Sustainability Risks in SFTSs  
Step 2: Linguistic Assessment of Sustainability Risks using IFN: Decision Makers are 
requested to analyze the probability of occurrence (P) and impact (I) of the identified risks using 
a linguistic scale. The linguistic variables are then transformed to corresponding IFNs in 
accordance with Table 2 [17]. 

 
Table 2: Transformation of Linguistic Variables to IFN 

 
S. No. Linguistic Scale Intuitionistic Fuzzy Number (IFN) 

1 Extremely High [1.00,0] 
2 Very High [0.85,0.10] 
3 High [0.70, 0.20] 
4 Moderately High [0.60, 0.30] 
5 Medium [0.50, 0.40] 
6 Moderately Low [0.40, 0.50] 



7 Low [0.25, 0.60] 
8 Very Low [0.15, 0.75] 
9 Extremely Low [0.10, 0.90] 

 
Step 3: Determination of Severity of Sustainability Risks: The severity (L) of sustainability 
risks is calculated as follows. 

=  ⊗  = (  ,  )⊗(  ,  ) = [(  ×  ), (   +  −   ×  )] (1) 
 
Step 4: Aggregating Decision Makers’ assessments using D-Number Theory: The 
intuitionistic fuzzy severities of sustainability risks calculated in the previous step are converted 
to respective D-numbers and fused together based on the combination rule of D-number theory 
to obtain the risk scores [5].  
Step 5: Prioritized ranking of sustainability risks is obtained based on risk scores. 

 

4. APPLICATION OF METHDOLOGY FOR EVALUATING SUSTAINABILITY 
RISKS 

 
The research now illustrates the practical application of the proposed hybrid model by means of 
real data as follows:  
Step 1: A total of ten identified sustainability risks are presented in Table 1.  
Step 2: The linguistic assessments of sustainability risks provided by decision makers are 
transformed to the corresponding IFNs using Table 2 and are presented in Table 3. 

 
Table 3: Intuitionistic Fuzzy Assessment of Sustainability Risks 

R  DM1   DM2   DM3  
 P I Severity P I Severity P I Severity 
R2 [0.85,0.10] [0.85,0.10] [0.723,0.19] [0.85,0.10] [0.70,0.20] 0.595,0.28 [0.70,0.20] [0.70,0.20] 0.49,0.36 
R3 [0.60,0.30] [0.60,0.30] [0.36,0.51] [0.50,0.40] [0.50,0.40] 0.25,0.64 [0.60,0.30] [0.50,0.40] 0.3,0.58 
R4 [0.70,0.20] [0.50,0.40] [0.35,0.52] [0.70,0.20] [0.40,0.50] 0.28,0.6 [0.85,0.10] [0.50,0.40] 0.425,0.46 
R5 [0.40,0.50] [0.60,0.30] [0.24,0.65] [0.50,0.40] [0.50,0.40] 0.25,0.64 [0.60,0.30] [0.60,0.30] 0.36,0.51 
R6 [0.85,0.10] [1.00,0] [0.85,0.1] [1.00,0] [0.85,0.10] 0.85,0.1 [0.85,0.10] [0.85,0.10] 0.7225,0.19 
R7 [1.00,0] [0.85,0.10] 0.85,0.1 [0.85,0.10] [0.70,0.20] 0.595,0.28 [0.85,0.10] [0.70,0.20] 0.595,0.28 
R8 [0.85,0.10] [0.85,0.10] 0.7225,0.19 [0.85,0.10] [0.70,0.20] 0.595,0.28 [0.70,0.20] [0.85,0.10] 0.595,0.28 
R12 [0.85,0.10] [0.70,0.20] 0.595,0.28 [0.70,0.20] [0.60,0.30] 0.42,0.44 [0.85,0.10] [0.60,0.30] 0.51,0.37 
R14 [0.85,0.10] [0.85,0.10] 0.7225,0.19 [0.85,0.10] [0.70,0.20] 0.595,0.28 [0.85,0.10] [0.85,0.10] 0.7225,0.19 
R17 [0.85,0.10] [0.85,0.10] 0.7225,0.19 [1.00,0] [0.85,0.10] 0.85,0.1 [1.00,0] [0.85,0.10] 0.85,0.1 

 
Step 3: Based on the Equation 1, severity of each sustainability risk is calculated and is shown in 
Table 3.  
Step 4: The severity assessments obtained in Table 3 are synthesized together for each 
sustainability risk based on the combination rule of D-number theory [18] and results are shown 
in Table 4. 

 
Table 4: Risk Scores of Sustainability Risks 

Sustainability Risks Risk Score Priority Ranking 
Empty Running Risk (R1) 0.638 6 
Capital Sourcing Risks (R2) 0.363 9 
Fuel Price Volatility (R3) 0.430 8 
ICT inadequacy Risk (R4) 0.363 9 



Escalating Rate of Pollution (R5) 0.821 2 
Unpredictable Traffic Congestions (R6) 0.712 4 
Safety & Health Risk (R7) 0.685 5 
Delay Risk (R8) 0.572 7 
Driver Associated Risk (R9) 0.739 3 
Lack of Awareness & Logistic Knowledge (R10) 0.848 1 

 
Step 5: Based on the descending order of risk scores, the final prioritized ranking of 
sustainability risks inherent in SFTSs is determined as shown in Table 4. 

 
5. RESULTS AND CONCLUSIONS  

As described previously, for the effective integration of sustainability in freight operations, it is 
necessary to overcome the rapidly increasing sustainability risks in FTSs. In order to do so, 
organizations first need to be aware about the various sustainability risks inherent in SFTSs and 
the intensity of threat they pose to the freight operations. Accordingly, mapping and modeling of 
sustainability risks have been done in this research to increase the visibility and predictability 
across SFTSs. An integrated IFN and D-number theory based approach has been applied to 
quantify and prioritize sustainability risks. The priority rankings of risks represent their degree of 
involvement in interrupting the functioning of SFTSs. 

 
Lack of Awareness & Logistic Knowledge (R10) is found to be the highest priority sustainability 
risk in FTSs with a risk score of 0.848. This implies that organizations in freight haulage 
business face the biggest threat to the sustainability of their freight operations due to 
unavailability of logistically skilled employees. Thus, skill development programs and driver 
training courses to improve the logistics proficiency should be the primary focus in the freight 
sector to curb the associated safety and sustainability issues [6, 7]. Furthermore, it can be 
inferred from the results that social dimension plays a significant role in the establishment of 
SFTSs and consciousness of people is must to attain the positive results. In future research, 
measures to control and mitigate sustainability risks in FTSs may be discussed and quantitatively 
modeled. 
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ABSTRACT 

Freight transportation is one of the most crucial and cost intensive activities within the 
growing logistics sector. The issue of sustainability in the context of freight transportation 
has emerged as a key concern to both researchers and practitioners in the past decade. The 
globalization and competitiveness, increasing demand for flexibility, safety, carbon emission 
reduction and cost effectiveness in the freight transportation sector have created a greater 
need than ever before to develop a performance evaluation model for sustainability 
performance assessment of freight transportation systems. This research proposes an 
integrated sustainability performance evaluation framework based on fuzzy evidential 
reasoning algorithm (FERA) and expected utility theorem. This study identifies several 
critical success factors (CSFs) affecting performance of sustainable freight transportation 
(SFT) systems. We review the existing literature and conduct semi-structured interviews with 
practitioners to identify these CSFs. Further, these CSFs are classified into the three key 
pillars of sustainability namely economic, environmental and social dimensions. We propose 
a sustainability performance index (SPI) based performance evaluation model for SFT 
systems. Furthermore, a well-established Indian company is considered as a case example to 
demonstrate the applicability of the proposed framework. The outcomes of this study would 
facilitate decision makers to evaluate and benchmark freight transportation systems based on 
SPI score.   
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1. INTRODUCTION 
 

Transportation sector is of prime importance for the growth of a nation’s economy. 
Transportation sector contributes about 20% to the global energy consumption and accounts for 
about 23% of the global CO2 emissions [1]. Expansion of freight transportation sector is 
indispensable for growth of a nation’s economy. However, it is also mandatory to restrain its 
adverse effects on environment [2]. Moreover, increasing demand of sustainable development 
has also solicited attention of policy makers to encompass sustainability in freight transportation. 
 
1.1 Sustainable Freight Transportation 
 

Sustainability generally leads to achieve a balance of economic, social and environmental 
goals, which consist of strategic and long-term decision making [3]. According to European 
Conference of Ministers of Transport [4], a sustainable transport system is one that is accessible, 
safe, environmentally-friendly, and affordable. 
 
1.2 Importance of Performance Evaluation for Freight Transportation 
 

Performance evaluation is a tool that is used to assess improvement towards any 
organization’s objectives for enhanced decision making [5]. For any freight transportation 
system, an inclusive performance evaluation framework is mandatory to assess and then to 
enhance its sustainability performance. A few researchers have analyzed the importance of 
performance assessment for freight transportation sector [6], [7]. Moreover, performance 
evaluation involves quantitative as well as qualitative attributes, which encompass uncertainties 
in the decision-making process. Accordingly, the deficiency of the existing literature to address 
the key issues of performance evaluation for sustainable freight transportation acts as a 
motivation to carry out the present study. Accordingly, the prime research objectives considered 
are delineated as follows. 
 

• To identify the critical success factors (CSFs) for performance evaluation of sustainable 
freight transportation (SFT),  

• To propose an integrated performance evaluation framework to model uncertainties of 
SFT. 

 
2. LITERATURE REVIEW 
 

Enforcement of stringent environmental standards and rising need for enhancing energy  
efficiency, cost effectiveness and safety have led to the development of a sustainability 
performance evaluation framework for freight transportation. The main aim of achieving 
sustainability in freight transportation is to control emission level, road mishaps, resource 
depletion, and enrich quality of life and economic status [8]. Sustainability challenges of 
logistics and supply chain management can be handled by measuring the economic and 
environmental performance [9]. 
 
2.1 Literature Related to Sustainable Freight Transportation 
 

As economic, environmental and social dimensions are the three fundamental pillars of 
sustainability in transportation [10], [11], CSFs have been identified for these three dimensions. 
Economic sustainability leads to boost economic development and to make transportation system 
more affordable [10]. Operating cost and co-loading are the key factors under economic 
dimension for better monitoring of freight transportation [12], [13]. Environmental sustainability 



leads to reduce resource depletion, emission level and abrupt climatic changes to sustain 
environmental integrity [8], [14]. Air pollution, noise pollution and visual intrusion are 
considered as major factors under environmental dimensions of sustainability to measure 
performance of freight transportation [13], [15]. Factors under social dimension of sustainability 
are also of prime importance for effective monitoring of sustainable transportation [11], [16]. 
Accordingly, several crucial factors affecting performance of freight transportation have been 
identified by reviewing the existing literature and performing semi-structured interviews with 
experts from industry and academia. Consequently, a finalized list of CSFs is delineated in Table 
1. 

 
Table 1: List of Critical Success Factors for Sustainable Freight Transportation  

 
Code CSFs of SFT Literature Support 

   

EC (A) Economic Factor  
   

EC.1 Reduction in operating cost [13], [17] 
   

EC.2 Employees’ training program [18] 
   

EC.3 Co-loading [13], [19], [20] 
   

EC.4 Return   on   investment (ROI) [3] 
   

EC.5 Economic growth [10], [11], [21] 
   

EN (B) Environmental Factor   
EN.1 Reduced level of air pollution [12], [14], [17]  

    

EN.2 Reduced level of noise pollution [3], [12], [13], [14]  
    

EN.3 Lessing Non-renewable fossil f uel consumption [3], [17], [22]  
    

EN.4 Lessening visual intrusion [15]  
    

EN.5 Adoption of green  practices [22]  
    

SO (C) Social Factor   
    

SO.1 Reduced accident rate [11], [14], [22]  
SO.2 Reduced traffic congestion [3], [7], [12], [13]  

    

SO.3 Equity [21], [22]  
    

SO.4 Cargo safety [12], [17]  
SO.5 Injury prevention program [11]  

     
 
 
2.2 Literature Related to Performance Evaluation 

 
In the past two decades, many researchers have primarily focused their attention on 

development of performance evaluation models in different areas [23], [24]. The applicability of 
fuzzy-TOPSIS was reported for selecting the best sustainable transportation system [17]. Further, 
a transport sustainability index (TSI) based performance evaluation framework was proposed by 
using AHP and Dempster-Shafer theory [12]. Accordingly, it is evident that a few studies have 
focused on the sustainability performance evaluation; however, the existing literature 
significantly lacks to develop a sustainability performance evaluation framework to model 
uncertainties for freight transportation systems. Accordingly, this study is an attempt to address 
this gap in literature. 

 
3. METHODOLOGY 

 
The evidential reasoning approach (ERA) is developed to model quantitative as well as 

qualitative attributes involved in multiple attribute decision making (MADM) problems [25]. 
Basically, ERA is the combination of the Dempster-Shaffer (D-S) theory of evidence and a 
distributed modeling assessment framework [26]. ERA can effectively handle various types of 



uncertainties (e.g. ignorance, incomplete information and fuzziness) [25]. Further, fuzzy set 
theory (FST) offers a systematic way to consider linguistic variables for ease in decision making 
process. The FST can be combined with ERA to deal with pragmatic cases, where fuzziness and 
ignorance in data are prevailing [27]. Therefore, this study employs a flexible and robust 
technique; fuzzy evidential reasoning algorithm (FERA), by combining FST and ERA to 
quantitatively model and analyze the sustainability performance. 
 

At the outset, CSFs of SFT have been identified as discussed in Section 2. Afterwards, by 
using the concepts of FST, the linguistic assessments of CSFs are transformed into triangular 
fuzzy numbers (TFNs) [28]. To attain the specific objectives of this study, an eight step 
methodology as depicted in Figure 1 is followed.  
 

Literature Identification of critical success factors   Experts’ 
Review (CSFs) of SFT   Opinions 

       
       

       

  Linguistic assessment for CSFs     
       

       

Use of Fuzzy  Transformation of linguistic variables into    
Set Theory  triangular fuzzy numbers (TFNs)    

       

Use of Mapping 

    

Transformation of aggregated TFNs into     
Process belief degree structure     

       

      

  Normalization of belief degree structure    
      

     

Use of ERA  Aggregation of belief degrees of CSFs for    
  each dimension of sustainability    
      

     

Use of Expected  Determination of crisp value of aggregated belief   
Utility Theorem  degrees for each dimension    

 
Determination of SPI 

 
Figure 1: Schematic Diagram of Proposed Research Flow 

 
 

4. PERFORMANCE EVALUATION For a CASE EXAMPLE 
 

The case organization selected for this study is a renowned logistics service provider located 
in the northern part of India. It was established in the year 1997 with a focus on ensuring safety 
of cargo, achieving the fastest transit time and delivering logistics excellence to its customers. 
 

The experts’ opinions in the form of linguistic variables have been captured and then 
transformed into corresponding TFNs. Five experts have been selected, which are at middle and 
senior management level in the organization. Further, the analysis is performed as delineated in 
Figure 1. The normalized belief degree (please refer Table 2) values are provided as an input to 
the ERA and then by utilizing expected utility theorem, performance index value for economic, 
environmental and social dimension is calculated. Furthermore, the overall SPI value for the case 
example is calculated and depicted in Table 2. 



Table 2: Computation of SPI for the Case Example 
 

         Normalized Belief Degrees   Aggregated Sustainable Performance   Performance Score 
                           Assessment         
 Categories of   CSFs   VL   L   M   H   VH   VL   L   M   H   VH     
 CSFs                                       
     EC1  0.00  0.00  0.12  0.43  0.45                    
                                   

     EC2   0.00   0.00   0.12   0.43   0.45                    
 Economic    EC3  0.00  0.05  0.30  0.45  0.20  0.018  0.090  0.256   0.392  0.245  0.689  
                                      

     

EC4 
  

0.10 
  

0.35 
  

0.40 
  

0.15 
  

0.00 
                 

                                  
     EC5  0.00  0.10  0.35  0.40  0.15                    
                                   

     EN1   0.00   0.05   0.30   0.45   0.20                    
     EN2  0.00  0.05  0.31  0.47  0.17                    
                              

 Environmental   EN3   0.00   0.00   0.17   0.47   0.36   0.000   0.026   0.228   0.481   0.266   
0.747 

 
                                       

     

EN4 
 

0.00 
 

0.05 
 

0.30 
 

0.45 
 

0.20 
                  

                             
                                   

     EN5   0.00   0.00   0.12   0.43   0.45                    
     SO1  0.00  0.05  0.31  0.47  0.17                    
                                   

     SO2   0.00   0.05   0.30   0.45   0.20                 
0.616 

 
 

Social 
   

SO3 
 

0.06 
 

0.35 
 

0.42 
 

0.17 
 

0.00 
 

0.021 
 

0.150 
 

0.323 
  

0.351 
 

0.154 
  

                   

     SO4   0.06   0.35   0.42   0.17   0.00                    
     SO5  0.00  0.00  0.12  0.43  0.45                    
                          

 Overall Sustainability Performance Index (SPI)         0.011   0.080   0.265   0.430   0.214   0.689  
                                        



5. RESULTS AND DISCUSSION 
 

The performance evaluation of SFT systems involves quantitative as well as qualitative 
attributes, which encompass vast subjectivity and uncertainty in the decision-making process. To 
deal with these issues and to provide rational and reliable outcomes, we have utilized FERA. At 
the outset, this study attempts to identify CSFs of SFT. A total of 15 CSFs are identified and 
these have been classified into three dimensions of sustainability. 
 

In this paper, a case organization has been selected to evaluate its current sustainability 
performance by employing the proposed model. After analysis, it is evident from Table 2 that the 
overall SPI score for the considered case organization is 0.689. From the obtained results, it is 
also apparent that ‘environmental CSFs’ achieve the highest performance score followed by 
‘economic CSFs’ and ‘social CSFs’. The prime objective of any company would be to achieve 
maximum value of SPI (i.e. close to 1). As performance score of ‘social CSFs’ is 21.26% lesser 
than the performance score of ‘environmental CSFs’, top management of organization should 
focus on developing such strategies that acquire special attention to these under-rated ‘social 
CSFs’ and hence overall SPI score would improve. This presented approach, to model 
uncertainties in decision making, assists to measure the current sustainability performance of a 
freight transportation system. 
 
6. CONCLUSION AND SCOPE FOR FUTURE RESEARCH 
 

The prime objective of this study is to evaluate the sustainability performance of freight 
transportation systems under uncertainties. In order to attain it, we propose an integrated 
performance evaluation model for SFT systems by applying a fuzzy evidential reasoning 
algorithm (FERA) along with the expected utility theory. The proposed model is a significant 
step forward for the organizations to improve its sustainability performance further to remain 
competitive in the global market. As discussed, FERA utilizes the concepts of fuzzy set theory 
(FST) and evidential reasoning algorithm (ERA). This study identifies 15 significant CSFs by 
reviewing the extant literature and performing semi-structured interviews with practitioners. 
These CSFs are further categorized into three dimensions, namely: economic, environmental and 
social dimension. 
 

The novelty of this research lies in developing a conceptual framework for sustainability 
assessment under uncertainties, identifying CSFs of SFT systems and proposing a sustainability 
performance index (SPI) based performance evaluation model for SFT systems. The SPI scores 
act as an objective tool for evaluating present performance of SFT system. The outcomes of this 
study facilitate decision makers to evaluate and benchmark freight transportation system based 
on SPI score. Furthermore, the methodological facets elucidated in this study have significant 
implications for researchers as well as practitioners. As a scope for future work, more experts 
can be interviewed to extend the existing list of CFSs. Further, in order to develop a 
comprehensive performance evaluation framework, more case organizations can be selected and 
then robustness of the proposed model can be validated by using sensitivity analysis. 
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ABSTRACT 

 
Nowadays, the growing popularity of the internet and the Web has led to the birth of large 
networks, which can contain millions of nodes and links, and for which it is possible to 
obtain large amounts of information. Large networks are often dynamic; they evolve over 
time, which results in the addition and disappearance of nodes and links. One of the key 
issues on networks is the detection of communities. A community is often defined as sets of 
nodes strongly linked to each other, and more loosely related to the rest of the network. The 
detection of such groups in dynamic networks has become a widely discussed topic, several 
approaches have been proposed and applied to real networks, but there is still new issues that 
arise in this regard, and one of the most relevant issues is community operations which 
include birth, death, fusion and division. 
 
In this paper, we propose a novel approach CCDAP that classifies existing dynamic 
community detection algorithms in order to find the most appropriate one according to some 
preferences that we extract form the case study. For that, we need a multicriteria ranking 
method such as PROMETHEE II. This latter allows classifying alternatives (which are 
algorithms in our case) from the best to the least according to some criteria depending on the 
case study. CCDAP is a two phase method: the first phase "Ranking Phase" consists of 
ranking the algorithms with PROMETHEE II. The second one consists of the execution of 
the first suggested algorithm to detect the communities; this phase is called "Detection 
Phase". 
 
In order to test the feasibility of our approach, we chose to use the dataset "Last.fm", which 

is designed for music recommendation. 
 
Keywords: CCDAP, Dynamic community detection, PROMETHEE II, Algorithms 
Classification, Last.fm, Recommendation. 
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INTRODUCTION 
 

These days, most of Web users are connected to a social network, giving rise to large 
networks that can contain billions of nodes and links. These networks tend to be scalable and 
dynamic, the addition and disappearance of nodes or links is possible over time. One of the 
peculiarity of networks is that they are weakly dense, i.e. if we choose two nodes randomly, 
they are not likely to be connected. But, if we take two nodes which share a same neighbor, 
they are more likely to be connected [10]. This feature gives the network locally a clique 
behavior (groups of nodes). These sets of cliques form what is called a community, generally 
defined as a set of nodes strongly connected to each other and weakly connected to the rest of 
the network. The detection of such groups in dynamic networks has become a widely 
discussed topic, that several approaches have been proposed and applied on real networks. 
 

The second section of this paper presents a background and some related works, we 
explain some proposed approaches of dynamic community detection. In the third section, we 
present our main contribution and we give our proposed approach. The forth section presents 
our conclusion and some future research directions. 
 

RELATED WORKS 
 

This section is organized in two categories. First, we give a background on PROMETHEE 
and community detection. Second we give some works related to our work. 
 

 

PROMETHEE 
 

The PROMETHEE method (Preference Ranking Organization Method for Enrichment 
Evaluations) belongs to the family of outranking methods, based on the theories of Roy. It 
was developed by Jean-Pierre Brans in 1982. It helps decision makers find the alternative that 
best suits their goal and their understanding of the problem. 
 

The evaluation matrix is the starting point of the PROMETHEE method in which the 
alternatives are evaluated on the different criteria. 
 

The principle of the PROMETHEE method is to establish a process of comparing each 
alternative with all other alternative in pairs with respect to each of the selected criteria  
[1]. Thus it is possible to calculate the most (merit) or the least (demerit) of each alternative 
compared to all the others. The result of this comparison allows to rank the alternatives from 
the best to the least adequate [2]. 
 
Community detection 
 

A community is defined as a group of nodes strongly connected to each other, but weakly 
connected to the rest of the network. As for a dynamic community there is no consensus 
definition; some define it as a succession of static communities, others consider it a 
community that evolves over time [10]. A dynamic community may evolve in different ways: 
birth, death, expansion, contraction, merging, and division. 
 

The community detection problem consists on finding a partition of a network into 
subgroups that are poorly connected to each other, while the nodes within the same group are 
connected in a dense manner [10]. The dynamic aspect of large networks that evolve over 
time has led researchers to become more interested in this aspect, and the number of 
proposed methods for the detection of communities in dynamic networks is increasing to 
date. The table 1 illustrates some of the proposed approaches. Among the algorithms we 
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identified, some didn't provide their source code, others were implemented in different 
languages, which led us to find a way to compile them on JAVA, also we're in process of 
implementing the rest of algorithms. 
 

Table 1: Related works for dynamic community detection  
 

Reference  
 
 
 

[3]  
 
 

 
[4]  

 
 
 
 

 
[5]  

 
 

 
[6]  

 
 

 
[7]  

 
Principle  

 
Wang et al. proposed a core-based algorithm to track community evolution 
which depends on detecting core nodes to establish the evolving 
relationships among communities at different snapshots.  
 
Lin et al. proposed "MetaFac", it has three key ideas: a relational 
hypergraph for representing multi-relational social data; MF-algorithm, an 
efficient non-negative multi-tensor factorization method for community; 
MFT, an on-line factorization method to handle time-varying relations.   
Li et al. use the link-by-link evolution of the network. At each step, 
depending on the changes made to the network, the nodes affected by 
these changes will be able to change communities from the previous step. 
Specifically, the node will belong to the community with which it has the 
most links.   
Cazabet et al. presented a multi-agent system based approach "iLCD", they 
represented communities as agents that interact within an environment.  
 
Nguyen et al. proposed "QCA", a fast adaptive framework for efficiently 
identifying the disjoint community structure of dynamic social networks. 
Their approach takes into account the structural history and works on 
network changes only, thus significantly reduces computational cost and 
time requirement.  

 
Programming  

language  
 

Source code 
not obtained 

yet  
 
 

MATLAB  
 
 
 

 
Source code 
not obtained 

yet  
 

 
JAVA  

 

 
In process of 

implementation  

 

 
[8]  

 
 
 
 

[9]  

 
Sami et al. proposed a two-phase approach "GLmetric": It explores the 
global information in the first phase and then exploits the local information 
in the second phase to discover communities more accurately.  
 
"Tiles" is an algorithm that extracts overlapping communities and tracks 
their evolution in time following an online iterative procedure. It operates 
following a domino effect strategy which dynamically recomputes nodes 
community memberships whenever a new interaction takes place.  

 
In process of 

implementation  
 
 
 
 

PYTHON  

 
These works helped us understand the mechanism of dynamic community detection, and 

served as a source of inspiration in our proposed approach. 
 
CONTRIBUTION 
 

There are several proposed algorithms for dynamic community detection, but not all of 
them provides satisfying results. The major objective in our study is to find the most adequate 
algorithm for community detection in dynamic social networks among these algorithms and 
test it on the dataset Last.fm, then we'll ameliorate it. 
 

This approach is dedicated to enterprises that employ web 2.0 and want to detect 
communities within their organization. These communities can be used to make an inventory, 
to make statistics or to identify the type of customers to provide them with the appropriate 
services. For this, the acquisition of preferences according to the application 
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domain will be very useful. Since there is a large number of community detection algorithms 
in the web, a filtering (selection) of these latter is necessary. This filtering makes it possible 
to have the best algorithm, i.e. the one best suited to the case study. 
 

Among the existing methods based on preferences, we chose to use PROMETHEE II 
because it allows to have a total ranking of alternatives (in our case the algorithms) from the 
best to the least good. 
 

To construct the evaluation matrix which is the input for PROMETHEE II, we consider 
for our study, the following algorithms for the simple reason that the results they provide are 
very relevant: MetaFac [4], iLCD [6], QCA [7], GLmetric [8] and Tiles [9]. As for the 
criteria we extracted from these algorithms we chose: basic operations on communities (add, 
remove, expand, contract); merge, divide communities; and if the algorithms support scaling. 
We visualize our evaluation matrix in figure 4. 
 

The figure 1 illustrates the main algorithm of our approach.  
 
 

Input: Evaluation matrix M(n,m), where n represents the implemented algorithms, and m 
represents the criteria of these algorithms. 

 
Output: Algorithms ranked from the best to the least adequate. 

 
RANKING PHASE  

 
1. Compare all alternatives pairwise for each criterion.  
2. Calculate the intensity of preference P(d) :  

P (d) = 0 if  d ≤ qj, 
P (d) = (d - qj) / (pj - qj) if qj < d ≤ pj P 
(d) = 1 else. 

 
Where "a", "b" being two alternatives. "d" is the difference between the performance of "a" 
and "b". qj is indifference threshold and pj is preference threshold.  
3. Calculate the preference indicator π(a, b) = Ʃ Wj * Pj (a, b) / Ʃ Wj , where Wj is the 

weight of criterion j. 

4. Calculate the positive and negative preference flows ᶲ+
 (a) and ᶲ-

 (a): 

ᶲ+ (a) = Ʃ π(a, x). ᶲ- (a) = Ʃ π(x,b).  

5. Calculate the net preference flow ᶲ (a):  

ᶲ (a) = ᶲ+
 (a) - ᶲ-

 (a) 
 

The final ranking which is a complete preorder, is obtained by ranking the algorithms from the 
best to the least good according to the decreasing values of their aggregated net flow. 

 
DETECTION PHASE  

 
6. Run the best ranked algorithm with the dataset. 

 
7. Evaluate the communities detected with the algorihm. 

 
 

Figure 1: Pseudo-code of CCDAP 
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Our approach is based on two phases: in the first phase "Ranking Phase", we execute 

PROMETHEE II. It provides a total ranking in order to classify these algorithms according to 
the chosen criteria. In the second phase "Detection Phase", we execute the first suggested 
algorithm by PROMETHEE II and evaluate it. If it meets the chosen criteria then we'll return 
the detected communities, else we'll ameliorate the suggested algorithms to satisfy the 
preferred criteria and re-execute it with same dataset. 
 

The result of the detection phase will be a set of detected communities which represents 
the best final partition of the network. 

 

EXPERIMENTATION 
 

As mentioned above, in our study we used the dataset Last.fm as an input to the detection 
phase in our approach. Last.fm is designed for music recommendation. The dataset is 
released in the framework of the 2nd International Workshop on Information Heterogeneity 
and Fusion in Recommender Systems (HetRec 2011) [11]. 
 

This dataset contains social networking, tagging and listened artists by each user. It 
contains 2K users and 17K artists from Last.fm online music system. 
 

This dataset consists of a set of data files (in format.dat). Each file contains a table 
structured into columns separated by a tabulation (\t). Figure 2 presents an overview of the 
database.  
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 2: An overview of tables in Last.fm dataset 
 

Figure 3shows an interface for collecting information about the network. In our study, we 
use 2K of users from Last.fm, users can join the network, and can be added to the existing 
communities. This latter represents a scalable network.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 3: Information collecting interface 
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Figure 4 represents the evaluation matrix we used as the input of PROMETHEE II.  

 
 
 
 
 
 
 
 
 

 

Figure 4: Evaluation matrix used in PROMETHEE II 
 

Figure 5 illustrates the ranking provided by PROMETHEE II. We can see that the first 
suggested algorithm is iLCD [6]. This latter will be executed in the detection phase of our 
approach in order to detect communities in Last.fm.  
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 5: Result of PROMETHEE II 
 

For implementation reasons, the second phase of our approach is still in process. 
 

CONCLUSIONS 
 

In this paper, we presented our approach that classifies existing dynamic community 
detection algorithms according to some subjective preferences (criteria of algorithms) with 
PROMETHEE II. After that, we use the first suggested algorithm to detect communities (in 
progress). 
 

As future works, we would like to extend our approach on other datasets, and propose our 
own algorithm for dynamic community detection. We would compare this latter with the 
suggested algorithm in our proposed approach to test which one of them provides a better 
dynamic community detection. 
 

Furthermore, according to the changes in the dataset, we will recommend to users that 
joined or changed communities the songs rated by the users of the same community. Since 
the members of a same community share the same taste in music (they prefer the same kind 
of music), we will recommend friendship between the users in the same community. 
 

In this study we encountered some difficulties in the acquisition and implementation of 
proposed algorithms as they were implemented in different languages. 
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ABSTRACT 

 
Discovering knowledge through event databases becomes more and more complex and 
interesting and the challenge has shifted to the analysis side, since the primary obstacle in 
acquiring such data (manual collection and coding procedures) is obsolete. Although many 
event analytics techniques with appealing visualizations have been developed, they seem to 
univocally focus on the pure sequentiality of events. Nevertheless, real-world news events 
often do not follow a linear movement that is implied by a sequence, but they have varying 
structures, and these may reflect elements of a larger process that has many descriptive 
components. 
 
In previous works, we demonstrated how through the enablement of a process-oriented 
analysis we are able to allow researchers to consider vital questions like: Are there any paths 
that reveal frequent interaction patterns? Can we manifest decision points, or deviating 
behaviors by introducing gateway semantics? Does the thematic characterization of events 
alter the patterns? Do the involved actors interact based on any patterns? However, the 
attempt to apply process mining techniques to political events analysis suffers from a major 
limitation: in political interactions, it is hard to identify a definitive start and a definitive end 
event, like we do in business processes. In this work, we propose a way to deal with this 
limitations by adjusting the network representation by adding “conditional events”, inspired 
from higher-order networks techniques. Results, although preliminary, are encouraging and 
suggest that this is a way that can deliver more valuable insights. 
 
 
 
Keywords: Process Analytics, Event Analysis, Higher-order Networks 
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ABSTRACT 

Climate change can have diverse impacts on future aquaculture production. The financial 
importance of the sector and the uncertainty regarding climate change implications 
highlight the necessity for informed management decisions to ensure the sustainability of 
future aquaculture production. This can be facilitated through the development of 
appropriate decision support frameworks and tools. In this paper we present ongoing 
work towards the development of a computer-based ClimeFish DSS that simulates and 
visualizes the impacts of different climate change scenarios on Greek aquaculture 
including economic and socioeconomic impacts. The description contains specifications 
of the DSS, details on the current status of implementation and illustrative examples of 
preliminary results. The applicability of the generated tool in decision-making is 
discussed and planning for further development is outlined.  

 
Keywords: climate change, aquaculture, ClimeFish DSS 
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INTRODUCTION 

The rising demand for animal protein spurred by global population increase has rendered 
aquaculture the fastest growing sector of the food industry. Aquaculture products in Greece 
constitute a significant export for the national economy with species such as the European 
seabass (Dicentrarchus labrax) and gilthead seabream (Sparus aurata) dominating the 
market. Greek production for those species represents more than 60% of the total EU 
production, while other species such as meagre (Argyrosomus regius) have been also 
introduced recently [1].  

Climate change is expected to have impacts on aquaculture in a number of ways. Due to 
peculiarities of the Mediterranean basin, such impacts can be intense and diverse in nature 
while the effects of climate-related drivers such as temperature, acidification, deoxygenation, 
extreme events, sea level rise and bioinvasions are rarely self-intuitive, thus giving rise to 
both future threats and opportunities [2]. In this context, it is imperative that informed 
management incorporates the effects of climate change in a framework that ensures the 
sustainability and maximization of production capacity for the sector in the coming decades. 
Under the goals set of Europe 2020, the European Commission has launched the ClimeFish 
project which in its numerous case studies addresses the necessity for changes and 
collaboration with stakeholders in order to minimize risks and ensure sustainable growth. 
One of the project's primary goals is to develop a Decision Support Framework (DSF) which 
contains the ClimeFish Decision Support Software (DSS) described here and other tools for 
the countries participating as implementation case studies in the consortium 
(http://www.climefish.eu/aims-and-goals). The DSS, which is aimed to outlive the duration 
of the project, will simulate the effects of climate change on aquaculture production and the 
associated socio-economic indicators. 

In this short paper, we describe the design and the progress achieved towards the 
development of the ClimeFish DSS for the Greek case study as part of the WP7 of the 
ClimeFish project. The description of the computer-based DSS contains details on the current 
status of implementation and illustration of preliminary results. Concluding remarks highlight 
the applicability of the developed DSS and how it contributes to decision-making while 
discussing planning for further development.  

DESCRIPTION OF THE DSS 

DSS specifications 

The DSS simulates and visualizes the effects of climate change on aquaculture production 
and the associated economic indicators in Greece. For the simulations, IPCC scenarios RCP 
4.5 and RCP8.5 are considered for three simulation periods denoting short-(2015-2025), 
middle- (2025-2035) and long- (2045-2055) term projections at a spatial resolution defined 
by the availability of climate data. The simulations use biological and economic input to 
explore how husbandry practices (stocking density and seeding scheme) will alter the 
performance of different farms (biomass produced, production time, feed consumption, etc) 
under those scenarios. This, along with risk evaluation of the output enables the user to assess 
the available management options and facilitates decision making. 
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The DSS simulates the effects of climate change on aquaculture via a coupled biological and 
economic model. These models are based on a theoretical “unit” fish farm where a cohort of 
fish is followed through the production process until harvested as a batch harvest at  sizes 
defined by the user.  
 
The biological model is a Dynamic Energy Budget Model provided by HCMR for European 
seabass. It simulates the bioenergetics of individual fish as a function of temperature and food 
availability for the whole production cycle through explicit use of energy and mass balances 
[3]. The results are then extrapolated to the farm level by assigning population and farm 
characteristics. Biological output includes variables such as the mean individual weight-at-
time, the number of fish, the total biomass, the Specific Growth Rate (SGR), the cumulative 
feed consumption and the Feed Conversion Ratio (FCR) and is subsequently used as input for 
the economic model. The latter is implemented into the software as an add-on to the 
biological model and is provided by Syntesa. The economic statistics are developed in 
cooperation between HCMR, the Greek aquaculture industry and Syntesa, since there is 
currently not enough public data available.  
 
Currently, preliminary results of the biological simulations are available for selected regions 
while stakeholder feedback will be taken into account for the final simulations later in the 
project. The economic model is under construction. 

Business economics 

The business economics section is the core of the model, since it models the economics of a 
single farm unit which can then be scaled up. The main functions of the model are the 
following: 

• Feed Costs = Feed consumption * Pricefeed 
• Juveniles Costs= Number of Juveniles * Pricejuveniles 
• Labour Costs= Production days* Pricelabour * Farm size factor  
• Other Costs= Production days* Costsother * Farm size factor  
• Depreciations costs = Production days* Costsdepreciation * Farm size factor  
• Accumulated debtt = Accumulated debtt-1 + Feed costst + Juveniles costst + Labour 

costst + Other costst + Interestt 
• Interest = Priceinterest rate * Accumulated debt 
• Total costs = Feed costs + Juveniles costs + Labour costs + Other costs 

+Depreciations costs + Interest 
• Income = Production * Pricesales 
• Profit = income – total costs 

The biological output includes variables such as Production, Feed consumption and 
Production days while the Farm size factor is a variable that relates the farm size with cost in 
order to account for the fact that there exists a decreasing marginal cost related to the farm 
size. However, at this stage of development farm size is considered constant (Farm size 
factor =1). All prices are user defined thus allowing flexibility for the user to test a wide 
range of economic scenarios. 
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DSS database and Interface 

The DSS uses an open source MySQL database [4] which supports all the basic database 
structures and functionality needed for the project purpose. It contains information 
regarding the climate scenarios and temperature data, farm characteristics, the input and 
output of the biological forecasting model (Figure 1). Due to the complexity of the 
forecasting models and the computational demands, online simulations are not feasible 
and therefore all biological information is pre-computed, provided in Excel sheets via the 
various working packages of the project and then stored automatically in the database. 
For the business economic calculations user input is needed, which is not stored in the 
database but requested from the user during operation of the software. 
 

 
Figure 1. Structure of the Greek aquaculture DSS database. 

 
Regarding the user interface of the software, its current appearance is shown in Fig 2.  It 
comprises of a main window, which offers a series of user defined preferences, and a number 
of secondary windows (indicated with dark blue color). These contain the results and become 
available once the user input is filled and the order for results calculation is given. Biological 
input is given in the form of predefined options which include the climate scenario, the farm 
size and location, and the seeding scheme (month and seeding size) while the option of 
setting a production goal in terms of total biomass and fish market size also exists. The 
biological output is then retrieved from the database and the business economics computed 
based on user input. In order to aid the orientation of the user, the predefined "medium value 
of the last 5 years" for the various prices will be displayed alongside at later stages. 
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Figure 2. Screenshot of the main user interface of the Greek aquaculture DSS. 
 
An overview of the results is printed on the main window as total costs and predicted 
biological values at the given seeding schemes. The extended results of the biological and 
economic simulations become available in secondary windows which in the future will also 
include marked predefined threshold values based on subsequent risk assessment. For 
instance, apart from the weekly feed consumption shown in Figure 2, other graphs will 
include output of the biological simulations such as the evolution of mean weight, FCR and 
SGR through time as well as the temperatures used (Figure 3). 
 
CONCLUSIONS 

This short communication presented ongoing work towards the development of a DSS for 
aquaculture stakeholders in Greece under the ClimeFish project. The DSS simulates the 
effects of climate change on aquaculture and handles various aspects of decision making in 
the sector which can be quantitative or qualitative. Therefore it can support decision making 
for a range of users such as farmers, administrators of Zones of Organized Development of 
Aquaculture (Z.O.D.A), administrators of producers' organizations and regional or national 
authorities. The range of questions the DSS may provide answers to include the optimal 
stocking time for a batch of fish as well as its optimal harvest size, the role of farm size on its 
economics, and the suitability of geographical locations for fish farms in Greece. The effects 
of climate change on these characteristics may reveal appropriate changes on the production 
plans and the management strategies in order to accommodate them. 

The various components of the DSS are pending testing and evaluation while stakeholder 
input will aid further development. Future research and development will address existing 
uncertainties and increase the robustness of the biological forecasting and the economic 
model while adding new functionalities. For instance, risk will be assessed as a function of 
probability of various climate events and the potential impact or consequences that they may 
have. The methodology is currently under construction and next steps of development include 
meetings with stakeholders in order to incorporate their feedback into the risk assessment as 
well as define specific monitoring values. The results will then be fed on an Early Warning 
System, which will be visualized as explicit warnings for scenarios outcomes that are not 
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satisfactory, or put in danger or risk the rearing viability. In addition, extreme events such as 
storms and heat-waves have significant cost for aquaculture [5] and future work will aim to 
incorporate the frequency and intensity of extreme events in the model. Future simulations 
may also differentiate between offshore and inshore farms, account for oxygen limitations 
and include other costs such as disease-related costs. Finally, European sea bass is the only 
available species currently but meagre will also be included at later stages of development. 

 
Figure 3. Examples of DSS biological output. Weight, FCR, SGR and temperature as a function of 
time for three seeding schemes. 

 
The ClimeFish project actively engages stakeholders in various stages of its development in 
order to ensure that the generated tools are not only scientifically appropriate but also 
pertinent to the sector from a socio-economic point of view. Already scheduled meetings with 
stakeholders in the coming months where ideas and preliminary results of the project will be 
presented and discussed are expected to yield valuable feedback which will assist further 
development of the DSS. 
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ABSTRACT 
 

This research investigates two major categories of different forecasting models to test the 
model accuracy by comparing statistical with machine learning models. Specifically, we 
compare such time series forecasting models as simple moving average (MA), simple 
exponential smoothing (SES), regression analysis, and autoregressive integrated moving 
average (ARIMA) against machine learning models such as support vector regression (SVR) 
and artificial neural network (ANN). Crude oil and gasoline prices are used to compare model 
accuracy and computational insights for selecting right forecasting models. 
 

Keywords: Crude Oil Forecast, Artificial Intelligence, Time Series, ARIMA, SVR, ANN 
 
INTRODUCTION 

We study two mainstream forecasting model categories, time series vs machine learning 
forecasting models, to test the model accuracy and reveal computational insights for model 
selection. Crude oil and gasoline price data from U.S. Energy Information Administration and 
Bureau of Labor Statistics over the time period from January 2009 through December 2016 to 
forecast the U.S. weekly crude oil prices using simple moving average (MA), simple 
exponential smoothing (SES), autoregressive integrated moving average (ARIMA), and 
support vector regression (SVR) to determine which model provides the best forecasting 
results by means of mean absolute error (MAE), square root of mean squared error (RMSE), 
and mean absolute percentage error (MAPE). Moreover, we forecast monthly gasoline prices 
using multiple linear regression (REG) and artificial neural network (ANN) models, in 
addition to MA, SES, and ARIMA.  

 
This paper is organized as follows. Section 2 reviews the literature in dealing with crude 

oil and gasoline price forecasting methods. Section 3 discusses research methodology in 
terms of data collections and analytical tools. Section 4 compares traditional time series 
models with new artificial intelligence models such as SVR and ANN. Finally, section 5 
offers concluding remarks of this research.  
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LITERATURE REVIEW 
 

We divide forecasting models for crude oil prices into two major categories: traditional 
time series and new artificial intelligence models [1]. 

 
Traditional Time Series Models - Simple moving average (MA) and simple exponential 

smoothing (SES) are the most commonly used forecasting methods for time series data in 
U.S. government statistics and stock prices [2, 3]. Multiple Linear Regression models (REG) 
is a multivariate statistical technique used to forecast the dependent variable such as gasoline 
prices based on a set of independent variables [4, 5], such as gross domestic product (GDP), 
consumer price index (CPI), and Unemployment Rate to forecast monthly gasoline price as a 
dependent variable. Autoregressive integrated moving average (ARIMA) models are the most 
prominent time series models, where its autocorrelation function (ACF) and partial 
autocorrelation function (PACF) are used to help select data driven model parameters [6]. 
When it is done correctly, ARIMA models can provide very accurate forecasting results, 
especially for short-term time series data [7]. MA, SES, ARIMA, and REG models are often 
used as benchmarks to measure forecasting accuracy on crude oil and gasoline prices against 
more complex and newer artificial intelligence models due to their easy to analyze and 
widespread applications. 

 
New Artificial Intelligence Models - Support vector regression (SVR) and artificial neural 

network (ANN) have been widely used to forecast crude oil and gasoline prices [8].  In this 
research, we exclude ANN because it requires a set of input variables in order to come up 
with an output variable through a complex function [9]. SVR is a special case of support 
vector machine (SVM), where SVM is a type of learning machine implementing the structural 
risk minimization inductive principle on a limited number of learning patterns [10]. SVR 
computes a linear regression function in a high dimensional space where the input data are 
mapped via a nonlinear function [11]. However, a major drawback of the SVR analysis is that 
it is difficult to interpret the process in meaningful statistical or business perspectives due to 
the fact that it relies on a high dimensional space via a nonlinear function. 

 
Xie, Yu, Xu, and Wang [12] find that SVR outperforms ARIMA based on monthly spot 

prices of West Texas Intermediate (WTI) crude oil from January 1970 to December 2004. 
Sehgal and Pandey [8] concede after reviewing various artificial intelligence methods, 
including SVR and ANN, that the existing literature is very far from any consensus about a 
reliable forecasting model regarding crude oil prices. Darbelley and Slama (2000) also raise 
the doubt whether artificial intelligence models are actually better for short-term forecasting 
on electricity. 

 
In this research, we compare the forecasting results of MA, SES, ARIMA, REG, SVR, 

and ANN models on weekly crude oil and gasoline prices to determine which model performs 
the best in terms of MAE, RMSE, and MAPE. 

 
RESEACH METHODOLOGY 
 

We collect the weekly spot price time series data ($/barrel) on West Texas Intermediate 
(WTI) crude oil for the period January 2009 through December 2016. 
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Figure 1 presents the time series of weekly crude oil prices during the period January 2, 

2009 through January 2, 2017, and its first order differencing. It is seen from Table 1 on the 
left scale that crude oil prices fluctuate significantly (from over $110/barrel in April 2011 to 
below $30/barrel in February 2016, with a mean of $75/barrel), whereas its first order 
differencing on the right scale shows a stationary pattern (with a mean absolute weekly 
difference of $2/barrel), which is a necessary condition for ARIMA. 
 

 

Figure 1. Weekly Crude Oil Prices vs. Its First Differencing 
 
TIME SERIES AND MACHINE LEARNING MODELS 
 

We first run each individual forecasting model to select the best parameter in each 
category in terms of mean absolute deviation (MAE), square root of mean squared error 
(RMSE), and mean absolute percentage error (MAPE). We then compare the best model out 
of each category to determine the overall best model from all categories. Specifically, we 
select the best model (parameter) from each of the following two categories: Statistical 
Forecasting Models - moving average MA (n), simple exponential smoothing SES (α), 
regression analysis (REG), and autoregressive integrated moving average ARIMA (p, d, q); 
Machine Learning Models - support vector regression (SVR) and artificial neural network 
(ANN). 

 
Table 1 depicts the forecasting results using moving average of periods 2 (bimonthly), 4 

(monthly), and 13 (quarterly). The fact that MA (2) shows the smallest forecasting errors is 
consistent with the theory that the smaller the number of periods averaged, the better for the 
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moving average models to forecast a very fluctuating time series data.  
 

Table 1: Comparison of Weekly Gas Moving Average Results 

 
 
Table 2 provides the forecasting results using simple exponential smoothing of α = 0.7, 

0.8, and 0.9. The fact that α = .9 stands out to be the best SEE forecasting model confirms the 
theory that the larger the α, the smaller for the forecasting error to forecast a very fluctuating 
time series data. The reality is that the larger α has more power to retrieve the difference of 
the most recent real price and the predicted value. 
 

Table 2: Comparison of Weekly Gas Simple Exponential Smoothing Results 

 
  

After analyzing the autocorrelation function (ACF) and partial autocorrelation function 
(PACF) on the first order differencing of the weekly crude oil prices, we come up with an 
ARIMA (0, 1, 1) model. Since the weekly crude oil prices can often be considered as a case 
of nonlinear regression, the algorithm of nonlinear hyperparameter optimization is used to 
select the best SVR results. Table 3 compares MA (2), SES (α = 0.9), ARIMA (0, 1, 1), and 
SVR, where ARIMA (0, 1, 1) produces much smaller forecasting errors than MA (2), SES (α 
= 0.9), SVR models. 

 
Table 3: Weekly Gasoline Results (MA, SES, ARIMA, SVR) 

 

 
In the theory of supervised learning, ANN is one of the machine learning techniques that 

perform numeric prediction. In comparison with multiple regression, ANN is to decompose 
the input data based on their impact on the output via a hidden layer. Once the weights have 
been determined, the output will be generated.  

 
Table 4 compares all the models on monthly gasoline prices forecasting in terms of model 

accuracy. We find that the multiple regression is ranked the best, ANN is the second best, 
ARIMA is third, and SVR is the last, which is contradictory to the consensus in the literature 
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where ANN and SVR are often claimed to outperform REG and ARIMA. 
Table 4: Monthly Gasoline Results (MA, SES, ARIMA, SVR, ANN) 

 

Table 5 shows that both ARIMA and SES (.9) outperform SVR, which is consistent with 
the results in Table 4.  

 
Table 5. Monthly Crude Oil Results (MA, SES, ARIMA, SVR) 

 

 

CONCLUDING REMARKS 

In this research, we focus our attention on crude oil and gasoline prices forecasting 
models and determine the best forecasting model among various popular forecasting models, 
including time series and regression models, and artificial intelligence models such as support 
vector regression and artificial neural networks. We find the following two observations are 
very interesting and different from most literature.  

 
First, we found that during the period 2009 through 2016, ARIMA and Regression 

outperform SVR and ANN in forecasting crude oil and gasoline prices, as seen in Tables 3, 4, 
and 5. One possible explanation is that for short-term or intermediate-term forecasting on 
crude oil and gasoline prices, AIRMA and/or Regression may in fact outperform such 
artificial intelligence models as SVR and ANN. 

Second, we also found that simple moving average of MA (2) or simple exponential 
smoothing of SES (α = .9) can be used for short-term forecasting, as seen again in Tables 
3, 4, and 5, due to their easy to use and reasonable model accuracy. 
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ABSTRACT 

 
Normalization is a crucial step in all decision models, to produce comparable and dimension 
less data from heterogeneous data. This study compares the effect of six different 
normalization techniques on a dynamic multi criteria decision making (DMCDM) model 
applied to collaborative platforms. We also introduce an evaluation assessment tool, being 
developed, to recommend the most suitable normalization techniques for MCDM and 
DMCDM. An illustrative example, borrowed from the literature, for selecting suppliers in 
collaborative platforms, illustrates our assessment process for selecting the most suitable 
normalization technique. 
 
 
Keywords: Normalization, MCDM, Dynamic Decision Making, Collaborative platforms. 
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Introduction 
 
Collaborative Networked Organizations (CNOs) [1] are large autonomous groups of 
organizations, geographically distributed and heterogeneous (in terms of their culture, social 
capital, goals and operating environment). They collaborate together to achieve common or 
compatible goals using computer networks to supports their interactions [1].  
Some factors such as different organizational cultures, practices and operations play relevant 
roles in CNOs and may lead to conflicting expectations, communication problems and 
misunderstandings. So, Arrais-Castro et al. [2] proposed a collaborative platform for 
partnership establishments that allows members (individual companies) to select the best 
partners or suppliers within a spatial-temporal changeable context. Further, this platform 
includes a dynamic system for multi criteria decision making (DMCDM) model [3][4] that 
includes a fusion method to merge past, present and future information, thus improving the 
quality of decision models by considering past behaviours and future risks. In the mentioned 
work of Arrais-Castro et al. [2] they manage imprecision in the criteria assessment by using 
fuzzification for normalizing the input data.  
In this paper, a case study based on the one described in [2] is used, which consists on 
ranking six alternative businesses for designing a given product, put available through a 
CNO, for selecting a best suited one, based on a set of six criteria for their evaluation, based 
on a DMCDM.  
This study complements the work in [2] by comparing the effect of six different 
normalization techniques on DMCDM in collaborative platforms, using their illustrative 
example. Also, we discuss an on-going assessment approach [5]–[7] that can be used for 
recommending the best normalization technique for the discussed case study. In addition, we 
expect to contribute to new ways of selecting partners and suppliers in Dynamic systems. 
 

Assessment Approach for Normalization Techniques in MCDM Methods 
 
There are several definitions for data normalization, depending on the study domain [8], [9]. 
In general, normalization in DMCDM is a transformation process to obtain numerical and 
comparable input data by using a common scale [5], [6], [10]. After collecting input data, we 
must do some pre-processing to ensure comparability of criteria, thus making it useful for 
decision modelling. We selected six (shown in Table 1) of the most well-known 
normalization techniques [6], [7], [11], [12] and analysed their effect on the case study about 
collaborative platforms. In Table 1, each normalization method is divided in two formulas, 
one for benefit and another for cost criteria, i.e. for benefit criteria, high values correspond to 
high normalized values (maximization - benefit) and, for cost criteria, high values correspond 
to low normalized values (minimization - cost). 
 

Table 1: Common Normalization techniques [11]. 
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There are already some interesting studies [11], [13], [16]–[19] to assess normalization 
techniques in MCDM problems. For example, Chakraborty & Yeh [17] used ranking 
consistency index (RCI) and weight sensitivity as metrics in order to compare four 
normalization techniques in TOPSIS. Also, Celen [13] used a consistency process for 
assessing banks performance in Turkey, which included using Pearson correlation, as a 
metric to assess normalization techniques. Other studies to assess normalization techniques, 
particularly the on-going assessment approach being developed, were already applied to 
some MCDM methods, such as TOPSIS [5], [7] and AHP [6]. At this stage the on-going 
assessment approach includes three steps:  

A. Determining the Ranking Consistency Index (RCI) from [17].  
B. Analysis and evaluation of normalization techniques consistency with three 

conditions, borrowed from [13].  
C. Comparative study between ranking of alternatives using Pearson (as proposed in [13])  

and Spearman correlation and determine the mean value (ks).  
In this short paper we only discuss step (C) due to size limitations but in the extended paper 
we will complete the evaluation assessment with the other steps. 
 

Comparison of Normalization Techniques with Case study 
 
Here we discuss the normalization comparative study using the example borrowed from [2], 
which has 6 alternatives and 6 criteria for historical and future information and 5 criteria for 
present information. Here we reduced the alternatives to 5 and combined 2 criteria for present 
data to facilitate the explanation. The aim in this work is to discuss the effect of six 
normalization techniques on dynamic collaborative platforms and to recommend which is the 
better technique for this sort of decision problem. Table 2 shows the example´s input data, 
where Cost per hour, Delay penalty, Lack of quality, Quoted price, Delivery time and Lead 
time are cost criteria, where low normalized values are desirable, while the rest of criteria are 
benefit ones and higher values are better. 
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Table 2: Input data adapted from [2] 
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Following the first step of the DMCDM model procedure (normalization step in [2]), we 
normalize the input data using the 6 different normalization techniques from Table 2. It 
should be noted that since the last normalization technique, fuzzification, was the one used on 
our borrowed example, here we use their results for comparison with the other five 
normalization techniques.  
Observing the input table we see that some criteria values are zero (e.g. lack of quality 
penalty) and this prevents normalizing with Sum and Logarithmic formulations because 
division by zero causes infinite and undefined results in the normalization process. So, we can 
immediately eliminate these two normalization techniques from our comparison since they 
are not suitable for decision problems with criteria´ classifications of zero. Illustrating, the 
calculations to show this characteristic, using Sum normalization techniques for Agency 3, 
for Lack of quality penalty criteria are: 
     1     
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= 
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= 

1 
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+ ⋯ + 

 

)  2 4 8  
After eliminating the two mentioned normalization techniques (Sum and Logarithmic), we 
tested the remaining three normalization techniques (Max, Max-Min, and Vector) and 
compare the results with the ones using the fuzzification technique [2]. 

 
Illustrating, the normalized values for Agency 3 for “Lack of quality penalty” criterion (past 
information) using the cost formula, for the three normalization techniques (from Table 1) are: 
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The normalization of the other criteria, per alternative are similar and Table 3 depicts the 
results of using Max, Max-Min and Vector normalization techniques, for all alternatives, for 
the same criterion “Lack of quality penalty”. The size limitation of this short paper led us to 
show just these illustrative results. 

 
Table 3: Normalization for criterion “Cost per hour”.   

 Max Max-Min Vector 
Agency 1 0,040 0,070 0,458 
Agency 2 0,133 0,233 0,511 
Agency 3 0,467 0,814 0,699 

Designer 1 0,573 1,000 0,759   
4 



 
Designer 2 0,000 0,000 0,436  

As mentioned before, normalization with the fuzzification technique was calculated in [2], 
hence not further discusses here.  
After obtaining the ratings for each matrix, past, present and future, we use the simple 
average for obtaining the final score for all suppliers as depicted in Table 4. 
 

Table 4: The final score and rank of suppliers using suitable normalization techniques. 
 

  Max     Max-Min    Vector    Fuzzification [2] 
  Score   Rank   Score   Rank   Score   Rank   Score   Rank  

Agency 1  0,419   1   0,437   2   0,310   1   0,437   2  

Agency 2  0,311   4   0,355   4   0,278   3   0,355   4  
Agency 3  0,397   2   0,447   1   0,300   2   0,447   1  
Designer 1  0,347   3   0,395   3   0,272   4   0,395   3  
Designer 2  0,305   5   0,102   5   0,258   5   0,102   5  

 
Observing the rankings of the alternatives/suppliers in Table 5, it is impossible to choose which 
normalization technique is more appropriate for dynamic MCDM models in collaborative 
platforms. Therefore, we applied steps C of the evaluation assessment we are developing (see 
section “Assessment Approach for Normalization Techniques in MCDM Methods”). So, we now 
calculate Pearson correlation and mean ks values (average of correlation values for each 
normalization technique) for the final score of each alternatives (for calculation procedure please 
see [13]). Table 5 shows the results of Pearson correlation and Mean ks values. 
 
Table 5: The correlation between the score of alternatives and Mean ks values for each normalization techniques 
 

  

Max 

 

Max-Min 

 

Vector 

 

Fuzzification 

 

Mean ks 
  

Rank 

 

         
      

values 
   

               

Max   0,36285 0,97474 0,36285   0,56681   1  

Max-Min 0,36285   0,27198 1,00000   0,54494   2  
Vector 0,97474 0,27198   0,27198   0,50623   3  

Fuzzification 0,36285 1,00000 0,27198     0,54494   2  
                

 
The results of Pearson correlation and its mean ks values (Table 5) indicate that the best 
normalization techniques for this case study is the Max normalization technique with the 
highest Mean ks value. Max-Min and Fuzzification are the second most recommended 
techniques and Vector is the less recommended technique because of the lowest value of 
Mean ks (Table 5).  
Concluding, using different normalization techniques have great influence on the score and 
rank of alternatives in DMCDM models in collaborative platforms and it proves the necessity 
of having a sound evaluation assessment to recommend the most suitable normalization 
technique for Dynamic Multiple Criteria Decision Making in collaborative platforms. 
 

Conclusion 
 
In this study, we analysed the effect of normalization techniques on Dynamic Multi Criteria 
Decision Making models for Collaborative platforms to select more appropriate 
suppliers/partners. We discussed the results obtained with one step of an evaluation assessment 
process being developed (Pearson correlation). To illustrate the approach an example of selecting 
suppliers on collaborative platforms (borrowed from [2]) was used. With these preliminary 
results (see Table 5) the recommendation as best normalization techniques was: first, Linear Max; 
second, Max-Min and Fuzzification; and third Vector normalization technique. The other two 
techniques, Sum and logarithmic, are definitively not suitable for  
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usage in this case study because of the infinite and undefined results obtained when any 
criterion includes a zero value for an alternative classification.  
As future work we plan to extend the assessment framework with other metrics and to 
include simulations for testing and validation to enable a more sound recommendation on 
suitable normalization technique for collaborative platforms. 
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ABSTRACT 

 
The aim of the paper is to promote regional sustainable development in mountainous or less 
favoured areas through agroforestry. Multiple criteria analysis was used to assist farmers and 
land owners to select the most suitable agroforestry system for their agricultural land, taking 
into consideration all three sustainability pillars: economy, environment, and society. 
 
The study area is a typical less favoured and mountainous area of Greece, where the residents 
are mainly occupied in the primary sector of production and particularly in agriculture. 
Existing bibliography about Agroforestry Systems was used and the data were analyzed with 
the Promethee method. 
 
According to the results an agroforestry system combining pomegranate and medick is the 
best choice for the study area. Farmers in less favoured and mountainous areas could use the 
findings in order to make more sustainable decisions for the use of their agricultural land and, 
in the long term increase their income. 
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INTRODUCTION 
 

The regional development of less favoured areas is a priority issue for the Forest Policy of 
the European Union. The role of agroforestry systems in regional development is mentioned 
in the bibliography [1], especially as a sustainable land use option in degraded lands [2]. 
Agroforestry systems are strongly connected with sustainable development [3] and have been 
put forward as a possible answer to problems regarding the achievement of sustainable 
development goals [4]. Agroforestry enhances the income of farmers living in less favoured 
areas, as it has been stressed since the early '90s [5], being a profitable alternative in small 
scale agriculture [6]. Agroforestry systems also contribute to the reduction of the impact of 
climate change [7], as they have the potential to reduce carbon emissions in a global level, 
with major additional benefits such as shelter and biohabitats, biofuel harvest and protection 
against erosion [8]. They also mitigate the atmospheric accumulation of greenhouse gases [9], 
one of the factors that affect climate change [10]. Agroforestry has been recognized as an 
agroecological practice for sustainable agriculture [11], a viable option to prevent the 
widespread agricultural decline on the mountainous areas of Europe [12] which poses a threat 
for the sustainability of these areas [13].  

Multi Criteria Decision Analysis is considered suitable for assessing sustainability 
alternatives due to its flexibility [14]. The increased popularity of MCDA methods was 
already ascertained since the early 2000’s [15]. Mendoza and Martins [16] presented a 
critical review of MCDA methods used for sustainable forest management. Huang et al. [17] 
confirm with their review article the remarkable increase in the use of MCDA methods in the 
environmental sector. The suitability of MCDA methods for environmental decision making, 
especially when sustainability issues are examined, has also been recognized [18]. MCDA in 
combination with GIS was used for the identification of the most suitable lands for 
sustainable agriculture in Algeria, because of the rapid soil degradation [19].  

The multi criteria analysis method selected for the aims of this paper was the Preference 
Ranking Organization Method for Enrichment Evaluation (PROMETHEE), a broadly 
accepted method, user friendly and stable [20], suitable for agriculture problems [21]. A 
recent review article promotes the PROMETHEE method as one of the most suitable 
multicriteria analysis methods for agriculture [22]. Moreover, the PROMETHEE method is 
ideal for decisions regarding sustainable development because it provides the option of 
clustering the criteria and the sensitivity analysis could be performed more easily [23].  

The aim of the paper is to promote regional sustainable development in mountainous or 
less favoured areas through agroforestry. Multiple criteria analysis was used to assist farmers 
and land owners in selecting the most suitable agroforestry system for their agricultural land, 
taking into consideration all three sustainability pillars: economy, environment, and society. 

 

MATERIALS AND METHODS 
 

The study area is Pierion Municipality, formed by three local communities: a) Vria, b) 
Ritini and c) Elatohori. It is a typical Less Favoured Area (LFA)-mountainous area, where 
the residents are mainly occupied in the primary sector of production and particularly in 
agriculture.  

The data of the study were retrieved by the existing bibliography and the results of the 
post doctoral research of the first author entitled "Sustainable Development in Less Favoured 
Areas" in the Forest Research Institute of Thessaloniki, 2014-2015 (Table 1). 
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Table 1: Data used for the study 

 

     CRITERIA   
         

   ECONOMIC SOCIAL ENVIRONMENTAL 

       Water Fertilizers 
  Agroforestry Cost Revenue Hours /  mm kgr 
 Α/Α Systems € € 1.000 m2 Years / 1.000 m2 / 1.000 m2 

 1 apple-corn 375 481 57,5 3 725 45 

 2 apple-medick 325 575 60 3 775 36,25 

 3 cherry-corn 625 506 132,5 4 750 55 

 4 cherry-medick 575 600 135 4 800 46,25 

AL
TE

RN
AT

IV
ES

 

5 chestnut-corn 525 381 30 5 750 27,5 

6 chestnut-medick 475 475 32,5 5 800 18,75 
 

 7 dogwood-corn 475 581 147,5 5 700 35 

 8 dogwood-medick 425 675 150 5 750 26,25 

 9 olive-corn 300 331 32,5 5 625 42,5 

 10 olive-medick 250 425 35 5 675 33,75 

 11 pomegranate-corn 475 531 32,5 4 700 37,5 

 12 pomegranate -medick 425 625 35 4 750 28,75 

 13 walnut-corn 525 381 25 5 750 35 

 14 walnut-medick 475 475 27,5 5 800 26,25 

 
The data were analyzed with the software Visual Promethee Academic Edition. The 

criteria were selected in order to determine the most sustainable agroforestry system, and 
include all three pillars of sustainable development (economic growth, social equity and 
environmental protection). All criteria were given the same weight, as according to the spirit 
of the Brundtland Report [24] sustainable development is based on three equal pillars. All 
criteria are quantitative and five of them need to be minimized (cost, years of production, 
working hours, water consumption and fertilizers) while the income criterion needs to be 
maximized (Table 2). 

 
Table 2: Criteria classified according to the sustainability pillar 

 
Sustainability pillar Criterion 1 Criterion 2 

Economic growth Cost (€)  Income (€) 
   

    

Social Equity 
Working hours Production 
(hours/ha) (years)* 

 

    

Environmental protection 
Water consumption Fertilizers  use 

3  

(impact)  (m /ha)  
 

 

RESULTS-DISCUSSION 
 

According to PROMETHEE Ranking, the best choice among the alternatives is the 
agroforestry system combining pomegranate and medick. The second best choice also 
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includes the pomegranate as tree species. Good alternatives with positive Phi are the tree 
species olive, apple and dogwood. Walnut and chestnut present negative results, while the 
worst choices for agroforestry systems are the ones including the cherry tree (Fig. 1).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1: Promethee Flow Table 
 
 

The bottom classification of cherry trees agroforestry systems can be explained because of 
the highest plantation cost among the alternative cultivations. Moreover, cherry tree is a very 

demanding tree crop cultivation with regard to the working hours/1.000m2. 

 

CONCLUSIONS 
 

The development of agroforestry contributes to the sustainable development of 
mountainous, less favoured areas of Greece with the selection of suitable agroforestry 
systems. A recent study in Greece examining tree crop cultivations presented similar findings  
[25]. Agriculture in the study area was declining because of the tourism development [26] 
and agroforestry systems could lead to the increase of agricultural activities.  

The agricultural sector could be benefited by these findings and the position of Greece 
regarding the economic results of the agricultural sector could be improved. Greece could 
also improve its performance on sustainability, as according to a recent study it is the only 
country in the European Union (along with Ireland) that has not made any progress in 
enhancing the sustainability performance during the period 2004-2014 [27].  

Agroforestry systems promote regional development and could be used as an indicator for 
the regional development in Greece. Farmers in less favoured and mountainous areas of 
Greece could use the findings in order to make more sustainable decisions for the use of their 
agricultural land and in the long term increase their income undeterred by the economic 
crisis. 
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ABSTRACT 

 
As in the case of Facebook and many other social networks (SN), Enterprise social network 
(ESN) has been a very useful tool helping employees to interact, share ideas and collaborate. 
Most of these SNs and ESNs are centralized, which make them vulnerable to many attacks 
such as the central server attack, also, it imposes some real privacy threats. In this paper, we 
aim to provide a novel robust approach in order to solve this serious problem, by adopting a 
decentralized architecture to model the ESN using multi agent systems (MAS). Our idea is 
maintain the privacy of users by employing MAS, because it is providing a stable solution 
approach in terms of integration of decentralized information systems. In addition, the 
characteristics of this latter helped us to guarantee that our model is fully decentralized, and 
that users are the sole owners of their information. Still, the security concerns of this choice 
form a serious challenge to our model. Therefore, an authentication and authorization 
mechanism based on OAuth protocol was proposed in order to deal with these concerns. In 
addition, a cryptographic based method was chosen to strengthen the communication process. 
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Introduction 
 
Social networks (SNs) nowadays are the main canal for contacting people, sharing ideas or 
information, advertising and even organising events. Enterprises, on their part, wanted to use 
these advantages of SNs in order to raise their profits and facilitate the collaboration between 
its own employees. From there the term Enterprise 2.0 has appeared [1]. 
 
An enterprise social network (ESN) is a system based on exchanges within collaborative 
environments in a professional background. The last decade has seen a large emergence of 
platforms dedicated to this new dimension of social networks, and many ESNs have come 
into existence. Among the best known are Yammer [2], Socialtext [3] and OpenPaas [4] .etc. 
 
Presently, most of SNs and ESNs are centralized. This model combines simplicity of use, ease 
of development and stability of the system; on the other hand, it imposes some real threats as 
it allows the service provider to observe his users and to analyse their behaviour. Therefore, it 
leads us to questioning the privacy concerns of this model. In addition, attacks on the central 
server means the leakage of all user’s information 
 
The researchers have proposed many solutions for those problems; the decentralization of the 
social network is one of them. A decentralized network does not depend on a single decision 
pole, and each node of the decentralized network is autonomous, act as a client and a server at 
the same time. There are several distributed SNs such as PeerSoN [6], SCOPE [7] and 
Safebook [5]. etc. 
 
Although, this problem was not discussed in the concern of Enterprise social network. As we 
see almost all ESN’s are centralized. This architecture does not cause many problems when 
using intranet, in opposition to when the enterprise have many branches, and needs internet to 
connect all the branches into a social network. In this case, the risk of targeting the main 
server by competitors or any hacker in order to get private information is very high. This is 
what we aim to solve in this paper. The general purpose of this work is to introduce a novel 
decentralized approach in order to model an ESN. For that, we have used multi agent systems 
to model the network. Multi agent systems (MAS) have proven successful in dealing with 
complex systems and its development. As well, MAS are providing a reliable solution 
approach in terms of modelling any sort of decentralized/distributed information systems. 
Like any other distributed systems, MAS have many issues regarding its security. Lately, 
many researchers have pursued to address security issues in agent-based systems, where they 
identified the security concerns and analyzed the vulnerabilities. In addition, many security 
techniques, models and services have been proposed. In this paper, we presented a solution to 
three of those issues (Authentication, authorization and communication security), where we 
proposed an Authentication and authorization mechanism based on OAuth, and a 
cryptographic encryption of messages. 
 
In the following sections, we first revisit some researches regarding decentralized social 
networks, agent-based modelling of SN/ESN and security concerns of MAS (Section 2). Then 
the proposed approach is presented and the agent-based model of the ESN is discussed 
(Section 3). Next, we talk over the security aspects of our model (Section 4), and finally, we 
conclude our study and out-lines our future research directions (Section 5). 



RELATED WORKS  
a) Decentralized social networks 

 
 
The privacy and data security concerns in the centralized architecture of social networks, has 
led to many contributions to create a decentralized social network. 
 
Many peer-to-peer SNs was proposed, such as PeerSoN [6], SCOPE [7] and Safebook [5]. 
Those SNS are all about privacy and giving users the ability to maintain their data under their 
own control (using their own control access policy). Although, it is a good point for 
enhancing the privacy of the users, but it loses the community the ability to apply any global 
control policy over it users. In addition, the lack of profile-based search on these platforms 
makes it not suitable to be an enterprise social network. 
 

b)  SN/ESN and multi agent systems 
 
The idea of data ownership has led to the so-called fully distributed or federated social 
networking platforms, which multi agent systems can play a major role in it. 
 
Authors in [8] [9] [10] have discussed this point and proposed a distributed social network 
model based on multi agent systems. This model aim to preserve the privacy of its users and 
to minimize the amount of information disclosed in order to make new friends. Users are 
represented by agents, which both control the access to private data and negotiates with other 
agents in order to extend their network. In addition, they defined a distributed connection 
discovery algorithm that suggest connections to the users for constructing a social network 
through the information that is stored in their profile. 
 
Regarding the enterprise’s social networks that interest us the most, authors in [11] have 
evoked that subject, where they proposed an approach to model an Enterprise 2.0 tool using a 
professional social network and a new coordination protocol called CordiNet. The main 
object of that work is to allow employees to share diagnosis and fault repair procedures based 
on some modelling agent. They represented each enterprise by an agent container in order to 
ensure the security of communication and information exchange between the employees, and 
a main container that connect all the enterprises containers for social information exchange. 
The enterprise container is composed of a Checker Enterprise Agent, a Coordinator Enterprise 
Agent and a Search Enterprise Agent. While the central main container consists of a Selection 
Agent and a Supervisor agent. JADE platform was used to implement this model. 
 

c) Security of multi agent systems 
 
 
Agents, like any other software system, when it is distributed across a network, must be 
prepared to deal with common security issues, such as privacy breach, integrity attacks, and 
attempts to block the availability of a resource or the entire system [12]. 
 
Some examples of threats/vulnerabilities and its security solutions according to many authors 
are shown in Table 1. 
 

 MAS Characteristic Vulnerabilities Security solution 
 Situatedness Agent identification and - Authentication protocol, 
   digital signature, 



 Untrusted origin of   Certificates. [13][14]  
 information.    
Autonomy Access control  - Access control models (MAC, 

   DAC, RBAC … etc).[13][15] 
   -  Integration  of  a  mediator 
   agent. [15]  
Sociability Communication security - Authentication,  

   Certificates,  
   Encryption methods. 
   [13][14][15]   

Table 1 MASs characteristics and its security vulnerabilities and solutions 
 
 

 

OUR MODEL 
 
 
A multi-agent system (MAS) is a system that consists of the following elements: 
 

An environment E.  
A set of objects O. These objects are located in E. These objects are passive; they can 
be perceived, created, destroyed and modified by agents.  
A set of agents, which are particular objects (A ⊆ O), which represent the active entities of the system.  

A set of relations R that unite objects (and therefore agents).  
A set of operations OP that allow agents to perceive, produce, consume, transform, 
and manipulate objects. 

 
As we see, the MAS definition is very similar to the social network definition; this is the point 
that motivated us the most to model a professional enterprise social network by Multi Agent 
Systems. In addition, the decentralized nature of MAS, its similarity to the P2P architecture and 
the agent characteristics such as (autonomy, sociability) prompted us to choose the MAS model. 
 
In this paper, we have modelled the ESN according to The Foundation for Intelligent Physical 
Agents (FIPA) specifications [16]. 
 
Our model consists of representing each employee by an agent, even resources (e.g. tasks and 
projects) are represented by agents; and each department of the enterprise is represented by an 
agent platform (container), all these containers are lied to a central container that manage it 
and control (add, modify, delete) agents via the AMS agent. Since the number of employees 
in the enterprise is known, we can assign an agent to each employee of the enterprise, 
contrary to the normal social network where each user have to create his own profile. 
 
Each agent is identified by a globally unique name and can be accessed via an authentication 
process. 
 
User’s agents are linked with an ontology, where the professional information as the skills, 
experience and career already exists. We have used ontologies in order to help employees with 
similar interests to collaborate, or be friends. Each enterprise must have its own ontology; profiles 
of employees may be represented like the popular Friend of a Friend (FOAF) ontology [18]. In 
addition, the Description of a Career ontology [19] might be used as a reference to 



represent the skills, career history, professional experience and academic qualification of an 
employee. And for exploiting the ontology and help employees to collaborate we’ve 
integrated a Searching Agent, which his role is to respond on employees demands for finding 
employees with a desired skill, old friends from the university, work, etc., or employees with 
common interest, by exploiting the ontology. 
 
As the company have administrators and employees, the representation should not be the 
same, to solve that we have introduced another agent called the supervisor agent. The 
supervisor agent can create, modify or delete employee’s agents and it have the full access to 
all the resources in the network and can modify the projects and tasks agents. Figure 1 
presents an example of the structure of the multi agent system that model the ESN.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 1 Agent-based model of ESN 
 
 
 
The communication between agents is performed according to FIPA-ACL message structure 
specifications [16]. 
 
In a company, employees collaborate to complete a defined task, let us give an example of an 
employee searching for another employee with programming skills to complete a task, for 
that he can use the Searching agent and find employees with programming skills, but those 
employees may be busy working on another projects and cannot help. To solve this problem 
and automate the collaboration process we can benefit of the advantages given by the “yellow 
page” of the DF agent. When an agent is free and ready to collaborate with his colleagues, he 
publishes his services in the yellow page, so that when another agent makes a request for that 
service, the DF agent automatically gives the task to publisher. 
 
SECURITY ASPECTS 
 
 
A brief review of different techniques for performing authentication will be find in [20]. 
Among all these systems, we have chosen the OAuth 2.0 authentication. OAuth 2.0 is an open 



authentication protocol, which enables users to authenticate to the application via many 
platforms (e.g. Facebook, Twitter, and SMS ...) [21]. 
 
Our choice was due to: 
 

OAuth 2.0 nowadays is one of the most secure authentication’s platforms, and 
supports many authentication mechanisms.  

It can be implemented in different languages.  
It can be used for authorization besides authentication. 

 
In our ESN, the Authorization server of OAuth is linked with the main container, and to 
ensure the security of communication between the main container and the authorization 
server, we use SSL in order to encrypt the communication. In addition, it is linked with an 
Authorization agent, which is available in each container in order to control the access to the 
Project and Task’s agents. 
 
The authentication process 
 
First, we register each employee of the enterprise into our network and assign an Agent for 
him; the registration is a one-time task. 
 
The main container asks the user to choose to login via either Facebook, Google or Twitter...  
Etc. 
 
Then it redirect the client to the authenticating application (e.g. Google), the user log into this 
authenticating application and grant the access. 
 
Once the registration is done this user will be assigned a client ID and a password by the 

authorization server and will be redirected to the agent login page with an authentication code. 
 
When the user access to this login page the main container in the background contact the 
Authorization server and sends the client id, password and the authentication code received in 
the redirect request parameters. The authorization server send back an Access token then, the 
user will be logged on. 
 
Authorization process 
 
However, when this user wants to access to information in projects or tasks agents, he needs a 
permission. The authorization agent checks if this user have the permission to access, by 
verifying the access token. Then if this user have the rights to access, it allows him. 
 
Communication security. 
 
Authors in [17] proposed an X-security prototype dedicated to central authority. We have 
modified this prototype in order to keep only the encryption process. We have introduced an 
authority agent called Security Encryption Authority (SEA). Agents when authenticated 
receive a private key and a public key, and it automatically registers to the SEA by sending it 
the Agent ID and public key. 
 
When an agent sends a message to another agent, the security module block the sending and 
generates a session key. The session key is a symmetric temporary key; the use of symmetric key 
encryption algorithm is due to its time/resources low consuming. This session key is encrypted 
using the private key of the agent and sent to the SEA with the destination agent ID. 



The SEA agent by its part decrypts the key using the public key of the sender, after that, it re-
encrypts it by the public key of the receiver agent and sends it to that agent including the ID 
of the sender agent too. Then, the blocked message is encrypted using the session key before 
it is sent to the receiver agent. 
 
When an agent receive a message, the security module block the message and take the agent 
id and searches for the session key for that agent. When it finds the session key, it decrypt the 
message using this session key then it show it to the agent. The Figure present the process of 
sending/receiving a message. 
 
CONCLUSIONS 
 
 
The lack of privacy and the data breaches in most of centralized enterprise social networks 
has become a serious problem for the enterprises employees. Our work is a first step 
towards decentralizing the Enterprise social networks. 
 
We present a novel agent-based approach for managing the ESN; the characteristics of MAS 
and the distributed nature of this latter have motivated us to adopt it. We demonstrate the 
modelling of employees, projects and interactions between users in our framework. 
Moreover, we deal with the security concerns in authentication, authorization and 
communication by proposing different mechanisms. 
 
As a future work, we aim to extend this model by adding user wall, enterprise wall 
and enforce the other security aspects. 
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ABSTRACT 

The move to renewable energy sources involves a significant number of constraints and 
required criteria. Besides the fulfilment of natural conditions -be they in terms of unshine 
hours or frequency and intensity of winds, for instance- the harmonious match of use of 
the renewable source with a background alternative supply source is crucial. The latter is 
because, irrespectively of how favourable environmental conditions may be, renewables 
supply is inherently intermittent and must always be coupled with a more conventional 
source, preferably non- fossil.  

In smaller countries, both in sheer size and in terms of consumers (households or 
enterprises), like Portugal or Chile, though already not trivial, the problem is more 
manageable basically thanks to its dimensions. In a huge country like Brazil, despite that, 
of course not all the country will simultaneously move to renewables, the complexity of 
the problem highly increases because of the architecture of the existing systems and the 
spatial magnitude even of a first set of trial zones.  

This paper is a first step to outline a decision support system to answer the above 
constraints and define the necessary criteria, considering the field reality. The renewable 
source will be wind energy and a few areas where it is already feasible, or soon may be, 
to exploit it will be selected. Inputs to the decision model are divided in two classes. 
Statistics data, both related to the performance of the existing conventional source and the 
pattern of the renewable’s generation. They will be in the form of time series and finer 
distributional and profile information, to be added to obtain a more reliable and 
economical preliminary design of the match algorithm.  

Deeper economic information makes for the second main input, where cost structures and 
parameters akin to the established networks are supplied to produce figures of merit in 
terms of overall cost, by different periods of use and seasons. Given that, in Brazil, most 
areas usually show a significant proportion of poor consumers, the tariff and tax structure 
must be carefully examined. In principle, decisions favour financially sustainable global 
systems, though deficit options may also be produced and examined (to identify the 
origins of the deficit). The formal tools to be used can vary from optimisation models to 
multi-criteria decision-making ones. Further, to handle the intrinsic uncertainty of the 
problem, a fully probabilistic approach, inspired in reliability theory, and a fuzzy 
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methodology will be contrasted. The development of the system is supposed to be run by 
an energy company that, in the Brazilian case, does not need to be just one. Ways to 
combine different regions, with perhaps different policies, will also be examined.  

It is hoped that this work will both start a wider debate on the decisional aspects of the 
move to renewables and serve as an incentive for affirmative measures in this line, in 
countries the size of Brazil, where endowments of such sources are usually generous.  
 

Keywords: renewables, intermittency, inputs to decision, large countries, energy 
management 
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ABSTRACT 

In recent years, reverse logistics (RL) has received considerable attention due to growing 
legislation, sustainable competitiveness, and corporate social responsibility. However, 
planning and organizing an effective reverse logistics network is challenging. Hence, we 
proposed a mixed integer linear programming (MILP) model to design a unified reverse 
logistic network in a multi-period setting. The model incorporates issues like carbon 
emissions due to operating facilities and transportation and vehicle allocation problem. 
Further, we solved the model for a real data set from OEM sector to find the optimal 
results.  

 
Keywords: Supply Chain Management; Reverse Logistics; Location-allocation; Carbon 
Footprint, Mixed Integer Linear Programming  
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INTRODUCTION 
 
Reverse logistics is the process of planning, implementing and controlling backward flows of 
raw materials, in-process inventory, packaging, and finished goods, from manufacturing, 
distribution or use point, to the point of recovery or point of proper disposal [9]. Reverse 
Logistics activities such as remanufacturing, recycling, reuse, and repair have been developed 
which are environmentally and economically sound to deal with the core returns after 
customer usage. Among these many popular initiatives, remanufacturing is playing a vital 
role for firms to differentiate themselves from competitors by adding value to their supply 
chains and reducing costs while catering the needs of environmental sustainability [7].  

With the increasing popularity of green supply chain, firms are focus on reducing the 
waste as well as their carbon footprint in the network. Becoming green means being 
environment-friendly, i.e., following environmental legislation and regulations as well as 
closing the loop of the supply chain by efficiently managing the returns as well as proper 
disposal. Therefore, carbon emissions during operations and distribution are considered in the 
model. Furthermore, vehicle allocation considered which adds complexity to the model. 
 
LITERATURE REVIEW 
 

There has been some extensive research on the reverse logistics and closed loop supply 
chain. A comprehensive model for reverse logistics network design in a multi-period setup, 
encompassing the effect with the inventory at remanufacturing plant was developed [1]. The 
impact of product returns on logistics network has been studied in reverse logistics context  
[2]. Further, different modeling approaches like mixed integer location models, stochastic 
location models, and continuous approximation models are proposed for solving a reverse 
logistic design problem [3]. By considering environmental aspects, a MILP model was 
developed for a reverse logistics network including the cost of carbon credits per ton CO2 [4].  

Vehicle routing in reverse logistics has been attempted and tried to address the model 
by using heuristics and improve the runtime of solutions by simulated annealing procedure  
[6]. A combinatorial approach has been developed to solve the model and to determine 
different decisions like re-use, remanufacture, refurbish, etc. based on profit maximization  
[8]. A comprehensive review of a majority of papers published in reverse logistics area is 
carried out, and possible directions were explored [5]. 
 
MATHEMATICAL FORMULATION 
 

In this section, we introduce mixed-integer linear programming (MILP) model for the 
design of carbon footprint based, multi-period reverse logistics network design with vehicle 
allocation. 
 

Problem Definition 
 
The proposed model addresses many features of practical relevance such as carbon footprint, 
multi-period setting, return rate, lagged return of demand, inventory holding, purchase and 
disposal decisions.  

The objective is to maximize total profit which includes revenue from the selling of 
products (new and remanufactured are assumed the same price) and various costs such as 
setup and operating costs at inspection and remanufacturing centers, inventory holding cost, 
purchase cost, disposal cost, transportation cost, and emission cost. The network of the given 
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reverse logistics is presented in Figure 1.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 1: Schematic representation of Reverse Logistic Network 
 

In our model, we have considered the collection centers are setup in the same markets 
where product is sold. The demand information is present only at the markets, i.e., the 
customer nodes. Moreover, to incorporate practical recovery scenario, the return of the 
products sold in any period returns with a lag of one, two and three periods with respective 
weights of 0.2, 0.4 and 0.4. We also consider yield associated with the returned products at 
inspection center. We assume that the inventory and disposal decisions are taken only at the 
inspection center. 
 
Model 
 
We start by presenting the notations and decision variables followed by the proposed MILP 
formulation. 

Notations  
Ev  – CO2  emission of vehicle type v ∈ V Sets:   

C,  M  –  Fixed  set  of  collection  centers  and per unit distance per vehicle. 
markets.  EIi  – CO2  emission at inspection center in 

I, R – Set of potential locations for inspection processing one unit of product. 
and remanufacturing centers. FTCv –  Fixed  transportation  cost  of  the 

T – Set of the planning horizon. vehicle of type v ∈ V. 

V – Set of vehicles available for transportation VTCv – Variable transportation cost of the 
Parameters:  vehicle of type v ∈ V per unit distance. 

Ω – Cost of carbon credits per unit ton of CO2. SCIi –   Setup   cost   of   installing   an 
λ – Yield factor at inspection center. inspection Centre at location i ∈ I. 

Dt
m – Demand at market m ∈ M in period t ∈ T. SCRr –   Setup   cost   of   installing   a 

St
c – Supply at collection center c ∈ C in period remanufacturing Centre at location r ∈ 

t ∈ T.  R. 
Capi –  Maximum  capacity  of  an  inspection OCIi –  Cost  of  operating  one  unit  of 

center at location i ∈ I.  product at inspection center. 
Capr – Maximum capacity of a remanufacturing OCRr –  Cost  of  operating  one  unit  of 

center at location r ∈ R. product at remanufacturing center. 
Decision variables: IQt

i – Inventory quantity at inspection center i 

xt
ijv –Product   quantity transported   from ∈ I in period t ∈ T. 
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center i to center j using vehicle type v ∈ V in period t ∈ T. 

yti –1 if inspection center is open at site i ∈ I in period t ∈ T, 0 otherwise  
ztr –1 if a remanufacturing center is open at location m ∈ M in period t ∈ T, 0 

otherwise 

 
DQti – Disposal quantity at inspection centre i ∈ I in period t ∈ T.  
PQtr – Purchase quantity at remanufacturing center r ∈ R in period t ∈ T.  
Ntijv –Vehicle quantity from center i to center j using vehicle type v ∈ V in period t ∈ T. 

 
Objective function 
 
Considering the notations introduced above the network design problem with vehicle 
allocation in multi-period with taking carbon footprint into account can be formulated as: 
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The objective function (1) maximizes the profit. The profit is the difference between 
revenue obtained from the sale of products and all costs incurred. 
 
Constraints: 
 

S t  = 0.2D ( t −1) + 0.4D ( t − 2) + 0.4D ( t −3) 
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∀i , j ∈ {C , I , R, M}, v ∈ V , t ∈T 

 
(2) 
 
(3) 
 
(4) 
 
(5) 
 
(6) 
 
(7) 
 
(8) 
 
(9) 

y t ≥ yt −1               ∀i ∈ I , t ∈T 
z i ≥ z i               ∀r ∈ R, t ∈T t t −1               
                   

 r    r                
 t , z t ∈ {0,1}, xc t , xi t , xr t t t t , Nc t , Ni t , Nr t ≥ 0 y 

r 
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(10) 
 
(11) 

 
Constraint (2) ensures that the supply from bucket two 

weighted demand in preceding buckets. Constraints (3) and (4) are 
collection and inspection centers respectively. Constraint (5) 

 
onwards is cumulative of 
flow balance constraints at 
assures the flow balance  
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constraint at the remanufacturing center by ensuring that a number of products coming out of 
remanufacturing center are either remanufactured or new products. Constraint (6) ensures that 
the products sold to market are no more than the demand. Constraint (7) and (8) puts capacity 
restrictions at inspection centers and remanufacturing centers. Constraint (9) assures that 
products that transported between facilities are no more than the maximum capacity of 
vehicles. Constraint (10) and (11) ensure that once a facility is installed at a location, it 
remains operating until the end of the planning horizon. 

 
COMPUTATIONAL RESULTS AND DISCUSSIONS 

 
In this section to validate the proposed model, we test it against a real data with a planning 
horizon of length 5, four fixed collection centers (same as markets, hence four markets), three 
potential locations for inspection centers and two potential locations for remanufacturing 
centers. The capacity levels and other parameters for the inspection and remanufacturing 
centers are mentioned in Table 1. 

 
Table 1: Parameters of facilities 

 
   

Parameter Inspection Center 
Remanufacturing 

   Center         

     1 2 3 1 2  

   Setup Cost 1500 2000 2500 5000 4500  
 Operating Cost ($ per unit) 0.5 0.5 0.5 0.7 0.7  
 Carbon emission (kg of CO2 per 

0.20 0.15 0.12 0.18 0.16 
 

   unit)  
          

   Maximum Capacity 1000 1100 1200 4000 3000  
   Yield 0.9 0.95 0.98 - -  

   Table 2: Parameters per each vehicle type     
   Parameters  V1 V2 V3    
   Fixed Cost ($)  6 15 9    
   Variable Cost ($ per km)  0.35 0.35 0.35    
   Carbon footprint (Kg CO2 per km) 0.25 0.35 0.30    
   Capacity  20 25 22    
 

In our work the, CO2 emissions from transportation are between facilities are 
calculated based on the distances involved between facilities. The vehicle types available and 
their respective cost and emission parameters are presented in Table 2. 

 
Table 3: Performance measure of model   

Parameter Value ($) 
Fixed Setup Cost 6,000 
Operating Cost 2,918 

Inventory & Disposal Cost 284 
Transportation Cost 4,739 

Buying Cost 11,195 
Carbon emission- Operation 761 

Carbon emission – Transportation 1,142   
The selling price of each product is $100 per product. The buying cost is kept 0.5 times 

the price of the product, and the inventory holding cost and disposal cost are maintained  
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at 14% and 20% of the price of the product respectively.  

The proposed model is solved using IBM ILOG CPLEX software on Intel® 
Core(TM) i5-4310M, 2.70 GHz processor with 8 GB RAM. From the results, we observed 
that inspection center is located at facility 1 and remanufacturing center is located at facility 
2. After solution, the total revenue from the sale of products comes to be $ 45,000 with the 
different costs as mentioned in Table 3. Thus, the total profit comes out to be $17,961. 
 
CONCLUSION 
 
In this paper, we proposed a mathematical model for multi-period reverse logistics network 
design which encompasses the vehicle allocation as well considering the environmental effect 
due to operating and distribution. The proposed model takes into account several practical 
relevances namely, the return of products sold in subsequent periods with different weights in 
every period, vehicle selection and allocation, and a yield factor at inspection centers.  

Several possible extensions are possible for future works. The model can be extended 
to be a multi-product scenario to suit better into practical situations. The model can also be 
extended to take into account the other emissions such as NOx apart from carbon emissions to 
make it. 
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ABSTRACT 

The main objectives of this research is to assess the importance of sustainability for 
freight transport operators using key performance indicators, and to develop a 
benchmarking tool for sustainable freight transportation that considers economic, social 
and environmental indicators. A survey was conducted around freight transport operators 
(inclusive of all modes of transport) across Europe and India. The initial pilot survey 
received responses from 38 transport organisations that were considered for analysis. 
Sequential steps of data pre-processing, PCA/factor analysis, sustainability index 
calculation and development of an initial benchmarking tool were carried out. Three 
sustainable clusters (named High, Medium and Low sustainable groups) were developed 
using k-means clustering technique. This benchmarking tool can assist policymakers to 
evaluate the effect of their policies on freight transportation sustainability in various 
aspects. 
Keywords: Sustainability, freight transportation, Principle component analysis, factor 
analysis, K-means clustering  

 
INTRODUCTION 
 

 
ICDSST – PROMETHEE DAYS 2018 PROCEEDINGS – THE EWG-DSS 2018 INTERNATIONAL CONFERENCE ON 

DECISION SUPPORT SYSTEM TECHNOLOGY & PROMETHEE DAYS 2018:  
J. Papathanasiou, P. Digkoglou, G. Tsaples, F. Dargam, I. Linden, B. Mareschal (editors)  

Heraklion, Greece, 22-25 May 2018 

mailto:e.e.ballantyne@sheffield.ac.uk
https://www.sheffield.ac.uk/management/staff/eballantyne
mailto:akumar@iem.iitkgp.ernet.in
http://iitkgp.ac.in/department/IM/faculty/im-akumar
mailto:n.r.velaga@iitb.ac.in


In Europe, emissions from transport represent approximately 25.8% of total EU-28 
greenhouse gas emissions, decreasing to 21% if international aviation and maritime emissions are 
excluded [1]. Further, the movement of freight contributes significantly to traffic congestion 
particularly in urban areas, air pollution, noise and high fossil fuel consumption. Therefore, it is 
strategically important for organisations, especially those involved directly with freight 
transportation to consider the adoption of more sustainable practices.  

In this context, this paper aims to assess the importance of sustainability related key 
performance indicators, in order to assist the development of a decision support system for 
freight transport operators to benchmark the sustainability of their operations. The ‘Triple 
Bottom Line’ (TBL) approach to sustainability has been applied to determine the relative 
sustainability of business performance in freight transport operations. [2] defines 
sustainability as used in the TBL as “...the principle of ensuring that our actions today do not 
limit the range of economic, social and environmental options open to the future”. This 
definition advocates that through engagement in socially and environmentally responsible 
practices have the potential to create positive financial gains for the organisation [3].  

The research presented in this paper is based on the results of an empirical pilot survey of 
freight transport operators to determine their engagement with a selection of sustainability 
related Key Performance Indicators (KPIs). 
 

LITERATURE REVIEW 
 
Sustainability is an area of continuing and growing importance for transport operators, and is 
just one way in which businesses attempt to differentiate themselves from competitors [4, 5]. 
However, the adoption of the TBL with the economic, social and environmental aspects helps 
to ensure that businesses consider sustainability in a much broader way [6, 7, 1, 8].  
From a business perspective, the economic pillar of the TBL is often top of the sustainability 
agenda to maintain the commercial viability of an operation, and thus it is generally well 
understood [3]. In the context of freight transport, environmental sustainability refers to 
actions aimed at reducing the negative impacts of operations on the environment, such as 
reducing greenhouse gas emissions [9] and social sustainability focuses on improving aspects 
of employee wellbeing and quality of life [3, 10].  

For the past couple of decades, the EU has actively promoted greater use of rail and 
waterborne transport in a bid to improve environmental sustainability in the freight transport 
sector [9]. Thus, the research reported on in this paper has sought to include all modes of 
transportation, seeking to establish relative sustainability levels in different modal sectors and 
countries, so that initial benchmarks can be set. 
 

RESARCH APPROACH 
 
Key Performance Indicators  

The KPIs selected for use in the survey were determined from a literature review of 
sustainability indicators relevant to freight transport. The selected indicators were refined and 
categorised under the three pillars of sustainability, and formulated into specific questions on 
the survey. Sustainability indicators examined by the survey are shown in Table 1. 
 

Table 1: Sustainability indicators relevant to freight transport 
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Data collection – participant demographics and other details  
The survey was distributed around freight transport operators (irrespective of mode - road, 

rail, air, sea and inland waterway were all included) across Europe and India, through networks 
and contacts known personally to researchers in the REINVEST project network. Figure 1 (a) 
shows the split of respondents surveyed across different modes, unsurprisingly 78.9% of firms 
responding operate in the road freight sector. From a sustainability perspective these 
demographics are reflective of recent EU figures from 2014 that highlight road freight transport is 
responsible for approximately 73% of EU emissions, whilst more environmentally friendly rail 
and inland waterborne transport still account for only about 12 and 4 percent, respectively of EU 
freight transport [9]. It should be noted however that respondents were not limited to a single 
response and could select all modes that were applicable to their operation.  

Of the responding organisations, the countries in which they operate include: Greece (15); UK 
(11); India, Norway and Italy (2 responses each); Romania, Bulgaria, Germany and France (1 
respondent each); one respondent operated across Greece, Romania, Bulgaria and Serbia; and a 
further respondent operated worldwide. These organisations operate in a variety of business 
sectors, although manufacturing and service industries dominated (see Figure 1 (b)).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1(a) respondents across different modes and 1(b) various business sectors 
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Data Analysis  
To design a benchmarking tool, it is imperative to develop a composite sustainability index 
that could facilitate comparison between a highly sustainable vs low sustainable firm. We 
used the following 4 steps to obtain a composite sustainability index: Data pre-processing, 
PCA/Factor Analysis, Sustainability Index Calculation and Development of Benchmarking 
Tool. 
 

RESULTS AND DISCUSSION 
 
Altogether, we collected 38 samples from respondents across Europe and India. We visually 
inspected for the relative accuracy of the data. We realized that for some of the variables e.g. 
“Donations to charities and local causes in numbers” were not provided in the same 
measurement units, for example some respondents answered in monetary values whereas a 
few others reported in percentage of profit. Thus, we derived a new binary variable that only 
captures whether a firm has contributed or not contributed. Further, to handle missing data, 
firstly we determined whether a particular respondent had replied to at least 75% of the 
survey questions. This resulted in the removal of 3 respondents for our analysis, as out of 22 
variables 10 were answered as “N/A”. For this new dataset, we used expectation 
maximization algorithm to impute missing values, using an R-package “Amelia”. Since, 
indicators had different measurement scales, we normalized all the indicators depending on 
positive or negative impact on the sustainability index. Indicators whose increasing values 
have positive impact uses equation 1 otherwise uses equation 2 [11]. 
 

+ 
 +−  +   

− 
 −  −  −  

 
= 

  

(1) 
 

= 

  

(2)  + −  +  − −  − 

             
 
We created 3 normalized datasets for indicators corresponding to Economic, Social and 
Environmental sustainability aspects. We ran PCA/FA analysis to compute factor loadings 
and corresponding Eigen values using an R-package “PCAmix”. We only considered factors 
for which Eigen value obtained were 1 or more for further analysis. For each sub-indices, we 
found three factors were able to explain more than 70% of the variability. Finally, we used 
varimax-rotation to evaluate loadings for three factors. Figure 2 shows results obtained for 
the environmental indicators.  
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Figure 2: Observations and Rotation plots for environmental indicators 

 
We used aggregation of indicators at two levels. First we evaluated Economic, Social and 
Environmental sustainability sub-indices and then at a final composite index combined all 
three.  
To calculate sub-indices first we used equation (3) 
 = ∑3 

 
∗ 

(3) 
 

  =1   

For i= 1, 2,3 for Economic, Social and Environmental sub-indices.  
Finally, a composite sustainability index can be calculated using weighted average as per 
equation (3) 

= ∑3  
∗ 

where ∑3 
= 1 

(4) 
 =1     =1    

: User defined weight for each sub-indices. e.g. if a firm places equal importance to 
economic, social and environmental indicators then a weight of 1/3 can be assigned to each 
sub-indices. Similarly, if a firm put more importance on economical indicators and equal 
importance to social and environmental indicators then a weight vector of [0.5, 0.25, and 
0.25] can be assigned. Further, we used equation 1 to normalize , and for easier comparisons. 
Table 2 presents a snippet of calculated for different firm. 
 

Since, our primary aim for this study is to create a benchmarking tool, we further 
performed k-means clustering (R package: cluster) on the factors obtained. For our analysis we 
worked with 3 centres and named them as High, Medium and Low sustainable groups. Figure 3 
presents the results of the k-means clustering. Also, Table 2 presents the classification of 
organisations in high, medium and low groups. Now, if we want to classify a new firm into one 
of these groups we simply need to place it in the group from which its distance is minimum. 
 

Table 2: Composite Sustainability Index and Assigned Clusters. 
 

Respondent# Sustainability Index Cluster Assigned 
1 43.21022 High 
2 68.94995 High 
3 45.89107 Medium 
4 42.52793 High 
5 55.05589 High 
6 19.00904 Low  

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 3: Sustainability classes using k-means clustering 
 

 

CONCLUSIONS 
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This study presents the development of a benchmarking tool for sustainable freight 
transportation considering economic, social and environmental indicators. We selected 
important KPIs based on exhaustive literature review and inputs of executives from freight 
transportation industry. Accordingly, a survey was designed and floated through UK, Europe 
and India. To develop a benchmarking tool, first we performed PCA/FA analysis to develop a 
composite sustainability index and then performed k-means clustering to classify firms into 
High, Medium and Low sustainable groups. This benchmarking tool can easily be deployed 
at wide scale to assists policy makers to evaluate the effect of their policies on freight 
transportation sustainability in various aspects.  
The proposed study can be extended methodologically to assess suitability of various MCDM 
approach, such as Analytic Hierarchy Process. For AHP, the survey needs to add one more 
variable in regards to weight of each indicator. Given popularity of various machine 
algorithm, it is worth exploring regression trees and deep learning for such study. 
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ABSTRACT 

Low carbon and resilient supply chains (LCRSC) enable the achievement of the UN 
Sustainable Goals but requires a true multi-stakeholder approach by bridging eco-
innovators, policy makers, businesses that incorporate eco-innovations, and the 
environment and society which act as core influencers. Nevertheless, a systematic 
literature review on LCRSC (globally) shows a clear focus solely on institutional level 
drive of LCRSC (not accounting all the stakeholders). Therefore, there is a high need of a 
decision support framework that would incorporate a multi-stakeholder view in LCRSC. 
As a response, Carayannis, Barth & Campbell [1] proposed and formalized the “Quintuple 
Helix Model (QHM)”, as an American school of thought, for sustainable growth which 
aims at providing means for bridging the five types of stakeholders in co-creation to 
achieve enhanced environmental sustainability through a dedicated decision-making 
approach. This model is currently widely used in USA and Europe, however it has never 
been applied specifically for sustainable transportation. In this context, this research 
proposes a decision support system based on the QHM in the field of LCRSC by relying 
on a valid sample of 311 transporters from South East Europe (SEE) complemented by 6 
interviews and 3 focus groups (with all five type of stakeholders). The results show that 
quintuple helix co-creation positively influences LCRSC practice adoption by properly 
relying on market dynamics (i.e. eco-innovation adoption, competitive pressures, societal 
pressures, etc). The role of environmental policy making for LCRSC becomes critical and 
regulators should include in their directives more insights from the other quintuple helix 
stakeholders in order to facilitate proper adoption of LCRSC. 

Keywords: low carbon supply chain, quintuple helix, decision support 
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INTRODUCTION 
 
Low carbon and resilient supply chains (LCRSC) act as core enablers of economic growth 
with tremendously increased (cross-sectoral and cross-cultural actor induced) pressures 
towards ensuring resource efficiency and environmental footprint mitigation [2]. Such cross-
sectoral and cross-cultural actors that pressure LCRSC comprise of the key developmental 
pillars of a low carbon economy: research/eco-innovation, effective environmental policies, 
industries that innovate or incorporate eco-innovations, and the environment and society 
which act as core influencers of such an integrated framework (the Quintuple Helix Model as 
described by [1]). Even more, low carbon resilience (ability of a supply chain to return to its 
operational mode in a low carbon manner after a disruption took place) requires true co-
creation at the quintuple helix level as institutionally focused economic performance (during 
disruptions) can no longer be held accountable for the societal and environmental damage 
triggered by supply chains in their complex process of re-adaptation. Proper economic, 
environmental and social performance of supply chains should only be measured at the entire 
quintuple helix level in order to demonstrate a uniform regional growth (rather than 
institutionally centred growth that does not guarantee a balanced adoption and 
implementation of LCRSC eco-innovations). However, in order to achieve this, a proper 
decision-making support system (framework) is required. 

 

Nevertheless, a systematic literature review on theoretical foundations related to LCRSC 
practice implementation shows a clear focus on institutional level drive of LCRSC research, 
eco-innovation and eco-practice incorporation (and decision making) with mere (and very 
recent) relation to proper co-creation and co-evolution at the entire quintuple helix framework 
 
[3]. This implies that there is a strong disconnect between the decision making elements of 
each stakeholder. 

 

In order to mitigate the literature gap, this research introduces a convergence of existing (but 
disconnected/isolated) theoretical frameworks in the field of LCRSC in order to trigger the 
emergence of a binding decision-making framework capable to drive and explain research, 
policy and practical developments in the field of LCRSC. More specifically the proposed 
decision making frameowork builds upon the work of [1] related to the quintuple helix 
(mesosystem) and integrates the ecological modernization theory (EMT), the diffusion of 
innovation theory (DIT), the institutional (INT) and stakeholder (ST) theories and the 
complex and adaptive systems theory (CAST). The ultimate aim is to provide a 
comprehensive and modern framework for LCRSC implementation research, policy and 
practice with recommendations on how to leverage institutional level practices to stakeholder 
(quintuple helix level) practices in order to achieve the true impact of LCRSC. This 
exploration is the first integrated literature attempt to bridge these five theories in order to 
provide understanding of LCRSC eco-innovation adoption and diffusion by showing how all 
existing but clustered/isolated theoretical advancements can be unified under a common 
framework. 
 



 
 
 



 
THE FOUNDATIONS OF THE PROPOSED DECISION SUPPORT FRAMEWORK 
 
In order to underpin the proposed decision support framework, this research introduces a 
convergence of existing (but disconnected/isolated) theoretical frameworks in the field of 
LCRSC in order to trigger the emergence of a binding approach capable to drive and explain 
the decision making process in the field of LCRSC. More specifically the proposed model 
builds upon the work of [1] related to the quintuple helix (mesosystem) and integrates the 
ecological modernization theory (EMT), the diffusion of innovation theory (DIT), the 
institutional (INT) and stakeholder (ST) theories and the complex and adaptive systems 
theory (CAST) in order to provide a comprehensive and modern framework for LCRSC 
research and practice. The core ideology of integrating the five theories resides in ensuring a 
balanced leverage of practices from institutional level to mesosystem/stakeholder level 
towards LCRSC implementation and diffusion. 

 

METHODOLOGY 
 
The chosen methodology consists of a three stage mixed-method approach that responds to 
the methodological gaps in the area of LCRSC. Stage one: Qualitative exploratory interviews 
at the institutional level (N=6, one in each different country from SEE chosen as key 
representative ones for SEE). The following questions have been discussed: Overview on 
your company; What bad weather conditions did the road freight transportation vehicles have 
encountered and what problems has the company encountered; What resilience strategies did 
the company employ and whether there was any consideration about environmental impact 
during those strategies; What key performance indicators are being monitored for measuring 
business success; What are the general green practices and technologies that the company 
employs; What are the readiness and intentions to be environmentally sustainable and to 
utilize technology for achieving LCRSC during disruptions; How does the company interact 
with the social stakeholders (i.e, government, society, environmental organizations, 
innovators). Stage two: Qualitative (exploratory) and quantitative (confirmatory) semi-
structured survey composed of closed and open ended questions (addressed to random 
manufacturers, transporters, suppy chain companies retrieved from chambers of commerce) 
across the six SEE countries (valid N=311 – corresponding to a response rate of 27%) at the 
institutional level. The main survey areas were focused on testing and exploring: LCRSC 
practices and their implementation status, drivers & barriers to LCRSC implementation, KPIs 
used to monitor LCRSC and willingness to implement LCRSC). The closed-
ended/measurement questions have been devised as Likert scales. ). Stage three –
Exploratory and confirmatory qualitative focus groups (N=3) to provide more insight into 
Stage two in Greece only (towards enabling context specific findings) and to leverage the 
institutional level findings to a stakeholder/quintuple helix mesosystem level. 

 

PARTIAL FINDINGS 
 
Firstly,  the  results  reveal  the  critical  importance  of  co-creation  towards  ensuring  faster 
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diffusion of eco-innovations from the institutional level to the mesosystem level and this is 
achieved through: “ […] focusing on the smart specialization pillars of Greece” – which are 
based on eco-innovation and technology (Ketikidis et al., 2016) – being this in line with the 
EMT, DIT & CAST; or “[…] aligning the incentives, goals and KPIs” – aspect also 
highlighted by [4-5]; or “mimetic transformation […] for competitive advantage purposes” 
appears to play a critical role in the specific mesosystem’s context (the greater the 
competition, the greater the transformation/diffusion) – aspect also in line with [6]. This 
outcome would be the starting point of the decision making framework (i.e. the drivers that 
engage stakeholders into co-creation and that impact on their decision-making processes). 

 

As well, “disruptive transformation is […] preferred” was of the innovators’ claims during 
the focus groups, however, industry and government were very reluctant to disruptive eco-
innovations in the current quintuple helix mesosystem context of Greece and argued for 
transformative innovation as a more financially secured method for enabling LCRSC. This 
aspect is also in line with the literature in regards to the financial aspect involved by such 
investments [6-7] as well as with Stage one (i.e. “[…] our main barrier is cost rather than 
flexibility and willingness to try such practices”) and Stage two findings (where the cost 
aspects were rated as highly problematic – the “Too big investment” item has been rated 
4.00/5, N=311). Finally, the institutionally controlled decision making processes (KPIs) are 
subjected to the findings mentioned above. 

 

The results show that more institutions have inner transformational desire towards 
incorporating eco-innovations in order to adapt to global standards/trends (i.e. “[…] I am 
always in seek for new such eco-innovations to be ahead of competition and in trend with 
societal demands”. Such outcomes are in high coherence with the literature [4]. This is also 
quantitatively confirmed by Stage two where, for example, a specific part of the survey 
targeted to test the adoption level of eco-innovations under three main behavioural variables 
(behavioural intention to adopt eco-innovations (BI), perceived usefulness of eco-innovations 
(PU) and perceived ease of use of eco-innovations (PEU). More specifically, whether the 
respondents declare a high PU (4.00/5) of LCRSC eco-innovations, the PEU of such eco-
innovations is considerably low (2.38/5). The PEU is linked to the limited information and 
knowledge on this topic discussed also by [6-7]. Still the BI element (which is the core 
measurement of the willingness to adopt eco-innovations and thus support the DIT 
statements) is moderately high (3.53/5). These institutions will perform partnerships/co-create 
only with institutions with similar decision making processes inducing thus a 
transformational change in other institutions (peer-pressure to adhere to eco-innovations) – 
aspects which are in line with the literature on coercive adoption of EMT driven eco-
innovations under the DIT assumptions [6]. 

 

Furthermore, the results show that the decision-making process alignment during disruptions 
(towards enabling LCRSC through eco-innovations) will be done following the axes of the 
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smart specialization strategy as well as localized inter-institutional co-creations – extending 
thus the CAST based knowledge under the Greek mesosystem. Still, due to the high 
complexity of inter-institutional co-creation and decision making procsesses especially in 
LCRSC this peer-pressure will expand covering a wide area of the mesosystem taking thus all 
the localized inter-institutional co-creations at a homogenous mesosystem level – widely 
confirming the previous literature on this topic [8-10]. This expansion leads to a 
mesosystem/stakeholder block which will tacitly induce exogenous pressures to any new 
individual institution that aims to join this network/chain. Such aspects are in line with the 
previously identified literature in relation to the mesosystem induced coercive adoption of 
institutional practices (paving thus the link between INT, ST, EMT and DIT) – as well as the 
adoption of practices under normative compliance [6]. 

 

CONCLUSION 
 
Low carbon and resilient supply chains (LCRSC) are becoming the driving force of economic 
growth with tremendously increased (cross-sectoral and cross-cultural actor induced) 
pressures that demand innovative approaches for multi-stakeholder inclusion in LCRSC 
decision making. This paper proposed a decision-making framework that builds upon the 
quintuple helix model by proposing a better path to LCRSC implementation. For this, a three-
stage mixed-method approach has been adopted at the South East European level (six 
interviews, quantitative surveys (n=311), three focus groups and modelling and simulation). 
Overall, this research provides a novel insight into converging EMT, DIT, CAST, INT and 
ST towards explaining how LCRSC can be leveraged from the institutional to stakeholder 
level (in SEE with the main focus on Greece). The key message that has been revealed is that 
quintuple helix co-creation, decision making proces & KPI alignment of all stakeholders and 
capacity to transform (eco-modernize) of institutions are the key enablers of fast eco-
innovation (LCRSC) diffusion and implementation 
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ABSTRACT 

One of the most challenging tasks related to ski data is predicting injuries due to the 
highly imbalance of the injured and non-injured population (2 out of 1000 skiers get 
injured). Most of the papers provide models for determining risk of injuries for 
subpopulations (beginners, male vs. females etc.) which hardly can be used for decision 
making. Although predicting whether an injury will occur or not is of great importance, 
one can make a prediction of the type of injury and part of the body that will get injured. 
However, this makes the problem even more difficult to predict. We present a multilabel 
approach to prediction of ski injuries, both spatial and temporal, on Mt. Kopaonik, Serbia. 
Our results suggest that type of injuries and part of the body can be predicted with an 
average of AUC 0.701 over labels, or 13% increase in AUC compared to the classical 
approach. However, some of the labels are still hard to predict with an AUC of 0.537. 
 
Keywords: Ski injury prediction, Multi-label prediction, Stacking, Logistic regression 
 
INTRODUCTION 
 

Analysis of ski injury data is often used as a decision support tool which provides risk 
assessment for subpopulation of skiers (i.e. beginners). This is a highly challenging task, as 
ski injuries are events that are very rare with only 0.2% or less rate [11]. Although this 
number seems low there are over 300,000,000 skier visits worldwide [13]. Therefore, it is 
expected to have at least 6,000,000 worldwide. Additional problem is that cost of injury is 
often very high. Since skiers ski with high-velocity injury can result in a broken arm, broken 
leg, but also in permanent movement disability or even death.  

Usually, research on ski injury data is performed on small-scale, case-control studies 
which analyze the injured population compared to a small sample of the non-injured 
population. As a result, one can find risk factors and odds ratios for various ski attributes. In 
the example, one can find that gender [9], age [10], the speed of skiing [9], quality of ski 
slopes [10], weather [5] as well as others influence the occurrence of ski injury. Although this 
information is valuable, they can hardly be used for real-time decision making. The first 
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effort for ski injury prediction can be found in [1] where DEX model, which combine data 
and expert knowledge, was used for global daily prediction of ski injuries. Predicting ski 
injuries on an individual level for skiers is presented in paper [2]. They achieved AUC about 
0.73 and noted that ski injuries are early failure events, meaning that the beginning period of 
skiing has the highest risk of injury. Additionally, using CHAID decision tree authors 
managed to identify high-risk subgroups of skiers. An interesting application of 
recommender systems in order to “recommend” the number of injuries is presented in [3].  

However, none of the papers tries to predict the type of injury and part of the body which 
is injured. This can be of great help to mountain rescue service in resource allocation. If 
mountain rescue service knows which type if injury or part of the body will probably get 
injured they could prepare vehicle and needed equipment to sanitize injury more efficiently. 
Additionally, one of the major drawbacks of previous papers is information where the injury 
will occur (spatial) and when an injury will occur (temporal). Having the above-mentioned in 
mind, the main contribution of this paper is 1) spatial and temporal prediction of injury and 2) 
prediction of the type of injury and part of the body which will get injured. 
 
METHODOLOGY 
 
In this section, we will explain data used in this research and motivate multi-label 
predictions. After that, we will explain the experimental setup and the multi-label 
methodology used in this paper. 
 
Data 
 
In this paper, we extracted and utilized data from Kopaonik ski resort, which is the largest ski 
resort in Serbia. It has 20 ski lifts with different degrees of difficulty. Data include all ski lift 
gate entrances obtained using RFID checkout of ski tickets from season 2005/06 to season 
2011/12. There are over 5,000,000 observations. In order to prevent confusion, term “skier” 
is used for all participants using ski lifts, which includes skiers, snowboarders etc. Data about 
ski injuries are obtained from the mountain rescue service and they have date and time of 
injury and ski ticket of injured skier. This information is used for integration of two distinct 
data sources.  

Having in mind that real-time injury prediction for the specific skier is hard (this will 
produce rarer events of injuries and also some injuries are the result of the random process), 
data are aggregated on a ski lift hourly level where the location of the injury is connected to 
the last ski lift used before the injury occurred. This allows us to make predictions for 
location (spatial) and time of day (temporal) which is useful for mountain rescue service 
having additional information used for resource allocation. Due to aggregation of data, 
instead of one value for one observation in data we have a distribution of data. In order to 
prepare data for predictive modeling, we performed feature extraction. The idea was to obtain 
as much information as we can from four distribution features we had at hand. Therefore, we 
extracted: 1) Descriptive statistics features, which includes total number of ski slopes, and 
total number of skiers, 2) Statistical measures of distribution, including average, minimum, 
tenth percentile, first quartile, median, third quartile, ninetieth percentile, maximum, 
skewness, kurtosis, and number of modes (automatic detection of kernel bandwidth [14]), 3) 
chemometrics [4] features – number of turns in distribution, number of peaks in distribution, 
number of pits, signal that the greater density is at the beginning of the distribution, and 
number of significant peaks (p > 0.5) in the distribution, and 4) weather-related data which 
includes temperature, dew point, humidity, visibility, fog, rain, snow and thunder. These 
features, more specifically, features from group 2) and 3), are extracted for time on track of  
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skiers on that ski lift in that hour, the vertical distance of skiers on that ski lift in that hour, 
total number of slopes skier skied for that ski lift in that hour and total number of distinct 
slopes skier skied for that ski lift in that hour. In total there are 44,941 examples in final 
dataset and 78 extracted features.  

Additionally, instead of one label, we have 13 of them. Labels are constructed in such 
manner that an injury of such type or part of body occurred in the following hour. Labels can 
be grouped into two separate, distinct groups. The first group contains types of injury, where 
one injury can be of type abrasion, bleeding, contusion, bone fracture, joint dislocation, 
sprain, laceration, cut and concussion. The second group of injury present part of the body 
and can be head, arm, body, and leg. We note that ski injuries are rare events with only 0.2% 
rate in the Alps [11]. Also, the similar injury rate is present in other ski resorts [1]. This can 
be interpreted that only 2 injuries occur in 1000 skier days. Even aggregated on the ski lift 
hour level rate of injury is small and can be measured in few percentages. The problem is 
even greater with multiple labels since one injury is divided into 13 possible values. Although 
this is a good percentage of the overall population, it poses a problem for the accuracy of 
predictive models. In Table 1 we present percentage of occurrence for each label. 
 

Table 1: Percentage of occurrence for each label 
 

Label group Label Percentage 
 Abrasion 0.071 
 Bleeding 0.132 
 Contusion 0.499 
 Bone fracture 0.673 

Type of injury Joint dislocation 0.399 
 Sprain 1.309 
 Laceration 0.029 
 Cut 0.330 
 Concussion 0.214 
 Head 0.426 

Part of body 
Arm 0.977 
Body 0.216  

 Leg 1.654 

 
As can be seen from Table 1, most frequent injuries are leg injuries and sprain injuries 

with 1.654% and 1.309% of occurrence, respectively. However, some labels are very rare 
such as laceration with 0.029% of occurrence or abrasion with 0.071% of occurrence. 
 
Experimental Setup 
 
As the baseline predictive model, we used logistic regression [6]. It is used for modeling 
multiple independent features that determine an outcome. Logistic regression is considered as 
one of the most popular and used algorithms in practice. The reason why it is popular is that it 
obtains good predictive performance, and also highly interpretable predictive models. As a 
result, each example obtains a probability score using, most often, logit model.  

However, even for our problem of ski injury prediction, having 78 features will negatively 
influence the model interpretability. Therefore we add the so-called L1 regularization term 
which is called Lasso [12]. This reduces model complexity and prevents the model to explain 
random noise or error instead of an underlying relationship. After adding regularization term 
we get loss function which is optimized using iterative optimization methods such as Newton 
method [12]: 
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  (  ) = ∑ exp(−  (  +  0)) +    ∑ |   | 
 =1  =1  

Additional concern using this approach is the selection of a parameter, since the selection 
of large value will yield an intercept only model (weights associated with features will be 
zero) and selection of a low value will allow the model to explain error and random noise. 
This is alleviated by performing ten fold cross-validation and grid search. Value for grid 
search are selected in such manner that grid starts with smallest which yield intercept only 
model, and then lowers by magnitude of 8 until reaches zero. As a selection criteria area 
under the ROC curve (AUC) is used.  

The idea of multilabel classification is to predict more than one label using adapted 
learning algorithms such as random ferns or random forest. However, one can transform the 
multilabel classification problem so that ordinary classification algorithm can be applied [8]. 
The simplest idea and a baseline for this research is binary relevance (BR). This approach 
implies that predictive model is created for each label. Then predictions are combined to form 
a multilabel target. Therefore, BR does not model label dependency. Modelling label 
dependency allows predictive models to “see” values of other labels in order to make 
predictions. One can say that label dependency augments independent features with 
information from label features in the model learning phase. However, one must decide 
whether to use true or predicted label information, and whether to use all other labels or only 
some of them (full or partial conditioning) [7]. If one uses true label information and full 
conditioning this is called Dependent binary relevance (DBR), and this means that true label 
information about other labels are available during model learning. However, if predicted 
labels are available with full conditioning then we use Stacking (S). Using this approach we 
first need to create BR model and then combine them in stacking manner. We note that using 
this approach we can introduce error (if the label is falsely predicted), but it is more prone to 
overfitting. However, if we use partial conditioning with true labels we use classifier chains 
(CC). This means that we create a list where each label uses true label information about 
labels that were before in the list. Other combination, where partial conditioning is used with 
predicted labels, is called nested stacking (NS). For more information about problem 
adaptation methods, we suggest reference [8]. The base learner was for all the, above 
mentioned, five combinations (BR, DBR, S, CC, and NS), lasso logistic regression algorithm.  

In order to prevent overfitting, we performed ten-fold cross-validation which allows us to 
obtain a better estimate of predictive performance. At each fold of cross-validation, we 
measured AUC. Finally, performances were aggregated with average and standard deviation 
presented. Performances are presented label-wise so one can see and interpret which type of 
injuries and/or part of the body are hard to predict. 
 
RESULTS 
 
Results obtained using lasso logistic regression with problem transformation methods 
explained in Methodology section are presented in Table 2. Rows of Table 2 present labels, 
columns present multilabel methods used, while values are obtained performances with 
standard deviations obtained using ten-fold cross-validation (the best values are presented in 
bold letters). As we can observe the best performing algorithms are the one that uses true 
label information, and mostly it was DBR. The range of AUC for DBR is from 0.537 to 
0.755, with average 0.701, which is highly good performances having in mind that ski 
injuries are very rare events. This is an indicator that type of injury and part of the body can 
be predicted for the following hour and for the ski slope. 
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Table 2: Performances of predictive models 

 
Label 

Label BR DBR S CC NS 
group       

 Abrasion 0.500 ± 0.000 0.659 ± 0.175 0.500 ± 0.000 0.661 ± 0.182 0.500 ± 0.000 
 Bleeding 0.500 ± 0.000 0.638 ± 0.115 0.500 ± 0.000 0.652 ± 0.115 0.500 ± 0.000 
 Contusion 0.567 ± 0.109 0.734 ± 0.058 0.614 ± 0.127 0.740 ± 0.058 0.642 ± 0.131 
 Bone 0.719 ± 0.091 0.734 ± 0.051 0.718 ± 0.092 0.734 ± 0.051 0.697 ± 0.113 

Type of 
fracture      

Joint 0.583 ± 0.114 0.686 ± 0.069 0.559 ± 0.098 0.674 ± 0.065 0.543 ± 0.096 injury 
dislocation      

      

 Sprain 0.738 ± 0.029 0.739 ± 0.028 0.738 ± 0.029 0.737 ± 0.026 0.738 ± 0.028 
 Laceration 0.500 ± 0.000 0.537 ± 0.288 0.500 ± 0.000 0.525 ± 0.295 0.500 ± 0.000 
 Cut 0.619 ± 0.128 0.737 ± 0.089 0.575 ± 0.123 0.735 ± 0.092 0.574 ± 0.121 
 Concussion 0.500 ± 0.000 0.722 ± 0.110 0.500 ± 0.000 0.722 ± 0.110 0.500 ± 0.000 
 Head 0.522 ± 0.069 0.700 ± 0.047 0.509 ± 0.028 0.547 ± 0.082 0.527 ± 0.086 

Part of Arm 0.752 ± 0.032 0.755 ± 0.037 0.753 ± 0.032 0.754 ± 0.034 0.753 ± 0.031 
body Body 0.536 ± 0.078 0.739 ± 0.082 0.522 ± 0.069 0.663 ± 0.131 0.500 ± 0.000 

 Leg 0.732 ± 0.031 0.729 ± 0.032 0.732 ± 0.031 0.732 ± 0.031 0.732 ± 0.031 
 AVG 0.598 ± 0.102 0.701 ± 0.060 0.593 ± 0.104 0.682 ± 0.074 0.593 ± 0.104 

 
If we look at part of the body we can note that AUC is at least 0.700, and 0.755 at most. 

This can be interpreted that on average every fourth injury example has a lower probability 
than a non-injury example, which is especially for this class imbalance problem very high 
results. For the type of injury very good results are obtained for a contusion, bone fracture, 
sprain, cut, and concussion where AUC is greater than 0.700. However, several types of 
injuries are hard to predict. Namely, laceration and bleeding. One can notice that there exists 
a correlation between AUC and percentage of occurrence of the label. This can be seen for 
best-performing AUCs such as for leg injuries and sprains where AUCs are close and over 
0.730, respectively. On the other side, the worst performing AUC is for laceration type of 
injury which occurred 0.029% of observations.  

It is also interesting to notice that performances improved greatly using label dependency. 
Using DBR (full conditioning with true label information) improved the performance of 
logistic regression by 10.3% in terms of AUC. This is an indicator that knowing another type 
of injuries and part of body positively influence the prediction of another type of injury. Also, 
we can note that using predicted label negatively influence predictive models having lower 
average AUC compared to BR models. 
 

CONCLUSIONS 
 

This paper present multilabel approach to ski injury prediction. Besides information about 
the type of injury and part of body predictions are created for ski slope and hour of the day 
which makes predictive model spatial and temporal aware. This allows ski mountain rescue 
service better allocation of resources since they can plan shifts, staff, and vehicle types for 
each hour in the day and for each ski slope. Also, the model can be used as an advice to ski 
resort safety managers for improving safety on a ski resort. For predictive models, we used 
Lasso logistic regression which utilized label dependencies in order to obtain better 
predictions. Predictive performance is compared using AUC.  

Predictive performance for best performing model, which is DBR, is between 0.537 and 
0.755, with average value 0.701. Having in mind that class imbalance is at most 1.65% these 
are indeed great results. We notice that better performances are obtained for labels which 
have greater occurrence. Namely, AUC greater than 0.720 are a contusion, bone fracture, 
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sprain, cut, and a concussion for the type of injuries, and arm, body, and a leg for part of the 
body. The worst performance is obtained for laceration (0.537), and for bleeding (0.638). We 
also noticed that performance is greater for 9% and 13% if true label information is 
augmented to predictive models while using predicted label information decreased predictive 
performance. 
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ABSTRACT 

In this paper, we present a methodology that explores PROMETHEE structures to 
compose a Cost Efficiency Indicator. Directional distance functions (DDF) were 
employed to measure the technical and allocative efficiency of decision units as an 
advance for the traditional radial measurements of DEA (Data Envelopment Analysis) 
models. In this proposal, exploring some of the PROMETHEE structures, the directional 
input vector is evaluated by a function of the difference in preference levels for the 
sustainable use of resources, so the performance of the decision unit is evaluated by 
choosing a viable direction of which outputs should be expanded and entries are 
contracted. The flexibility in this linear programming method allows the incorporation of 
preference structures from one or several decision makers to support empirical 
assessments that require a pre-determined market value judgment. The application of this 
proposal in the Brazilian banking sector has the inputs such as water consumption, 
electricity and printing weighted intensively to point direction for an environmental 
efficiency measure which can be used to classify the units, reward sustainable-efficient 
managers and determine the optimal input-output relationship based on the adopted 
direction. 

 
Keywords: Directional Distance, Environmental Efficiency, PROMETHEE, Banks and 
Financial Markets, Preference Function. 
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INTRODUCTION 

Sustainability is often defined as the capacities to use resources optimally to meet the 
needs of the present without jeopardize the future [1]. Sustainable banking practices have 
come to integrate the agenda of managers with the increasing environmental consciousness 
that requires more efficient processes, policies and attitudes to minimize the impact upon the 
environment. Beyond the risks associated with the environment, such considerations 
represent business opportunity to attract new clients and unexplored markets. The traditional 
quantitative tools to measure the technical efficiency of Decision Making Units (DMUs) 
however do not represent those increasing concerns and managerial perspectives into their 
modeling structure of inputs. Many environment-friendly corporations have a clear 
preference on the usage of their production resources such that it may minimize the impact on 
the environment. 

   The flexibility of Directional Distance Functions (DDF) in the efficiency assessment 
[2,3,4] provides a tangible way to include those concerns by choosing a sustainable direction 
in which the inputs must be reduced (or outputs increased). This sustainable direction may be 
gauged by a preference function of the decision maker, the reduction of resources which have 
a more aggressive impact on the environment can be weighed more severely than production 
resources with an indirect impact on the eco-system. Therefore, an inefficient unit in order to 
become efficient must reduce the inputs levels according the sustainable weighting scheme 
predefined by the manager, which signalizes for the society that the given corporation puts 
more importance in the minimization of environmental impacts with sustainable production. 
The next section presents the methodology of a Cost Efficiency model with the input 
directional distance and how the preferences of a decision maker may be incorporated in the 
representation of the input vector. The application on Brazilian bank case highlights the 
differences and contribution of the model to classify sustainable units, identify sustainable 
practices and processes and determine optimal input-output relationship. 

 
 

METHODOLOGY 

Cost Efficiency 

The overall production cost to use an input is defined by the quantity of the resource 𝑥𝑥𝑖𝑖 
(e.g the number of employee) multiplied by the corresponding price 𝑤𝑤𝑖𝑖 ≥ 0 (e.g. the 
wage), such that:  

             𝐶𝐶(𝑤𝑤, 𝑥𝑥) =  �𝑤𝑤𝑖𝑖𝑥𝑥𝑖𝑖                (𝟏𝟏)
𝑚𝑚

𝑖𝑖=1

 

 
represents the observed cost function for the unit j = 1, 2, ..., k to use i = 1, 2, ..., m 

inputs in the production process. The optimal cost function 𝐶𝐶(𝑤𝑤, 𝑥𝑥∗) ≤ 𝐶𝐶(𝑤𝑤, 𝑥𝑥) is the 
overall production cost when the optimal level of the inputs 𝑥𝑥∗ is utilized. Consider the 
case where two inputs, teller and paper (printing), are used to produce one banking output 
(withdrawals or deposits). Since the bank unit may not control effectively the number of 
transactions during a given month, we have an input-oriented efficiency analysis. 
Inefficient bank units may become efficient by reducing the number of tellers (or working 
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hours) or by reducing the cost with paper consumption to print receipts and documents, 
instead of increasing the number of transactions. The parameters and the efficiency 
component can be estimated by solving the following linear programing model: 

 
D𝑡𝑡  (x, y, gx, gy) =  𝑚𝑚𝑚𝑚𝑥𝑥 β 

𝑠𝑠. 𝑡𝑡.        �𝑧𝑧𝑗𝑗

𝑘𝑘

𝑗𝑗=1

𝑦𝑦𝑗𝑗𝑗𝑗  ≥  𝑦𝑦𝑜𝑜𝑗𝑗 + 𝛽𝛽𝑔𝑔𝑦𝑦𝑟𝑟   𝑟𝑟 = 1, 2, … , 𝑠𝑠 

                                   �𝑧𝑧𝑗𝑗

𝑘𝑘

𝑗𝑗=1

𝑥𝑥𝑗𝑗𝑖𝑖  ≤  𝑥𝑥𝑜𝑜𝑖𝑖 −  𝛽𝛽𝑔𝑔𝑥𝑥𝑖𝑖     𝑖𝑖 = 1, 2, … ,𝑚𝑚            (𝟐𝟐) 

      �𝑧𝑧𝑗𝑗

𝑘𝑘

𝑗𝑗=1

= 1, 𝑧𝑧𝑗𝑗  ≥ 0,   𝑗𝑗 = 1, 2, … ,𝑘𝑘  

 
Where 𝑦𝑦𝑗𝑗𝑗𝑗 is the output of each j unit and 𝑔𝑔𝑥𝑥𝑖𝑖 is the input vector 𝑔𝑔(𝑥𝑥1, 𝑥𝑥2, … , 𝑥𝑥𝑚𝑚) 

defining the direction where the resources must be contracted to reach the efficient 
frontier. Equation (2) represents the overall Nerlovian profit indicator [3] where the β 
coefficient measures the technical inefficiency of each decision unit so that efficient 
branches have β  = 0 i.e. they are allocated at the boundary of the production frontier. 
Note that in the input-oriented case, the first constraint in the proposed model 𝑔𝑔𝑦𝑦𝑟𝑟 = 0, 
providing that the direction in the cost efficiency must be taken solely as a function of the 
input reductions. 

 

Preference Distance Function  

The vector g(x, y) from the first and second constraints in the equation (2) defines the 
direction which outputs are expanded and inputs are contracted onto the boundary of the 
production set. The most common choice is for the unit vector g(x, y) = (1,1) where the 
entire set of observations, inputs and outputs are evaluated equally in the same direction 
[3]. Other feasible choices is to define the direction for the expansion/contraction as 
proportions of the mean [4], g(x, y) = g(xR ,yR) where the direction is determined by the 
proportion of the outputs and inputs of the reference decision unit ‘R’ [5,6], or determine 
the directional vector endogenously, i.e. as a part of the linear problem [7]. 

The graph representation in the figure 1 exemplifies the influence of the directional 
input vector in the efficiency score of a decision making unit. In the representation we 
have three units using two inputs (e.g. teller and printing) to produce the same amount of 
an output (e.g. transactions). DMU a and b are deemed efficient, i.e. they are located at 
the boundary of the production frontier. DMU c is not. This unit may become efficient, 
for instance, by reducing the number of tellers (𝑥𝑥1) and printing (𝑥𝑥2) proportionally until 
reach the same levels of their benchmark unit b. In this case, the direction of the input vector 
𝑔𝑔𝑥𝑥𝑖𝑖 equals the unit (1,1). When there is a clear preference for the usage of one resource 
instead of another, the unit c may become efficient by any combination in the reduction of 
tellers and printings, from the point 𝑙𝑙1 where there is no reduction in the number of tellers, 
only in the number of printings (g(𝑥𝑥1,𝑥𝑥2) = (0,1), to the point 𝑙𝑙2 where there is no reduction in 
the levels of printings, only in the number of tellers (g(𝑥𝑥1,𝑥𝑥2) = (1,0). Some other works on the 
assessment inputs/outputs in the modelling of financial data can be found in [8,9]. 
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Figure 1: Directional input vector representations 

 
 
 
 
 
 

 
 
 
 
 

 
 

A sustainable manager may attribute more importance to the reduction of paper printings 
than to a reduction in their labour and still be projected onto the efficient frontier by a 
combination of input reductions from 𝑙𝑙1 to 𝑙𝑙2 according his preferences. Based on outranking 
procedures [10,11] we propose the following preference function to decompose the 
directional input vector of which the efficiency must gauged. 

 
 

𝑔𝑔𝑥𝑥𝑖𝑖 =  �
                 1,                   𝑤𝑤ℎ𝑒𝑒𝑒𝑒 (𝑤𝑤𝑚𝑚𝑚𝑚𝑥𝑥 −  𝑤𝑤𝑖𝑖) ≤ 𝑞𝑞𝑖𝑖
1 −

𝑤𝑤𝑚𝑚𝑚𝑚𝑥𝑥 −  𝑤𝑤𝑖𝑖

𝑤𝑤𝑚𝑚𝑚𝑚𝑥𝑥 −  𝑤𝑤𝑚𝑚𝑖𝑖𝑚𝑚 ,   𝑤𝑤ℎ𝑒𝑒𝑒𝑒 (𝑤𝑤𝑚𝑚𝑚𝑚𝑥𝑥 −  𝑤𝑤𝑖𝑖)  > 𝑞𝑞𝑖𝑖
                

       (𝟑𝟑) 

 
The indifference threshold 𝑞𝑞𝑖𝑖 is defined by the decision maker in special for the cases 

where the production technology requires only few resources (e.g. 2 or 3 inputs), or can be 
postulated as the weighting standard deviation:  

 

𝑞𝑞𝑖𝑖 = �
1

𝑚𝑚 − 1
�(𝑤𝑤𝑖𝑖

𝑚𝑚

𝑖𝑖=1

− 𝑤𝑤�𝑖𝑖)²        (𝟒𝟒) 

 
The manager freely defines weights according the degree of global importance he/she 

attributes to the reduction of each i inputs in a regular production process. This procedure 
implies the inexistence of trade-offs between scaling factors, leaving the decision maker 
free to choose any quantitate measure of any scale. In order to precisely translate the 
weighting scheme of preferences into the input-directional vector, it is of extreme 
importance the definition weights for every type of resource of the production process, 
even though there is no data available or a specific unit does not require such resource. 
After the projection of each unit, the outranking methods can be used to create a complete 
pre-order of the decision units based on the sustainable slacks of inputs. 
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APPLICATION, RESULTS AND DISCUSSION 

As an application in the banking industry, we have collected data on 26 units of the 
Brazilian saving bank Caixa Econômica Federal, which is the largest state-owned bank in 
the Latin America. A weighting scheme that defines the preference for sustainable 
banking was defined by the manger from one of the decision units with regard 4 inputs 
utilized to produce business transactions: Electricity consumption (weight = 15), Printing 
services (weight = 13), Employees (weight = 2), and demand (weight = 4). From (4) we 
have a indifference threshold 𝑞𝑞𝑖𝑖 = 6.45. Table 1 presents the main results from the definition 
and application of the preference input vector as defined by the equation (3). The slacks from x1 
to x4 represent the amount of kilowatts, paper reams, employees and number of clients that can 
be reduced, respectively, in order to achieve a sustainable-efficient production of business 
transactions by each of the 26 decision units based on the predefined preference structure. 

 

Table 2: Comparison between Results of the Assessment 

 
Unit Tradicional Analysis Sustainable Assessment 

Inefficiency slack.x1 slack.x2 slack.x3 slack.x4 Inefficiency slack.x1 slack.x2 slack.x3 slack.x4 
A 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
B 6.30 13.94 27.78 0.00 6596.80 6.32 14.06 28.02 0.00 6622.52 
C 7.85 86.78 236.23 0.00 22608.57 7.86 86.82 236.29 0.00 22656.35 
D 11.34 19.41 113.82 0.00 24052.83 11.35 19.47 113.91 0.00 24121.83 
E 21.88 292.60 669.18 0.00 2731.56 21.89 292.71 669.36 0.00 2864.61 
F 7.15 0.00 157.96 0.00 35599.72 7.15 0.00 157.92 0.00 35672.80 
G 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
H 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
I 13.47 11.35 62.40 0.00 23904.27 13.48 11.42 62.51 0.00 23986.19 
J 13.10 43.76 60.70 0.00 61536.95 13.11 43.83 60.81 0.00 61616.62 
K 10.54 37.89 240.35 0.00 26203.23 10.55 37.94 240.44 0.00 26267.35 
L 14.91 68.07 176.74 0.00 40056.55 14.92 68.15 176.87 0.00 40147.22 
M 11.47 8.15 88.41 0.00 16054.26 11.48 8.21 88.50 0.00 16124.03 
N 20.19 3.00 245.72 0.00 48535.40 20.21 3.11 245.88 0.00 48658.21 
O 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
P 5.36 6.31 5.61 0.00 16174.32 5.37 6.33 5.65 0.00 16206.93 
Q 17.46 38.17 290.01 0.00 17735.27 17.47 38.26 290.15 0.00 17841.43 
R 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
S 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
T 5.69 0.00 126.45 0.00 10053.70 5.69 0.00 126.42 0.00 10111.86 
U 1.35 0.00 20.11 0.00 11320.88 1.35 0.00 20.10 0.00 11334.69 
V 7.37 17.61 15.73 0.00 7099.31 7.38 17.65 15.79 0.00 7144.16 
W 5.25 0.00 16.36 0.00 23576.70 5.26 0.00 16.33 0.00 23630.43 
X 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Y 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Z 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Sum 180.69 647.03 2553.53 0.00 393840.32 180.85 647.95 2554.95 0.00 395007.24 
Environmental Impact Reduction (Kilowatt | Reams | Employee | Clients): 920.56 1.42 0.00 1166.91 

Environmental Impact Reduction (Litters of Water | Trees): 5302431.59 0.07 - Undefined 

 
In the comparison between the traditional and the sustainable assessment, we observe 

some units have become slightly more inefficient than before. That occurs because we are 
forcing the decision unit into a point in the efficient frontier that has not the minimum 
distance, rather a preferred projection based on the decision maker’s evaluation. This 
projection compels managers to impose narrower constraints in the usage of resources 
than traditional frontier assessments, but in return it carries a sustainable gain with the 
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identification of processes, policies and attitudes that benchmark units use to minimize 
the environmental impact. The gains to the ecosystem are translated in the last row on 
Table 1. Especially in the water usage, about 5.4 millions of litters can be saved with the 
reduction on electricity consumption by the bank branches. 
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A potential extension of the global sensitivity analysis includes the variability of the 
evaluations of the alternatives with respect to the criteria, too.   

Lecture slides can be downloaded from http://www.sztaki.mta.hu/%7Ebozoki/slides 

 
Keywords: PROMETHEE, sensitivity analysis, simultaneous change of the weights, rank 
reversal 
 

 
ICDSST – PROMETHEE DAYS 2018 PROCEEDINGS – THE EWG-DSS 2018 INTERNATIONAL CONFERENCE ON 

DECISION SUPPORT SYSTEM TECHNOLOGY & PROMETHEE DAYS 2018:  
J. Papathanasiou, G. Digkoglou, G. Tsaples, F. Dargam, I. Linden, B. Mareschal (editors)  

Heraklion, Greece, 22-25 May 2018 

http://www.sztaki.mta.hu/~bozoki/slides


2 

INTRODUCTION 

Multi-attribute decision making is the science, practice and art of cardinal preference 
modelling. Decision makers are asked not only to express, by numbers, the importance of 
the criteria, but also to evaluate the alternatives with respect to the criteria. It is a natural 
and well-founded claim, from the decision maker’s point of view, that once a lot of 

efforts have been done, the sensitivity of the results should also be known.  

If the multi-attribute decision model is additive, i.e., the final score of the alternatives 
can be written as a weighted sum of criterion-wise scores, then the sensitivity analysis 
proposed by Mészáros and Rapcsák [7] can be applied. It allows all the weights and 
evaluations to change simultaneously, then the maximal value of uncertainty without 
causing rank reversal in the arbitrarily chosen subset of pairs of alternatives is calculated 
in an efficient way. For example, if the maximal change turns to be 5% (relative), then all 
input data (weights and evaluations) can change +/–5% without a rank reversal of the 
prescribed pairs of alternatives. However, one can find an appropriate +/–5.1% (relative) 
change in the weights and evaluations such that at least one of the considered pairs of 
alternatives becomes reversed. Absolute changes can also be considered. 

The PROMETHEE method [1, 2, 3, 4]—we will assume the reader’s familiarity with 
it—includes partial sensitivity analysis in Visual Promethee [6], Decision Lab 2000 and 
PROMCALC & GAIA [3]. The ‘walking weights’ module enables the decision maker to 

modify one criterion weight at a time and to follow the possible changes in the net flow 
values, and, consequently, in the ranking. The ‘stability intervals’ module [5] calculates 
the lower and upper bounds of the interval in which a single weight can be modified 
without causing a rank reversal, determined by stability levels. In PROMCALC & GAIA, 
which is older than Decision Lab 2000 and Visual Promethee, the changes of two 
criterion weights can also be analyzed, stability polygons are plotted. Wolters and 
Mareschal [8] studied several extensions of the sensitivity models above. 

Mareschal [5] showed that PROMETHEE is an additive MCDM method: the net 
outranking flow values of the alternatives can be written in the form of a weighted sum 
of ‘criterion-wise net outranking flows’, where the weights are the criterion weights 

themselves. The following example demonstrates the additivity of PROMETHEE. 

Example 

Let us consider the following PROMETHEE problem (buying a car) from Visual 
Promethee’s library (Tutorcars.vpg) in Table 1. The criterion-wise preference matrices Pk and 
the criterion-wise positive (Ф+

k (Ai) = Σj=1..6 Pk(Ai,Aj)/5)), negative (Ф–
k (Ai) = 

= Σj=1..6 Pk(Aj,Ai)/5)) and net (Фk (Ai) = Ф+
k (Ai) ‒ Ф–

k (Ai)) outranking flows (k =1,…,5,  
i =1,…,6), as well as the aggregated preference matrix P = Σk=1..5 vkPk  and the aggregated 
positive (Ф+(Ai) = Σj=1..6 P(Ai,Aj)/5)), negative (Ф–(Ai) =  Σj=1..6 P(Aj,Ai)/5)) and net (Ф(Ai) = 

Ф+(Ai)  ‒  Ф–(Ai)) outranking flows (i=1,…,6) are given in Table 2. 
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Table 1: Buying a car, Visual Promethee’s default example 

 Criterion C1 

(Price) 
Criterion C2  

(Power) 
Criterion C3 

(Consumption) 
Criterion C4 

(Habitability) 
Criterion C5 

(Comfort) 

unit € kW liter/100km 5-point 5-point 
min/max min max min max max 
type V-shape linear V-shape level level 
Indifference 
threshold q 

- 5 - 1 0.5 

Preference 
threshold p 

15000 30 2 2.5 2.5 

Weight  v1 = 1/5 v2 = 1/5 v3 = 1/5 v4 = 1/5 v5 = 1/5 
Alternative A1 

(Tourism B) 
25500 85 7.0 4 3 

Alternative A2 

(Luxury 1) 
38000 90 8.5 4 5 

Alternative A3 

(Tourism A) 
26000 75 8.0 3 3 

Alternative A4 

(Luxury 2) 
35000 85 9.0 5 4 

Alternative A5 

(Economic) 
15000 50 7.5 2 1 

Alternative A6 

(Sport) 
29000 110 9.0 1 2 

Table 2: Criterion-wise and aggregated preference matrices; positive, negative and net flows 

P1 A1 A2 A3 A4 A5 A6  Ф+
1 Ф–

1 Ф1  P2 A1 A2 A3 A4 A5 A6  Ф+
2 Ф–

2 Ф2 
A1 0 0.83 0.03 0.63 0 0.23  0.35 0.14 0.21  A1 0 0 0.2 0 1 0  0.24 0.16 0.08 

A2 0 0 0 0 0 0  0.00 0.69 –0.69  A2 0 0 0.4 0 1 0  0.28 0.12 0.16 

A3 0 0.8 0 0.6 0 0.2  0.32 0.15 0.17  A3 0 0 0 0 0.8 0  0.16 0.36 –0.20 

A4 0 0.2 0 0 0 0  0.04 0.53 –0.49  A4 0 0 0.2 0 1 0  0.24 0.16 0.08 

A5 0.7 1 0.73 1 0 0.93  0.87 0.00 0.87  A5 0 0 0 0 0 0  0.00 0.96 –0.96 

A6 0 0.6 0 0.4 0 0  0.20 0.27 –0.07  A6 0.8 0.6 1 0.8 1 0  0.84 0.00 0.84 

 
P3 A1 A2 A3 A4 A5 A6  Ф+

3 Ф–
3 Ф3  P4 A1 A2 A3 A4 A5 A6  Ф+

4 Ф–
4 Ф4 

A1 0 0.75 0.5 1 0.25 1  0.70 0.00 0.70  A1 0 0 0 0 0.5 1  0.30 0.00 0.30 

A2 0 0 0 0.25 0 0.25  0.10 0.30 –0.20  A2 0 0 0 0 0.5 1  0.30 0.00 0.30 

A3 0 0.25 0 0.5 0 0.5  0.25 0.15 0.10  A3 0 0 0 0 0 0.5  0.10 0.10 0.00 

A4 0 0 0 0 0 0  0.00 0.50 –0.50  A4 0 0 0.5 0 1 1  0.50 0.00 0.50 

A5 0 0.5 0.25 0.75 0 0.75  0.45 0.05 0.40  A5 0 0 0 0 0 0  0.00 0.40 –0.40 

A6 0 0 0 0 0 0  0.00 0.50 –0.50  A6 0 0 0 0 0 0  0.00 0.70 –0.70 

 
P5 A1 A2 A3 A4 A5 A6  Ф+

5 Ф–
5 Ф5  P A1 A2 A3 A4 A5 A6  Ф+ Ф– Ф 

A1 0 0 0 0 0.5 0.5  0.20 0.20 0.00  A1 0 0.32 0.15 0.33 0.45 0.55  0.36 0.10 0.26 

A2 0.5 0 0.5 0.5 1 1  0.70 0.00 0.70  A2 0.10 0 0.18 0.15 0.50 0.45  0.28 0.22 0.05 

A3 0 0 0 0 0.5 0.5  0.20 0.20 0.00  A3 0.00 0.21 0 0.22 0.26 0.34  0.21 0.19 0.01 

A4 0.5 0 0.5 0 1 0.5  0.50 0.10 0.40  A4 0.10 0.04 0.24 0 0.60 0.30  0.26 0.26 0.00 

A5 0 0 0 0 0 0  0.00 0.70 –0.70  A5 0.14 0.30 0.20 0.35 0 0.34  0.26 0.42 –0.16 

A6 0 0 0 0 0.5 0  0.10 0.50 –0.40  A6 0.16 0.24 0.20 0.24 0.30 0  0.23 0.39 –0.17 

 
The additivity of PROMETHEE is witnessed by Table 3 below: the calculation of net flow 
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Ф from the aggregated preference matrix P is equivalent to the weighted sum of criterion-
wise net flows Фk (k = 1,…,5): 

Table 3: Net flow written as the weighted sum of criterion-wise net flows (Ф = Σk=1..5 vkФk)  

 v1 = 1/5 v2 = 1/5 v3 = 1/5 v4 = 1/5 v5 = 1/5  
 Ф1 Ф2 Ф3 Ф4 Ф5 Ф 
A1 0.21 0.08 0.70 0.30 0.00 0.26 
A2 –0.69 0.16 –0.20 0.30 0.70 0.05 
A3 0.17 –0.20 0.10 0.00 0.00 0.01 
A4 –0.49 0.08 –0.50 0.50 0.40 0.00 
A5 0.87 –0.96 0.40 –0.40 –0.70 –0.16 
A6 –0.07 0.84 –0.50 –0.70 –0.40 –0.17 

 

RESULTS 

The additivity of PROMETHEE enables us to apply the sensitivity analysis for 
additive MCDM models developed by Mészáros and Rapcsák [7].  
 

Global sensitivity analysis allows the simultaneous changes of the weights. Let n and m 
denote the number of alternatives and criteria, respectively. Denote by vk the weight of 
criterion k in the original PROMETHEE problem. Assume that only weights of criteria 
change such that wk, the modified weight of criterion k, remains in the interval [vk(1–

λ);vk(1+λ)] (relative) or [vk–λ;vk+λ] (absolute) for all 1 ≤ k ≤ m. The evaluations of the 
alternatives with respect to the criteria are fixed. Given the whole ranking A1, A2, …, An-1, An 
from Ф(A1) ≥ Ф(A2) ≥ … ≥ Ф(An-1) ≥ Ф(An) calculated with the original weights v1,v2,…,vm, 
select a set S of pairs of alternatives. Set S includes those pairs of alternatives, the relations of 
which should be kept. For example, if only the winner is of interest, then S ={(A1,A2), 
(A1,A3),..., (A1,An)}. If the stability of the whole ranking is investigated, then S ={(Ai,Aj)} for 
all 1 ≤ i < j ≤ n. If the set of the first three alternatives is required to be fixed, independently 
of their inner relations, then S ={(A1,A4),(A1,A5),...,(A1,An),(A2,A4),(A2,A5),..., 
(A2,An),(A3,A4),(A3,A5),...,(A3,An)}.  

 
The aim of the global sensitivity analysis is to estimate the overall sensitivity of the 

ranking, or a part of it according to the choice of set S. The optimization problems regarding 
the relative and absolute weight changes can be written as 

max{ λ |  Ф(Ai) > Ф(Aj) for all (Ai,Aj) ϵ S and vk (1 – λ)  ≤ wk  ≤  vk (1 + λ) for all k } and 

max{ λ |  Ф(Ai) > Ф(Aj) for all (Ai,Aj) ϵ S and vk – λ  ≤ wk  ≤  vk + λ for all k }, 
respectively, as they find the maximal simultaneous changes in the weights without a rank 
reversal in the selected set S of the pairs of alternatives. Every (Ai,Aj) ϵ S induces an upper 
bound for λ, denoted by λij, because in order to achieve Ф(Ai) = Ф(Aj), alternative Ai has to 
be ‘weakened’ and Aj has to be ‘strengthened’. If Фk(Ai) > Фk(Aj), then wk should decrease; if 
Фk(Ai) < Фk(Aj), then wk should increase as far as its bounds, determined by λij, allow. 
According to an analogous model in Mészáros and Rapcsák [7, Section 3], it leads to a linear 
equation for λij. The minimum of λij values ((Ai,Aj) ϵ S) provides the result (λ) of the global 
sensitivity analysis.  The tightness of λ can be shown by constructing the corresponding tie 
between the ‘bottleneck’ pair of alternatives, where the minimum is attained. 
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Example (continued) 

Absolute and relative changes of weights coincide if vk = 1/5 (k = 1,…,5).  

Test 1. Global sensitivity analysis provides λ = 0.0022 if the whole ranking is set and it is 

corresponding to the pair A5 and A6: modified weights w1 = 1/5–λ, w2 = 1/5+λ, w3 = 1/5–λ, w4 
= 1/5–λ, w5 = 1/5+λ result in a tie between alternatives A5 and A6, while all the other relations 
between other alternatives remain unchanged. Note that the modified weights are not 
normalized to 1, their sum is 1–λ=0.9978. 

Test 2. If we focus on the first position only, then global sensitivity analysis provides λ = 

0.07875 corresponding to the pair A1 and A2: modified weights w1 = 1/5–λ, w2 = 1/5+λ, w3 = 
1/5–λ, (w4 = 1/5), w5 = 1/5+λ results in a tie between alternatives A1 and A2, while Ф(A1)= 
Ф(A2) > Ф(Ai) for i = 3,4,5,6. Note that Ф4(A1)= Ф4(A2), therefore any change in weight v4 
does not have an effect on the relation between Ф(A1) and Ф(A2). Modified weights are 
normalized to 1, because two of them increased, two of them decreased, and one did not 
change. 

Test 3. If we require that A1 and A2 should be in the first two positions, but not necessarily 
in this order, then global sensitivity analysis provides λ = 0.01644 and w1 = 1/5+λ, w2 = 1/5–

λ, w3 = 1/5+λ, w4 = 1/5–λ, w5 = 1/5–λ result in a tie between alternatives A2 and A3 in the 
second place, while A1 remains the winner (according to Test 2).  
 

Now let us depart from non-equal weights of criteria in the example in order to 
demonstrate the global sensitivity analysis with relative changes: v1 = 0.1, v2 = 0.2, v3 = 0.2, 
v4 = 0.1, v5 = 0.4. Then Ф(A2) = 0.2333, Ф(A1) = 0.2067, Ф(A4) = 0.0773, Ф(A3) = –0.0033,  
Ф(A6) = –0.1693, Ф(A5) = –0.3447. 

Test 4. Sensitivity calculation with the whole ranking gives λ = 0.0472, and modified 

weights w1 = 0.1(1+λ), w2 = 0.2(1–λ), w3 = 0.2(1+λ), (w4 = 0.1), w5 = 0.4(1–λ) result in 
Ф(A1)= Ф(A2). Although the modified weights are not normalized to 1 (their sum is 0.986), 
their re-normalization cause slight changes only.  

Test 5. The level of uncertainty may vary from criteria to criteria. Let the vector 
(10,5,1,10,2) express that the weights’ changes are bounded by the following inequalities: 
v1(1–10λ) ≤ w1 ≤ v1(1+10λ), v2(1–5λ) ≤ w2 ≤ v2(1+5λ), v3(1–λ) ≤ w3 ≤ v3(1+λ),  
v4(1–10λ) ≤ w4 ≤ v4(1+10λ), v5(1–2λ) ≤ w5 ≤ v5(1+2λ). Then λ = 0.01556 is calculated  
and tie occurs between A1 and A2 again, if v1 and v3 increase, v2 and v5 decrease (v4 can 
remain unchanged again due to the indifference of these alternatives). Observe that vector 
(1,0,0,0,0) gives back the partial sensitivity analysis (without re-normalization), when only 
the first criterion’s weight is allowed to change. 
 

CONCLUSIONS AND OPEN QUESTIONS 

A global sensitivity analysis is proposed within the framework of the PROMETHEE 
methodology. Since PROMETHEE is an additive method, i.e., the net flow value can be 
decomposed as a weighted sum of the criterion-wise net flow values, a global and flexible 
sensitivity analysis can be performed. Given an arbitrary subset of the pairs of alternatives, 
the maximal uncertainty of the weights (in relative or absolute sense) is determined such that 
no rank reversal occurs within the required subset. 
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Several questions are open for future research. The degree of weight changes can be 
significantly different before and after the re-normalization of the modified weights, a 
methodology to track and compare the two settings is to be developed. Can an arbitrary order 
of the alternatives be realized by an appropriate modification of the weights? If it is possible, 
what is the smallest level of modification to achieve it? How to include the uncertainties of 
the evaluations of the alternatives with respect to the criteria? If we depart from the criterion-
wise net flows, the global sensitivity analysis, presented in the paper, can be extended 
accordingly. However, if the starting point is the decision table as in Table 1, the use of 
discontinuous preference functions, such as the U-shape or the step (level) function, makes 
the calculations more difficult and all possible jumps within the region analyzed have to be 
considered. 
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ABSTRACT 

For various corporate and governmental actions to be effective, the prior identification of 
a behavior pattern is required, namely, the profile of the group to which actions will be 
directed must be defined. In the medical field, before applying the correct medication to a 
patient, the physician should seek to identify into which group of possible diseases, the 
patient’s symptoms fit when a more accurate diagnosis is not possible. The need to be 
effective when applying policies and strategies is even more acute when dealing with 
public actions that involve a large contingent of people, for example those to do with 
public safety, given the limitations of resources and time. Due to the current diversity of 
crimes committed, such as narcotics trafficking, rape, burglary, and not just homicides - 
which account for most of the indicators of criminal actions around the world – police 
actions need to define strategies based on the characteristics and profiles of crimes. 
Special forces need to be trained in specific actions and often require different skills, and 
different forms of infrastructure and of coordination to ensure public safety. However, 
recognizing a standard of criminality is not a simple task. Deciding how best to fight 
crime in a particular region requires information and considered opinions from experts. 
Thus, this paper presents a Decision Support System (DSS) developed to support the 
process of defining public safety actions based on identifying the profile of crimes of a 
distinct region. The DSS comprises a multicriteria nominal classification model. The 
structure of the DSS is presented and its applicability discussed. 

 
Keywords: Public Safety, Effectiveness of Strategies, Decision Support System, 
Multicriteria Nominal Classification. 
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INTRODUCTION 
 

The control of violence today is a concern of most nations. The General Government 
Spending, an index developed by the OECD (Organisation for Economic Co-operation and 
Development) [1], provides an indication of the amount, as a share of GDP (Gross Domestic 
Product) and per person, of government expenditures across countries. Comparing this index 
with homicide rates shows that expenditures are not enough to reduce violence in most 
countries. Two reasons make this last statement plausible:  

1. homicide rates are not the only indicators that enable a nation's crime potential to be 
assessed.  

2. before investing in public safety actions, what the best strategy for these is should be 
identified, and therefore consideration should be given to the types of crime most 
present in the locality.  

There are large continental countries whose public safety problems comprise most of the 
world's crimes, from homicide to drug trafficking and terrorism, in different locations. 
Indeed, even locations within the same geographic region may need different strategies to 
contain crimes. The fact is that recognizing and typifying these strategies to combat violence, 
despite being a relevant step in the process of investing in public safety, is not an easy task 
and is often neglected.  

According to [2], a Decision Support System (DSS) can support the use of the scarce 
resources available for public safety and can also deal with expert knowledge. These authors 
state that knowledge in the field that experienced managers of public safety have, has proven 
to be a useful weapon against crime. Therefore, several Decision Support Systems (DSSs) 
have been proposed to deal with decisions regarding public safety. For instance, [2] proposed 
a DSS for the design of predictive patrolling areas and [3] presented a DSS to predict the 
spatial behaviour of active criminals.  

Therefore, this paper presents a DSS developed to support decisions regarding public 
safety policies in a geographic region with different types of crime and which takes expert 
knowledge into consideration. 
 
THE PROBLEM STATEMENT 
 

According to [4], nowadays, it is extremely important to identify patterns, and 
homogeneity in societies, in order to better adapt or adjust policies and strategies, thereby 
leading to societies being governed effectively and efficiently. The problem stated here 
comprises identifying the best strategy that should be implemented in a city, or 
neighbourhood, by taking the different crimes present in the region and experts’ judgements 
into consideration.  

Thus, a DSS was developed to support the problem of classifying a specific region 
(geographic area) with regard to the types of crime committed in it. Two dimensions were 
used: crimes against life, which comprise homicide, robbery and aggression followed by 
death; and crimes against property, which include rape, cargo theft, car theft, illegal 
possession of weapons, and the trafficking of narcotics. Although the first dimension is 
commonly used in comparisons of regions in terms of criminality, a sense of public safety 
also depends on reducing the number of crimes against property, especially in countries 
where there is organized crime.  

The model used in the DSS attends to the multicriteria nominal classification problem 

(MCNC). According to [2], MCNC consists of assigning a finite set of alternatives to 

nominally defined groups (subsets). The necessary conditions for belonging to a group are



based on sets of criteria that may overlap each other. Any alternative can be assigned to one 
or more groups or to no group. Thus, [5] structures the problematic of nominal classification, 
as shown in Figure 1.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure. 1. Framework of the nominal classification problematic adapted from Chen, 
Kilgour and Hipel, (2006). 

 
The assignment of the alternatives to a specific category is based on the method presented 

in [6], which uses the concept of a minimum performance profile and considers the score 
given to the alternatives regarding the evaluation criteria, a set of alternatives, a set of 
predefined non-ordered categories and a set of evaluation criteria which are used to 
characterize the two dimensions.  

For each predefined category regarding each evaluation criterion, the decision maker 
(DM) defines a minimum performance which represents the minimum requirements for an 
alternative to be included in this category.  

Therefore, the aim of our proposal is to assign each alternative to the most suitable 
category, namely, the category that outranks the reference profile with the greatest 
magnitude, thereby ensuring that the classification is coherent. 
 
THE STRUCTURE OF THE DECISION SUPPORT SYSTEM 
 

In line with the general architecture for a DSS [7], the DSS proposed here is represented in 
Figure 2.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2: The DSS architecture  
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The main elements of the DSS are described as:  
- A database management system (DBMS): this stores and manipulates information 

regarding the public safety of a geographic area (country, states or neighborhoods) and 
the data required to run the model. The public safety data are obtained from the main 
indicators used to assess the safety of certain areas. In turn, these indicators should 
consider not only crimes against life but also against property. The data that the 
models require are obtained from the specialist and refer mainly to the parameters that 
are needed to characterize the classes.  

- A model-based management system (MBMS): this includes a Multicriteria Nominal 
Classification model that provides the analytical capabilities of the system and the 
appropriate classification of a geographic area, considering two crime dimensions; and 

- A user interface management component: this is the component that allows a user to 
interact with the system and to play an important role in a DSS. 

 
Schematically, the DSS consists of conducting four phases (namely, defining the problem; 

evaluation; assignment; and generating Reports and analyzing them) which are set out in 
Figure 3.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3: The steps of the DSS 
 

The problem is structured in the problem definition phase. Thus, in this phase, the DM 
defines the geographic areas which he/she wants to classify, and takes two dimensions for 
crimes into consideration. However, the criteria used to characterize the classes may change 
depending on the characteristics (size, culture, etc.) of the geographical area considered. For 
example, when the focus is on neighborhoods, certain indicators, such as theft of cargo, are 
not relevant in some cities, but when it comes to the classifying the states of a country, this 
indicator could be important. It is important to have this flexibility in this kind of problem, 
since this allows the characteristics of different alternatives and the DM’s judgments to be 
incorporated.  

The model used in the evaluation phase is based on a multicriteria nominal classification 
approach, which comprises concepts of PROMETHEE and is suitable for problems 
characterized by minimum performance profiles (MPPs) for the categories.  

As to the assignment phase, it is important to highlight that the proposed model aims to 

allocate the geographical areas into the predefined classes, on taking into consideration the 

minimum performance required for each indicator (criterion) that characterizes the class. 
 
A DSS FOR PUBLIC SAFETY POLICIES 
 



In order to present the DSS, this section describes a real-world classification problem 
regarding the assignment of geographical areas into four non-ordered categories that specifies 
public safety policies considering two dimensions: the rate of lethal intentional crimes and 
the rate of property crimes. Table 1 shows the four non-ordered categories, their definition, 
and the policy that the decision maker will adopt as a result of the classification. 
 

Table 1: Description of categories  
Specification of C1 C2 C3 C4 

the category     
Definition States with a low States with a high States with a low States with a high 

 rate of violent rate of violent rate of violent rate of violent 
 lethal intentional lethal intentional lethal intentional lethal intentional 
 crimes and a low crimes and a low crimes and a high crimes and a high 
 rate of property rate of property rate of property rate of property 
 crimes crimes crimes crimes 

Public Safety - Create social - Create national - Increase the - Strengthen and 
Policy projects for social plan for reducing number of police increase the 

 inclusion; homicides; officers; policy for 
 - Monitoring of - Prioritize police - Strengthen the controlling arms 
 police actions investigation into collaboration and ammunition; 
  these cases; between several - Fund prevention 
  - Create institutes law enforcement programs for the 
  to investigate agencies. public most 
  homicides.  vulnerable to 
    lethal violence. 

 
Data regarding predefined categories (shown in Table 1), criteria, and alternatives are 

required as input data of the DSS. The set of criteria is obtained from the decision maker and 
characterizes each category regarding two dimensions. Some examples of these criteria 
include: the number of homicides, the amount of drugs seized, the number of sexual assaults, 
the number of weapons seized, and the number of car thefts. As stated previously, the 
alternatives are the geographical areas (cities, states/provinces, countries, etc.) to be assigned 
to the four predefined non-ordered categories in accordance with the evaluation criteria. 

Finally, the output screen (Figure 4) of the DSS presents results regarding the strategy for 
each category, as well as the description of each category, the list of alternatives assigned to 
each category, and the list of criteria for each category.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 4. Output screen of the DSS for public safety policies 

 
 



CONCLUSIONS 
 

The DSS architecture was designed to support decisions regarding public safety policies 
based on expert’s knowledge, variables and safety indices, and different types of crime, to 
indicate the best strategy for each category of violence considered for each geographical area. 
The use of the Multicriteria Nominal Classification Method in the DSS model provides a 
systematic analytical structure to indicate appropriate recommendations for specific public 
safety policies. These take into account two crime dimensions which define the violence 
categories: crimes against life and crimes against property. The DSS design presents a 
friendly dialog interface that facilitates data entry and the processing of information in the 
proposed model, thereby ensuring that the requirements of making it usable and flexible are 
satisfied.  

This DSS for guiding public safety policies is at the development stage. For this study, the 
trial results obtained are satisfactory and offer an improvement as to managing policies in 
effective and efficient ways [4]. Thus, the DSS will be a tool to support different decision 
processes and to indicate the best recommendations for the classification problem in 
accordance with the proposed model. It meets the requirements already set and offers results 
and strategic and social benefits. 
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ABSTRACT 

Material purchasing decisions are strongly affected by material handling equipment, 
transportation path flows, modes of transportation, vehicle routing, vehicle capacities and 
related technical constraints. Within a global sourcing context, companies experience that 
the cost of transportation is a significant part of the total purchasing cost. More recently, 
sustainability and environmental impact assessment have become key requirements for 
materials purchasing and transportation decisions. Global warming is a rising concern 
both in academia and industrial researches, and now it is well known that the freight 
transport industry is responsible for large amounts of carbon emissions contributing to 
global warming. In this paper, we initially analyse and compare the environmental 
economic policies established by the International Governments in relation to the carbon 
trading systems adopted. Then, we develop a multi-objective lot sizing approach useful in 
practice to define the sustainable quantity to purchase when a long distance transportation 
is required and a Cap and Trade system is present. Most of the results presented here are 
part of the REINVEST research project, which is financed by the European Union Europe-
Aid funding scheme. 

 
Keywords: multi-objective optimization, sustainability, transportation, purchasing strategy, 
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INTRODUCTION AND AIM OF THE STUDY 
 

The international increasing concern on environmental problems stresses the need to treat 
inventory management and material purchasing decisions by integrating economic and 
environmental goals. The present work is the conceptual evolution of a previous research [1] 
in which the authors provided a “sustainable EOQ model” that from an economic point of 
view incorporates the environmental impact of transportation and inventory holding in the 
total cost function. Here, as a second step of the research, the authors investigate the material 
purchasing strategy by applying a multi-objective optimization approach [2] in which the 
optimal lot-sizing decision depends on a bi-objective model with two different objective 
functions (costs and emissions) and transportation capacity constraints.  

A Cap and Trade (C&T) system approach is integrated in the model in order to understand 
if it could be successful to incentive the reduction of emissions in material purchasing and 
transportation decisions. The Trading system used here is inspired to the current EU ETS 
system [3] and on the carbon cap evolution forecasted in the medium term. C&T is already 
the policy instrument of many US States, the EU, and New Zealand. [4] argues that C&T has 
a number of important advantages compared to carbon tax, such as political feasibility, cost 
effectiveness, broad participation, equity in the international context, and control on the 
cumulative quantity of emissions. The Emission Trading System is a cost-effective way of the 
European Union's policy to combat climate change and to reduce industrial greenhouse gas 
emissions (GHG). It has been launched in 2005 and it works on the “C&T” principle: a cap, 
progressively decreasing, is set on the total amount of certain GHG that can be emitted by 
factories, power plants and other installations. The target for 2020 is a reduction of 20% of 
GHG emissions compared to 1990 levels. The companies involved into this system sell or 
buy emission allowances (i.e. the right to emit 1 tonne of CO2) which they can trade with one 
another as needed. If a business does not surrender enough allowances to cover its emissions, 
it must buy allowances to make up the shortfall [3]. This policy, by putting a price on carbon, 
implies some interesting consequences: each tonne of emissions saved has a financial and 
commercial value and a sufficiently high carbon price can promote investment in clean, low-
carbon technologies. The price of carbon allowances (the so-called carbon price) is 
determined by supply and demand according to a market-oriented mechanism.  

An increasing number of works have been published in the last years with the aim of 
incorporating sustainability issue in the traditional Inventory Management and Lot Sizing 
theory. In particular, there are some studies closely related to our work, that couple the EOQ 
theory with the C&T mechanism. For example, in [5] the authors analyse different 
environmental policies like carbon tax, direct cap, carbon offsets and C&T, taking into 
account a single item and a single location. [6] extend the EOQ model to take carbon 
emissions into account under the C&T system. In [7] the factors that affect the cost increase 
and the reduction of emissions in a EOQ considering a cap and price system are discussed, 
considering what changes can be made without increasing costs. [8] incorporate carbon 
emission constraints on single and multi-stage lot-sizing models with a cost minimization 
objective, also introducing the C&T system. In the research agenda proposed by [9], the 
authors discuss the significance of transportation cost modelling and emissions computation 
in order to develop a fully sustainable lot sizing approach.  

Thus, the present work, focusing on a multi-objective optimization of the purchasing 
material lot size under a C&T regulation, is complementary to the existing literature: it aims 
to better reflect real cost and emission functions arising when a company needs to purchase 
materials in a global supply chain environment. 
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THEORETICAL FORMULATION 
 

The formulation tries to capture economic and environmental trade-offs of lot sizing in 
material purchasing. The single-product replenishment problem and a bi-objective optimization 
approach are considered by modelling the lot sizing problem for incoming goods to be purchased 
in accordance with two objective functions: the total annual cost function and the total emission 
cost one. The product demand is deterministic, the product price is exogenous and the buyer 
decides only the order size. The notations are reported in Table 1. 
 

  Table 1: Notations  
    

 Symbol Description  
 i container/vehicle type  
 j transportation mode  
 Q decision variable [units/purchasing order]  
 C(Q) total average annual cost of replenishment [€/year]  
 E(Q) total annual emission generated by the replenishment [CO2eq/year]  
 Qc* optimal order quantity for the cost function [units/purchasing order]  
 Qe* optimal order quantity for the emission function [units/purchasing order]  
 D annual demand [units/year]  
 p unit purchase cost [€/unit]  
 p’ unitary scrap price [€/unit]  
 b space occupied by a product unit with sale packaging [m3/unit]  
 a weight of a unit stored in the warehouse [ton/unit]  
 O fixed ordering cost per order [€/order]  
 h holding cost [€/unit]  
 β average inventory obsolescence annual rate [%]  
 v average freight vehicle speed [km/year]  
 dj distance travelled by transportation mode j [km]  
 cf,j fixed transportation cost coefficient for transportation mode j [€/km]  
 cv,j variable transportation cost coefficient for transportation mode j [€/km m3]  
 cef,j fixed transportation emission coefficient for transportation mode j [kgCO2eq/km]  
 cev,j variable transportation emission coefficient for transportation mode j [kgCO2eq/km m3]  
 ceh warehouse emission coefficient [kgCO2eq/m3]  
 ceo waste collection and recycling emission coefficient [kgCO2eq/ton]  

 ni number of full load-vehicle/container   [units]  
 k range of order quantity Qs between the two discontinuity points DPk and DPk+1  
 DPk Discontinuity Point for range k, defined as ∑i ni ∙ yi  
 C value carbon price quoted in the market [€/tonCO2eq]  
 cap carbon cap according to a cap and trade system [tonCO2eq]  
 ∆Ecap emission reduction by reaching the cap value  
 ∆Ccap cost increment by reaching the cap value  

The first objective function f1(Q) quantifies the average annual cost of replenishment:  

  f1 (Q)   C(Q)   p D  Co  Q   Ch (Q)  Cobs (Q)  Ct  Q (1)   
which is the sum of purchasing cost, ordering cost, holding cost, obsolescence cost and 

transportation cost. By substituting the expressions of the various costs, this becomes:  
   D  Q d  Q      
f1 (Q)   C(Q)   p  D   O  h  

 D  h  ( p   p' )   Q
s 2 

 

2     v    (2) 
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 f , j d jni cv, j   d j DPk  
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Here, the ordering cost is associated only to the buyer fixed cost of processing the order, 

while the holding cost considers both the traditional holding cost of carrying inventory in the 
warehouse and the cost associated to hold inventory during the transportation activity, that is 
not function of Q. For the obsolescence cost, it is considered that an obsolete event comes 
from a specific cause and makes immediately unusable the inventory on hand [10]. We here 
apply the obsolescence annual risk rate β according to [1]. At the end of each year, the 
remaining stocks are sold by the buyer to a specific waste treatment company for disposal at 
the unitary scrap price p’, lower than p. In some cases, p’ could also become negative if the 
owner has to pay the waste treatment company for the disposal service. Finally, due to the 
relevance of transportation cost on the optimization of the order quantity [11, 12], its 
formulation includes both fixed and variable costs and it presents Discontinuity Points DPk 
when the vehicle capacity is saturated. Thus, we express the transportation costs as depending 
on the kind of transportation mode j and as the sum of a fixed portion (expressed in €/km) and 
a variable portion, which depends on the quantity transported and on the vehicle saturation. 
As discussed in previous studies [1, 11, 12], the transportation cost is not a continuous 
function and it cannot be differentiated during the whole interval. Moreover, the value ni 
depends on the number of different vehicle types used in the transportation.  

The second objective function f2(Q) is the average total quantity of emissions generated 
during the annual purchasing activity. It can be expressed by the sum of the emissions 
generated in the following three steps: warehousing, waste collection and treatment of the 
obsolete items and material order transportation. Thus, by an environmental point of view, 
only three terms must be considered and homogeneously expressed in tons of CO2eq:  

f (Q)   E(Q)   E (Q)   E 
obs 

(Q)   E Q 
2 h  t  

 
(3) 

 
Then, by substituting the terms, the function becomes (considering the whole mix of 

transportation modes used in the material supply from vendor to buyer): 
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(4) 

 
The first term computes the average quantity of equivalent carbon emissions generated by 

warehousing for one year. Moreover, the inventory stored in the warehouse presents a risk of 
obsolescence at the end of the year, expressed by the obsolescence annual risk rate β. Here, 
we only consider the emissions generated during the waste collection and treatment process. 
Finally, due to the reasons already described above and to the discontinuity nature of the 
transportation cost function, also the emission function linked to the transportation activity is 
described by a discontinuous function.  

According to a generic Pareto design optimization problem [2], involving the two 
conflicting objective functions introduced above, it can be concisely stated  

Minimize  f1 (Q), f2 (Q) (5) 
 

A Pareto-optimal solution is also defined “Pareto-efficient solution”, and the set of all 
efficient points is called the Efficient Pareto Frontier. A basic requirement for Pareto 
optimality is expressed in the following: Q* is a Pareto-optimal solution to the problem posed 
by Eq. (2) and Eq. (4), if there does not exist any other design Q such that f1(Q)≤ f1(Q*) and 
f2(Q)≤ f2(Q*) simultaneously. Since the number of Pareto-efficient solutions Q* can be large, 
it is necessary to select the best compromise design(s) among them. Thus, a sustainable 
purchasing choice normally increases f1(Q), while decreases f2(Q), since the two objective 
functions are competitive in nature. If Qc* is the single optimal solution of the objective  
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function f1(Q) and Qe* is the single optimal solution of f2(Q), we can call EF the Efficient 

Frontier of the lot sizing problem here proposed and EFc its image in the criterion space, then: 
EFQ * , Q * 

 
(6)   

c  e    

EF+
c is convex and exists Qmin < Qmax such that Q* ϵ [Qmin, Qmax].  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1: Pareto Efficient Frontier (left) and carbon cap effect in the Pareto Frontier (right). 

 
The shape of the EF affects the possibility to move from a cost-optimal to an emission-

optimal solution. Then, the following three measures are defined, all related to the EF shape: 
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(9) 

 
The first one expresses the extension of the efficient frontier curve in the space, hence, the 

distance between the emission-optimal solution and the cost-optimal solution in term of 
purchasing units. By computing the rate ∆C/∆E we can express the expected marginal 
increment in annual logistic cost per tonCO2eq to move towards an emission optimal solution 
instead of a cost optimal solution. The solution of the multi-objective problem can be 
achieved using the concept of indifference band [13]. This is the area on the Cartesian 
coordinate plane where the feasible solutions are all equally desirable to the decision maker.  

When a carbon cap is set according to a C&T regulatory policy a company needs to reduce 
the total emissions below the cap in order to respect the governmental constraint. By a 
traditional cost-oriented optimization approach, a company prefers to apply a cost-optimal 
solution in order to minimize the total annual purchasing cost, so that the costs are at 
minimum but consequently the emissions are maximized (Qc*). In order to reduce the total 
annual emissions below the cap value, the company has to move in the Pareto Frontier from 
right to left until it is possible to define a discrete transportation quantity that is applicable as 
a purchasing lot size. In doing this, the company will inevitably increase its annual costs. We 
here define this marginal increment in total annual costs as the Marginal Logistic Cost (MLC) 
defined as follows and also shown in Figure 1: 
 

MLC 
C  (10) 
E

 cap    
The MLC value varies according to different shapes of the Pareto frontier, that in some 

industrial sectors could be steep or on the contrary flatter. When a carbon cap is coupled with 
a trading system, the market carbon price C represents the allowance that helps the company 
to meet and go under the allocated carbon limit.  
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By introducing the parameter 

 
MLC C 

 
, two different situations can be identified in practice: 

 
a) ϕ > 1: MLC is higher than C and the company has to autonomously sustain an extra cost in 

order to reduce its emissions under the cap value equal to MLC – C  
b) 0 < ϕ ≤ 1: MLC is lower or at least equal to C and the company could earn by the emission 

reduction a saving equal to C – MLC. For this reason, the company is economically supported 
in increasing the purchasing quantity of incoming materials while saturating vehicles. 

 

CONCLUSIONS 
 

The paper develops a bi-objective lot sizing model that considers a typical global supply 
chain purchasing problem. Total logistics costs and total greenhouse gas emissions are taken 
into account, as well as the integration of a C&T system. The model has already been applied 
and tested in various scenarios, also inspired to real cases. The outcomes show that the shape 
of the Pareto efficient frontier varies according to the variations of item weight, volume and 
purchase price; moreover, the effect of a C&T policy can be largely different respect to the 
industrial sector in which it is applied. Higher is the product purchasing price and the product 
weight and higher is the economic sacrifice needed to reduce the emission under the cap. 
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ABSTRACT 

Societies are facing complex challenges, which may impede a harmonious transition to future 
patterns in various fields. The strategic response must reconfigure society in such a way that 
the provision of critical resources and the resilience of the socio-technical systems are assured 
in the long-term. The implementation of a new dominant technology and paradigm in the 
transport context is a complex process. This complexity is multidimensional and requires 
seamless integration of a great number of features, which entail trade-offs in the decision-
making process. In this paper, General Morphological Analysis (GMA) is used as a theoretical 
framework to help to achieve a schematic perspective of the transition management of transport 
to a new powertrain technology. This is presented as an illustration of a broader representation 
of all the possible solutions of a large-scale problem as it is the case of any multi-level process 
of governance leading to the pursuit of new paradigms. The original contribution of the paper 
lies on the fact that there is no application of GMA to address sustainable challenges in the 
transport sector using simultaneously the same framework at different levels of a system, 
in a multi-level perspective. The analysis of sustainable decisions requires the consideration 
of institutions (its political dimension) at different scales, in an interactive and integrated 
way. 
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INTRODUCTION 

Sustainable development 

In this paper, we adopt for sustainable development the definition from Brundtland’s 
Commission in 1987: ‘‘development that meets the needs of the present without compromising 
the ability of future generations to meet their own needs’’ [1]. We consider the evolution of 
human society based on three main pillars: economic, environmental and social processes. 
Policy is the fourth dimension. This political will can be applied on local, regional, national 
and supranational levels.  

Systems changes 

Societies are facing complex challenges, for example, growth of new diseases, constraints 
on water resources or energy use, which may impede a harmonious transition to future patterns 
in various fields. In a context of constrained resources and climate change, a stronger link 
between science and policy-makers is crucial in order to enable the investigation of dynamic 
interactions between the global system, social system and human system (e.g., life style, health, 
values and norms) [2]. The strategic response must reconfigure society in such a way that the 
provision of critical resources and the resilience of the socio-technical systems are assured in 
the long-term. “System’s approaches can help us to manage our societies in a more thoughtful 
and preventively oriented manner that can result in improved and hopefully more humane 
societies.” [3] 

Multi-level interdependencies 

However, to guarantee the success of a systemic approach, the fragmentation in decision-
making must be eliminated. Dernbach goes as far as writing: “integrated decision-making is 
the foundational principle of sustainable development.” [4] He identifies four areas where to 
work out: selection and scope of the decision-making process, time horizon and selection of an 
implementation method. In other words, a procedural mechanism to either consider or achieve 
desired objectives has to be chosen; decisions should be integrated around a resource, issue, 
activity or geographic place; short-run and long-term objectives must be integrated, and actions 
to overcome horizontal/vertical integration barriers to decision-making processes have to be 
adopted.  

Ashford and Hall [5, p.284] provide a good visual representation of policy integration by 
relating general activity areas of the U.S. government and the sustainability challenges facing 
society. This multi-purpose and multi-level design requires considerable public participation 
and societal support. A trans-disciplinary approach is also essential to overcome the 
fragmentation and insufficiency of the knowledge base that leads to weak solutions to complex 
problems. The level of governance at which integration is best accomplished depends on the 
specific socio-technical goal. For example, integration of land-use planning, transportation, and 
housing is acknowledged to be best accomplished at the urban or local level, while integration 
of environmental pollution, and renewable energy production might best be accomplished at 
the national level. 

New mobility 

By activating and networking skilled assistance, the goal may be, for instance at the level of 
the cities, to aid develop and enact programmes that will lead to reduced energy use and lower 
greenhouse gas emissions in areas including building efficiency, cleaner transport, waste 
management, and water and sanitation systems. With these concerns in mind, many urban 
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agglomerations are building new mobility systems. [6]  
The major components of new mobility may be synthesized in four terms: connectivity, 

autonomy, shared services, and electric powertrain technologies. The implementation of a new 
dominant technology and paradigm in the transport context is a complex process. This 
complexity is multidimensional and requires seamless integration of a great number of features, 
which entail trade-offs in the decision-making process. Several quantitative models have been 
developed to address some of the issues involved in this process, but these models, though 
essential, are unable to answer many questions, namely the basic ones of “if, what, and might”. 
“Alternatively, qualitative methods are a powerful family of tools to address such questions, 
yielding insights into the decision-making process (…)” [7]. 

Theoretical framework 

We found in General Morphological Analysis (GMA) a theoretical framework to help to 
achieve a schematic perspective of the transition management of transport to a new powertrain 
technology. We regarded it as an illustration of a broader representation of all the possible 
solutions of a large-scale problem as it is the case of any multi-level process of governance 
leading to the pursuit of new paradigms.  

The more generalized form of Morphological Analysis emerged with Fritz Zwicky in the 
1940s [8]. It extended already successful morphologies in various fields to the ability of 
represent, “categorise and investigate the total set of relationships contained in multi-
dimensional, non-quantifiable problem complexes” [9]. Ritchey had earlier [10] coined the 
term GMA and has done much to popularize the method within national security, scenarios, 
strategy and, later, general policy and planning [11]. 

GMA offers a new orderly way of looking at things, favoring the harmony of the decision-
making process at different aggregation levels, such as companies, sectors, countries and 
regions. 
 
RESEARCH BACKGROUNDS  

Transition management 

There are several ways of moving towards more sustainable systems and societies [12]. 
Transition management is a process-oriented philosophy that balances coherence with 
uncertainty and complexity. “Although the goals of a transition are ultimately chosen by 
society, governments can play a role in bringing about structural change in a stepwise 
manner” [13]. However, this role only will lead to successful results if there is consistency 
in the different levels of public policy and regular adjustment of goals “to overcome the 
conflict between log-term ambition and short-term concerns” [13]. Transitions require 
multiple radical changes in societal systems, but the speed of their occurrence must be 
controlled in order to make them perceived as gradual transformations by the multiple 
actors involved and affected by the change process [14].  

Multi-level governance 

“Multi-level global governance was introduced at the United Nations summit in Rio in 1992 
as a new model to achieve a broad global mobilization of different actors in sustainable 
development.” [15] 

This approach engages multiple tiers of government but aims to include a broad variety of 
business and civil society actors across all levels [16] “in a communicative process that requires 
the co-production of knowledge and policy up and down levels of authority. It requires a respect 
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for local knowledge in the creation of place-specific policies. At the same time, it recognizes 
the role of a central authority, which has technical expertise as well as the ability to coordinate 
local governments and induce compliance through incentives or regulations.” [17] 

Integrated decision-making 

Multi-level governance needs the intermediate levels of the global political system. This 
global system must provide dynamic action within and between levels [15]. “Institutions 
are the set of informal and formal rules that facilitate and constrain human behavior, or 
define ‘the rules of the game’.” [18] To bridge the gap between decision-makers and those 
affected by decisions requires innovative forms of communication, information, and trust in 
order to make links between scales and to make decisions generalizable and transferable from 
one context to another. As in [18], by considering the four elements (efficiency, equity, 
legitimacy and effectiveness) and examining the institutional and scale context, a more 
complete understanding of the decision-making process and results can be achieved. 

 
MULTI-LEVEL GENERAL MORPHOLOGICAL ANALYSIS  

Methodology  

The work on GMA applications to address sustainable issues in the transport sector 
reported in literature so far has only considered single levels, such as cities [11, 19] or 
companies [20]. There is no application, on the referred subject, using simultaneously the 
same framework at different levels of a system, in a multi-level perspective. The analysis 
of sustainable decisions requires the consideration of institutions (its political dimension) 
at different scales, in an interactive and integrated way. In this sense, the aim of the article 
is to explore the possibility of generalizing the use of the GMA proposed in [20] at different 
institutional levels, with the purpose of obtaining an integrated decision-making process of 
strategic sustainable policies for a given transport system. The proposed generalization 
integrates the role of institutions, its scale and context, maintaining, at the same time, the 
specificity of the sustainable decision under analysis [18].  

To meet this objective, the analysis initiates with a brief contextualization of the 
transport sector and its role on sustainable development, followed by the presentation of 
different courses of actions regarding the adoption of a new powertrain technology: the 
electric mobility. The actions that are being implemented at different levels provide the input 
to develop a tentative policy program for each level. The theoretical policy program integrates 
the desired state of each institution (the institutional vision) and its reflections within the 
dimensions of sustainability (environmental, social and economic). This program constitutes 
the input to apply the GMA. The GMA that is going to be used in the application is presented 
in Table 1. This GMA and its fundamental details are described in [21].  

Table 1: GMA 

Purpose: 
Integration of 
Sustainable 

Management 
Decisions 

Sustainable 
Management 

Decisions 
(Dominant 
Paradigms) 

Who – and with 
which role – is 

part of the 
Decision-Making 

Process  

Nature of 
the 

Problem 

Stakeholders’ 
diversity of 

Views/Values/
Interests 

Methodological 
Orientation and 

Systems 
Methodologies 

Choosing a 
single preferred 
alternative 

Environmental- 
based decision 
making 

Only the owner of 
the problem, 
stakeholders 
eventually just 

Simple/ 
Objective/
Well 
defined 

Unitary Functionalist 
Systems 
Methodologies 

Developing a Interpretative 
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system for 
repeated choices  

informed or 
consulted 

Systems 
Approaches 

Making linked 
choices 
 

Economic-based 
decision making 

Pluralist 

Ranking The owner of the 
problem and other 
stakeholders 
involved in the 
Decision-Making 
Process 

Complex/ 
Subjective/ 
Ill-defined/ 
”Wicked” 

Emancipatory 
Systems 
Approaches 

Routing 
 

Social-based 
decision making 

Conflicting/  
Coercive 

Critical Systems 
Thinking and 
Multi-
methodology 

Choosing a 
single preferred 
alternative 

 
At this point, we must make a conceptual distinction between the four dimensions of 

sustainability that are being addressed. The three traditional dimensions of sustainability 
are part of the GMA, therefore being considered as endogenous dimensions. The fourth 
dimension, described above as the political dimension, is associated with the level of the 
institutions (national, regional/local, civil society). This dimension is not contained in the 
GMA, thus being considered as an exogenous dimension. Thus, the GMA – containing the 
endogenous dimensions – is going to be applied at the different institutional levels – the 
exogenous dimension. 

Application 

The transport sector remains an active contributor of greenhouse gas (GHG) emissions. It is 
also an important source of unhealthy factors (e.g. NOx and PM), namely in cities, and road 
traffic is a major responsible for noise. This sector sets pressure on multiple related areas such 
as availability of resources, waste production and recycling of end-life vehicle parts [22]. 

This context coexists with political debate (and, in some cases, commitments) in terms of 
renewable energies and electricity generation, side by side with the need to reduce fossil fuels 
dependency. In the meantime, there has been an active support for adopting electric vehicles, 
and despite some non-solved challenges (e.g. energy demand and investment on infrastructure), 
policy makers, car manufacturers and power-sector believe that electric road transport system 
is realistic [22]. These transitions induce changes at all levels. At the society level, here 
represented by transport providers, the adoption of electric buses may induce repercussions 
associated to the provision of the service. It is relevant to consider the factors that have 
implications on the business of transport providers when adopting electric buses. 

In short, an integrated and multi-level analysis should occur and the interactions in the 
decision-making processes at the different levels have to be ensured. Table 2 presents, in an 
aggregated way, the institutional vision of each level regarding sustainability, the associated 
theoretical policy program and its relationships within the dimensions of sustainability. A 
previous summary of the actions adopted at national and local level in several countries [22, 
23, 24] as well as some factors that influence the operation of electric buses [25] was the basis 
for building up this table. 

In other words, the institutional vision expresses the desired result towards sustainable 
issues at each level, and illustrates the different courses of action that may be implemented to 
alter the current situation.  

Considering that:   
(i) multiple actions need to be submitted to decision-making processes,  
(ii) these decision-making processes may be focused on environmental, social or 
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economic dimensions depending on the type and choice of each institution, and  
(iii) GMA may act as a decision support tool involving sustainable concerns,  

it is possible to positioning GMA in a matrix as presented in Table 3. 
Taking into account that:  

(i) sometimes, the actions expressed at a certain level have influence on decision-
making processes of another level (inducing changes in the system),  

(ii) each level may focus its action in the same or in a distinct dimension of other level, 
(iii) each level may be a stakeholder in a decision-making process of another level, 

it is possible to obtain both the combinations of actions (and dimensions) at all levels, and 
their interactions in the decision-making process in an integrated way.  
 

Table 2: Theoretical Policy Program 

Multi-Level Sustainability Strategies Applied to the Transport Sector 
Institutional Vision Level Dimensions of Sustainability: Environment, Social, Economic 

Transition to a 
decarbonization of the 
national economy by 
reducing  fuel dependency 
and adopting electric 
mobility  

National 

Environment: Proceed a policy of low-emission mobility in 
order to meet international targets regarding environmental 
agreements; 
Social: (i) Improve access to cleaner mobility; (ii) Increase 
health benefits;  
Economic: (i) Reduce trade imbalance for oil important fuel 
dependency; (ii) Origins of Taxes: Fuel Tax and Vehicle Tax 
based on fuel efficiency and/or CO2 emissions; (iii) Destiny of 
Taxes: providing the incentives to the economy so that regions 
may be interested to install infrastructures for recharging 
electrical vehicles, city buses; affecting a pre-defined financial 
resource amount to transfer to regions so that they may 
guarantee funds for fleet renewal (for electric vehicles to be 
used at regional level and for transport providers); creation of 
conditions to diminish corporate taxes or costs for companies 
that privileged the acquisition of electric vehicles; to install 
electric vehicles charging infrastructure. 

Provide an articulated 
provision of mobility 
choices with the design of 
a compact city in order to 
promote an integrated 
planning and ensuring 
social needs 

 
 
 

Regional 

Environment: Reduction of regional GHG, NOx and PM; 
Social: (i) Improving better health conditions to communities by 
reducing pollution exposure; (ii) Promoting social inclusion and 
cohesion; (iii) Promoting behavior changes in communities to 
use public transport; 
Economic: (i) Co-funding Fleet Renewals (taxis and bus fleets) 
within pre-stablished limits; (ii) Provision of free charging at 
public stations; (iii) Implementation of car-sharing and bicycle-
sharing schemes. 

Be recognized as a 
reference company that 
pursues sustainable 
business strategies in the 
transport sector of service 
of passengers at local and  
national level   

Civil 
Society: 

Transport 
Providers 

Environment: Decrease of business footprint ; 
Social: (i) Reliability of the service provided to customers; (ii) 
Human resources knowledge regarding the new technology; 
Economic: (i) Fleet renewal investment and (ii) Operational 
Feasibility and Efficiency. 

 

Table 3: Positioning the GMA  

Multi-Level [i] Dimensions of Sustainability: Environment, Social and Economic [j] 
National GMA [1,1]  
Regional GMA [2,1] 
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Civil Society: Transport Providers GMA [3,1] 

 
In sum: 

(i) there are possible combinations between the actions presented at the different levels 
in different dimensions; 

(ii) these combinations include linked interactions not only among the traditional 
sustainable dimensions, but also among the levels.   

In next paragraphs, an example is provided through a top-down perspective (however, a 
bottom up perspective would be also allowable, keeping its validity).  

The current problem situation at the national level is the following: the national 
administration faces difficulties in funding all the actions they initially budgeted. So, due 
to budgetary restrictions, the schedules initially predicted to enact its policy options have to 
be reprogrammed. As presented in Table 2, there are five types of actions and those actions 
involve different institutional levels and have implications on the implementation of their 
own plans. A possible path to address the situation is represented in Figure 1 with dark 
arrows and corresponds to the application of GMA [1,1]. The output of the decision-making 
process at the national level resulted in not transferring a pre-defined financial resource 
amount to regions in order to guarantee funds for fleet renewal.  

At the regional level, the problem situation now lies on a social dimension. With no 
funds to provide support to the renewal of bus fleets, the region may not achieve a 
significant part of its objective of improving community health conditions and loses the 
argument of a greener fleet to promote the use of public transport. In order to overcome 
this situation it is now crucial to find alternative options to meet the initial goals. A possible 
path to address the situation is represented in Figure 1 with dark grey arrows and 
corresponds to the application of GMA [2,1]. 

The problem situation at the service provider level is focused on the economic dimension 
as it depends on national and regional funds to make the renewal of the bus fleet. The 
service providers are pondering different forms of financing the renewal of the bus fleet 
with a minimum financial cost. A possible path to address the situation is represented in 
Figure 1 with light grey arrows and corresponds to the application of GMA [3,1]. 

As mentioned before, we apply the same GMA at different levels and the decision-making 
process to address the problem situation at each level is represented by a possible path. For this 
reason, it is possible to represent the three possible paths to address the problem situation of 
each level in the same GMA, as presented in Figure 1. 
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Figure 1: Configuration showing the paths in the morphological matrix 

The output of the decision-making process at the national level may impose changes to the 
policy plan at the regional level, originating a problem situation that has to be submitted to a 
decision-making process at the regional level. In turn, the output of the decision-making 
process operated at the regional level may also induce variations on the policy plan of the 
transport provider, triggering the need to face a problematic situation where a decision-making 
process has to occur. Thus, the decision-making processes of the different levels arise in a 
chained way and a loop of decisions occur, until the system meets the overall needs and 
achieves an equilibrium.  
 
CONCLUSIONS 

The implementation of a new dominant paradigm in a societal context is always a complex 
process. This complexity is multidimensional and requires seamless integration of multiple 
features in multiple levels, which entail trade-offs in the decision-making process.  

In this paper, the authors use the transition management of transport to a new powertrain 
technology to exemplify how GMA can provide a conceptual design of the problem, generating 
potential ways to achieve various solutions shared by different institutional levels. Besides the 
need to act in an integrated way, when leading with strategic sustainable concerns, GMA allows 
to unveil how decision-makers may interact rising possible redirections of action plans.  

The authors believe that the use of a Multi-Level GMA, if duly applied, will allow (i) to 
support decision makers placed at different aggregation levels facing a shared problem 
regarding sustainability; (ii) to support decision makers in each level to deal with a delimited 
problem; (iii) to deal with a problem in an independent way or, alternatively, to promote the 
participation of stakeholders in the decision-making process coming from upper or lower 
aggregation levels, contributing to obtain an integrated and interactive participation approach, 
supported on different systems methodologies.  

However, in order to take full advantage of GMA, it is necessary to pay special attention 
both to (i) the process of representing the real world problem, along with (ii) the improvement 
of supporting tools available to implement that process. 
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Typically, the iterative process of building a GMA entails three main phases: analysis 
(definition of parameters and their values represented in a morphological matrix), synthesis 
(representation of the solution space) and exploration (examination of consistent 
configurations). In the late 90s, we assisted to the first developments of dedicated software 
packages to support GMA such as MA/Carma [26] or Parmenides Eidos [27]. These packages 
allowed the generation of consistent configurations and interactive representations of the 
solution space, contributing to progress the application and dissemination of GMA. With these 
computational advances, the GMA process recurs to analysts/facilitators who interact with 
stakeholders during workshops, where end interface users are also present.  

More recently, further computational developments have been made to improve the 
practicability of GMA processes, by integrating multi-users at the different phases [28]. This 
is the so-called Collaborative Morphological Analysis. These improvements are grounded on 
varied reasons: (i) to enable collaborative interaction across time, place and organizational 
boundaries; (ii) to include not only expertise but also creativity in different fields and (iii) to 
consider social and cognitive psychology in group practices, in order to enhance results when 
applying GMA. 

Future research will explore additional benefits of adopting the ongoing progresses on 
computer aid in the use of GMA in multiple perspectives of sustainable development. 
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ABSTRACT 

Knowledge networks have been shown to contribute to reduce costs and maximize 
effectiveness in the marketplace. Identification and elimination of wastes (non-value 
adding activities) which is the key to lean has been shown to help organization’s 
effectiveness, improving profitability and in achieving competitive advantage. These two 
elements (knowledge networks and lean) are manifestations of inter-firm knowledge 
mobilization. The aim of this paper is to develop a knowledge network framework as a 
model of inter-firm knowledge mobilization within agro-food supply chains in order to 
enhance collaboration of all value chain actors and achieve a holistic reduction of waste. 
This study addresses three research objectives: 1) to explore the configuration of 
relationships/network structure in agro-food industry, in particular the way different chain 
actors are organized to strengthen their position. 2) to identify knowledge 
types/knowledge artefacts/knowledge communication mechanisms in agro-food supply 
chains. 3) to investigate the impact of knowledge mobilization on improving lean supply 
chain decisions. Research methodology includes semi-structured interviews for data 
collection and thematic and comparative analysis for data analysis. This study has great 
potential in helping make the right supply chain decisions for improving lean performance 
in agro-food industry.   

 
Keywords: Knowledge Network, Knowledge Mobilization, Lean Decisions, Agro-food 
Supply Chains 
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INTRODUCTION 
 

In knowledge-based economy, knowledge has become the engine of economic 
development [1]. For the agricultural sector, knowledge management is used to develop new 
technologies to improve the quantity and quality of products it can produce [2]. In rural areas, 
the economic welfare of households depends on the decision they make about the use of 
experience, information and knowledge. Therefore, knowledge mobilization is vital for 
increasing the growth of the agriculture sector [2, 3]. Knowledge management in agro-food 
supply chains emphasizes collaboration since knowledge is created collectively in groups 
through mechanisms of networking and communication [4]. Mobilizing knowledge within 
one knowledge system is relatively easy. However, mobilization from one knowledge system 
to another is very difficult because of knowledge boundaries between different chain actors 
[5].  

Lean manufacturing, a quality management approach initially developed to eliminate 
waste in Japanese corporation, Toyota, in the late 20s century, is defined as ‘a system that 
utilizes fewer inputs and creates the same outputs while contributing more value to 
customers’ [6]. After decades of development, lean has expanded to further theories and was 
summarized into lean thinking that requires collaboration of all value chain actors with a 
common goal to boost customer satisfaction [7]. Nowadays, its application is not only limited 
to the automobile sector, but also has increasingly been applied in other sectors particularly 
the agro-food industry [8, 9].  

The paper is organized as follows. After this introduction, the second part discusses 
literature on knowledge network/mobilization, and lean supply chain decisions in agro-food 
sector. In the third part a theoretical framework is proposed and the fourth part is the research 
methodology for collecting empirical evidence to validate the framework, followed by part 
five on conclusion. 
 
LITERATURE REVIEW 
 

This section reviews previous studies on knowledge network and mobilization to support lean 
decision-making in agro-food supply chains. This review mainly focuses on two research 
contexts: knowledge network/mobilization and lean decisions in agro-food supply chains. 
 
Knowledge network and mobilization 
 

Although most business executives would acknowledge that today’s business environment 
is driven by knowledge, some still may not consider it important to all knowledge workers to 
meet in networks. They consider knowledge networks as just a sweeping trend in 
management practices. However, effective knowledge networks reduce waste and improve 
efficiency, there are even greater benefits if networks are well structured and receive 
management guidance [10]. In agro-food sector, the configuration of relationships is of great 
importance, in particular the way different chain actors are organized to strengthen their 
position [11]. Creating a network structure in the agro-food industry allows assessment of 
horizontal relationships among chain actors as well as vertical chain relationships and its 
main advantage is the ability to capture complexities of networks [11].  

Theoretical underpinnings of knowledge mobilization can be understood in terms of three 
primary perspectives: information-processing, cultural and political perspectives [5, 12, 13]. 
Several items of research evidence have shown that the linear, one-way approach to 
knowledge mobilization has proved problematic in practice and therefore has been 
complemented by a number of models and frameworks, which also took into consideration 
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the cultural and political factors that are shaping the interactions among chain actors. These 
emphasize the bidirectional nature of knowledge mobilization, the importance of contextual 
factors and the need for active engagement, interaction and collaboration in managing 
knowledge networks [12]. Additionally, the understanding of boundaries as discontinuities 
highlights the nature of cultural and political and collaborations manage to successfully 
bridge any boundaries and fulfil its goal of knowledge mobilization [13]. Boundaries can be 
defined as sociocultural differences between practices that can lead to discontinuity in action 
or interaction. This understanding of boundaries partially overlaps with the notion of gaps 
popular in the knowledge mobilization literature, where gaps are seen as the network holes, 
spaces and missing ties that create between group problems and opportunities for their 
resolution. The barriers to knowledge sharing cross boundaries can be classified as syntactic 
(difference in language), semantic (difference in meaning) and pragmatic (difference in 
practice) [5, 12, 13]. Since conceptualizing boundaries as discontinuities, highlights the 
nature of cultural and political phenomena and shift the focus of analysis from gaps to 
divergent meanings, interests and cultures, and underscores the importance of reflection, 
learning and transformation when dealing with boundaries are the approaches to cross 
boundaries. 
 
Lean in agro-food supply chains 
 

Lean penetration into agriculture sector is slow due to the perishability of a wide range of 
food products, complexity of the food supply chain and consumers’ dynamic preferences. 
Lean in agro-food sector involves identifying seven lean wastes (i.e. overproduction, defect 
in product, unnecessary inventory, inappropriate processing, unnecessary motion, transport 
and waiting time [14]). There is a clear need to eliminate wastes at different sections of the 
chain in order to pursue overall efficient and effective supply chains network performance. 
For example, in a study analyzing pork production supply chain, incorrect weights and fat 
levels at primary production were considered as products defects [15]. As a lean waste, 
overproduction has appeared in food processing mainly due to misalignment of production 
with consumer demand for ready to eat foods [16]. 
 
THEORETICAL FRAMEWORK 
 

The theoretical framework based on the previous studies integrates network structure and 
knowledge mobilization process in enhancing lean decision in agro-food supply chains. As 
indicated in the Figure 1, knowledge network structures (horizontal and vertical structure) are 
proposed for the mobilization of knowledge across boundaries.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 1: Theoretical framework for agricultural supply chain knowledge mobilization showing the 

inputs and outputs for the model 
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In order to connect these networks to support lean decision-making, some knowledge 
mobilization studies have highlighted the role of knowledge brokering in the agro food 
sector. For example, in linking rural farmers with the national and international researchers, 
the farmers’ community could develop a self-driven system to manage all crucial issues. In 
terms of knowledge mobilization process, relevant agricultural supply chain knowledge 
should be captured from the knowledge sources. The knowledge processed should be stored 
in knowledge artefacts in the forms of knowledge pertaining to technology, laws or 
regulations, markets and so on. These knowledge need to be transferred to agricultural 
knowledge brokering by using suitable communication mechanisms. Two distinct of 
knowledge communication mechanisms are identified: hard and soft [17]. Firms attempt to 
identify the formal channels for inter-firm interactions that can be understood as hard 
knowledge transfer mechanisms. It can represent rigidity and can lead to resistance to change 
and a stickiness in the knowledge that has become embedded in the networks [18]. However, 
soft knowledge communication mechanisms promote knowledge through social practice. 
Although as distinct as the two mechanisms to practices appear, they seem difficult to divorce 
each other. Knowledge brokering contextualizes the knowledge by communicating with 
farmer groups and producer associations. Knowledge then is applied by all chain actors for 
making lean decisions in various agricultural areas.  

In this framework, the role of knowledge brokering and knowledge intermediaries in the 
knowledge network is emphasized in order to solve issues such as collaboration to support 
lean decision-making. 
 
METHDOLOGY 
 

A qualitative case study approach has been used for this study because it can more easily 
discover a research problem and find out a range of ideas about the problem. It can also help 
to understand different perspectives between groups of participants. Moreover, such an 
approach can answer what, why and how research questions necessary to make the study 
more in depth [19]. The approach here needs to allow the identification of knowledge 
network structures, knowledge mobilization process and lean wastes in agro food supply 
chains.  

Two data collection tools are conducted including semi-structured interviews and 
documentation. Interview questions are derived from the review of relevant literature and the 
theoretical framework adopted. The interview questions are piloted before the actual 
interviews. Semi-structured interviews are conducted with 32 participants who are identified 
as experts in agro-food supply chains. Each interview lasts around one and half hour. This 
study adopts purposive sampling technique over other techniques available under non-
probability sampling method because in purposive sampling, participants are selected based 
on the research objectives and this ensures adequate representation of important themes. Data 
are recorded through field notes, audio recording of interviews. The data analysis methods 
utilized are the thematic and comparative analysis. The thematic analysis facilitates the 
process of generating the significant themes combined by comparative analysis that assists 
comparing themes and views across different informants. 
 
RESULTS 
 

An agro-food supply chain is made up of different actors operating in diverse markets and 
selling a variety of food products [20]. Food supply network produces, processes, distributes 
and consumes products through a complex network of interrelated actors as shown in Figure 
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2. Nowadays, actors in agro-food supply chain must look beyond their boundaries and 
include many different other actors, which are not only often the primary stakeholders, but 
also less traditional actors, such as research institutes (knowledge brokering) [20].  
 
 
 
 
 
 
 
 
 

 
Figure 2: Agro-food supply chain model 

 
Research institutions act as knowledge brokering or knowledge intermediaries between the 

available knowledge system and the individual needs of various chain actors. The technical 
as well as intellectual capability of development research institutes determines effective 
mobilization of the agricultural knowledge to chain actors. The agricultural sectors sell their 
products to the food processing sector, but also to distributors (wholesalers/retailers) and in 
some cases even directly to final consumers. The food processing sector mainly includes 
packaging, but also involves in marketing and new product development activities. The 
distribution sector (wholesale/retail) has direct contact with consumers, thus the promotion of 
food products is another important activity in this sector [20].  

To-date the knowledge literature has typically focused on two types of knowledge: know-
how and know-why. Adopting a network perspective on knowledge types, our findings 
revealed that other knowledge can be taken into consideration. Specifically, know-what is 
crucial in developing shared frames to achieve lean performance at the end. Similarly, know-
who is central to instigating improvement in practice.  

Knowledge artefacts can be included in the forms of knowledge pertaining to technology, 
laws or regulations, markets and so on. Two distinct of knowledge communication 
mechanisms are identified: hard and soft. Hard knowledge transfer mechanisms represent 
ways of circulating knowledge to develop shared best practice such as knowledge 
management system (KMS). However, soft knowledge transfer mechanisms foster the social 
production of new knowledge, allowing actors to adapt and apply their learning about 
specific skill sets in their own specific cultural and institutional contexts, therefore, 
communities of practice (COP) seems central to business model improvement.  

Our findings also suggest that discarded food is mainly attributed to defects, inappropriate 
processing, unnecessary inventory and overproduction waste categories as described in lean 
manufacturing. Consequently, defects in food products are explicitly highlighted in the agro-
food industry. 
 
CONCLUSIONS 
 

This study discussed the understanding of knowledge networks and mobilization. It then 
provided a framework to decision makers to make the right supply chain decisions for 
improving lean performance in agro-food industry. Knowledge mobilization can be achieved 
by identifying knowledge types, knowledge artefacts and knowledge transfer mechanisms. In 
order to reduce cost, the investigation of lean wastes (non-value adding activities) is the key 
part in ensuring effective and efficient agro-food supply chains. This study also offered 
implications for the development of more mature and reliable knowledge communication 
channels and mobilization strategies. However, the agro-food sector can be configured in a 
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variety of different ways. Supply network classification of different products in different 
regions need to be further clarified.  

This study has limitation that presents opportunities for future research. Different 
industries may prefer a specific knowledge mobilization model in the worldwide 
marketplace. In this regards, future research should investigate knowledge mobilization in 
different industries. 
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ABSTRACT 

Locally Manufactured Small Wind Turbines (LMSWTs) are small-scale wind turbines that can 
be constructed by non-experts using simple tools and techniques, and whose designs are 
developed collaboratively by a global community of designers-users-manufacturers. In this 
study, LMSWTs have been assessed from a sustainability perspective, in comparison with a 
commercial small wind turbine, for off-grid applications in rural areas. The compared 
alternatives differ not only in terms of size and technology, but also in the “delivery model” 
under which they are employed, ranging from conventional to increased participation models, 
where users are empowered to maintain the systems themselves. The influence of the local 
context was taken into account through a parameter reflecting the dispersion of settlements in 
the studied area. Life Cycle Assessment was used to assess the environmental impacts and a 
life cycle approach was taken to estimate a variety of techno-economic, social and institutional 
sustainability indicators. The sustainability indicators were then used as criteria in Multi- 
Criteria Decision Analysis, using the PROMETHEE method to rank the alternatives from two 
stakeholder viewpoints: investors and policy makers. For both viewpoints, it was found that 
local manufacture combined with participative delivery models was ranked first, unless the 
Institutional burden became the most significant criterion for the policymaker. Expert 
elicitation is needed to define the weight of this criterion for policymakers, as well as to 
quantify the performance of the alternatives in it, taking into account existing conditions in 
each local context. 

Keywords: small wind, rural electrification, PROMETHEE, LCA, sustainability 
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1. INTRODUCTION 

In rural areas where grid connection is technically and economically unfeasible, small scale 
renewable energy technologies can provide a viable solution for many of the 1.1 billion living 
today without electricity [1], allowing them to generate electricity in a sustainable way [2]. 

The term locally manufactured small wind turbines (LMSWTs) has been used in literature [3- 
9], to describe small-scale wind turbines that can be manufactured, installed and maintained by 
non-experts using simple tools, techniques and facilities and mostly locally-sourced materials. 

LMSWTs are being made by practitioners around the world in different sizes, ranging in rotor 
diameters from 1.2 to 7m [5]. Amongst different designs, the most widespread is that of Hugh 
Piggott, a widely acknowledged small wind expert, whose manuals for constructing a small 
wind turbine [10] have been translated in more than 10 languages, facilitating the dissemination 
of this technology in different parts of the world. Piggott’s designs are open, in the sense that 
they are not patented and can be modified and replicated by anyone and for any use [9]. Due 
to these open designs, a growing global community of designers, manufacturers and users has 
evolved, which continues to develop the designs collaboratively through a bottom-up 
innovation process, resembling “an open-source hardware community in the making” [5]. 

A previous study [7] has compared a LMSWT with a commercial SWT in a rural off-grid 
application and found that the LMSWT, despite having higher O&M costs and shorter lifespan, 
has significantly lower capital costs, lower Net Present Cost and lower Levelized Generating 
Cost (LGC), with costs spreading more evenly throughout the turbine’s lifetime. 

In other studies, the social aspects of LMSWTs have been emphasized: their potential to boost 
local economy, build local capacity and create employment in contexts where it is most needed 
[3], [4], [8], as well as their flexibility, scalability and adaptability to better suit different 
environments and applications, arising from the open nature of their designs [5], [9]. 

 
2. OBJECTIVE AND METHODOLOGY 

This work intends to comparatively assess locally manufactured and a commercial SWT for 
rural, off-grid applications in developing countries from an integrative sustainability 
perspective and from the point of view of different stakeholders. 

Initially, the studied context and the alternative small wind turbine solutions are specified, 
based on available literature and feedback from experts on the field of rural electrification. 
Multi-disciplinary knowledge is then used to define a set of sustainability indicators, covering 
environmental, social, economic, technical and institutional categories. The methodology of 
attributional Life Cycle Assessment is applied to measure environmental indicators and a life 
cycle approach is taken to calculate all other indicators. Then, the decision problem is set up in 
two variants related to the viewpoint of two groups of stakeholders: investors and 
policymakers. PROMETHEE method [11] was considered appropriate to use in order to rank 
alternatives and perform sensitivity analysis. 

3. SPECIFICATION OF COMPARED ALTERNATIVES 

Two sizes of LMSWTs, with a 2.4m and a 4.2m rotor diameter respectively, which are 
manufactured according to Hugh Piggott’s Recipe Book, have been compared with a machine 
from Bergey Windpower, a commercial manufacturer with reputation of high reliability. The 
specifications of the compared technologies are presented in Table 1. 



Table 1: Specifications of the compared wind turbines 
 

LM 2.4m LM 4.2m Bergey XL.1 
 

Turbine topology 3-blade, Horizontal Axis Wind Turbine (HAWT) 

Generator topology Axial flux permanent 
magnet 

Axial flux 
permanent magnet 

Radial flux 
permanent magnet 

Rotor diameter (m) 2.4 4.2 2.5 

Rated power (kW) 0.525 1 1 

Annual yield at 5 m/s Rayleigh, at 
12m tower (kWh) 

1271 [5] 3432 [12] 1849 [13] 

Lifetime of moving parts (years) 15 15 20 

Lifetime of fixed parts (years) 30 

Components included in the assessment were the moving1 and fixed parts2 of the wind turbines, 
whereas electric and electronic parts were excluded, considering them similar for the compared 
wind turbines, thus not adding value to the comparison. All turbines were assumed to be 
mounted on a 12m, guyed, tubular steel tower and to have a foundation of concrete and steel. 

Each wind turbine is assumed to be installed in a community building (i.e. school or health 
center) of a rural community in a developing country, a typical context of rural electrification 
projects in the past decades [14], [8]. Technical support is assumed to be found at a service 
center 100�� away from the community. The wind resource is assumed to have an average 
annual value of 5 �⁄� and to follow a Rayleigh distribution. 

Besides specifying the technology, it is also necessary to define the business model with which 
the alternatives are employed; more particularly called “delivery models” in the energy access 
terminology [15]. 

Three delivery models (DM1-DM3) were examined for local manufacture and a conventional 
delivery model (DM-C) for the commercial turbine. DM1-DM3 assume that the wind turbines 
are manufactured at a regional workshop, with materials supplied from the closest major city. 
On the contrary, the commercial turbine is imported from the manufacturer’s country (US) and 
shipped overseas. All turbines are assumed to be installed by regional technicians. 

The three delivery models for local manufacture differ mainly in the way maintenance is carried 
out, varying from the fully-participative model DM1 where the users are trained to perform 
maintenance themselves to the non-participative DM3 where all maintenance is carried out at 
the regional service center. The conventional model DM-C is also a non-participative model. 
The four models and their consequence on maintenance are summarized in Table 2. 

 

 
1 Moving parts: blade rotor, generator, mounting frame, yaw system 
2 Fixed parts: tower and foundation 



Table 2: Description of the examined delivery models (DM) and their consequence on maintenance 
 

 
Delivery Model (DM) 

Failures in 
lifetime 

Maintenance 
trips in lifetime 

Downtime 
(days) 

DM-1: Community empowerment 15 5 4 

DM-2: Partial empowerment with external support 15 15 15 

DM-3: External support 20 20 30 

DM-C: External support and imported materials 10 10 45 

The two LMSWTs combined with the three delivery models DM1-DM3 shape six alternative 
solutions, while the commercial wind turbine with the conventional delivery model DM-C 
forms the seventh alternative of our comparison. 

4. SELECTION AND CALCULATION OF SUSTAINABILITY INDICATORS 

A variety of indicators were selected to assess different aspects of sustainability in the studied 
context. Regarding environmental indicators, Life Cycle Assessment (LCA) was performed for 
the seven alternatives, from cradle-to-grave and assuming 1kWh of generated electricity as the 
functional unit of comparison. Inventory data for the materials and energy consumed for the 
2.4m turbine were acquired from LMSWT practitioners through the Wind Empowerment 
association [16], and where scaled up to use for the 4.2m turbine. Inventory data for the Bergey 
XL.1 could not be acquired from the manufacturer; instead, the inventory of a commercial 5kW 
wind turbine [17] was scaled down to 1kW. All data for upstream processes have been sourced 
from the Ecoinvent database, except for the neodymium magnets, for which a new process was 
created according to the inventory published by Sprecher [19]. 

For the remaining indicators, data were based mainly on case studies of rural small wind turbine 
experiences [3] and on feedback from rural electrification experts and practitioners [16]. Except 
for the End-of-Life, all other wind turbine lifecycle stages were considered for the calculations. 

Environmental indicators 

• Life Cycle Impact Assessment was performed for three impact categories, using the 

RECIPE and Cumulative Energy Demand methods: Global warming (gCO2eq/kWh), 
Metal depletion (gFeeq/kWh) and Non-renewable primary fossil energy (MJ/kWh). 

Economic indicators 

• Initial investment (€): For the LMSWTs, it includes all material and labour costs during 
the Manufacturing, Installation and Training stages of the wind turbines lifecycle. For 
the commercial SWT, it is calculated as the sum of the retail price, the delivery cost and 
the installation cost. 

• Annual O&M costs (€/year): They comprise the annual costs of materials, labour and 
transportation for performing maintenance. 

• Levelized Generating Cost (€/kWh): It is calculated as the ratio of total costs of 
generation and the total electricity generated during the lifetime of the wind turbine, 
taking into account an appropriate discounting factor – 8% in this case. 



Technical indicator 

• Availability (%): It is calculated as the percentage of time the small wind turbine is 
available to produce electricity, thus excluding the time that the wind turbine is down 
due to preemptive or corrective maintenance. 

Social indicators 

• National to total expenses rate (%): It is the percentage of all expenses made at 
national level over the total expenses throughout the system’s lifecycle. This way, it 
reflects the percentage of wealth that stays within the national economy, an important 
factor especially for developing countries. 

• Local to national labour rate (%): It is the percentage of local community labour over 
total national labour, thus reflecting the provision of employment in remote areas. It is 
increased for more participative delivery models, due to the increased participation of 
community members in maintenance. 

Institutional indicator 

• Institutional burden (Qualitative): It reflects the institutional difficulty for employing 
the delivery model of each alternative. It comprises generic cost to issue policies, 
establish infrastructure, supportive network and local capacity. It is measured on a scale 
of 1-10, where 10 indicates maximum cost. 

 
5. INTEGRATION IN MULTI-CRITERIA DECISION ANALYSIS 

Decisions related to the aforementioned problem should be definitely supported by an 
algorithm enabling consideration of performance of alternatives in multiple dimensions and 
from different, often conflicting, stakeholder viewpoints. The stakeholder position has not been 
ignored in the multi-criteria literature [20]; specifically this issue has been subject of extended 
attention of PROMETHEE scholars resulting in formal suggestions [21]. 

In this exercise, two main groups of stakeholders were considered: a) Investors: the community 
association undertaking the costs and benefits of the SWT, and b) Policymakers: regional or 
national governing bodies that issue policies to promote rural electrification solutions. We then 
applied the PROMETHEE algorithm from both viewpoints, selecting two different criteria sets, 
both respecting the coherence family of criteria rule. The criteria sets are presented in Table 3. 

Table 3: Two sets of criteria for Investors and Policymakers 
 

Investor’s viewpoint 

INDICATOR UNIT DIRECTION 
RANGE OF 

VALUES 
TYPE THRESHOLDS CATEGORY 

Initial investment € Min  2 q=50 Economic 

Annual O&M costs €/year Min  3 p=20 Economic 

Levelized Generating Cost €/kWh Min  5 q=0.01, p=0.05 Economic 

Availability % Max  4 q=0.02, p=0.08 Technical 

Local to national labour % Max  5 q=1, p=2.5 Social 



Policymaker’s viewpoint 

INDICATOR UNIT DIRECTION 
RANGE OF 

VALUES TYPE THRESHOLDS CATEGORY 

Non-renewable primary energy MJ/kWh Min  2 q=0.2 Environmental 

Global warming gCO2eq/kWh Min  3 p=5 Environmental 

Metal depletion gFeeq/kWh Min  5 q=0.1, p=0.5 Environmental 

Levelized Generating Cost €/kWh Min  5 q=0.01, p=0.05 Economic 

National to total expenses % Max  2 q=2 Social 

Local to national labour % Max  5 q=1, p=3 Social 

Institutional burden Qualitative Min 1-10 2 q=1 Institutional 
 

Criteria concerning investors comprise the technical indicator of availability, the economic 
indicators of investment, operating and levelized cost, as well as the social indicator reflecting 
the impact on local community employment. Regarding the policy makers, criteria include the 
institutional indicator, all environmental indicators, all social indicators reflecting impacts on 
the local and national economy (job creation and value added within the country), as well as 
one profitability indicator, preferably levelized cost of electricity generated (in total 7 criteria). 

 
6. RANKING WITH PROMETHEE II AND SENSITIVITY ANALYSIS 

As expected, different priorities and points of view result in different classifications of the 
candidate technologies. Rankings calculated by PROMETHEE II are presented in Table 4 for 
various weighting schemes. 

Table 4. PROMETHEE II rankings for different viewpoints and weighting schemes. 
  Ranking of alternatives - INVESTOR  

# Social Economic Technical Equal 
1st 2.4m, DM1 2.4m, DM1 2.4m, DM1 2.4m, DM1 
2nd 4.2m, DM1 4.2m, DM1 4.2m, DM1 4.2m, DM1 
3rd 2.4m, DM2 2.4m, DM2 2.4m, DM2 2.4m, DM2 
4th 4.2m, DM2 4.2m, DM2 4.2m, DM2 4.2m, DM2 
5th Commercial Commercial Commercial Commercial 
6th 2.4m, DM3 2.4m, DM3 2.4m, DM3 2.4m, DM3 
7th 4.2m, DM3 4.2m, DM3 4.2m, DM3 4.2m, DM3 

 

 Ranking of alternatives - POLICYMAKER 

# Social focus Environmental 
focus 

Economic 
focus 

Institutional focus Equal focus 

1st 4.2m, DM1 4.2m, DM1 4.2m, DM1 4.2m, DM2 4.2m, DM2 

2nd 4.2m, DM2 4.2m, DM2 4.2m, DM2 4.2m, DM3 4.2m, DM1 

3rd 4.2m, DM3 4.2m, DM3 4.2m, DM3 4.2m, DM1 4.2m, DM3 

4th 2.4m, DM1 2.4m, DM1 2.4m, DM1 Commercial 2.4m, DM2 

5th 2.4m, DM2 2.4m, DM2 2.4m, DM2 2.4m, DM2 2.4m, DM1 

6th Commercial Commercial Commercial 2.4m, DM3 Commercial 

7th 2.4m, DM3 2.4m, DM3 2.4m, DM3 2.4m, DM1 2.4m, DM3 

In each weighting scheme, it was assumed that the decision maker is focused more on one of 
the indicator categories, either social, environmental, economic, technical or institutional. The 
focus category was assigned a 40% weight, while the remaining 60% was equally divided 
among the other categories. Finally, a weighting scheme of equal focus in categories was also 
considered. 



Sensitivity analysis for the Institutional criterion 
Inst. Cost: 20% Inst. Cost: 30% Inst. Cost: 40% Inst. Cost: 50% Inst. Cost: 60% 

1 

2 

3 

4 

5 

6 

7 

LM 2.4m, DM1 LM 2.4m, DM2 LM 2.4m, DM3 LM 4.2m, DM1 LM 4.2m, DM2 LM 4.2m, DM3 Commercial 

From the investor’s viewpoint, ranking was stable for all weighting schemes. Investors clearly 
preferred participative delivery models, with the smaller LMSWT preferred over the larger 
one. The commercial alternative was ranked low, in the 5th position, just before the two 
LMSWTs with the non-participative DM3, which constitutes the least preferred option. 

From the policymaker’s viewpoint, it was observed that results were stable when the focus was 
on either social, environmental or economic categories. In these cases, the larger 4.2m LMSWT 
was the first choice and was preferred to the smaller 2.4m one, regardless the delivery model; 
for a specific wind turbine, the more participative models were preferred; and the commercial 
wind turbine was ranked 6th, only before the 2.4m wind turbine with the non-participative 
DM3, which was the least preferred alternative. 

However, in the last two weighting schemes, ranking was significantly altered and it was 
observed that this was caused by the increased weight assigned to the institutional criterion. 
Therefore, a sensitivity analysis was performed for the weight of the institutional criterion, 
assigning to it values from 20 to 60% with a 10% step. The results, shown in Figure 1, lead to 
the following observations. 

When the weight for Institutional burden was low (≤ 0.2), the ranking tends to be as described 
before. However, as the weight of the institutional criterion increases, the commercial wind 
turbine gains preference and less participative delivery models are preferred, as they are 
considered to “cost” less to the Institutions. As long as the weight is lower than 0.5, there is a 
common trend in the results: the larger 4.2m LMSWT is always preferred to all others 
regardless the delivery model. When, however, the weight of Institutional burden is ≥ 0.5, the 
commercial wind turbine becomes the first choice. 

Figure 1. Sensitivity analysis for the weight of the institutional criterion 
 
 
 
 

      

      

      
      

      

      

 
 
 

8. CONCLUSIONS 

Two sizes of locally manufactured small wind turbines employed under three different delivery 
models, have been compared with a commercial small wind turbine for an off-grid, rural 
application, from a sustainability perspective and from the point of view of investors and 
policymakers. 
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It was observed that for both investors and policymakers, local manufacture combined with 
participative delivery models was ranked first, unless the Institutional burden became the most 
significant criterion for the policymaker. In that case, policymakers opted for less participative 
delivery models with lower institutional burden, eventually selecting the commercial 
alternative when the weight of this criterion reached 50%. 

This result shows that further investigation –including expert elicitation- is needed into the 
importance of institutional burden for policymakers, as well as to potentially quantify the 
performance of alternatives in this criterion. Eventually, this is a decision that has to be taken 
considering the “small wind turbine ecosystem” [3] that is already in place in each location. In 
case the institutional burden does not prove significant, policies have to be devised to support 
deployment of the specific model -local manufacture, participative delivery model- advocated 
on environmental, social and techno-economic grounds. 
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ABSTRACT 

Growing concern about the need to effectively assess agricultural sustainability has directed 
attention to the development of acceptable methodologies, including MCDA (Multi-Criteria 
Decision Analysis) tools. In this paper, PROMETHEE (Preference Ranking Organization 
Method for Enrichment Evaluation)-GAIA (Geometrical Analysis for Interactive Assistance) 
methodology as an MCDA variant is tested to determine its suitability for agricultural 
sustainability assessment through a case study in coastal Bangladesh. Indicators from six 
sustainability categories – productivity, stability, efficiency, durability, compatibility and 
efficiency – are used for this assessment. The case study shows that PROMETHEE is 
capable of assessing agricultural sustainability and ranking the sustainability of agricultural 
systems. PROMETHEE has the potential to become a prominent MCDA method for 
assessing agricultural sustainability. 
 
Keyword: Agricultural Sustainability, Assessment, MCDA, PROMETHEE, Indicators 
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INTRODUCTION 
 

In the present world context, given the potential for agricultural systems to eradicate poverty 
and ensure sustainable development in the coming decades [1], understanding the extent of 
sustainability for agricultural systems is essential. Accordingly, there is a growing desire among 
researchers and policy makers for a systematic method to conduct situational analysis, frame 
issues, assess risks/vulnerability to food security and integrate efforts towards sustainability 
using evidence-based policy recommendations [2, 3, 4, 5]. “Assessments today need to help 
reverse trends towards deeper un-sustainability and address the unavoidable interconnections, 
feedbacks and uncertainties that typify complex socio-ecological systems at all scales” [6:233]. 
 

Decision makers often do not have enough time to understand all the procedures of 
agricultural sustainability assessment, in which case viewing the final results is very important. 
This requires a methodology that generates a final score for assessment. In particular, MCDA-
based agricultural sustainability assessment, specifically Multi Attribute Utility Theory (MAUT), 
has recently been applied in agricultural sustainability assessment by Dantsis et al. [7] and 
Talukder et al. [8]. 
 

However, MAUT does not allow one-on-one comparison of the indicators of agricultural 
sustainability assessment. Therefore, while the MAUT-based MCDA approach is a good 
sustainability assessment tool, there is still room to investigate the applicability of other MCDA 
techniques like PROMETHEE in order to identify the ones that are most appropriate to assess 
agricultural sustainability. With this background, the main objective of this paper is to 
investigate the applicability of PROMETHEE GAIA (Geometrical Analysis for Interactive 
Assistance), an MCDA technique, to assess agricultural sustainability through a case study. A 
secondary objective is to identify the benefits and obstacles of using PROMETHEE as a tool for 
agricultural sustainability assessment. 
 

DATA AND METHODOLOGICAL APPROACH FOR THE CASE STUDY 
 

Agricultural sustainability assessment methodology based on PROMETHEE is illustrated in 
Figure 1. To perform the analysis, Visual PROMETHEE 1.4 Academic Edition software was 
selected as it is free for students and has a wider application in natural resources applications. 
 

First, the agricultural systems to be assessed were identified. Following the first step of 
MCDA and PROMETHEE (Problem formulation), agricultural sustainability was defined as 
human activities to produce food and fiber in a manner that ensures the well-being of the present 
and future community without diminishing the surrounding ecosystems’ capacity and ensuring 
environmental integrity, social well-being, resilient local economies and effective governance [9, 
10, 11]. This definition helps to identify the indicators and the indicator values of agricultural 
systems. Positive values of the criteria indicate better sustainability, which means the higher the 
value of the criteria, the more sustainability is achieved; therefore, all the criteria are set as a 
maximized preference function. Due to the qualitative character of the criteria, the usual criterion 
function was used because it has no threshold. Here, the stakeholders’ weighting (Table 1) for 
the indicator was used as criteria weighting. 
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Process Similarities with stepwise   

procedures of PROMETHEE 
 
Formulation of agricultural sustainability assessment  
 Define agricultural sustainability

  
 Select agricultural systems: (a, b) 

 Define and select indicators  Phase 1: Formulating the 
 Calculate the values of selected indicators (I1, problem - identifying 
 I2………………… Im)  alternatives and criteria 
 Allocate weighting of the indicators by the 

stakeholders 

(W1, W2………………… Wm), where ∑W = 1 
 

PROMETHEE II & GAIA analysis 
     Phase 2: Determining 
 Establish deviations of deviations based on pair-wise 

agricultural systems: dj (a, b) = f(a) –f(b) comparisons 
 Preference index P j (a, b)  

Outranking degree ∏ (a, b) [usual preference] Phase 3: Articulating and 
Phi+ (φ+): the positive (or leaving) flow modeling the preferences 
Phi- (φ-): the negative (or entering) flow  
Phi (φ): the net flow [φ(a) = φ+(a) − φ-(a)]   Phase 3: Aggregating the 


 Aggregation: ∑W φ(a) alternative evaluations 

  Interpretation of results   


 Rank agricultural systems 
Phase 4: Making 

recommendations by evaluation  Identify sustainable agricultural systems 

and choice 


 Conduct sensitivity analysis  

 
Outcomes 
 
 
 
 
 
 

Table 1 
 
 
 
 
 
 
 
 

Figure 5,  
Table A-IIA  

& Figure 
6(A) 

 
 
 
 
 
 
Figure 6(B) 

 
 
Figure 1: Steps of PROMETHEE for agricultural sustainability assessment, developed from the ideas of the general steps (Figure 2) of the  
procedure of PROMETHEE and MCDA. Source: Based on PROMETHEE 1.4 Manual [12]. 

 

In the second step, the deviations of the indicators of the agricultural systems are determined 
by pair wise comparisons. From these deviations, the preference indexes are calculated and then 
the net flow of the preferences is calculated based on the positive (or leaving) flow and negative 
(or entering) flow. Subsequently, the aggregate rankings are calculated by using weighting and 
the net flow of the preferences (see step 2 of Figure 1). In the third step, the most sustainable 
alternatives (i.e., sustainable agriculture systems) are identified from the aggregate rankings. To 
investigate the impacts of weighting, a sensitivity analysis is carried out and from these results 
the most sustainable agriculture system in terms of the selected criteria can be recommended. 
 

The proposed methodological approach was tested by using the data collected from five 
agricultural systems: Bagda (shrimp)-based agricultural systems (S) from Shyamnagar Upazila; 
Bagda-rice-based agricultural systems (SR) from Kalijang Upazila; rice-based agricultural 
systems (R) from Kalaroa Upazila; Galda-rice-vegetable-based integrated agricultural systems  
(I) from Dumuria Upazila; and traditional practices-based agricultural systems (T) from Bhola 
Sadar Upazila (Table 1). Upazila is the second lowest tier of regional administration in 
Bangladesh [13]. These Upazilas are located in the southwest coastal zone of Bangladesh. The 
data for these agricultural systems were tabulated and refined by Talukder [14] based on issues 
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related to six categories of agricultural sustainability: productivity, stability, efficiency, 
durability, compatibility and equity. 
 

RESULTS OF APPLICATION OF PROMETHEE FOR 
AGRICULTURAL SUSTAINABILITY ASSESSMENT 
 

The action profiles deployed in Figure 2 shows the disaggregated view of the strengths and 
weaknesses of the alternatives based on the inserted values of the criteria. The action profiles are 
a graphical representation of the net flow scores for the criteria (composite indicators) listed in 
the categories of the five agricultural systems in Table 1. For each alternative, upward bars 
(positive scores) correspond to preferred features, while downward bars (negative scores) link to 
negative ones. For example, in “I”, only the SH/S (Soil health/stability) and RTPS (Resistance to 
pest stress) criteria have negative scores; all other criteria have positive scores. 
 

In “R”, WQ (Water quality), RTPS, RTES (Resistance to economic stress) and RTCC 
(Resistance to climate change) criteria have negative scores. This action profile demonstrates 
that “I” is doing well, followed by “R”, “SR”, “T” and “S” with respect to the decision criteria. 
“S” is only doing well in terms of RTPS and RTCC. An interesting observation that can be made 
from Figure 5 is that “SR” and “S” have a good durability score, which is supported by the 
existence of certain features related to durability like improved availability of seed due to 
government support, less use of pesticide due to shrimp cultivation and better climate awareness 
after the cyclone Aila event in 2009 [14]. 
 

The results of the final ranking and network of alternatives flow are obtained, and their values 
are illustrated in Figure 3(A, B). Figure 3(A) represents the final rank of alternatives based on the 
net flow of the alternatives, whereas Figure 3(B) represents the final score of the positive and 
negative flow of the alternatives. This ranking gives an overview of all alternatives, including 
their preference scores. The ranking score is the final score of the net preference flow of the 
PROMETHEE analysis combining weights, preference functions and values for the criteria per 
alternative. Among alternatives, “I” (0.54) is first in terms of sustainability on the rank list, while 
“S” and “T” were the lowest ranked (-0.66). The higher weight on productivity criteria increased 
the ranking score of “I” and “R” since they have a good productivity score. 
 

The results of this case study indicate that “I” has a higher level of agricultural sustainability 
compared to “R”, “SR”, “T” and “S” and is characterized by positive scores for all categories of 
sustainability. For example, productivity is high in “I”. This is consistent with the findings of 
Rahman & Barmon [15], who also found that productivity was good in integrated agricultural 
systems and positive for overall agricultural sustainability. Similar results were determined in a 
previous analysis of these Bangladeshi agricultural systems that utilized an energy analysis to 
evaluate environmental sustainability [8]. In the action profile, energy use efficiency in “I” and 
“R” is better than in “SR”, “T” and “S”, indicating better environmental performance in 
integrated and rice-based agricultural systems because energy efficiency is one of the measures 
of environmental sustainability. One of the reasons for the increased energy efficiency may be 
that integrated and rice-based agricultural systems are supported by diverse crops. 
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I = Galda-rice-vegetable-based integrated agricultural systems from Dumuria Upazila  

 
 
 
 
 
 
 
 
 

R = Rice-based agricultural systems from Kalaroa Upazila  
 
 
 
 
 
 
 
 
 

SR = Bagda-rice-based agricultural systems from Kalijang Upazila  
 
 
 
 
 
 
 
 

 
T = Traditional practices-based agricultural systems from Bhola Sadar Upazila  

 
 
 
 
 
 
 
 
 

S = Bagda (shrimp)-based agricultural systems from Shyamnagar Upazila  
 
 
 
 
 
 
 
 
 
 

Colour represents criteria of Productivity 
 

Stability 
 

Efficiency 
 

Durability 
 

Compatibility 
 

Efficiency     

 
Figure 2: Comparison of unicriteria net flow scores of criteria of the agricultural systems. Result generated by 
PROMETHEE-GAIA software. Note: Pro = Productivity, LS = Landscape stability, SH/S = Soil health/stability, 
WQ = Water quality, ME = Monitory efficiency, EE = Economic efficiency, RTPS = Resistance to pest stress. 
RTES = Resistance to economic stress; RTCC= Resistance to climate change; HC = Human compatibility, BC = 
Biophysical compatibility, Edu = Education, Eco = Economic, Heal = Health, Gen =Gender. Source: Result 
generated by PROMETHEE-GAIA software. 
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A = Final rank of alternatives  B = Alternative flow  
 
Figure 3: Overall ranking (A) and alternatives flow (B) considering criteria values and weighting. Result generated by 
PROMETHEE-GAIA software. 

 

SENSITIVITY ANALYSIS IN PROMETHEE TO ASSESS AGRICULTURAL 
SUSTAINABILITY 

 

It is clear that the outranking results are influenced by the weights allocated to the criteria, so 
it is important to know how the ranking changes when the weights change. Therefore, using a 
special feature of the software called “walking weights,” a sensitivity analysis was carried out to 
verify how sensitive the results are when weights change (Figure 4).  
 
 
 
 
 
 
 
 
 

Stakeholders’ 
 
 
 
 
 
 
 
 
 

 
Equal weight 

 

 
Figure 4: Walking Weight (sensible score analysis) used for sensitivity analysis. Result generated by PROMETHEE-GAIA 
software. Top and bottom analyses show the ranking of the agricultural systems after considering stakeholders’ weight and equal 
weight. 
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The walking weights feature of the Visual PROMETHEE 1.4 Academic Edition software 

allows weights of a particular criterion to be increased while proportionately decreasing the 
weights of the other criteria. When the criteria were given equal weight, sensitivity analysis 
showed that the ranking of the five alternatives is rather stable as displayed in Figure 7. The 
weight of productivity was increased by 50% and no change was found in the rankings, but the 
rankings of the agricultural systems varied when the weights of other criteria were changed by 
different percentages. Nevertheless, the position of “I” remained the same in each case. From 
this analysis, it is clear that most of the criteria (and their weights) do not influence the final 
ranking. 
 

DISCUSSION OF THE RESULTS OF THE PROMETHEE APPLICATION 
 

This methodology calculates relative rankings and levels of sustainability by comparing 
different agricultural systems and also indicates the weak and strong sustainability criteria of the 
different agricultural systems within the total values of the indicators. As agricultural 
sustainability depends on complex considerations, assessment should consider multiple criteria. 
The PROMETHEE system is very robust as it has the capability to consider multiple criteria in 
assessing the final sustainability ranking as well as comparing the criteria. It also facilitates an 
understanding of the positive and negative roles of different criteria for final additive ranking. 
The net flow graph in Figure 2 helps to visualize the strengths and weaknesses of the criteria  
[16]. From the results displayed in Figure 2 the overall best alternative is the integrated 
agricultural systems (I). As the final sustainability ranking of the alternatives critically depends 
on the criteria values and weighting assumptions, the criteria information should be as precise 
and appropriate as possible [17]. While the selection of essential criteria for agricultural 
sustainability is challenging [18], this study shows that, by using a set of multiple criteria, 
PROMETHEE makes it possible to rank the sustainability of different agricultural systems as 
well as analyze and compare a large amount of information. 
 

A further advantage is that the PROMETHEE-based methodological approach takes into 
consideration all the multiple criteria holistically through pair wise comparisons, which most of 
the existing frameworks for agricultural sustainability assessment have failed to do [19]. It also 
aggregates the preference values into an individual additive score. The proposed framework 
evaluation shows that PROMETHEE is capable of handling a holistic set of indicators and 
ranking the level of sustainability of agricultural systems, making it suitable for agricultural 
system sustainability assessment. It allows for a graphic representation of the criteria using 
GAIA, which provides a better understanding of the inter-dimensional interactions and conflicts 
of the criteria of agricultural sustainability, thereby facilitating learning, debate and consensus 
building among the stakeholders. As demonstrated in Figure 4, it also can be utilized to carry out 
fairly robust sensitivity analyses. 
 

In spite of these advantages, this approach comes with limitations. The application of this 
methodology requires the simplification of some functions of PROMETHEE. For example, 
setting preferences for the agricultural sustainability criteria is difficult since all criteria are 
important. The calculation of preference information in PROMETHEE can be a fairly 
complicated process and may be hard for a non-expert or practitioner to use or understand at a 
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glance. Another limitation is that PROMETHEE does not provide any formal guidelines for the 
weighting of the criteria. 
 

CONCLUSIONS 
 
To the authors’ knowledge, this is the first time an attempt has been made to assess and compare 
agricultural sustainability by employing PROMETHEE. The results of this study show that, with 
some limitations, this approach is capable of assessing agricultural sustainability. The framework 
presented here can enable decision makers and analysts to provide methodological advice for 
agricultural sustainability assessment. In this paper, a multi-criteria-based holistic approach is 
used for assessing the sustainability of agricultural systems. The results of this analysis 
demonstrate that this method has the capacity to be a useful framework for ranking and making 
decisions about the sustainability of agricultural systems. 
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ABSTRACT 

The assessment of airport performance constitutes a rather complicated problem that 
requires a deep understanding of the manifold aspects of airport performance and their 
associated trade-offs. The airport decision making process is further perplexed due to the 
extensive range of decisions of strategic, tactical, and operational level that need to be 
addressed among interdependent components of the entire airport system (e.g., runway 
system, taxiway system, apron area, gates, terminal). In order to deal with the multi-
faceted aspects of airport performance, a wealth of decision support models and tools 
have appeared in both literature and practice. Two major distinctions broadly applied in 
airport performance modelling pertain to the modelling approach used (i.e., analytical 
models vs. simulation tools) and the airport element covered (i.e., airside vs. landside). 
Decision support models and tools for airport performance assessment have been the 
subject of extensive research. Various studies have conducted extensive reviews of airport 
and airspace modelling research with particular emphasis placed on the runway system and 
with view to capacity and delay metrics. Most of these studies have been conducted more 
than one decade ago and therefore do not reflect contemporary modelling efforts and trends in 
airport performance modelling. Furthermore, very few studies cover more recent 
environmental modelling efforts or integrated modelling capabilities. In this paper, we aim to 
identify and classify existing decision support tools and modelling capabilities in terms of 
both analytical models and simulation tools for the entirety of airport airside operations. The 
review of existing modelling research related to airside capacity and delay analysis is further 
enriched with more recent efforts dealing with aviation's environmental performance 
assessment. Our analysis is complemented by a synthesis of decision support gaps and 
modelling challenges in assessing the performance of the next generation’s air transport 
system. 
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INTRODUCTION 

Airport decision makers are struggling to cope with capacity shortages and bottlenecks of 
contemporary busy airports. This capacity gap triggers serious congestion and other 
undesirable externalities. Policy pressures call for improvements in the airport performance 
through better management of existing resources and the minimization of negative 
consequences of air transport. This is a rather complicated problem that requires a deep 
understanding of the manifold aspects of airport performance. The airport decision making 
process is further perplexed due to the extensive range of decisions of strategic, tactical and 
operational level that need to be addressed for the entire airport complex from the passenger 
terminal all the way to the runway system. In order to deal with the multi-faceted aspects of 
airport performance, a wealth of decision support models and tools have appeared in both 
literature and practice. Two major distinctions broadly applied in airport performance 
modelling pertain to the modelling approach used (i.e., analytical models vs. simulation tools) 
and the airport element covered (i.e., airside vs. landside).  

Runways traditionally constituted the most complicated infrastructural element and the 
most constraining factor of an airport’s capacity. Therefore, early operations research 
applications have focused on the development of analytical models of runway operations that 
quickly evolved into extended airside modelling capabilities. Some of the features, 
capabilities, or extensions of these analytical models have been later encapsulated into 
software tools or integrated Decision Support Systems for total airport (including both airside 
and landside simultaneously) performance assessment. On the other hand, general-purpose 
(mainly “off-the-shelf”) simulation models have also become available since the early 1980s. 
These were mainly focused on detailed airside analysis, design and operational planning. 
Environmental modelling capabilities have more recently started to appear in relevant 
literature. A number of tools were developed mainly by governmental agencies with the aim 
to assess basically noise and emissions or air quality impacts of air transport operations. 

During the last fifty years, airport performance assessment has been the subject of 
extensive research in the area of airport modelling and optimization. A large number of 
analytical models and simulation tools appear in state-of-the-art and state-of-practice reviews. 
An overview of important areas of operations research applications in air transport with 
special emphasis on analytical and simulation models for airside operations is presented in 
[1]. A series of circulars issued by the Transportation Research Board [2,3] discussed airport 
and airspace modelling and simulation capabilities. The U.S. Federal Aviation Administration 
(FAA) conducted a survey of fast-time airport runway capacity models [4], while the 
Logistics Management Institute (LMI) identified the most useful airport and airspace models 
for analyzing and simulating airport operations [5]. A taxonomy of airfield models for 
performance assessment and optimization is provided in [6].  

Existing studies provide an extensive review of airport and airspace modelling research. 
Nevertheless, they place particular emphasis on specific elements (e.g., runway system) and 
performance metrics (e.g., capacity and delays) of the airport airside. Most of these studies 
have been conducted more than one decade ago and therefore do not reflect contemporary 
modelling efforts and trends in airport performance modelling. Furthermore, very few studies 
cover environmental modelling efforts or integrated modelling capabilities. The objective of 
this research work is threefold: i) to identify and classify decision support tools and modelling 
capabilities in terms of both analytical models and simulation tools for the entirety of airport 
airside operations, ii) to examine the existing body of knowledge on the modelling and 
assessment of various measures of airport effectiveness including environmental impacts 
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(e.g., capacity, delays, level of service, noise, emissions) and iii) to discuss decision support 
gaps and modelling challenges for the next generation’s air transport system. 

The remainder of this paper is structured into three sections. The second section identifies 
and classifies existing decision support tools and modelling capabilities for airside capacity 
and delay analysis and the assessment of certain environmental-driven measures of airport 
performance. The third section provides an overall synthesis and a discussion on the potential 
areas of applicability of different types of decision support tools. Finally, the paper is 
complemented (fourth section) by some concluding remarks and recommendations in terms 
of current modelling gaps and future research challenges. 

 
AIRSIDE MODELLING 

Existing modelling capabilities addressing airside operations can be mainly grouped into 
analytical models and simulation tools for the assessment of: i) capacity and delays with dual 
focus on airfield operations and/or airspace area in the airport vicinity, ii) noise impacts in the 
airport vicinity and iii) local air quality and emission impacts along with their 
interdependencies and economics of aviation environmental impacts in the airport vicinity. 
Each group of modelling capabilities is further discussed in the following subsections. 

Capacity & Delays 

Several analytical models have been proposed in the literature and are widely used in 
airport practice with regards to the estimation of airside - mainly runway (but also apron [7]) - 
capacity and delays. Analytical airside models have gradually evolved throughout the years by 
basically extending or generalizing earlier modelling work. As a matter of fact, the starting 
landmark contribution was by Blumstein [8] who introduced a model computing the capacity 
of a single runway used for arrivals only, for departures only and for strings of arrivals 
followed by strings of departures. Subsequent generalizations included the possibility of 
applying operational strategies whereby arrivals alternate with departures by inserting “free” 
departures inserted between successive arrivals [9]. Second-generation models, such as the 
FAA Airfield Capacity Model [10] and the LMI Capacity Model [11], capitalized on previous 
runway modelling background and provided extensions to cases involving multiple runways 
under various modes of operation. The latest upgraded versions of both models (i.e., 
Enhanced Airfield Capacity Model - EACM and LMI Capacity Model) still represent flagship 
analytical, macroscopic models for airside strategic planning and capacity analysis. 

Another important and closely interrelated topic is the estimation of airside (mainly 
runway-related) delays. Practical difficulties in providing good approximations of real-world 
runway queues have motivated the development of several numerical approaches for the 
analytical estimation of airside delays [1]. Malone [12] developed efficient approximation 
methods for analyzing dynamic airside queues. An implementation of Malone’s model and its 
respective enhancements over the years is called DELAYS. The DELAYS model has been 
later integrated into MACAD, an analytical airside capacity and delay assessment model [13]. 
In general, the main features, capabilities, or extensions of the analytical capacity and delay 
models discussed above have been recently encapsulated into software tools [13] or 
computational platforms for total airport performance assessment [14,15]. 

Relevant simulation tools address problems related to detailed airside capacity and delay 
analysis, design and operational planning. Existing airside capacity and delay simulation tools 
have rapidly evolved during the last three decades, while some of them have been widely 
adopted by the aviation community. An indicative list of relevant airside simulations tools 
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includes the following: ADSIM, RDSIM, HERMES, SIMMOD, TAAM, The Airport 
Machine, RAMS PLUS, ACATS / Runway Simulator, VTASim, STROBOSCOPE, 
DELAYSIM and FLAPS. The most popular simulation tools are SIMMOD and TAAM. The 
Airport and Airspace Simulation Model (SIMMOD) has been developed by FAA in the 1970s 
but has later undergone major enhancements or extensions (e.g., SIMMOD PLUS!, SIMMOD 
PRO!). It is a microscopic, stochastic, discrete-event simulation tool mainly addressing 
airfield and terminal airspace operations and secondarily en route and regional airspace. 
SIMMOD is a robust, stable, and mature model that has been extensively validated in a 
number of airport studies simulating complex terminal airspace, runway operations and 
airport surface movements (e.g., gates, taxiways). The Total Airspace and Airport Modeller 
(TAAM) was developed in the late 1980s by Preston Group. It is a large-scale, microscopic, 
fast-time, 3D simulation tool modelling the entire air traffic system (airfield and airspace) 
from gate to gate. TAAM is a very robust and stable tool constituting one of the most 
sophisticated and realistic gate-to-gate simulation models. It enjoys large acceptance by 
groups of users worldwide, while a very large number of airport studies is conducted each 
year with TAAM ranging from airport surface movement to a total redesign of airspace. 

Environment 

The modelling and assessment of airport's environmental performance has been sparsely 
investigated until early '00s, but it has stimulated a very active policy and research dialogue in 
the aviation community during the last decade or so. Existing modelling capabilities 
addressing aviation-related environmental performance split into the following three 
categories: i) noise, ii) air quality and emissions and iii) integrated environmental modelling 
efforts capturing the interdependencies and economics of aviation environmental impacts. 

Noise models are used to estimate aircraft noise contours around airports. They basically 
use the number of operations for each aircraft type at a given airport in conjunction with 
population data and aircraft noise performance data (e.g., noise, power, distance curves) to 
estimate the number of people exposed to different levels of aircraft noise [16]. Typical 
models in this category are INM, NIRS, MAGENTA, ENHANCE, ANCON-2, DNM, 
FLULA, JCAB, SONDEO, NOISIM, ACNIM and ASAC NIM. The Integrated Noise Model 
(INM) is a microscopic analytical computer model developed by FAA for the quantification 
of aircraft noise in the vicinity of the airport. Since its first public release in 1978, it has 
evolved to the dominant industry standard for noise assessment studies. INM has been the 
core computational part (engine) of many other tools dealing with the assessment of changes 
in noise impacts due to new or extended runway configurations, additional traffic or new fleet 
mix, new airspace structures, alternative flight profiles etc. [16]. 

The second category includes models addressing both local air quality (LAQ) metrics and 
global emissions. LAQ models are used to estimate aircraft emissions inventories (many 
exhibit also dispersion modelling capabilities) for operations in the airport vicinity. Typical 
LAQ models are EDMS, ADMS-Airport, ALAQS-AV, LASPORT and SMAAQ. The 
Emissions and Dispersion Modelling System (EDMS) represents the most popular, industry-
wide tool for aircraft emission modelling. It has been developed and maintained by FAA to 
assess the air quality impacts of airport emission sources, particularly aviation sources, which 
consist of aircraft, auxiliary power units, ground support equipment and vehicles, as well as 
stationary sources. It essentially constitutes is a combined emissions and dispersion model for 
assessing air quality at civilian airports and military air bases. On the other hand, global 
emission models deal with the estimation of global aircraft emissions inventories. However, 
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since they compute emissions and fuel burn from aircraft operating gate-to-gate, they can 
effectively provide local air quality data (emissions in and around airports), in addition to data 
for the en-route portion of flight [17]. They basically use the number of operations for 
specific aircraft types along with type-specific aircraft/engine performance and trajectory 
information to calculate emissions inventories as a function of space and time [16]. AEM, 
AERO2k, FAST and SAGE are listed among the popular global emission models.  

Environmental policy aiming to mitigate impacts has generally considered three 
environmental goals for aviation involving noise, air quality emissions, and global emissions 
(climate) impacts. It is widely recognized that strong interdependencies exist between noise, 
air quality and climate such that actions or mitigation measures in one domain may produce 
unintended negative consequences in another. The environmental impact assessment models 
discussed above consider these impacts into a rather fragmented context (only noise or local 
air quality or global emissions). A more comprehensive approach capturing the 
interdependencies and economics of aviation environmental impacts has been offered by 
integrated environmental modelling efforts such as the Aviation Environmental Tools Suite, 
Aviation Integrated Modelling, AERO-MS and FESG Noise Cost Model. 

 
DISCUSSION 

Existing airside models and tools capture the multi-faceted substance of airport 
performance by addressing a large variety of performance measures (e.g., capacity, delays, 
level of service, emissions, local air quality, noise, costs and benefits). Furthermore, they are 
used to assess various operational aspects and components of the airport infrastructure (e.g., 
gates and apron area, taxiway system, runway system, final approach). A rapidly rising stream 
of airport modelling research deals with the development of integrated modelling capabilities 
for total airport (including both airside and landside simultaneously) performance assessment. 
As far as the decision making scope and intended use is concerned, available models exhibit 
various approaches (e.g., analytical, simulation, hybrid) and provide multiple decision support 
capabilities (e.g., policy analysis, detailed planning and design, operations-support) at various 
levels of decision making (e.g., strategic, tactical, operational). One can, therefore, identify 
three broad categories of models / tools: i) policy analysis models, ii) detailed planning and 
design models, and iii) operations-support and management models.  

Policy analysis models or tools (e.g., MACAD, FAA EACM, DELAYS, FAST, SAGE, 
AERO-MS) are mainly used at the strategic level of decision making in order to assess the 
impact of various strategies, policy actions or major (infrastructural) changes on the airport 
performance under a wide range of alternatives, scenarios or conditions [18]. They are very 
fast tools not only in terms of computational speed (i.e., run time) but also in terms of input 
preparation and study set-up. The ultimate objective of policy analysis models is to provide a 
quick and easy tracking signal of airport performance problems, bottlenecks or inefficiencies 
even in the expense of precision or diversity of the obtained results. For this purpose, these 
are analytical models providing simplified mathematical representations of the airport 
operations in the form of (simple or complex) equations. Analytical models are mostly 
macroscopic in that they tend to omit the great deal of details, make several assumptions on 
the interpretation of the “airport reality”, and exhibit a high level of aggregation in terms of 
input required and output produced. Detailed planning and design models or tools (e.g., 
VTASim, ACATS/Runway Simulator, STROBOSCOPE, EDMS, ALAQS-AV, AERO2K, 
AIM) are by definition detailed and microscopic (or in few cases mesoscopic) models that are 
mainly used at the tactical level of decision making in order to evaluate the impact of certain 
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medium-term airport planning and design aspects such as the location of high-speed exits, 
runway operating policies, apron (re)configuration etc. Due to the high level of detail 
required, these are mostly simulation models, but the medium-term planning horizon of their 
application does not necessitate instant responses and outstanding study set-up or 
computational speeds. Finally, operations-support models (e.g., SIMMOD, TAAM, RAMS 
PLUS, RDSIM, INM, NIRS, MAGENTA, NOISIM) are extremely detailed, purely 
microscopic simulation models pertaining to the operational level of decision making and are 
mainly used to support or manage day-to-day airport operations. These models involve fast or 
real-time simulation and provide detailed modelling representations of airport operations at 
high precision [19]. On the other hand, operations-support models are not flexible enough to 
assess (easily or quickly) alternative situations or conditions of operations.  

The three categories of models discussed above are meant to be used in a complementary 
rather than “competitive” fashion. Policy analysis models are mainly used as quick diagnosis 
tools triggering a more detailed and focused investigation through detailed planning and 
design or even operations-support models. At the same time, researchers and professionals 
should be cautious with the practical use of models of different categories. A typical problem 
pertains to the misuse of microscopic tools for a thorough investigation of “macroscopic” 
issues [1]. Such “macroscopic” issues (e.g., proper time and level of infrastructure expansion) 
assume a long-term decision making horizon and necessitate several assumptions tested under 
a large number of alternative scenarios. Microscopic models (e.g., detailed simulation) cannot 
handle this inherent uncertainty and fail to cope with the variety of assumptions that are better 
accommodated by macroscopic analytical models. 
 

CONCLUSIONS 

A large bulk of modelling efforts ranging from analytical models to detailed simulation 
tools has been devoted to the assessment of airport performance during the last fifty years. In 
this paper, we aimed at identifying and classifying the main decision support models and 
tools for airside capacity and delay analysis, as well as more recent efforts related to 
environmental performance assessment. Analytical airside capacity and delay models are 
simple, fast and support strategic-level decisions at a high level of aggregation and moderate 
precision, but at a very reasonable time and cost. However, analytical capacity and delay 
models exhibit very few links and limited integration of the various airside elements. 
Microscopic airside capacity and delay simulation models are very detailed models mainly 
used at the tactical / operational level of decision making. They provide very detailed 
modelling representations of the airport airside operations at high levels of precision. On the 
other hand, airside simulation models are extremely data-intensive, while they encounter 
several usability challenges and a long learning curve. Overall, there is a sharp division 
between available airside and landside capacity and delay models. Future modelling efforts 
should pursue a more “holistic” coverage of the entire airport complex with simultaneous 
consideration of multiple airport performance measures and their trade-offs. 

More recent directions of airport modelling efforts relate to the development of 
environmental modelling capabilities. A number of tools were originally developed mainly by 
governmental agencies with the aim to assess basically the noise and emissions / air quality 
impacts of air transport operations. Ongoing and future modelling efforts should strive for a 
more integrated environmental assessment approach that will simultaneously consider 
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multiple environmental parameters in conjunction with capacity and delay metrics, as well as 
the economics of environmental impacts. 
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ABSTRACT 

     Software testing, in particular acceptance testing, is a very important step in the 
development process of any application since it represents a way of matching the users’ 
expectations with the finished product´s capabilities. Typically considered as a 
cumbersome activity, many efforts have been made to alleviate the burden of writing tests 
by, for instance, trying to generate them automatically. However, testing still remains a 
largely neglected step. 
    In this paper we propose taking advantage of existing requirement artifacts to semi-
automatically generate acceptance tests. In particular, we use Scenarios, a requirement 
artifact used to describe business processes and requirements, and Task/Method models, a 
modelling approach taken from the Artificial Intelligence field. In order to generate User     
Acceptance tests, we propose a set of rules that allow transforming Scenarios (typically 
expressed in natural language), into Task/Methods that can in turn be used to generate the 
tests. Being high-level tests, close to the user experience, User Acceptance Tests verify that 
the expectations of the system are met from an end-user’s point of view.  
    Using the proposed ideas, we show how the semi-automated generation of acceptance 
tests can be implemented by describing an ongoing development of a proof of concept web 
application designed to support the full process. 
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INTRODUCTION 

Developing software remains a complex process involving several actors and consisting of 
different steps. The testing step remains as one of the biggest problems, and it is frequently 
avoided. As a consequence, the resulting system can fail to meet users’ expectations, 
rendering it useless. Our objective is to ease the testing step by semi-automatically generating 
User Acceptance Tests (UATs) from requirements artifacts. UATs represent high-level 
functional requirements, close to the final user’s view. To do this, we combine two modelling 
approaches: Scenarios, from the requirement engineering field and Task/Method models, from 
the Artificial Intelligence field, particularly knowledge-based systems [1]. We provide rules to 
automatically translate scenarios to task/method models from which UATs can be generated.  

This work is applied to the RUC-APS project. RUC-APS is a H2020 RISE-2015 project, 
aiming at Enhancing and implementing Knowledge based ICT solutions within high Risk and 
Uncertain Conditions for Agriculture Production Systems. In this context we will use a scenario 
based on agriculture production. The rest of the paper is organized as follows: we first introduce 
related work, then present the background introducing scenarios and the Task/method 
paradigm. In the third part we define our approach and in the fourth part we demonstrate a first 
proof of concept. Finally, we show our conclusions and future work. 

 
RELATED WORK 

The approach proposed by this paper is a problem that model-driven development has 
been working for a long time. This paper proposes obtaining test cases (one of the last 
products in software development life cycle) from requirements (one of the first). In 
particular, we deal with a previous artifact that can describe requirements [2].  

Test cases may be generated from requirements, designs and source code. In particular, 
the use of abstract artifacts like UML diagrams, helps defining User Acceptance Tests, and 
much research has been done in this direction. Two approaches can be distinguished in this 
area: those that consider the relationships between elements (inter-scenario dependency), 
and those that consider the variations within each element (intra-scenario). 

Inter-scenario dependency approaches provide a high-level organization of the artifact 
to cover different dependencies between them. Boucher et al. [3] transform workflow 
models (Use Case Maps) into Acceptance Test Cases that can be automated with the JUnit 
framework. Nomura et al. [4] model the business context in a matrix representing the 
dependency between business process, from which they design test scenarios from the 
perspective of Personas to cover the different situations. Sarmiento et al. [5] propose a 
similar approach using scenarios. 

Intra-scenario approaches focus on the detail of some artifact and analyze its steps or 
elements to design tests. Pandit et al. [6] automatically design UATs from acceptance 
criteria written in the Given-When-Then template. These criteria are divided in steps, and 
dependencies amongst steps are arranged in a dependency graph. Lipka et al. [7] derive test 
scenarios from use cases stated in natural language, enriched with annotations to connect 
the specification with the source code of the application. 
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BACKGROUND 

Scenarios 

Scenarios can be used in different stages of software development, from clarifying business 
process and describing requirements, to providing the basis of acceptance tests [8]. There is a 
distinction between application domain (real world) and the application software (machine)[9]: 
during business process modelling and requirements capture, Scenarios describe events in the 
world, while in system specification, they describe events in the machine. Scenarios are stories 
about people and the activities they do to reach goals, parting from a setting and counting with 
resources. Their description ranges from visual (storyboards) to narrative (structured text) [10]. 
Leite et al. [11] propose a template with six attributes to describe Scenarios in a textual way: 

• Title, it is the name of the scenario to identify it.  
• Goal, conditions and restrictions to be reached after the execution of the Scenario. 
• Context, conditions and restrictions that are satisfied and constitute the starting point 

of the Scenario execution.  
• Actors and agents that perform actions during the Scenario to traverse the path from the 

context to reach the goal.  
• Resources, products and elements used by the actors to perform action. 
• Episodes: steps executed by actors using the resources in the context to reach the goal.  

The text descriptions in Scenarios follow a fixed structure. In particular, episodes must be 
written with full sentences describing the subject, the action they perform, and if necessary the 
resource used. The following example describes a Scenario for farmer packing products. The 
example also includes the cases to consider for testing the scenario.  These test cases do not 
belong to the original structure of the scenario:  

Scenario: Packing the products 
Goal: Put the products in boxes in order to distribute them 
Context: The products have recently been harvested  
Resources: Products, Box 
Actors: Farmer 
Episodes: The farmer washes the products 

The farmer brushes the products 
The farmer determines the destination of the products  
The farmer determines the quality levels of the products according to the destination  
The farmer determines the appropriate box according to the destination 
The farmer chooses the products that satisfy the quality levels 
The farmer packs the chosen products in the box 

Test cases: Temperature forecast obtained / not obtained  
Sun radiation forecast obtained / not obtained  
Rain forecast obtained / not obtained  
There is no best date to plant  

Task/Method Paradigm 

The task/method paradigm is a knowledge modelling paradigm (mainly from the artificial 
intelligence field [12], [13]) that sees reasoning as a task. Knowledge is expressed in a 
declarative way, making it easy to process by execution engines or planners [1]. A task/method 
model is composed by a domain model and a reasoning model. The former describes the 
objects of the world being used (directly or indirectly) by the latter, similarly to an application 
ontology. It is often described in UML language and implemented with OO languages. The 
reasoning model describes how a task can be performed. It uses two modelling primitives: 

1. Task: it is a transition between two world state families (an action) and is defined by 
the following fields: Name, Par, Objective and Methods. 
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2. Method: it describes one way of performing a task. A method must generate a state to 
satisfy its task’s objective, although different methods could produce different effects. 
It is characterized by the following fields: Heading, Prec, Effects, Control and Subtask.  

The task’s field Name specifies the name of the task. The field Par contains the list of 
parameters, that is, all objects handled by the task. For example, in a task Pack, the parameter 
list could be (farmer, products) which are domain objects (from domain model) used by the 
task Pack. We will write Pack(farmer, products). The list of methods which can be applied to 
perform a task is described in the field Methods. A terminal task is a directly executable task, 
with only one method to perform it. The method’s field Prec contains conditions that must be 
satisfied to apply the method. The execution order of subtasks is described in the Control field, 
and sub-tasks are recorded in the Subtask field. Note that, by essence, Task/Method models are 
hierarchical. Here we explained only the fields used in this work, see [1] for a full reference. 
 
APPROACH 

The proposed approach consists in representing scenarios in the form of Task/Method 
models. Being a modelling paradigm, the building of Task/Method models requires modelling 
effort. On one hand, the integration of this modelling activity during the definition of scenarios 
facilitates an early identification of misunderstandings between stakeholders. Moreover, as 
Task/Method models are operational models, they can be executed to generate test cases. On 
the other hand, building a task/method model at early stages shouldn’t take much effort. To 
reduce this effort, we propose a semi-automatic translation of scenarios to task/method models. 
We use scenarios expressed in natural language, since it’s the natural way to describe them. 

In the packing example presented previously, the translation process would produce the 
following Task/Method model for the general scenario and the first subscenario, respectively.  
The strategy to obtain UATs consists in determining two possible situations for each action, 
one in which the action can be performed successfully, and another where the action failed.  
Method: M1 
Task: Packing(products) 
Control:  wash(farmer, products); 
                brush(farmer, products); 
                determines(farmer, destination, products); 
                determines(farmer,quality_levels,products,destination); 
                determine(farmer, appropriate_box, destination); 
                choose(farmer, products, quality_level); 
                pack(farmer,products,box); 

Method:  M21 
Task: brush(farmer,products) (IR2b) 
Precondition:  
  not Product_correctly_washed  
Control: 
  message(“not correctly washed, stop”); 

stop; 
 

In the next subsection, we present the translation rules, and a proof of concept. 

Translation Rules 

The translation of scenarios to task/method is performed thanks to the following rules: 

Rule 1. Tasks Identification: each verb in the Scenario’s episodes is translated into a task 
in Task/Method model. Each Scenario title is also a task in Task/Method model. Examples: 

Episode: The farmer washes the products → Task: Wash 
Episode: The farmer brushes the products → Task: Brush 
Episode title: Packing the products → Task: Pack 

Rule 2. Task’s Parameters Identification: each actor and resource used in the episodes of 
a Scenario is translated by a parameter in Task / Method model. Examples: 

Episode:  The farmer wash the products → Task: Wash(farmer, product) 
Episode:  The farmer brush the products → Task: Brush(farmer, product) 
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Rule 3.  Episode’s method:  the episodes part of a scenario is translated by a method in 
Task / Method model. Examples: 

Episodes: The farmer wash the products 
  … → Method: M1 

Rule 4. Sequence of tasks: the sequence of different lines in the episodes part of a Scenario 
determines the sequence of tasks in the control part of a method in the Task / Method model. 
The use of expressions like "then", "after", etc... in the episodes of a Scenario determines 
also a sequence of tasks in the method’s control part. Examples: 

Episodes:   
The farmer washes the products 
The farmer brushes the products 

or The farmer washes the products, then brushes the products 

Method: M1 
Control: wash(farmer, product); brush(farmer, product) 

Rule 5. Test Case Method: In this work, we assume that each test case (Test cases part of 
scenario) corresponds to the achievement status (succeed or fail) of a task. In a failure 
situation, the scenario will stop. This stop case will be represented by a method for the next 
task in which the precondition field correspond to the test case failure. For example: 

Test case: Temperature forecast obtained / not obtained →  
Method:  M21 
Task:  bush(farmer,products) # next task 
precondition: not Product_correctly_washed  
Control: message(“not correctly washed, stop”); stop; 

The natural language used in the expression of scenarios is limited, we also assume that 
episodes part only contains a “nominal” way to achieve a scenario, i.e. we consider that 
execution of every task succeeds. In the test cases part, only failures of task achievement are 
considered. With these assumptions and a few translation rules, it is possible to automatically 
translate scenarios such as the packing scenario. Of course, this automatic translation has to be 
used as a preliminary design and it should be analyzed and enriched by a test case designer. 

 
PROOF OF CONCEPT 

We are developing a web application where users can describe Scenarios and obtain the 
Task/Method model that implements the UATs. Figure 1 depicts the architecture: a client 
module allows describing the Scenarios and see the derived Task/Method model. The server 
module performs the derivation using a Natural Language Processor and a set of rules. Rules 
determine scenarios’ processing, elements to be identified, and how they relate to produce the 
Task/Method. The NLP processes Scenarios, obtaining the elements determined by the rules. 

  

Figure 1. Architecture of the application 

The system is being implemented with Node.js (https://nodejs.org) and Angular 2 
(https://angular.io). This will allow users to define the scenarios and obtain the Task/Method 
executing the rules specified through the Stanford Natural Language Processing Framework 
(https://nlp.stanford.edu). After that, the final translation will be shown to the client. 

https://nodejs.org/
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CONCLUSION 

In this paper we have shown a new way of generating acceptance tests from well-known 
requirements artifacts, by presenting a set of rules to guide the implementation of semi-
automated solutions and shown the first steps towards a supporting tool. We are now working 
in completing the ruleset, by adding the rules required to translate iterative episodes into tasks. 
For example, each verb used in the episode of a Scenario that describes iteration should be 
written as a while expression in in Task/Method model: while <condition> <block>. This 
would help to support other scenarios that require iterative tasks, e.g. “For each order, 
determine the time needed to take the products to the destination”. We also plan to publish the 
web application in order to experiment with the presented ideas in real development settings, 
so we can assess the benefits of semi-automatically generated UATs. 
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ABSTRACT 

The dynamic economic environment is driving the evolution of traditional supply chains 
toward a connected, smart, and highly efficient supply chain ecosystem. Algorithms become 
powerfull tools that enable machines to make autonomous decisions in the digitized supply 
chain of the future. The integration of software agents with decision support systems 
provides automated means for decision making. The present paper proposes an agent-based 
decision support system for supply chain management in the petroleum industry. This 
industry has a strategic position as it is the base for other essential activities of the economy 
of any country. The petroleum industry is faced with volatile feedstock costs, cyclical 
product prices and seasonal final products demand. The current paper considers the position 
of a refinery as it is at the middle of the integrated petroleum supply chain, between the 
upstream and downstream. It procures crude oil from upstream assessing the price, quality, 
timing, and distance to the refinery in order to decide the optimal acquisition. Additionally, 
the refiner has to carefully monitor the price risk and manage the inventory. The 
manufacturing activities of the refiner requires thoroughly planning and scheduling the 
production levels and supply chains for all the derivates and feedstocks for petrochemical 
industry using tools for decision making in order to estimate market opportunities and threats 
under volatile market conditions. 
In order to provide a reliable and practical decision making model, we proposed the 
integration of supply chain formation algorithm and a mechanism for decision support under 
uncertainty using maximum expected utility. 
 
 
Keywords: Supply Chain, Decision Support, Software agents, Maximum Expected Utility, 
Petroleum Industry 
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INTRODUCTION 
 

Delivering the right product to the right location at the right time at the right price is 
essential for nowadays actors in the economic environment. Agility and flexibility via clients 
and adaptability in the face of social and environmental economic constraints are the leverage 
to achieve sustainable progress. A controlled and agile supply chain becomes essential to the 
collaboration between suppliers at all levels in the supply chain.  

The supply chain formation (SCF) problem has been tackled in the literature using several 
approaches. The first approaches addressed the problem by means of combinatorial auctions 
[5,6]. In [7] the authors proposed a mediated decentralized market protocol with which uses a 
series of simultaneous ascending double auctions and recent papers are using a message 
passing mechanism in graphical models in order to solve the SCF problem [8,9,10]. All these 
approaches have the folowing limitations: 1) are using only cost as a parameter for contract 
negotiation between parties involed in the supply chain 2) the feasible supply chains that are 
obtained are evaluated using a profit maximization function and do not take into account any 
risk involved, as in an economic environment a higer profit is usually associated with a 
higher risk.  

Our previous work in [3] proposed means for contract negotiation and supply formation 
using multiple contract parameters (e.g. price, delivery time, quality constrains) in order to 
overcome to the first limitation of the previous approaches stated above. The current paper 
aims to overcome the second limitation of using a profit maximization function in order to 
make decisions about the best mix of possible supply chains. We are using the results 
obtained in our previous work [3] and we further propose means for modelling decision 
support under uncertainty using as a measure the maximum expected utility, in order to 
incorporate risk in decision making.  

Although the proposed model can be applied to any complex industry, for the present work we 
will apply it to the petroleum industry because the supply chain of the petroleum industry is 
extremely complex compared to other industries and provides the most complicated scenarios to 
validate our model. The petroleum industry is divided into two different, yet closely related, 
major segments: the upstream and downstream supply chains. The upstream supply chain 
involves the extraction of crude oil, which is the specialty of the oil companies. The upstream 
process includes the exploration, forecasting, production, and logistics management of delivering 
crude oil from remotely located oil wells to refineries. The downstream supply chain starts at the 
refinery, where the crude oil is manufactured into the consumable products that are the specialty 
of refineries and petrochemical companies. The downstream supply chain involves the process of 
forecasting, production, and the logistics management of delivering the crude oil derivatives to 
customers around the globe [11].  

Of all stakeholers involed in the supply chain of the petroleum industry we particullary are 
focusing on the refinery, because it acts in the middle of the upstream and downstream 
supply chain. The classical way of operating the refinery takes into account the wide 
variation in price and the seasonality of consumption for the products. For the first one, some 
refineries are able to adjust quite quickly to the market value of the products and generate the 
optimal economical mix of products to maximize revenue. On the other hand, refiners also 
take into account the seasonality of consumption, usually producing more gasoline during the 
summer and more heating oil during the winter. 
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The paper is structured as follows: section 2 describes the stakeholders and the products of 

the petroleum industry, section 3 provides a resume of our previous work regarding supply 
chain formation, section 4 describes the proposed model for decision support under 
uncertainty and finally section 5 provides conclusions of our work. 
 

 

Stakeholders and Products of the Petroleum Industry 
 

Supply chain in the petroleum industry contains various challenges, which are not present 
in most other industries. The oil and petrochemical industries are global in nature. As a result, 
these commodities and products are transferred between locations that are, in many cases, 
continents apart. Commodities such as oil, gas, and petrochemicals require specific modes of 
transportation such as pipelines, vessels or tankers, and railroads. These commodities are 
produced in specific and limited regions of the world, yet they are demanded all over the 
globe since they represent an essential source of energy and raw material for a large number 
of other industries.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1 Petroleum Downstream Products (adapted from [1] and [2] ) 
 
 

Crude oil and natural gas are the raw materials of the downstream petroleum industry. They 
are used for the production of petrochemicals and other oil derivatives. After the production of 
crude oil is complete from oil reserves, the crude oil undergoes a distillation process. As a result 
of the distillation process, various fractions of the crude oil are produced, such as fuel gas, 
liquefied petroleum gas, kerosene and naphtha. After cracking operations, petrochemical products 
such as ethylene, propylene, butadiene, benzene, toluene, and the xylenes are supplied to 
petrochemical plants to produce even more specialized products, such as plastics, soaps and 
detergents, synthetic fibers for clothes, rubbers, paints, and insulating materials. Figure 1 shows 
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the final products that can be obtained from processing crude oil and oil derivates.  

The downstream petroleum supply chain can be characterized as a global supply-driven 
structure with the main following stakeholders [1] :  

Suppliers of crude oil: as a natural resource the crude oil is located in certain areas 
of the World that usually are far from the main consuming countries, mostly the 
OECD (Organization for Economic Co-operation and Development) members. An 
important part of the crude oil supply and reserves is concentrated in the hands of a 
cartel: OPEC (Organization of Petroleum Exporting Countries).  
Refiners: with plants located all over the world and closer to final consumers. The 
main reason for this fact is the economies of scale of transporting crude oil in big 
supertankers versus transporting the final product in smaller lots, and the strategic 
value of the refining assets. This latter fact makes governments prefer having some 
of the refinery operations in their territories.  
Consumers: as stated before they are divided into small consumers (e.g., car 
owners buying gasoline) and wholesale consumers (e.g., power stations using 
heavy oil, petrochemicals plants receiving feedstock). Wholesale customers, 
composed by petrochemical facilities, power plants, big fuel consumers (airlines, 
shipping companies) and other industrial customers. Retail customers, who use the 
fuels essentially for transportation and domestic heating. 

 

 

Agent-Based Supply Chain Formation using Message Exchange in Graphical Models 
 
 

As the nowadays dynamic economic environment requires that the companies form and 
adjust as fast as possible their supply chain we have chosen in [3] to model the supply chain 
formation problem using self-interested software agents. Agents are designed to be 
autonomous problem solvers, possibly communicating with other agents, and are therefore 
equipped with sufficient cognitive abilities to reason about a domain, make certain types of 
decisions by themselves, and perform the associated actions. Integrated in Decision Support 
Systems (DSS), they offer the potential to automate a far wider part of the overall problem 
solving task than was possible with classical DSS.  

We have modeled the supply chain by mapping the problem in terms of a directed acyclic 
graph where the nodes are represented by the suppliers/consumers acted by self-interested 
agents. The agents own utility functions and negotiate multiple contract parameters by 
message exchange directly with other participant agents representing their potential buyer or 
seller and take actions in order to maximize their utility functions. Agents send messages 
regarding multiple contract issues: price, time of delivery, different quality parameters, delay 
penalties etc.  

The agreed values of the negotiated issues are reflected in a contract which has a certain 
utility value for every agent. By using utility functions, they can assess the benefits they 
would gain from a given contract, and compare them with their own expectations in order to 
make decisions.  

The following paragraph provides a formal description of the supply chain formation 
problem in terms of a directed, acyclic graph (X, E) where X = {X1, X2, ..., Xn} denote set of 
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participants in the supply chain represented by agents and a set of edges E connecting agents 
that might buy or sell from another.  

The agents negotiate on multiple contract parameters and negotiation finishes with a 
contract that is composed of the actual values of the issues that they have agreed on. Notation 
vi represents the expectation of a participant in the supply chain on issue i of the contract and 
U(v) the utility that a participant obtains by receiving the actual value v =(vi1 ,vi2 , ..., vik ). 
When a supplier (seller) negotiates with a consumer (buyer), both parties are interested 
maximizing their utility functions U(v). This means that during the negotiation, the agent 
sends a messages to its neighbors regarding the states of his variables that is maximizing its 
utility function.  

The utility functions U(v) are calculated by means of weighted sum as follows: 

  ( ) = ∑ ∗ ,      ℎ ∑ = 1 (1) 
  =1    =1   

 
where 0 <= wi<= 1 represent the weights measuring the importance of a given issue i for 

a certain agent in the chain. 
A feasible supply chain is an allocation representing a sub-graph (X',E') ⊆ (X, E). For Xi, Xj  

∈ V', an edge between Xi, Xj means that agent Xj provides goods to agent Xi. An agent is in an allocation graph if it acquires or provides goods within the underlying partners’ constraints.  

Using the formalism stated above and message exchange mechanism used in [3], we have 
showed that we are able to obtain feasible supply chains in an economic environment with 
multiple suppliers and consumers. 
 

Modelling Decision Support under Uncertainty 
 

The supply chain in petroleum industry presents challenges mainly due to high volatility 
of the prices of the raw materials and seasonal demand for the final products when compared 
to other commodities. We are modelling decision support for a refinery and we will consider 
the petroleum downstream with the activities which take place between the purchase of crude 
oil and the use of the oil products by the end consumer. This covers performing buying crude 
oil, refining the crude oil, and distributing the refined products output.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2 Influence diagram 
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Having obtained several feasible supply chains using the mechanism stated in the section 

above, we consider uncertainties in crude oil prices and demand in petrochemical products.  
In order to model the decision mechanism for a refinery we use the influence diagram in 

Figure 2. The price for crude oil and predicted demand are in the form of a probability 
distribution and we will notate it with P(d). The price variable tells the probability that the price 
of the crude oil will go up, go down or stay at the same level (p0, p1, p2). The demand variables 
tells the probability for the evolution of the demand (d0, d1, d2) for petrochemical products when 
the price for the raw material will change P(d|p). We introduce, an action variable that provides a 
decision rule δA at action node A (Action), that is conditional probabilistic distribution 
P(A|Parents(A)). Parents (A) are the variables that the agent observed prior to making a decision, 
in the example below being the predicted demand evolution (P (A|d)).  

Hence, the action variable provides the agent with a decision situation D. Let A= 
{sc0,sc1,...,scm} be a set of possible actions, we want to solve the equation (2) according to 
the decision rule D[δA] of maximizing the expected utility. 

a∗ = argmaxa EU[D[δA]] (2) 
 

The influence diagram in Figure 2 can be translated as a product of factors in equation (3). 
The first three of them are probabilistically factors and there is one numerical factor U(p,A) 
which represents the utility obtained by the agent depending on the evolution of the oil price 
and the action of choosing one of the possible supply chains (sc0,sc1,sc2). 

   [ [    ]] = ∑  ,  ,     (  )  (  |  )   (  |  )  (  ,   ) (3) 
 

As we want to maximize over the decision rule δA , the equation (3) can be written as in 
equation (4) and if we marginalize out p, we get a factor µ(d,A). Hence, the agent has now a 
simple expression that is trying to optimize in equation (5), a summation over all possible 
values of d and A of the decision rule δ given the predicted evolution of the demand, 
multiplied by the factor µ(d,A) that we just computed. 

   [ [    ]] = ∑  ,      (  |  ) ∑   (  )  (  |  )  (  ,   ) (4) 

   [ [    ]] = ∑  ,      (  |  )µ(  ,   ) (5)  
 

In order to maximize the expected utility the agent will take the action A of choosing that 
supply chain (sc0,sc1,sc2), that will maximize his utility taken into account the predicted 
evolution of the demand d. 
 

Conclusion  
Optimizing the supply chain is critical to achieving operational excellence and the overall 

objective of maximizing utility, particularly return on capital while ensuring safety and 
sustainability. The current work proposed a decision support mechanism within the SCF 
process. As opposed to the previous approaches, our approach translates the SCF 
optimization problem not as a profit maximization problem but as a means for maximizing 
expected utility. Hence, it incorporates multiple negotiated issues and uses utility functions 
and action variables in order to compute maximum expected utility. 
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ABSTRACT 
Given that climate change mainly originates from the extensive use of fossil fuels and has 
impacts on many aspects of life, changing the way energy is utilised constitutes a challenge 
that the world collectively has to tackle. In this respect, all countries should take a variety of 
measures focusing on energy efficiency and use of unconventional energy sources towards 
decarbonising their economies and achieving effective greenhouse gas reductions and 
sustainable development. Technological innovations, the economic situation, societal 
compliance, as well as the regulatory and institutional frameworks are some of the prominent 
factors that promote, hinder or shape energy transitions and indicate the capacity of energy 
systems to be transformed. Therefore, investigating energy transitions requires the 
consideration of insights into multiple dimensions. This study outlines a multicriteria 
methodology to evaluate a country’s sustainable energy transition readiness level, drawing 
from four pillars -social, political/regulatory, economic and technological- including seven 
evaluation criteria. The assessment is realised through the implementation of a Multi-Criteria 
Decision Analysis and more specifically using PROMETHEE II and the AHP method. 
Fourteen countries of different profile and level of progress regarding sustainable 
development were evaluated. The final output presents a ranking of the selected countries, 
highlighting areas for improvement, aiming to support policymakers design appropriate 
pathways towards a greener economy. 
 
Keywords: sustainable energy transitions, energy policy, multicriteria decision analysis, 
PROMETHEE, AHP 
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INTRODUCTION 
 

Sustainable development regards the enhancement of life, without affecting the 
environment, and thus constitutes a major concern inherent in policy design [1]. During the 
last decades, fossil fuel dependency and increasing energy demand have been serious barriers 
towards sustainable energy transition and subsequently great efforts have been focused on the 
decarbonisation of the power generation sector across the globe, given that it accounts for the 
largest part of greenhouse gas emissions, among all economic sectors. Both major emitting 
and less developed countries aim to transform their energy systems into cleaner and more 
efficient ones, in order to ensure reliable, sustainable and affordable energy supply, which is 
critical to economic activity, social development and poverty reduction [2]. The question is to 
what degree these countries are potent to make the appropriate changes and achieve the 
respective targets.  

As far as the development of national and international policies is concerned, 
policymakers tend to set goals and priorities, based on a variety of insights. In this procedure, 
rankings constitute influencing tools, which significantly contribute in policy making [3]. 
Therefore, this study selects a number of countries of different profiles and progress in this 
respect, and ranks them according to their readiness level to achieve sustainable energy 
transitions, aiming to offer a circumstantial outline on what pathways policymakers and 
governments should follow [4].  

Countries, however, largely differ from one another in several dimensions that should be 
taken into account, when delving into the national capacity for a successful energy transition. 
These dimensions include the power generation mix, the potential for diffusing renewable 
energy, the infrastructure and technological innovation and capacity to transform, as well as 
societal values and political will. This multiplicity of factors, therefore, makes the problem of 
assessing the global energy transition capacity significantly more complex. It is evident that 
the problem of assessing each country's progress towards sustainable development requires 
that multicriteria analyses be carried out; as the literature suggests, selecting the best solution 
(or even evaluating the different alternatives) against a multitude of criteria is a frequently 
described problem in the complex domain of energy policy. [5, 6, 7, 8, 9]  

The framework developed for the purposes of this analysis consists of the synergistic 
implementation of the AHP method, for determining the criteria weights, and the 
PROMETHE II, for ranking the alternatives.  

Apart from the introduction, the paper unfolds in four sections. The first one briefly 
presents a short overview of related applications. The following section provides a 
description of the decision making problem and the assessment of the multicriteria evaluation 
system. The third is devoted to the application of the model, while the last one summarises 
the key issues and presents the conclusions. 
 

LITERATURE OVERVIEW 
 

There are several studies and reports on energy transition and similar subjects [10]. For 
instance, the Energy Trilemma Index report [11] ranks the energy performance of countries 
around the world, based on a weighted sum method; one of IRENA project reports presents a 
country by country analysis, regarding the development of a decarbonisation pathway for the 
global energy system till 2050 [12]; Ernst & Young follows their own methodology to rank 
countries based on their renewable energy attractiveness [13]. Straying from a country 
evaluation framework, Marinakis et al. present an assessment of rural communities’ needs 
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and priorities towards sustainable development [14], while IEA unpacks in its study [15] the 
key elements of policy packages for sustainable energy transitions. Moreover, certain studies 
focus on a specific country and/or assess the situation from a single aspect only [16, 17]. 
However, none of these studies, or to the best of our knowledge others not mentioned here, 
exploit a dedicated multicriteria decision support system for evaluating countries with respect 
to their energy transition readiness level. Nonetheless, Multicriteria Decision Analysis 
(MCDA) has been widely used in a variety of studies regarding sustainable energy 
management [18], since this domain comprises problems regarding conflicting and multiple 
objectives [6, 18, 19]. This study contributes to the literature and the energy policy-science 
interface by effectively establishing a decision support framework for evaluating the energy 
transition readiness of different countries against multiple criteria. 
 

PROBLEM DEFINITION 
 

As mentioned above, the purpose of this study is to evaluate a number of countries 
regarding their readiness and ability to effectively respond to sustainable development 
targets, as well as their prospects to reduce greenhouse gas emissions and contribute to 
climate change mitigation.  

Drawing from its longstanding record in this application area [18], PROMETHEE II 
(Preference Ranking Organization Method for Enriching Evaluation II) was selected to be the 
basis of the proposed framework. While PROMETHEE I calculates the extent to which an 
alternative is preferable over the others (positive outranking flow), and the extent to which it 
is outranked by the rest of the alternatives (negative outranking flow) [20], PROMETHEE II 
is commonly employed for reaching a complete ranking of the alternatives (net outranking 
flow) based on impacts, weights, and preference functions. In this study, the Visual 

PROMETHEE1 software application is used to carry out the analysis and reach numerical 
and visual results.  

Finally, drawing from its flexibility and capacity to provide the decision maker (DM) with 
a simple and comprehensible procedure to express their perceived relative importance of one 
criterion over another, the AHP (Analytical Hierarchy Process) [21] method is implemented 
to assign weights to the evaluation criteria. 
 
The countries (alternatives) 
 

Fourteen countries were selected to assess their capacity to successfully and sustainably 
achieve the desired transition of their national energy sector: Austria, Canada, Chile, China, 
Greece, India, Indonesia, Kenya, The Netherlands, Poland, Spain, Sweden, Switzerland, and 
the United Kingdom. The selection was based on the nature of the problem, which dictates 
that different dimensions be taken into account and thus cultivates the need to evaluate a 
country pool of diverse economic, political, social and technological profile, as well progress 
already made towards sustainable development. 
 

The multicriteria evaluation system 
 

The multicriteria evaluation system, proposed to assess the capacity of the countries 
towards energy transition, is based on four points of view and includes seven criteria as 
shown in Figure 1. The criteria selection was performed following exhaustive dialogue with  
 
1 http://www.promethee-gaia.net/visual-promethee.html  

3 

http://www.promethee-gaia.net/visual-promethee.html


 
the DM and a thorough literature review [10], adding to the assessment the subjective nature 
of the DM’s preferences. 
 

Figure 1: The evaluation system of sustainable energy transition readiness  
 
 
 
 
 
 
 
 
 
 
 
 
 

 

A brief presentation of the criteria, their evaluation scales and their data sources is 
provided below:  

Public awareness and acceptance (g1, 0.5-4.5, ascending preference): This criterion is 
a qualitative index, which assesses the general attitude of a country’s inhabitants with regard 
to climate change. For instance, the index measures the awareness of the citizens, to what 
extent they act individually, so as to mitigate the consequences, and to what degree they are 
receptive to their governments’ policy measures [22, 23].  

Human Capital, (g2, 4.4-6.2, ascending preference): Human capital indicates each 
country’s average performance on three competitiveness pillars [24], health and primary 
education, higher education and training, as well as labor market efficiency. 

Political will & compliance with EU energy policy (g3, 1.5-4.5, ascending preference):  
This criterion is a qualitative index regarding politicians’ attitudes and acts against climate 
change. It assesses the environmental awareness the political leadership exhibited in the past, 
the political strategy followed today, as well as the inner political compassion [23].  

Regulatory framework (g4, 7-130, descending preference): This index measures 
bureaucracy regarding how easy is to start, operate and expand a business in the country [25].  

Financial market sector soundness (g5, 2.5-5.3, ascending preference): This index 
measures each country’s average performance on financial development, which includes, 
among others, the affordability of financial services, the ease of access to loans, the 
sustainability of banks, etc. [24].  

Carbon lock-in (g6, 0.00-4.55, descending preference): Carbon lock-in assesses the 
dependence on fossil fuel-based energy systems, which essentially hinder the adoption of 
alternative energy technologies. The index is based on the domestic fossil fuel reserves and 
the existence of newly-built fossil fuel-powered plants [9, 26, 27].  

Infrastructure & Innovation (g7, 3.55-6.00, ascending preference): This criterion 
shows each country’s average performance on the extend and efficiency on efficient 
infrastructures, such as modes of transport, electricity supplies and telecommunication 
network and the capacity to promote innovative activities, through investments in R&D, 
adapting to new technologies [24]. 
 

APPLICATION OF THE MODEL 
 

Country data for each evaluation criterion is presented, as retrieved, in Table 1. 
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Table 1: Criteria data 

 
Countries g1 g2 g3 g4 g5 g6 g7 

Austria 3.5 5.6 2.0 19 4.5 1.14 5.40 
Canada 4.0 5.8 3.5 22 5.3 0.99 5.15 
Chile 0.5 5.1 3.5 57 4.8 3.28 4.05 
China 1.5 5.1 4.0 78 4.2 4.47 4.35 
Greece 3.0 4.9 2.5 61 2.5 2.61 4.05 
India 1.5 4.6 3.0 130 4.4 4.55 4.00 
Indonesia 2.0 4.5 3.5 91 4.3 4.17 4.10 
Kenya 2.5 4.4 3.0 92 4.2 2.27 3.55 
The Netherlands 3.0 6.0 2.5 28 4.5 3.07 5.90 
Poland 2.5 5.1 1.5 24 4.2 2.90 3.85 
Spain 4.0 5.2 3.0 32 4.0 1.24 4.85 
Sweden 4.5 5.6 4.5 9 5.2 0.00 5.55 
Switzerland 3.0 6.2 2.5 31 5.3 0.00 6.00 
The United Kingdom 3.0 5.8 3.5 7 4.9 1.25 5.50 

 
Subsequently, the weights of the criteria were extracted, through the use of the AHP 

method, as dictated by the DM.  
w1: 0.03 w2: 0.11 w3: 0.19 w4: 0.06 w5: 0.15 w6: 0.29 w7: 0.18 In a further step, the 

preference functions as well as the criteria thresholds for the  
PROMETHEE II method were defined (Table 2), after discussing with the DM and gaining 
insights from other such surveys [20, 28, 29, 30]. As part of this study, two different types of 
criteria preference functions were modelled; level and linear (Figure 2). Figure 2 presents the 
preference function selected for each criterion as well as their indifference and preference 
thresholds. 

 
Table 2: Criteria characteristics 

 
 g1 g2 g3 g4 g5 g6 g7 
        

Preference function level linear level level linear linear linear 
Indifference threshold 0.5 0.2 0.5 5 0.3 0.50 0.20 
Preference threshold 1.0 0.5 1.0 10 0.6 0.80 0.50  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2: The level and linear criteria preference functions 
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As a final step of the evaluation process, the PROMETHEE II was implemented and the 

net outranking flows of the alternatives were calculated. Figure 3 and Table 3 illustrate the 
final ranking of the fourteen countries, as extracted by the Visual PROMETHEE software.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 3: PROMETHEE II final 

ranking CONCLUSIONS 

 

Table 3: Countries’ ranking 
 

Sweden 1 
Switzerland 2 

Canada 3 
The United Kingdom 4 

Austria 5 
The Netherlands 6 

Spain 7 
Chile 8 
China 9 

Indonesia 10 
Kenya 11 
Greece 12 
Poland 13 
India 14 

 
The study presented in this paper addresses the assessment of Sustainable Energy 

Transition Readiness, based on a multi-criteria evaluation system, using the AHP and 
PROMETHEE II methods. Each country is evaluated over a set of quantitative and qualitative 
criteria, which are assessed by a specific DM-evaluator. The results indicated that the more 
economically developed countries (bulk of Western European, and Canada) of the country 
pool appeared to perform higher in the ranking, whereas East Europe and countries from Asia 
and Africa still need to make significant progress.  

From a political point of view, the proposed evaluation system can be used to inform 
policymakers and help plan the future national low-carbon transition pathways. Consequently, a 
comprehensive future perspective of this study lies in the extension of the evaluation system to 
broaden the country pool, and in its establishment as a yearly benchmark, further supporting 
analysts and policymakers in keeping track of the progress made and identifying key areas, in 
which each country has lagged behind and must thereby focus on improving.  

Last but not least, enhancing the framework with robustness analysis and respective 
indices is meaningful and can potentially add significant value, towards assessing whether 
and to what extent differentiations over the final ranking emerge, with respect to changes in 
the DMs’ preferential parameters or as multiple preferential models are considered. 
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ABSTRACT 
This research proposes a decision-making method to prioritise collaborative processes for 
road freight transportation in the UK to ensure sustainable collaborative advantage. A hybrid 
multi-attribute decision-making (MADM) method is proposed, which combines intuitionistic 
fuzzy (IF) modified AHP (Analytic Hierarchy Process) and intuitionistic fuzzy (IF) modified 
TOPSIS (Technique for Order of Preference by Similarity to Ideal Solution). A total of six 
sustainable collaborative advantages and six collaborative processes are identified from the 
literature as criteria and alternatives for the proposed MADM methodology respectively. IF-
AHP is utilized to derive the weights of criteria while IF-TOPSIS is used to evaluate and 
prioritize the alternatives with respect to the criteria. We collect data from a global logistics 
company involved in road freight transportation operating in the UK. Our study has a 
practical application of delivering solutions to the road freight transport companies by 
prioritize their collaborative processes and achieve sustainable collaborative advantage by 
ensuring reduction in emission, congestion and road accidents. Our analysis reveals that 
incentive alignment and resource sharing are the two most important collaborative processes.  
 
Keywords: Multi attribute decision-making, Sustainability, Freight transport, Collaborative 
advantage, IF-AHP, IF-TOPSIS 
 
INTRODUCTION 
 

Collaborative advantage is a mechanism of joint value creation in a collaborative setting, 
which otherwise will not be achieved by an individual organization in isolation. In logistics 
collaboration, supply chain partners work as part of a single organization, which can increase 
collaborative advantage and enhance firm’s performance. It is evident from literature that 
collaboration in logistics activities brings positive results to the collaborating partners. 
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Several authors conducted a study with U.S. manufacturing firms to explore the role of supply 
chain collaboration with their partners and found positive impact on their collaborative 
advantage [1]. [2] studied the intensity of collaborative processes and its positive effects on 
the firm by taking into account the opinion of logistics managers in Swedish manufacturing 
companies.. Several researchers studied the importance of logistics collaboration in UK 
supply chain focusing on suppliers, logistics and retailers to make the supply chain more 
environmentally sustainable [3]. Similarly, [4] investigated the extent of supernormal benefits 
UK FMCGS (fast moving consumer goods) companies generate in saving freight transport 
costs and reducing CO 2 emission as a result of collaborating with each other. In the context 
of decision making, one of the challenges facing firms that which are the collaborative 
processes, which they should pay more attention to so that maximum sustainable 
collaborative advantage could be achieved. Though MADM methods have widely been used 
in the freight transport context ([5-6]), there is a lack of MADM methods to prioritize 
collaborative processes in freight transport using to achieve sustainable collaborative 
advantage.  

We identify several research gaps as follows through an extensive literature review. 1) 
collaboration among supply chain partners in freight transport received little attention in 
MADM despite the value of collaboration in supply chain, 2) sustainability covering 
economic, environmental and social dimensions are still intermittently considered in freight 
transport literature, 3) very limited use of MADM based method in the context of UK freight 
transport considering collaboration and 4) IF-MADM methods are novel and have not been 
applied in logistics particularly in the freight transport case.  

The aim of this paper is to develop a decision-making methodology based on a novel 
MADM approach, which supports freight transport managers decision making to prioritize 
their collaborative processes with supply chain partners to gain sustainable collaborative 
advantage. The paper also proposes a novel hybrid AHP and TOPSIS based decision-making 
methodology in an intuitionistic linguistic fuzzy environment to prioritize collaborative 
processes (alternatives) in road freight transport with respect to sustainable collaborative 
advantage (criteria) applied in a UK based case company. 
 
PROPOSED METHODOLOGY 
 

The proposed MADM model combines AHP and TOPSIS in an intuitionistic fuzzy 
environment that is adapted from [7], [8] and [9]. In this study, intuitionistic fuzzy modified 
AHP is used to perform pair wise comparison of criteria to find criteria weights with 
automated correction of multiplicative consistency of decision matrices, whereas, 
intuitionistic fuzzy modified TOPSIS is employed to find the ranking of alternatives with 
respect to criteria. Though intuitionistic AHP and intuitionistic TOPSIS have been separately 
used in the literature, however, the traces of hybrid intuitionistic AHP- TOPSIS are very 
limited and this has not been applied in the collaborative freight transport context. A set of 
criteria and alternatives for the proposed MADM methodology is shown in Table 1. 
 
Intuitionistic fuzzy analytic hierarchy process 
 

IF-AHP begins with obtaining pairwise comparisons of criteria from decision makers. The 
pairwise relation matrix of criteria ‘j’ provided by decision maker ‘g’ can be expressed as,  

ρ g = ( pik
g )m× m = (τ ikg ,θik

g )m×m , where i, k = 1, 2, …, m. A perfect multiplicative consistent 

intuitionistic preference relation ρ = ( pik )mxm = (τ ik ,θ ik ) can be constructed using the relationship, 



 
Table 1.Criteria and alternatives for the proposed MADM method  

  Sustainable collaborative advantages (Criteria) 
Process efficiency The degree to which a firm's collaboration process (information sharing, joint 
(c1)  logistics process, joint product/service development, or joint decision-making) 

  with its supply chain partners is cost competitive among primary competitors. 
Offering flexibility Also known as customer responsiveness. This refers to the extent to which a 
(c2)  firm's supply chain linkage supports change in product/service offerings (volume 

  and/or speed). 
Quality (c3) Quality is the degree to which an organization with its supply chain partners 

  offers a product or service that is perceived as a higher value from customer’s 
  perspective. 

Innovation (c4) This refers to the extent to which a firm works jointly with its supply chain 
  partners in introducing new processes, products, or services. Collaboration 
  enables firms to improve absorptive capacity and thus introduce new products 
  and services fast and frequently. 

Environmental This refers to the extent to which supply chain partners combine complementary 
advantage (c5) and related resources to achieve supernormal benefits in reducing energy 

  consumption and GHG (greenhouse gas) emission. 
Social advantage This refers to the extent to which supply chain partners combine complementary 
(c6)  and related resources to achieve supernormal benefits in reducing traffic 

  congestion and road accidents. 

  Collaborative Processes (Alternatives) 
Information sharing Information sharing refers to the extent to which a firm shares a variety of 

(x1)  relevant, accurate, complete, and confidential information in a timely manner 
  with its supply chain partners. 

Goal   congruence Goal congruence is the extent to which the objectives of supply chain partners 

(x2)  coincide with that of supply chain objectives. 
Decision  This refers to the process by which supply chain partners orchestrate decisions 

synchronization (x3) in supply chain planning and operations that optimize the supply chain benefits. 
Incentive alignment This refers to the process of sharing costs, risks, and benefits among supply 

(x4)  chain partners 
Resource  sharing Resource sharing refers to the process of leveraging capabilities and assets and 

(x5)  investing in capabilities and assets with supply chain partners. Resources 
  include both tangible and intangible elements such as knowledge, technology 
  and physical resources. 

Joint knowledge The capture, exchange, and application of knowledge; such as process, 

creation (x6) technology, or market knowledge between supply chain partners, which leads 
  to innovation and long term competitiveness of the whole supply chain. 
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For k = i+1 , let p ik = pik and for k < i, pik = (θ ki , τ ki ). Now, the distance between original 

and perfect multiplicative matrix is computed using the following equation, 
  
       1  m   m                    
d ( ρ , ρ ) = 

    ∑∑(  τ ik − τ ik  +   θ ki − θ ki  +   π ki − πki  ) (3)     
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If d ( 
 

, ρ ) < ξ then ρ  is called an acceptable multiplicative consistent intuitionistic preference ρ  
relation. ξ is referred to as consistency threshold and is assumed to be 0.1 [7], from the maximum 

eigenvalue of a multiplicative preference relation. If ξ is greater than 0.1, then it is considered that 

the transformed intuitionistic preference relation ρ does not reflect the initial preferences of the 
 
decision maker. For an acceptable preference relation, it should not only be multiplicative consistent 
but also retains the original preference of the decision maker as much as possible. Considering this,  
the original intuitionistic preference relation ρ  is fused with its respective perfect multiplicative 
   

  

 

intuitionistic relation ρ into a new intuitionistic relation . An algorithm is presented to ρ = ( pik ) 

     m×m  
improve the consistency of initial intuitionistic preference relation and obtain the 
intuitionistic fuzzy weights using IF-AHP. 
Step 1 starts the iteration t and for t = 1 the perfect multiplicative consistent preference relation 
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is constructed from ρ(t ) . In step 2, the hamming distance d ( 
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Where i, k = 1, 2, …, m and µ is a controlling parameter which is to be determined by the 

decision maker. The smaller the value of 
   (t ) 
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(t ) 

and the value of µ is assumed µ , the closer ρ   
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then the algorithm moves to step 2. The weights are derived by using the following normalizing rank 
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intuitionistic fuzzy value. The method is further extended by transforming intuitionistic fuzzy weight  

values ωi  into   single crisp  normalized  weight value  ωq   using following relationship [10], 
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Intuitionistic fuzzy TOPSIS 
 

The decision matrix provided for the intuitionistic fuzzy TOPSIS method comprises of G decision  

makers  (d1 , d 2 ,..., dt ) , N  alternatives  (x1 , x2 ,..., xn ) and M criteria  (c1 , c2 ,...,cm ) where 

g ∈ G , n ∈ N , m ∈ M and the matrix can be represented as y g = ( ypq
g ) 

n× m 
= (δ pq

g ,φpq
g )  . The 

    n ×m 

weights of the criteria obtained using the IFAHP methodology obtained for decision makers g can 

be expressed as, ω qg = (ω1
g ,ω 2g ,...,ωm

g ). Using the definition of intuitionistic fuzzy set, the 
 
intuitionistic fuzzy matrix deduced by the weights of the criteria can be represented in the following  

way, Y g = (ω qg ypq
g )n×m = ( 

 

g
pq , 

 

g
pq )n×m , here 
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Y  can  be determined in the following  way,  Y  
= ( ypq )n×m = (δ pq ,φ pq )n×m , where 
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matrix  Yc  can  be represented  as Yc ypq )  = (φ pq ,δ pq )n×m , 
where ( ypq )  is the 
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pq = (δ pq ,φ pq )n×m or ( ypq )  = (φ pq ,δ pq )n×m . Now, the left maximum separation  

from the individual   positive ideal decision 
− 

 
l− l −l− 

 
l − 

  
g     

Y
l 

= ( ypq )n×m 
= (δ pq ,φ pq )n×m , where δ pq = ming{δ pq } 

 

matrix   can  be represented   as 

and 
l − 

  
g 

and 
− 

is referred 
  φ

 pq 
=

 
max

g {φ pq } Y
l 

to as left individual negative ideal decision matrix. The right maximum separation from the individual  
          − r− r −    r−  

positive ideal decision matrix can  be expressed  as  Yr 
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δ pq = maxg {δ pq } and φ pq = ming{φ pq } and Yr 

decision matrix. Now, hamming distance is computed for every Y g with individual positive and negative 

ideal decision matrices. Hamming distance of every linguistic intuitionistic fuzzy matrix Y g to 
 



 
Y * , Yc

* , Yl −  and Yr
−  is determined. The relative closeness of Y g  with Y * , Yc

* , Yl −  and Yr
−  is 

 
determined using the Hamming distance values. The weight of the decision maker can be computed 

using the value of the relative closeness. Please refer to [9] for obtaining further information about the 

equations related to Hamming distance, relative closeness and weight of the decision maker. 
 

The   weighted linguistic   intuitionistic   fuzzy  decision matrix is  represented  as 

Z g = ψ g Y g = (mpq
g ,τ pq

g )n×m , where µ pq
g = 1 − (1− 

 

gpq )ψ
 g and τ pq

g = ( 
 

gpq )ψ
 g . Now, considering all δ φ  

the weighted linguistic intuitionistic fuzzy decision matrix of the decision makers (where t is the total 

number of decision makers), for every alternative (x1 , x2 ,..., xn ) the weighted linguistic intuitionistic 

fuzzy decision matrix  with   respect   to each   alternative is represented as 

D p = (zpq
g ) 

t × m = (m pq
g ,t pq

g ) 
t ×m . The positive and negative ideal solutions are determined based on 

          

the value of Dp for p = 1, 2,..., n . Intuitively, the best decision matrix of all the weighted linguistic 
intuitionistic fuzzy decision matrix of the decision makers is the positive ideal solution and it is 

represented as D+ = 
( 
m g + ,t g + )

t ×m 
, where  m g + = max m g and τ g + = min τ g . The worst 

  qq q p   
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solution for all the weighted linguistic intuitionistic fuzzy decision matrix with respect to the 

alternatives is referred to as the negative ideal solution and it has the maximum separation from D+ . 

Two negative ideal solutions are provide, one is complement of D+ and it can be represented as 

Dc
− = ( D+ )c = (t qg + , mq

g + )t ×m . The other worst decision matrix D−  with respect to all the criteria 

can be expressed as,  D− = 
( 
m g − ,t g − )

t ×m 
, where m g − = min m g and τ g − = max τ g . The 

     q q q p  
{ 

pq } q p  { pq }  
separation of D 

p 
from D+ , D− and D− are referred to as separation measures. Please refer to 

     c         

[9] for obtaining further information about separation measures. The relative closeness for 
each alternative can be computed using the value of the separation measures. Please refer to 
[9] to obtain information about the equation pertaining to relative closeness for each 
alternative. The alternative having greater relative closeness is better than other alternative. 
Figure 1 shows the summary of proposed IF-AHP and IF-TOPSIS method. 
 
CASE STUDY APPLICATION  

In order to demonstrate the application of proposed method, a case study is selected pertaining to a 
company engaged in providing logistics services including road freight transportation. The company 
has its origin in Europe with its operations span across the globe in 120 countries including United 
Kingdom (UK). Data is gathered from three experts (decision makers) of the case company, in the UK 
operating region, having more than ten years of logistics experience. The linguistic data provided by 
each decision maker is converted in to its respective intuitionistic fuzzy relations. The initial 
intuitionistic preference relations given by each decision maker is transformed into their  

respective perfect multiplicative intuitionistic relations ρ = ( pik )mxm = (τ ik ,θ ik ) using the steps of   
IF-AHP method. For the purpose of demonstration, the perfect multiplicative consistent preference 

relation of the initial preference relation given by DM1 is presented in table 2. The multiplicative 

consistency of each initial preference relation is measuring by its hamming distance with its respective 

 



 
Figure 1Proposed MADM method based on IF-AHP and IF-TOPSIS  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

perfect multiplicative relation.  In the case of DM1, the calculated distance  d (ρ , ρ ) =   
0.1181,which is greater than 0.1. This shows that the initial intuitionistic preference relation is not an 
acceptable multiplicative consistent relation. This step is also applied on the initial preference relations 
of other two decision makers to check multiplicative consistency. Now, repairing the initial preference 
relation and obtaining a fused intuitionistic preference relation for DM1 which is  

presented in table 3. The calculated distance 

  

   

d (ρ , ρ ) = 0.0229, which is less than 0.1. This shows 
that an acceptable multiplicative consistent relation ρ is achieved. The priority vectors of acceptable 

intuitionistic preference relations ρ corresponding to each decision maker are obtained and then it is 
 
transformed into a single crisp weight value. The crisp priority vector for each of the decision 

maker is used as an input to the IF-TOPSIS method. 
 

Intuitionistic preference relations containing evaluation of alternatives with respect to criteria given 

by each decision maker is obtained. The weighted intuitionistic preference matrix is computed by 

multiplying the crisp weight vector of each decision maker with their respective intuitionistic 

evaluation matrix and it is presented in table 4. The positive and negative ideal solutions are 

 



 
Table 2: Perfect multiplicative consistent preference relation of DM1  

 c1 c2 c3 c4 c5 c6 

c1 (0.5,0.5) (0.6,0.3) (0.3333,0.3913) (0.6517,0.2466) (0.6,0.3) (0.6262,0.2725) 
c2 (0.3,0.6) (0.5,0.5) (0.25,0.6) (0.4375,0.2727) (0.4142,0.4450) (0.4425,0.4632) 
c3 (0.3913,0.3333) (0.6,0.25) (0.5,0.5) (0.7,0.2) (0.7,0.2) (0.6517,0.2466) 
c4 (0.2466,0.6517) (0.2727,0.4375) (0.2,0.7) (0.5,0.5) (0.5,0.5) (0.5,0.5) 
c5 (0.3,0.6) (0.4450,0.4142) (0.2,0.7) (0.5,0.5) (0.5,0.5) (0.5,0.5) 
c6 (0.2725,0.6262) (0.4632,0.4425) (0.2466,0.6517) (0.5,0.5) (0.5,0.5) (0.5,0.5) 

 

Table 3: Acceptable multiplicative consistent preference relation of DM1  
 c1 c2 c3 c4 c5 c6 

c1 (0.5,0.5) (0.6,0.3) (0.3648,0.4125) (0.6416,0.2568) (0.6210,0.2779) (0.6416,0.2568) 
c2 (0.3,0.6) (0.5,0.5) (0.25,0.6) (0.4499,0.3133) (0.4311,0.4559) (0.4539,0.4706) 
c3 (0.4125,0.3648) (0.6,0.25) (0.5,0.5) (0.7,0.2) (0.6811,0.2178) (0.6416,0.2568) 
c4 (0.2568,0.6416) (0.3133,0.4499) (0.2,0.7) (0.5,0.5) (0.5,0.5) (0.5,0.5) 
c5 (0.2779,0.6210) (0.4559,0.4311) (0.2178,0.6811) (0.5,0.5) (0.5,0.5) (0.5,0.5) 
c6 (0.2568,0.6416) (0.4706,0.4539) (0.2568,0.6416) (0.5,0.5) (0.5,0.5) (0.5,0.5) 

 
constructed and the hamming distance related to each weighted distance matrix of decision 

makers is computed. Relative closeness and normalized weights with respect to each decision 
maker is obtained. Now, the weighted intuitionistic decision matrix of decision maker is obtained 
by multiplying the weight of decision makers with their respective decision matrices. The 
weighted intuitionistic decision matrix with respect to each alternative is constructed and the 
positive and negative ideal solutions for all the weighted intuitionistic decision matrices are 
obtained. The separation measures are computed and relative closeness is calculated using the 
values of the separation measures. The alternatives are ranked by considering their respective 
relative closeness. The relative closeness and rankings of alternatives are shown in the table 5.  

It is pertinent to note that the relative closeness coefficient of x4 and x5 are nearly the same 
with a difference of 0.0001 in magnitude. Therefore, it is considered that x4 and x5 possess the 
same rank followed by x2, x6, x1 and x3. With these ranking results, it is revealed that incentive 
alignment (x4) and resource sharing (x5) are two important collaborative processes, which could 
play vital role in achieving sustainable collaborative advantage, followed by goal congruence (x2), 
joint knowledge creation (x6), information sharing (x1) and decision synchronization (x3). 

 
Table 4: Criteria weighted intuitionistic evaluation of alternatives given by DM1  

 c1 c2 c3 c4 c5 c6 

x1 (0.1331,0.828) (0.1244,0.8398) (0.1803,0.7701) (0.151,0.8034) (0.1612,0.7906) (0.1622,0.7893) 
x2 (0.172,0.7803) (0.1244,0.8398) (0.1396,0.8197) (0.09,0.8828) (0.0962,0.8748) (0.126,0.8378) 
x3 (0.2197,0.7178) (0.1244,0.8398) (0.1049,0.8604) (0.1172,0.849) (0.1252,0.8388) (0.1622,0.7893) 
x4 (0.2197,0.7178) (0.1602,0.7919) (0.1803,0.7701) (0.151,0.8034) (0.1612,0.7906) (0.1622,0.7893) 
x5 (0.2197,0.7178) (0.0956,0.8756) (0.1803,0.7701) (0.09,0.8828) (0.1252,0.8388) (0.126,0.8378) 
x6 (0.1331,0.828) (0.1244,0.8398) (0.2299,0.7052) (0.1172,0.849) (0.1252,0.8388) (0.1622,0.7893) 

 
 
 
 
 
 



 
Table 5: Relative closeness co-efficient and ranking of alternatives  

Alternatives x1 x2 x3 x4 x5 x6 

Relative closeness 0.9631 0.9803 0.9599 0.9819 0.9820 0.9747 
Ranking 5 3 6 2 1 4 

 

 

CONCLUSION  
This study proposes a novel group MADM method based on IF-AHP and IF-TOPSIS, 

which helps freight transport companies to prioritize collaborative processes in order to make 
the most of sustainable collaborative advantages. To illustrate the feasibility of proposed 
model, the method is applied to a real global case company engaged in road freight transport. 
IF-AHP is employed to derive the weights of the criteria with an automated method of 
improving the multiplicative consistency of decision matrices. Moreover, IF-TOPSIS is used 
to conduct the evaluation of alternatives with respect to criteria and derive their ranking order. 
Data is collected, in the form of linguistic variables; from the experts belong to the UK region 
of the case company. It is found from the study that incentive alignment and resource sharing 
are two important collaborative processes besides others, which need special attention by 
freight transport companies to ensure attainment of sustainable collaborative advantage.  

It is apparent that all research has some limitations on which future research eventually feed upon; 

this study is also of no exception in terms of limitations. The study has collected data from three 

experts in a same case company. However, in future research, the result of this study can be confirmed 

by collecting data from numerous experts from multiple companies. Moreover, the study can be 

conducted in different regions to compare and contrast the findings from the UK region. The criteria 
used in this study is limited to first level, hence second level of criteria can also be incorporated 

containing sub-criteria of first level criteria. Furthermore, the proposed MADM model is applied in 

the context of road freight transport; however, it can also be applied to other logistics functions or to 

the logistics business as a whole. Addressing these limitations in future would provide new insights 

and advancements in the field of MADM and sustainable logistics. 
 
REFERENCES 
 
1. Cao, Q., Wu, J. and Liang, C. (2015) ‘An intuitionsitic fuzzy judgement matrix and 

TOPSIS integrated multi-criteria decision making method for green supplier selection’, 
Journal of Intelligent & Fuzzy Systems, 28(1), pp. 117–126. 

 
2. Sandberg, E. (2007) ‘Logistics collaboration in supply chains: practice vs. theory’, The 

International Journal of Logistics Management, 18(2), pp. 274–293. doi: 
10.1108/09574090710816977. 

 
3. Ramanathan, U., Bentley, Y. and Pang, G. (2014) ‘The role of collaboration in the UK 

green supply chains: an exploratory study of the perspectives of suppliers, logistics and 
retailers’, Journal of Cleaner Production, 70, pp. 231–241. 

 
4. Palmer, A., Mortimer, P., Greening, P., Piecyk, M. and Dadhich, P. (2018) ‘A cost and CO 2 

comparison of using trains and higher capacity trucks when UK FMCG companies 

collaborate’, Transportation Research Part D: Transport and Environment, 58, pp. 94–107. 
 



 
5. Oses, U., Rojí, E., Gurrutxaga, I. and Larrauri, M. (2017) ‘A multidisciplinary 

sustainability index to assess transport in urban areas : a case study of Donostia- San 
Sebastian , Spain’, Journal of Environmental Planning and Management ISSN: Taylor & 
Francis, 60(11), pp. 1891–1922. doi: 10.1080/09640568.2016.1264374. 

 
6. Kopytov, E. and Abramov, D. (2012) ‘Multiple-Criteria Analysis and Choice of 

Transportation Alternatives in Multimodal Freight Transport System’, Transport and 
Telecommunication, 13(2), pp. 148–158. doi: 10.2478/v10244-012-0012-x. 

 
7. Xu, Z. and Liao, H. (2014) ‘Intuitionistic Fuzzy Analytic Hierarchy Process’, IEEE 

TRANSACTIONS ON FUZZY SYSTEMS, 22(4), pp. 749–761. 
 
8. Yue, Z. (2014) ‘TOPSIS-based group decision-making methodology in intuitionistic 

fuzzy setting’, Information Sciences. Elsevier Inc., 277, pp. 141–153. doi: 
10.1016/j.ins.2014.02.013. 

 
9. Cheng, P., Zhou, B., Chen, Z. and Tan, J. (2017) ‘The TOPSIS method for decision making 

with 2-tuple linguistic intuitionistic fuzzy sets’, in IEEE 2nd Advanced Information 

Technology, Electronic and Automation Control Conference (IAEAC), pp. 1603–1607. 
 
10. Emre, F., Genç, S., Kurt, M. and Akay, D. (2009) ‘A multi-criteria intuitionistic fuzzy 

group decision making for supplier selection with TOPSIS method’, Expert Systems 
With Applications. Elsevier Ltd, 36, pp. 11363–11368. doi: 10.1016/j.eswa.2009.03.039. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 



ICDSST – PROMETHEE DAYS 2018 PROCEEDINGS – THE EWG-DSS 2018 INTERNATIONAL CONFERENCE ON 
    J. Papathanasiou, P. Digkoglou, G. Tsaples, F. Dargam, I. Linden, B. Mareschal (editors)  

 Heraklion, Greece, 22-25 May 2018 

ICDSST – PROMETHEE DAYS 2018 on 
Sustainable Data-Driven & Evidence-based Decision Support with 

applications to the Environment and Energy sector

Building theory of agri-food supply chain resilience using total 
interpretive structural modelling and MICMAC analysis 

Guoqing Zhao1, Shaofeng Liu1, Carmen Lopez1

1University of Plymouth 
Plymouth, Devon, PL4 8AA, United Kingdom 

{guoqing.zhao, shaofeng.liu, carmen.lopez}@plymouth.ac.uk 

ABSTRACT 

Agri-food supply chains have unique characteristics and can be easily disrupted compared 
with other supply chains. In order to enhance agri-food supply chains’ ability to react 
to unexpected disruptions, resilience factors need due consideration. In this paper an attempt 
has been made to build a theoretical framework of resilience factors in agri-food supply 
chains with the help of total interpretive structural modelling and MICMAC 
analysis. Total interpretive structural modelling (TISM) is used to establish 
the hierarchical interrelationships of the identified resilience factors. Simultaneously, an 
expert survey is developed and conducted to further understand the interactions and the 
transitive links in the TISM model in consultancy with experts in academia and agri-food 
industry. The results of TISM are used as inputs to process MICMAC analysis to 
identify the driving power and dependence power of agri-food supply chain resilience 
factors.  

Nine resilience factors identified were knowledge transfer, working team stability, innovation 
and development, traceability, information sharing, joint decision making, trust, regularly 
meetings and leadership. The MICMAC analysis result shows that leadership and 
working team stability have strong driving power and weak dependence power and are at 
the lowest level in hierarchy in the TISM model. Information sharing, traceability, 
knowledge transfer and innovation and development have weak driving power and strong 
dependence power and are at the top in hierarchy in the TISM model. Joint decision 
making, trust and regularly meetings have strong driving and strong dependence power and 
are at the middle in hierarchy in the TISM model. Therefore, agri-food supply chain 
managers must pay great attention on variables that have high driving power so as to 
facilitate improvement of agri-food supply chain resilience.  

This paper makes a contribution to the extant theory building in the area of agri-food supply 
chain resilience. Future research will consider more resilience factors and conduct 
empirical research to statistically validate the TISM model using structural equation 
modelling.   

Keywords: Agri-food supply chain resilience, Total interpretive structural modelling, 
MICMAC analysis  
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1. INTRODUCTION  

In the last few decades, there has been a growing concern, both from practitioners and 
academia, that the world’s food system for producing and distributing food should be more 
resilient for various disruptions and risks. Therefore, the research on agri-food supply chain 
resilience has increased substantially over the last few decades, and researchers and 
practitioners are showing great interest in it due to its potential impact on reacting to 
unexpected disruptions and risks. While there is a rich body of literatures on practices of how 
to increase agri-food supply chain resilience, the research on agri-food supply chain 
resilience theory building is scant. Jain et al. [1] identified 13 key enablers of resilient supply 
chain practices and built hierarchical relationship among them using interpretive structural 
modelling. Then they use structural equation modelling to validate the hierarchical supply 
chain resilience model. Macdonald et al. [2] using structured experimental design combined 
with discrete-event simulation to build theory in the area of supply chain risk and resilience. 
Barratt et al. [3] argued that adopting theory in research can lead to better conclusions due to 
theoretical frameworks and insights.  

Research related to Total Interpretive Structural Modelling (TISM) originated from 
Interpretive Structural Modelling (ISM) technique facilitating the development of graphical 
representations in complicated situations [4]. Then Sushi [5] has adopted a modified version 
of ISM called TISM, which not only incorporates the interpretation of each relation, but also 
makes the structural model fully interpretive. Recently, interpretive structural modelling and 
total interpretive structural modelling have been significantly applied as scientific methods 
for building theory in the field of supply chain management. For example, Shibin et al. [6] 
use total interpretive structural modelling to build a theory in green supply chain management. 
Jain et al. [1] use interpretive structural modelling to build a theory in supply chain resilience. 
However, there is an urgent need for an appropriate TISM methodology for generating theory 
in agri-food supply chain resilience. This study represents an attempt to meet this need and 
extends the current agri-food supply chain resilience literature using an alternative research 
method. Therefore, the identified research objectives are: (1) To identify agri-food supply 
chain resilience factors; (2) To develop a comprehensive agri-food supply chain resilience 
framework using TISM method combined with MICMAC analysis. In order to reach the 
objectives, the rest of paper is organized as follows. In section 2, agri-food supply chain 
resilience factors are identified. In section 3, total interpretive structural modelling and 
MICMAC analysis are critically discussed. Further, conceptual model of agri-food supply 
chain resilience factors are built in section 4. In section 5, MICMAC analysis of agri-food 
resilience factors are critically analysed. Finally, conclusion is discussed in section 6.  
 
2. LITERATURE REVIEW  

A systematic literature review is an overview of primary studies that can be used in an 
explicit and methodical way. This study follows the five phases systematic literature review 
proposed by Denyer and Tranfield [7]: (1) Question formulation; (2) Locating the studies; (3) 
Studies selection and evaluation; (4) Analysis and synthesis; and (5) Results presented. The 
method tries to assure the review process is scientific, replicable and transparent.  

Following the systematic literature review process proposed by Denyer and Tranfield [7] 
and in consultancy with experts in academia and agri-food industry, the resilience factors 
identified in this paper are: knowledge transfer, working team stability, innovation and 
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development, traceability, information sharing, joint decision making, trust, regularly 
meetings and leadership [1,2].  
  
3. RESEARCH METHODOLOGY 

Total interpretive structural modelling is a qualitative and interpretive method which 
generate solutions for complicated problems through a set of various directly and indirectly 
related elements are structured into a comprehensive systematic model [5]. This method 
supports to identify and build hierarchical relationships between the agri-food supply chain 
resilience factors, so that the influence can be analysed between the factors. MICMAC is an 
indirect classification method to critically analyse the scope of every element. The objective 
of the MICMAC analysis is to assess the driving power and dependence power of agri-food 
supply chain resilience factors.  

3.1 Total interpretive structural modelling  

Total interpretive structural modelling is a methodology which enables individuals to build 
hierarchical relationships among various elements in a complex system [5]. In this paper, we 
have adopted the process of total interpretive structural modelling proposed by Sushil [5].  

3.1.1 Structural self-interaction matrix (SSIM) 

The resilience factors identified in the systematic literature review are used to establish 
contextual relationship among variables. The existence of a relation between any two 
variables and the associated direction of relation is consulted with a group of experts from 
academia and agri-food industry. Four symbols V, A, X, O are used to indicate the direction 
between any two variables (i and j): (1) V-When i leads to j but j does not lead to i; (2) A-
When j leads to i but i does not lead to j; (3) X-When i leads to j and j leads to i; (4) O-If the 
relation between the elements does not appear valid [5].  

3.1.2 Reachability matrix  

The SSIM matrix is further converted into the initial reachability matrix by substituting the 
four symbols (V, A, X, O) of SSIM into 1’s and 0’s in the reachability matrix. The 

transformation is based on the rules demonstrated in the following: (1) If the (i, j) entry in the 
SSIM is V, the (i, j) entry in the reachability matrix becomes 1 and the (j, i) entry becomes 0; 
(2) If the (i, j) entry in the SSIM is A, the (i, j) entry in the reachability matrix becomes 0 and 
the (j, i) entry becomes 1; (3) If the (i, j) entry in the SSIM is X, the (i, j) entry in the 
reachability matrix becomes 1 and the (j, i) entry also becomes 1; (4) If the (i, j) entry in the 
SSIM is O, the (i, j) entry in the reachability matrix becomes 0 and the (j, i) entry also 
becomes 0 [5].  

3.1.3 Partitioning the reachability matrix into different levels 

The reachability set consists of the variable itself and the other variables that it may 
influence, whereas the antecedent set consists of the variable and the other variables that may 
influence it. Intersection of the reachability set and the antecedent set will be the same as the 
reachability set if the variable occupies the top level in the TISM hierarchy. The top level 
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variables satisfying the above requirements should be removed from the reachability set and 
antecedent set. Then, the same process is repeated till all the levels are determined [5].  

3.1.4 Diagraph with significant transitive links  

The variables are arranged into different levels and the directed and significant transitive 
links are demonstrated as per the relationships observed in the reachability matrix. The 
digraph established may have cycles at a specific level and feedbacks across the different 
levels between elements. Normally, the feedbacks and cycles should be eliminated in order to 
get minimum edges; but the same should be retained in the matrix if the intention is to further 
explore the impact of indirect relationships between the elements [5].   

3.2 MICMAC analysis  

Identification and classification of the various agri-food supply chain resilience factors are 
essential to develop the TISM under study. Comparing the hierarchy of resilience factors in 
the different classifications can help to get rich source of information. Identified resilience 
factors are divided into four groups: autonomous, dependent, linkage and independent. 
Autonomous variables include elements that have weak driving power and weak dependence 
power. Dependent variables include elements that have weak driving power and strong 
dependence power. Linkage variables include elements that have strong driving power and 
strong dependence power. Finally, independent variables include elements that have strong 
driving power and weak dependence power.  
 
4. CONCEPTUAL MODEL DEVELOPMENT 

Figure 1 below shows the TISM model of resilience factors of agri-food supply chains. 
Information sharing (E5), traceability (E4), knowledge transfer (E1) and innovation and 
development (E3) occupied the level I, level II and level III of the model separately. Joint 
decision making (E6), trust (E7) and regularly meetings (E8) are coming at the fourth level, 
which shows the important role of trust for facilitating better collaboration and cooperation 
among supply chain partners. Working team stability (E2) and leadership (E9) are at the level 
V and level VI separately. The TISM model demonstrates that to enhance the resilience of 
agri-food supply chain, leadership is vital. This will facilitate developing a stability team 
working together. In a stability working team, team members understanding each other needs 
and satisfy the needs accordingly, which have positive effect on developing trust among team 
members. Furthermore, team members always complete the same task and solve the problem 
together, this will assist the whole team to make decision together and have meetings 
regularly. In the meeting and decision making process, supply chain partners talk to each 
other, problems and challenges are openly discussed, and thus facilitate knowledge transfer 
among partners. Therefore, the innovation capacity of partners is enhanced. In the knowledge 
transfer process, supply chain partners will realize the important role of traceability in 
building agri-food supply chain resilience. Simultaneously, innovation cost will be decreased 
and traceability technology will be applied with the development of knowledge transfer. Then, 
they will share traceability data with other supply chain partners. As a result, the information 
sharing among supply chain members will be enhanced. Clear understanding of the transitive 
linkages among the resilience factors helps clearly depict the actions that are to be taken to 
attain the desired level in the hierarchy. The results show that leadership (E9) and working 
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team stability (E2) will influence the knowledge transfer (E1) and innovation and 
development (E3) programs in a supply chain.  
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Figure 1 TISM model of agri-food supply chain resilience factors 

5. MICMAC ANALYSIS 

 Results from Figure 2 below show the MICMAC analysis of agri-food supply chain 
resilience factors. The MICMAC analysis shows that all the resilience factors considered in 
this study are necessary to explain the theoretical framework of agri-food supply chain 
resilience as there are no autonomous variables. MICMAC analysis also shows that joint 
decision making (E6), trust (E7), regularly meetings (E8) are linkage variables in the 
framework and are characterized by their strong driving power and strong dependence power. 
These variables are highly sensitive, thus, any change in the system or other variables will 
affect these linkage variables. Leadership (E9) and working team stability (E2) are 
characterized by high driving power and low dependence power, which should be given 
critical focus by agri-food supply chain managers in order to avoid the effect of dependent 
variables. The dependent variables like knowledge transfer (E1), innovation and development 
(E3), traceability (E4) and information sharing (E5) that have weak driving power and strong 
dependence power form the top most level in the TISM hierarchy.  
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Figure 2 MICMAC analysis of agri-food supply chain resilience factors 

6. CONCLUSION

In this paper, we have attempted to build a theoretical framework of resilience factors of 
agri-food supply chain through TISM and MICMAC analysis. TISM was used to identify the 
interactions and transitive links among the resilience factors of agri-food supply chain. 
MICMAC analysis was used to divide different resilience factors into various groups. The 
identification and classification of resilience factors helps agri-food supply chain managers 
and strategy policy makers to identify the key areas that need great attention.  

The limitation of this study is that only 9 variables are considered; the model may not 
applicable to scenarios where factors other than these are more significant. Future work will 
statically validate the model through structural equation modelling. 

Acknowledgement The work reported in this paper has benefited from the RUC-APS project funded by 
European Commission under the Horizon 2020 Programme (H2020-MSCA-RISE Award No. 691249).  
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ABSTRACT 

Taxi industries are present everywhere around the world providing door-to-door mobility 
services. The type of services and policies that apply to the taxi sector vary significantly 
from city to city, ranging from controlled environments with strong restrictions to open 
and more competitive markets. Decision makers responsible for taxi policy making are 
supported by economic models of the taxi sector in most cases. In some cases there are 
dedicated institutions that deal with taxi policy making at local level, collecting data 
from the drivers or the associations and analyzing the situation of the taxi sector on a 
yearly basis. In some cases, the lack of available data does not allow for having such 
models and therefore decision making is based on assumptions, failing some times in 
establishing taxi services of quality. 

This paper presents a methodology for developing a taxi demand estimation model in 
cities where the availability of taxi-related data is low or inexistent. In order to do this a 
modal split model is developed using data from the public transport operator and the city 
model with regards to the private vehicles. The model is able to estimate with accuracy 
the demand for taxi services in order to quantify the optimum supply and a set of 
performance indicators, being a useful support decision tool for taxi policy makers. 
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INTRODUCTION 

The taxi industry has been strongly regulated during the last decades, both at entry and fare 
levels aiming at protecting the users from abusive charges but also the drivers controlling 
competition. Various cities have deregulated the taxi sector aiming at improving the 
conditions of the sector, which in some cases was achieved but in others no [1].  
Taxis are a transport mode with characteristics of both  private and public transport. Taxis 
usually have a competitive position towards the mass transport, especially when the level of 
service of the mass public transport is low and the taxis cheap. Furthermore,  taxis have a 
competitive advantage in regions with low density of demand, not in terms of fare but in 
terms of waiting time and comfort, since the frequency of the mass public transport is usually 
low in these areas. In addition, this competition is somehow unfair, since  public transport is 
usually highly subsidized by the public sector [2].  
The role of taxi policy makers is therefore crucial for the taxi sector. Usually econometric 
models [3] are used for supporting decision making, but not always the right datasets are 
available, especially from the taxi sector, which is reticent to share data of their economic 
activity. This lack of data creates the necessity for using indirect calculations and validating 
the models using aggregated data, mostly available at the statistical services at local or 
national level. This paper presents a methodology for estimating demand for taxi trips using 
data from the public transport (PuT) and the private vehicles in order to support decision 
making in the taxi sector. The methodology is illustrated by its application to Cyprus, which 
is a country completely depended on the private car usage (2007 statistics show that private 
cars modal share is at 85% of total transport demand; while walking, PuT and cycling modal 
share is nearly 12%, 2% and 1% respectively), that has however invested within the last years 
on the strengthening of the PuT system. 
 
METHODOLOGY 

The developed model is based in the third step of the traditional four-step transport model [4]: 
the mode choice. It aims at modeling taxi services, demand and supply quantification and 
calculation of key performance indicators. The data used in composed of a transportation 
model for private cars from which distances between zones are extracted; data collected from 
surveys for all modes which is used for validating the intermediate outputs of the model; 
aggregated data form the statistical services of Cyprus, which are used for validating the final 
output of the model. 
The proposed methodology uses the generalized cost of both modes, private vehicle and taxi, 
for obtaining the modal split distribution of each Origin Destination (OD) pair. Using the 
demand matrix for private cars and the estimated modal split per OD pair, the demand matrix 
for the taxi users is estimated. The parameters of the proposed model are calibrated by using 
both the aggregated values of the taxi market data provided by the national statistical service 
[5] and the data obtained from the surveys detailed above. 
The taxi market in Cyprus is divided in urban, rural and interurban taxi fleets. Due to the fact 
that the detail of the data collected is different for each one of the fleets, the OD matrix is 
divided into the three respective regions defined below: 

• The urban fleet is responsible for all trips starting in the urban regions (all files of the 
urban zones of taxi demand matrix, excepting the cells between urban regions). 

• The rural fleet is responsible for all trips starting in the rural regions (all files of the 
rural zones of taxi demand matrix). 
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• The interurban fleet is responsible for all trips between the urban regions (20 cells of 
the urban zones of taxi demand matrix). In this case the unique company offering 
these trips provided the study team with their own demand matrix, therefore these 
trips are already known by the modelers. 

 

Figure 1: Taxi trips demand matrix for each taxi fleet (urban, rural and interurban) 

The figure above shows the three trip categories graphically in the demand matrix. Each 
category is treated in a different way and validated using the available data at the statistical 
services of Cyprus. 
 
The 4-step model flow-chart is presented in figure 2. 
 

 

Figure 2: Methodology for the estimation of the taxi trips demand matrixes 
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Step 1: Quantification of the basic variables of the model 

Validation using the users and drivers survey. Travel time, distance and private vehicles 
demand between each OD pair is obtained from the private vehicles model. The users and 
drivers surveys are used for calibrating the travel time and the cost of the taxi services 
between each OD pair. Figure 3 illustrate the calibration for results for travel time and the 
cost respectively. The small deviation observed for some trips is a result of the simplification 
done by the model, where zones are represented by centroids. The fit is quite good for both 
models, presenting 0.84 and 0.92 for the cost and travel time regressions. 

 

 

Figure 3: Travel time relation between model and survey (left); Travel cost relation between 
model and survey (right) 

Step 2: Calibration of the parameters of the modal split distribution using the 
organizations and license holders surveys 

Using the data calibrated in step 1 the generalized cost for taxi and private vehicle is 
calculated and a logit model is developed for estimating the modal split distribution per OD 
pair. For the calculation of the generalized cost two variables are used, the travel time and the 
monetary cost. The Value of Time (VoT) used is equal to 12€/h, as done in various transport 
studies. The formula used for the estimation of generalized cost and the logit model [6] used 
for the estimation of the modal split distribution are presented below: 

 

 
 

 

  

Figure 4: Comparison between trips per license obtained from the model and the survey [left]; 
Comparison between average travel time obtained from the model and the survey [right] 

The results of the public organizations and license holders survey are used for calibrating the 
parameters of the logit model presented above. The calibration is done by comparing main 
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performance indicators calculated using the obtained OD matrix per fleet and region. Figures 
4 and 5 illustrates the calibration results for the urban taxi fleets for all regions. 

 

  

Figure 5: Comparison between daily distance per license (model vs. survey) [left]; 
Comparison between daily income per license (model vs. survey) [right] 

Step 3: Estimation of the total taxi demand matrix 

Distribution of the taxi trips to each fleet (urban, rural and interurban) taking into account 
the origin of the trips and the known interurban taxi trips. The demand matrix of the 
interurban taxi fleet is obtained from the surveys. This demand matrix is used for obtaining 
the demand matrix related to the urban and rural taxi fleets. The two demand matrices are 
obtained in this step. 

Step 4: Results validation using the aggregated fleet data provided by the statistical 
organization of Cyprus 

Using the demand matrix of each fleet and the characteristics of the trips obtained in step 
1, aggregated performance indicators are obtained for each fleet (urban, rural and interurban). 
These aggregated performance indicators are compared to the values provided by the 
statistical services of Cyprus, validating the results of the proposed model. Table 1 shows the 
results of this comparison. 

Table 1: Turn over, demand, distance and income per taxi fleet 

Taix Fleet 
Turn over 2009 
(CyStat) 

Income 2011 
(Model) 

Demand (trips) Distance (km) 

Urban 34.496.000 € 23.500.000 € 3.060.000 17.117.000 
Rural 4.814.000 € 3.476.000 € 664.000 6.095.000 
Interurban 2.870.000 € 2.068.000 € 216.000 3.139.000 
Total 42.180.000 € 29.044.000 € 3.940.000 26.351.000 

 
The distribution of incomes between the three fleets obtained by the model is very similar 

to the one presented by the statistical services. There is a 30% reduction in the incomes, but 
this was expected since the data of the statistical services is related to 2009 and the data of the 
model to 2011. All the related stakeholders had declared this income reduction during the 
surveys. 

The results of the model can be expressed in terms of total trips, total income and total 
distance. This is the basis for estimating the earnings of the sector and the viable number of 
taxi licenses 
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CONCLUSIONS 

A methodology using a modal split model with significant data uncertainties and 
unreliability for the estimation of taxi demand has been presented and applied to Cyprus. The 
reliability of data was affected by the lack of willingness to share data by taxi drivers and taxi 
associations. The model can be applied if a transportation model is available by making a set 
of hypothesis that have been presented in the paper and is considered as a very useful tool for 
decision makers. 

With regards to Cyprus, taxi industry is showing significant declination during the last 
years due to increased competition of public transport. The re-formation of taxi industry 
seems necessary in order to protect the sector. Therefore the development of an accurate 
database by the Ministry of Cyprus would be a very significant tool in order to assess 
accurately the estimated viable number of licenses. To develop such database, the co-
operation of taxi professionals is a difficult task but it should be communicated appropriately 
in order to protect their industry. 

By analyzing the results, several measures could be proposed to the taxi policy makers in 
order to maintain a significant market share without hindering the strengthening of public 
transport system, such as provision for DRT services (passengers’ survey shows significant 
market pool), provision of seasonal taxi services (mainly in touristic areas), co-ordination 
with public transport system, re-evaluation of taxi charging system e.t.c [7]. 

Finally, even if the model was developed following a low-data intensive approach due to 
the lack of data (lack of sharing data rather than lack of technical ways to collect it), further 
research on how to improve the model by using raw data from the taxi companies should be 
done.  
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ABSTRACT 

 
The PROMETHEE methods belong to the family of multicriteria outranking methods. As 
such they rely on the pairwise comparison of the actions and the PROMETHEE preference 
flows are relative scores that cannot be used to assess absolute ratings to the actions. In some 
published papers or available software based on PROMETHEE, simple linear 
transformations of the net flow are used to obtain "absolute" ratings (usually on a 0 -100 
scale). Such approaches lack any methodological basis and can be misleading. We propose an 
alternative named PROMETHEE R: it relies on the use of implicit reference actions. The 
computation of the preference flows is modified to allow a more consistent rescaling to a 0-
100 scale. Properties of the proposed approach are demonstrated, and potential applications 
are discussed. 
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ICDSST – PROMETHEE DAYS 2018 PROCEEDINGS – THE EWG-DSS 2018 INTERNATIONAL CONFERENCE ON 

DECISION SUPPORT SYSTEM TECHNOLOGY & PROMETHEE DAYS 2018:  
J. Papathanasiou, P. Digkoglou, G. Tsaples, F. Dargam, I. Linden, B. Mareschal (editors)  

Heraklion, Greece, 22-25 May 2018 

http://www.promethee-gaia.net/


ICDSST – PROMETHEE DAYS 2018 on  
Sustainable Data-Driven & Evidence-based Decision Support with 

applications to the Environment and Energy sector 

Strategic Information Systems in Logistics and Supply Chain Management 

Fotis Kitsios1, Maria Kamariotou1, Michael Madas2, Konstantinos Fouskas2,  
Vicky Manthou2 

 

 1Department of Applied Informatics, University of Macedonia 
Thessaloniki, Greece 

kitsios@uom.gr, tm1367@uom.edu.gr 

2Department of Applied Informatics, University of Macedonia 
Thessaloniki, Greece 

mmadas@uom.gr, kfouskas@uom.gr, manthou@uom.gr  
 

ABSTRACT 

As business environment is getting more and more turbulent, effective strategic 
management and decision-making is necessary, thus the implementation of Strategic 
Information Systems is considered crucial to sustain competitive advantage. Such 
transformations significantly influence the entire food processing chain from agricultural 
production, through food processing to the distribution of food to customers. As Supply Chain 
Management (SCM) emphasizes on seeing the whole supply chain as one system, Strategic 
Information Systems are used to define the influence of strategic issues on logistics and to 
identify the most effective processes to be performed because of the strategic issues with the 
highest either positive or negative impact on the logistics. The purpose of this paper is to 
propose a strategic framework which combines both the strategic management process and 
the Strategic Information Systems Planning (SISP) process and to provide a holistic approach 
to effective decision making in the logistics sector.  

Keywords: Strategic Information Systems Planning; Logistics; Supply Chain Management; 
Information Technology 

1   Introduction 

During the last decade or so, there has been an increasing interest of researchers in the 
strategic role of logistics. The strategic significance of logistics is conceived in businesses that 
place special emphasis on customer service as the output of their business (Korpela and 
Tuominen, 1996). As the business environment is getting more and more complex and 
competitive, an effective and timely decision-making is necessary. The implementation of 
decision support technology is becoming significant and calls for reduced complexity along 
with improved efficiency. Strategic Information Systems are used to define the influence of 

 
ICDSST – PROMETHEE DAYS 2018 PROCEEDINGS – THE EWG-DSS 2018 INTERNATIONAL CONFERENCE ON 

DECISION SUPPORT SYSTEM TECHNOLOGY & PROMETHEE DAYS 2018:  
J. Papathanasiou, P. Digkoglou, G. Tsaples, F. Dargam, I. Linden, B. Mareschal (editors)  

Heraklion, Greece, 22-25 May 2018 

mailto:tm1367@
mailto:kfouskas@uom.gr


strategic issues on the logistics and to identify the most effective processes to be performed, 
because of the strategic issues with the highest either positive or negative impact on the 
logistics (Korpela and Tuominen, 1996). 

Previous studies in this area were focused on the importance of Information Technology 
(IT) to help decision makers to make more efficient decisions. Especially, previous 
researchers highlight the benefits of using computer-based systems to support logistics 
management, especially in transportation and warehousing (Accorsi et al., 2014; Moynihan et 
al., 1995). 

As Supply Chain Management (SCM) emphasizes on seeing the whole supply chain as one 
system, current research examines the benefits of using computer-based systems to maintain 
logistics management, especially in transportation and warehousing (Accorsi et al., 2014; 
Moynihan et al., 1995). Previous surveys were focused on the technical aspect of the DSS 
development and they did not take into consideration the strategic one (Fanti et al., 2015; 
Kondratenko et al., 2013; Sansone, 2014; Songbai et al., 2010; Wong 2012). 

The purpose of this paper is to propose a strategic framework which combines both the 
strategic management process and the Strategic Information Systems Planning (SISP) process 
to provide a holistic approach to effective decision making in the logistics sector. 

The structure of this paper is the following: A theoretical framework based on the literature 
review about strategic planning and Information Systems (IS), as well as, Strategic 
Information Systems in logistics are initially analysed in Section 2. In Section 3, the steps for 
a framework linking Strategic Information Systems and SISP process in the logistics sector 
are discussed, whereas in the final section the concluding remarks of the paper are 
summarized. 

 

2   Strategic Information Systems and Logistics 

Strategic decisions imply that the design of a distribution/logistics network is complex 
because it involves significant commitments in resources over several years. Strategic 
logistics planning, including required customer service levels, aims to minimize the 
inventory-related costs which are combined with producing and storing products from 
manufacturers to customers (Moynihan et al., 1995). As a result, the logistics strategy is 
significant for long-term competitive advantages in business, especially in a logistics 
distribution network which is important in transportation and inventory cost. Furthermore, it 
is crucial to customer satisfaction regarding logistics response (Kengpol, 2008).  

Previous researchers in this field focused on the importance of IT to support decision 
makers to achieve more efficient decisions and to enhance their effectiveness. Specifically, 
previous surveys focused on the benefits of using computer-based systems to support logistics 
management, especially in transportation and warehousing (Kengpol, 2008; Salam and Khan, 
2016; Songbai et al., 2010). Limited surveys have been conducted in the areas of inventory 
and product forecasting (Accorsi et al., 2014; Moynihan et al., 1995). 

A significant area of Strategic Information Systems in logistics has been applied to perform 
an evaluation of supply chain. Current changes in global production had intensified supply 
chain complication and increased the argument that logistics strategies are significant aspects 
of business strategy. Recent business environment highlights the need for supplier 
relationship development to improve businesses sustainable management. The purpose of the 
supplier selection and assessment process is to limit risk and increase overall value to the 
customer. As supplier selection is considered to be a multiple criteria decision-making 



process, this process signifies an even more complicated problem. The decision-maker needs 
to analyze a large amount of data considering multiple factors to apply a more effective 
evaluation. Businesses have to pay attention to each factor to reduce the costs and to increase 
their profit, because of the increased globalization of trade and the expansion of competition. 
Businesses formulate strategies concerning the supplier selection process paying attention to 
the sustainability and environmental responsibility requirements, to deal with the higher level 
of competition. Several researchers argue that sustainability is a significant aspect which has 
to be considered by managers in supplier selection and performance evaluation.  

Thus, the criteria taken into consideration for the supplier selection and assessment can be 
categorized as follows. The first category concerns quality, the second one is the price, the 
next category is related to the capability of supply/delivery, and the fourth type involves 
factors about the service. Another category sought by decision makers for the supplier 
selection and assessment, is the Environment Protection (Karthik et al., 2015). 

3   Conceptual Model 

The proposed model (Figure 1) is based on previous Strategic Information Systems and 
combines the phases of SISP process in order to suggest a complete model for strategic 
decisions in the logistics sector.  

This model involves four subsystems. The first one, named “Environment Support 
Subsystem”, is used for gathering information related with inventory, production, R & D, 
marketing, industry, raw materials, human resources, financial resources, market, technology, 
economic conditions, government and culture necessary for forecasting and projecting both 
the external and internal business environment. Managers analyze strengths and weaknesses 
concerning economic conditions, logistical structure and logistical costs, inventory 
management, transportation, warehousing, IS and materials handling.  Information about 
distribution channels, economic situation of suppliers, relation demands to product 
characteristics, market segments where competitors are active and buying power, quality of 
suppliers is required (Manthou et al., 2004). 

The second subsystem is the “Goal Determining Subsystem” which involves a model base 
which generates alternatives models. One or more of them are selected according to identified 
goals and objectives of SCM. The main objectives which have to be identified are related to 
customer service, transportation, order processing, inventory management and warehousing. 

Moreover, the Decision Support Subsystem includes a DSS database, a DSS model base 
and application programs which maintain the flow of information within the system. The DSS 
database contains files of historical, managerial and environmental data, as well as files on 
various transactions. The DSS model base includes models which are useful for the solution 
of strategic problems. Thus, managers can gather, store and reclaim the necessary information 
about external and internal environment and historical data (e.g. about transportation or 
supplier selection and evaluation), which will help them to create alternative scenarios. Then, 
managers will evaluate this information and they will select the best choice, which will be 
developed in the next subsystem. The output of this subsystem includes alternative decisions 
about drivers’ and vehicle transportation, KPIs, cost rate, cost per unit of material flow 
(Zviran, 1990). 

The last subsystem is the “Strategic Information Systems Planning Subsystem”, in which 
the decision maker identifies, evaluates, and selects alternative strategies. Then, manager 
implements the selected strategy, and he evaluates based on information provided by the 
decision support subsystem. This subsystem maintains each phase of strategic management 



process as it has been previously presented (Dooley and O'Sullivan, 1999; Kamariotou et al., 
2017). 

 

 
 
Fig. 1. Proposed Framework for the Logistics Sector 

4   Conclusions 

Strategic Information Systems are based on the needs for information of the existing 
organisational functions. In the future, Strategic Information Systems will try to involve tools 
based on environmental changes and information needs, which will facilitate decision makers 
so as to adapt their working practice for future demands (Salmela and Ruohonen, 1992).  

A framework which combines strategic planning and IS in logistics is suggested. The 
suggested framework contributes to the logistics sector and enhances the communication 
among producers and consumers, enhancing a redistribution of value for primary producers. 
Furthermore, if managers use this model, the latter can give customers insight into sourcing 
and production methods, enable producers to monitor their customer base closely and make 
supply chain visibility and transparency a sustainable competitive advantage (Volpentesta et 
al., 2013).  

Previous models have been implemented for specific logistics functions such as 
distribution, vehicle routing and tactical decisions. The proposed framework (Figure 1) is 
based on the strategic process and it involves the phases which are based on the formulation 
of business and IT strategy, which are excluded from the previous models. The identification 
of objectives, the analysis of business and IT environment, the organization of planning team, 
the evaluation of opportunities, the improvement of business processes and the assessment of 
the process, are significant phases when managers formulate IT strategy. So, the proposed 
framework can be implemented by decision makers in each function of the logistics sector.   

The proposed model provides some benefits to decision makers. First, various strategic 
decision variables and steps can be considered comprehensively. Second, it can be considered 
as an effective strategic management system which makes easier the decision making process. 
Next, the system provides updated information to managers as they can scan the business and 
IT environment. So, the environmental uncertainty is minimized as well as the risk for 
company which is under dynamic change. Another benefit is that the evaluation process is 
implemented in order to examine whether the strategy is being implemented and whether the 
goals are being achieved. If not, corrective action may be necessary to change the 
implementation activities or even to change the strategy itself. Finally, system includes 
various levels of managers, so their participation enhances the increased use of the system and 
the effectiveness in decision making. 

This paper research contribution is twofold. Firstly, it aims to bridge the gap in the 
literature regarding the connection between strategic planning and IS in logistics. 
Furthermore, it suggests a new framework for decision making with general applicability to 
various industries, including the logistics sector.  

By defining the phases that support managers’ decision making, implications for future 
research are presented. Academics and managers should expand, visualise and test this model, 
to evaluate the effectiveness of SISP phases in the process of decision making. As the 



framework has not been tested yet, the results of an exploratory study will be summed up in 
an expanded conceptual model for future research.  
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ABSTRACT 

This paper deals with the analysis of the Expected Shortfall of the makespan in activity 
networks when uncertain activity durations are modeled by intervals. More precisely, for 
each activity only the interval for its integer valued duration is known to the decision 
maker. In this scenario, we address the evaluation of the Expected Shortfall associated to 
a feasible schedule discussing its role and importance in decision support systems for 
planning and scheduling applications. We propose heuristics to determine a fast 
estimation of the Expected Shortfall. The computational results show that it can be used 
as optimization criterion for a wide class of planning and scheduling problems while 
modeling the risk-averse behavior of a decision maker. 

 
Keywords: Expected Shortfall, CVaR, Scheduling, Makespan, Interval Uncertainty 
 
INTRODUCTION 

    Planning and scheduling problems involve the execution of a given set of activities on 
a finite number of resources with the aim of optimizing a given performance measure. A 
usual assumption is that the duration times are deterministic and known in advance but it 
may be valid only if the effects of uncertainties are limited. A typical consequence of 
disregarding activity duration uncertainties is the underestimation of the expected 
makespan, frequently observed in practice [1-2]. In this paper we address problems 
where the processing times are integers and their values belong to known intervals. In 
other words, only a given number of integer times are possible for each duration and the 
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realized value is only known when the execution of the activity is completed. This case 
can often arise in practice and can be considered as a problem with incomplete or 
imperfect information [3-6].  
    We consider the Expected Shortfall (ES) of the makespan. The ES has been considered 
as a possible decision criterion in different contexts [7-9], although it has only a limited 
diffusion in scheduling applications perhaps due to the computational difficulties caused 
by scenarios and sampling approaches [10-11]. At this aim we propose a counting-based 
algorithmic approach for the case of Interval-Valued Activity Networks.  
    Indeed, the ES, or the Conditional Value-at-Risk, of the makespan offers some 
advantages over more traditional expectation-variance-based or α-quantile approaches 
and it has the tendency of simultaneously reducing both the expectation and variance of 
the completion time. The α-quantile of the makespan represents the so-called Value-at-
Risk of the makespan at level α: VaRα (Cmax) of the distribution of the random variable 
Cmax. In other words, VaRα (Cmax) represents a threshold that is exceeded in (1 - α)100% 
of all cases, while the ESα (Cmax) represents the expected value of all cases exceeding that 
threshold. ESα allows to consider the preferences of the decision maker (DM) especially 
if he is concerned with the severity of undesirable outcomes. E.g., higher values of α are 
chosen by more risk averse DMs, while α=0 represents the risk-neutral choice. The 
evaluation of the ES of the makespan addressed in this work is relevant to support the 
DM in several practical applications and have diverse possible purposes including: 
project or task bidding, risk evaluation and mitigation, due date setting or acceptance, 
order proposal and acceptance, and robust scheduling [5,11-12]. 

 
 

PROPOSED ALGORITHMS 

We consider a Integer Interval-Valued Activity Networks (IIN) as a pair (G, D), where 
G=(N,A) is the activity-on-arc (AoA) precedence network (a connected, directed acyclic 
graph (DAG) with single source 1 and sink n nodes), and D is the vector of m random 
activity durations. Each activity i has integer duration from a minimum t-

i to a maximum 
t+

i. Let us denote by T a configuration of the activity duration times in a given IIN S (i.e., 
the realization of an exact value from the interval activity time [t-

i, t+
i] for all activities in 

S. Hence, total number of all possible configurations |UT| of a network S is: |UT|=Πi∈m(t+
i 

– t-
I +1). 
Observe that, given an IIN S and α∈[0,1], ESα(Cmax) is the expected value of the (1-

α)% worst configurations of S. This observation suggests a procedure to determine 
ESα(Cmax), i.e., the DM can sort the configurations in UT in decreasing Cmax order and 
then calculate the mean of the makespan over the set WCT of the worst CT configurations 
in UT. Where CT stands for counting target CT=(1-α)|UT|. 

Our counting procedure [13] starts from the worst case (i.e., the configuration T+) and 
proceeds backwards up to the CT-th worst configuration, and ESα can be computed as the 
mean over the worst CT configurations, i.e., ESα=Σi∈WCT C+

max(Ti)/CT. 
At each iteration q, we compute the q-Critical Subgraph Gq of G as the graph 

containing all the arcs a=(i,j)∈A | sl+(a)≥q, where the slack sl+(a)=sl+(i,j)= C+
max-l(1,i)- 

d+
ij -l(j,n), in which d+

ij is the maximum duration of a according to Ta and l(x,y) is the 
length of the longest path between two nodes in G. Next, in order to calculate |UT(C+

max-
q)| (the number of configurations in G having makespan C+

max-q) we observe that, 
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considering a specific level of slack q, the arcs of G can be partitioned in two subgraphs 
Gq and G\Gq and |UT(C+

max-q)| can be calculated as the product of two terms P1q and P2q. 
• The first is determined by the arcs in G\Gq as P1q =Πi∈G\Gq(t+

i – t-
I +1). In fact, all 

these arcs have a critical level greater of q and can assume all their possible 
configurations (i.e., durations) without exceeding the makespan C+

max-q. 
• The second factor P2q represents the number of configurations having makespan 

C+
max-q in Gq and needs to be calculated by a carefully designed counting function. 

Iterations are repeated until the worst CT configurations have been identified and ESα 
can be computed. Note that this scheme implicitly assumes that suitable procedures are 
available to iteratively identify Gq and P2q. 

Given a Gq we apply series and parallel transformations to reduce the graph while 
maintain all the information on the number of possible associated configurations for each 
possible makespan value associated to Gq. If Gq is a series-parallel (SP) graph [13] (even 
if G is not necessarily SP) then it can be completely reduced to a single arc and the 
function P2q returns exact evaluations. 

Otherwise, in order to reduce Gq to a single final arc, we have to apply also some 
different transformations (arc removal and arc replication) of G’q that, however, do not 
guarantee the exactness of the counts of P2q, but return lower and upper bounds of ESα. 

The following three cases are considered: 
• ESRND selects a random arc among the eligible arcs. 
• ESMinS selects the arc with the minimum number of associated configurations in 

order to introduce smaller perturbations in the graph structures and therefore 
smaller approximations in the counts. 

• ESMaxS selects the arc maximizing the perturbation (i.e., the greater number of 
associated configurations). 

In other words, given a IIN representing a feasible solution for a scheduling problem, the 
counting approach counts how many configurations lead to each considered makespan value. 
This counting process starts from the worst possible makespan and it is iterated backwards 
until sufficient information has been gathered to compute the ESα. The computation at each 
step is done by considering the possible series and parallel reduction on the critical subgraph 
Gq. If all the considered critical subgraphs completely reduce by series and parallel 
transformations, then the proposed approach computes the exact value of ESα, otherwise it 
returns a lower and upper bounds for the Expect Shortfall. 
 
COMPUTATIONAL RESULTS 

We have tested the proposed algorithms (i.e., ESRND, ESMinS and ESMaxS) on four 
different realistic test-sets of AoA instances. All test-sets have been generated starting by 
instances available in PSPLIB [14], a widely used instance library for resource-
constrained project scheduling problems, considered to be representative of real 
scheduling problems. In particular, we consider the RCPSP Single Mode Data Set 
composed of the following four sets of instances: J30, J60, J90, and J120. Hence, the 
considered PSPLIB's data sets contain a total of 2040 instances. Starting from the 
original PSPLIB's instances, we have removed the presence of limited resources and 
transformed to AoA networks and finally we introduced uncertainties. To this aim we 
consider two different uncertainties parameters: 

• The percentage ρ activities are affected by uncertainties. 
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• The magnitude γ of the uncertainty affecting the activities. More in details, for each 
uncertain activity the time interval [da, d+

a], where da is the deterministic duration 
in the original PSPLIB instance and d+

a=random(U[d+
a+1, (1+γ)da]), where 0 ≥ γ 

≥ 1 is the parameter controlling the magnitude. 
In our experiments we consider ρ∈{25%, 50%, 100%}, γ∈{0.25, 0.5} and we consider 

α∈[0.9, 0.95, 0.99]. Hence, the total number of instances included in our experimental 
campaign is 36720. All the experiments are conducted on an Intel Xeon E5-2440 
processor (1.90 GHz clock speed) with 16 GB of RAM. The code is written in Python 2.7 
and run on a single thread. All reported CPU times for the computations are expressed in 
seconds. The results are summarized in Table 1. The first row in this table reports the 
percentage of instances solved by each algorithm (in columns). All algorithms are able to 
solve the 100% of instances. The second row of Table 1 reports the percentage of 
instances closed by each algorithm. Each algorithm is able to close more than 81% of 
instances ESMinS showing a slight better performance (83.04%, respectively), while 
ESMaxS performs worse. The successive four rows report the mean and the standard 
deviation (averaged on the instances) of two indicators we adopt to assess the quality of 
the obtained results. The first indicator is the quality index Q which represents the 
reduction of the uncertainty on the knowledge of ESα (the gap between the initial and 
final bounds) obtained by the algorithm: 

Q = 0 if C+
max-Cmax(E(D))=0 

Q = (UBα -LBα)/(C+
max-Cmax(E(D))) otherwise 

The second indicator is the estimated relative error (Rerr) providing an overestimation 
of the error committed with respect to the true value of ESα. Rerr=(ESAα- LB+α)/(LB+α) 
where ESAα  and LB+α are the estimated ESα evaluated by the algorithm and the best 
known lower bound. 

Both indicators reveal a good overall behavior of the algorithms. Furthermore, also 
these quality measures show a better behavior of ESMinS, while highlight ESMaxS as the 
worst performing algorithm. Finally, the last row of the table shows the computation 
times of each algorithm, averaged on all the instances. All the algorithms required (on 
average) less than 0.17 s. 

Table 1: Computational Results 

Index ESRND ESMinS ESMaxS 
% Solved 100 100 100 
% Closed 82.46 83.04 81.45 
Q% (mean) 8.50 7.50 10.82 

Rerr% (mean) 0.48 0.51 0.65 

Time (mean) 0.15 0.15 0.17 

 
DISCUSSION 

The proposed procedure to compute the ES of a temporal network can be used inside a 
DSS and give to the DM a way to assess or monitor the risk associated to a given plan. 
On this basis, different application schemes can be considered to embed it in a DSS, the 
main being: 

Post-optimality risk assessment. In this case the proposed procedures are used to 
evaluate the risk associated to a known plan or schedule represented by a specific IIN. 
This network represents the result of a previous optimization process and the risk 
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assessment could be part of a validation or pre-implementation phase [2] or even of a 
final selection among different possible plans/schedules represented by IINs. In this case 
there are no severe computation time restrictions and the procedures can be used to 
pursue exact or very accurate calculations. 

 
 
 

Figure 1: Post-optimality risk assessment scheme. 

 
 
Risk monitoring and re-optimization. The ES evaluation procedures can be also 

used to monitor the risk during the execution of the activities. In fact, the actual value of 
the duration of an activity is known only at the end of it. Thus, the risk assessment for a 
IIN can be re-calculated or updated at the end of an activity or at a significant event (i.e., 
considered as a milestone). This updating activity can be limited to a monitoring service 
or more usefully can trigger a re-scheduling of the activities not yet performed. 

 
Figure 2: Risk monitoring and re-optimization scheme 

 
 
Risk-aware optimization algorithms. In this case the proposed methodology can be 

used to implement a score function to guide an optimization algorithm used to generate 
solutions for the DM and the ES can be used as main (or secondary) score functions or as 
constraints to take into account the DM’s preferences. These optimization schemes need, 
in general, fast scoring functions. 

 
Figure 3: Optimization algorithms scheme 

 
 

CONCLUSIONS 

In this paper we considered planning and scheduling problems represented by Integer 
Interval-Valued Activity Networks where uncertain durations can assume, as in different 
practical contexts, only integer values within known intervals. The proposed heuristic 
algorithms determine accurate estimations of the Expected Shortfall in short computing times 
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as shown by our extensive computational campaign, carried out on classic project scheduling 
benchmarks. Thus, allowing to embed this approach in a DSS for considering DM’s risk-
aversion preferences for a wide class of planning and scheduling problems. 
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ABSTRACT 

Artificial Intelligence (AI) not only contributes in many ways to multiple sectors, but also 
transforms them. One out of many fields that A.I has conquered is profiling. Profiling 
contains a set of widespread and multidisciplinary methods that investigate a person’s 
tactics, acts and behavior to determine his/her personality and subjective characteristics. 
Profiling is divided in many classes and has been applied to various research topics. This 
research paper is dealing with the psychological profiling using an IBM Watson’s 
application, called Personality Insights. This paper has two objectives, one of them, is to 
create general personality profiles for the departments of the University of Macedonia. In 
order to achieve that, a questionnaire consisting of 13 open type questions was created and 
distributed to undergraduates or graduates of the respective departments. The questions 
were in relation with the personality traits that the app is measuring in order the results to 
be objective. Every answer was processed individually until every participant had his/her 
own profile. These profiles contributed to the creation of a general profile, by averaging 
the personality traits with the smallest variance. Following the same procedure, the 
participants were classified due to the department they attend in order to create the 
departmental profiles. The other objective of this research is to provide guidelines to 
University Selection Committees to assess future candidates who want to apply for these 
specific departments by using these results. Finally, prospective students can use these 
general profiles in order to compare if their results are similar to the department they wish 
to study. 
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INTRODUCTION 
 

The need to establish general patterns and characteristics assigned to a group of people 
with similar behaviors, brought into surface the term Profiling, that is being used extensively 
in a variety of domains. More precisely, collecting and projecting a person's psychological 
and behavioral traits, helps scientists to determine and figure their capabilities in a certain 
sphere or to support in classifying them into categories for different purposes. Big data or 
figures with similar weight is being used by profiling to express a category of values. 
Profiling is extremely helpful for analysts, as it allows segmentation and distinguishes 
similarities and differences, even within a group of characteristics.  

In a continuously changing and demanding environment, Greece need to recover its 
competitiveness and offer young people the appropriate supplies needed to move forward and 
leave behind a decade of economic crisis. A vital role in this difficult effort plays the 
educational system in Greece, that needs to adopt tools during the educational process to 
match skills and talents with know-how and proficiency. A useful tool for this transformation 
is Profiling, which will provide a competitive advantage not only for the educational 
provider, but for the trainee as well. 
 

DEFINITION AND APPLICATIONS OF PROFILING 
 

Profiling has advanced nowadays as researchers have identified the profits gained from 
profile framework. The term Profiling, as defined in the General Data Protection Regulation 
2016/679, is an automated analysis of personal information to assess certain aspects of the human 
personality and evaluate or predict his/her interests and behavior characteristics. According to the 
Oxford English Dictionary, Profiling is “the recording and analysis of a person's psychological 
and behavioral characteristics, so as to assess or predict their capabilities in a certain sphere or 
to assist in identifying categories of people.”. Manski [1] used the terms statistical discrimination 
and conditional prediction to define Profiling, in an attempt to combine economics of information 
and econometrics and statistics. Concentrating similar characteristics in frameworks (profiles) 
allows efficiency and increased productivity, effective communication based in standards, 
developed for each categorized population and improved collaboration. Simultaneously, profiling 
supports reduced personnel turnover and low possibilities in delivering low-quality outcome, 
something that affects profitability.  

Profiling is being widely used in many areas in everyday life. In the commercial sector, it 
is used to predict customer behavior, offer tailor made services or products based on the 
individual’s behavior. In education, profiling is used to identify students with particular skills or 
categorize them depending on their behavioral characteristics [2]. Profiling also plays a vital role 
in the forensic science, as it is used to generate common patterns from existing databases of cases 
and suspects, that can be used for solving existing cases or establishing risk profiles of potential 
suspects [3]. The appliance of profiling in financial institutions and insurance companies aims to 
identify and restrain fraud and money-laundering with examples including transaction databases 
scanned to reveal potentially suspicious transactions [4]. Finally, Profiling has been extensively 
used in Information science, according to Xu et al., “A student profile is a set of following pairs: 
<t, e>, where e is a behavior of the student, t express the time while the behavior occurs. The t 
could be a point of time or an interval of time” [5].  

Nowadays a new trend on the profiling science has occurred. Profiling through 
linguistics. IBM has developed an intelligent computing system that can answer to questions that 
are addressed in human language, called IBM Watson. Watson receives information, from every 
available source and can read a significant amount of data because it isn’t bound to any 
 



 
memory capacity. Whenever new data arrive, Watson is trained by special scientists, so it can 
interpret them. Its main difference with a common search engine, is that when Watson 
receives a question, tries to understand it and give back a precise answer, not a list of data. 
One application of Watson, amongst others, which stands out, is Personality Insights. It is an 
app, which through language analysis and word count, can measure some personality traits 
and social characteristics, including the Big Five model 
 

RESEARCH METHODOLOGY 
 

Profiling, among other fields, can be utilized within University Selection Committees to 
outline and evaluate students that submit their applications. The evaluation process can be used 
either for existing undergraduate or prospective students, that wish to continue their studies and 
could provide useful information for the candidate. The aim of this study is to evaluate the 
preparation of each student for the university and determine whether the student will develop, not 
just because of his/her grades, but also because of his/her personal experiences and personality 
characteristics. Profiling will allow the university to check out each potential student, as a whole 
person, combining background experience, skills, talents, interests and passions. In the present 
study, the role of profiling is to create general categories that reflect every department of the 
University and minimize the opportunity for the student to select a department that does not fit 
his/her personality characteristics and educational background. This classification is important for 
the university, because it seeks commitment from the prospective students and continuity to 
evolve research. The methodology followed was: 
 

(a) Tool selection  
The first step of the applied methodology is to select a suitable profiling tool that will 

produce a set of general personality traits, in which each student may fit depending on the 
answers collected from the tool. It will provide educators with the appropriate understanding 
on their students from a holistic point of view from a range of data resources. On the other 
hand, this profiling tool will provide students an image of their capabilities and a portrait of 
their powerful characteristics, that fits most with the education each department of the 
University provides. The tool selected was IBM’s personality insights; a tool specializing in 
portraying users, by analyzing their own texts, as long as they are larger than 100 words and 
the writing language is English, Japanese, Spanish or Arabic. 
 

(b) Questionnaire design  
The next step involved creating a compatible questionnaire with the appropriate structure 

incorporating as much useful information as possible, using mainly open text answers of more 
than 100 words. This structure would produce raw data for the evaluators and objectivity without 
guidance towards specific direction. Simultaneously, a critical factor of choosing the appropriate 
questionnaire was to elicit knowledge from student’s personality, which cannot be obtained 
through an interview or another mean of communication. The purpose of creating a well-designed 
questionnaire was to elicit common characteristics among potential students of the University by 
establishing the common personality traits with the lowest possible variance. 
 

(c) Collection of answers  
After developing an appropriate questionnaire, the objective was to collect numerous answers 

from students and graduates. The target was to collect 100 fully answered questionnaires, 
approximately 15 answered questionnaires from students and graduates of every department of 
the University of Macedonia in Thessaloniki, Greece. The outcome of the 



 
answered questionnaires would be open text and the analysis of the answers is based on the 
use of language, the adoption of words, compilation of speech, language motives and not the 
rendering of meaning. 
 

(d) University traits identification  
A number of common characteristics among the answers of the students emerged and a 

framework of traits identified. These characteristics would develop a profile for the students 
across the University departments. 
 

(e) Departmental traits identification  
For every department of the University, a set of common traits with the lowest variance 

determined as a point of reference. The questionnaires produced results for the students that 
took part in the primary research and students were correlated to the department they fit most, 
depending on their answers. 
 

QUESTIONNAIRE AND PARTICIPATION 
 

The questionnaire was designed with 13 open type questions in English with the aim to 
extract the personality traits that ΙΒΜ Personality Insights is measuring. The questionnaire 
was distributed to seven departments of the University of Macedonia, an academic institution 
that is mainly oriented in Economics and Business studies. The questionnaire was 
implemented through Google Forms and it was disseminated electronically through Facebook 
groups and official departmental secretaries of each department. In total, 192 persons, were 
reached and filled the survey. The results from the respondent graduates and undergraduates 
formed the database from which a university student profile and separate departmental 
student profiles were created. The average text size of the participants was 447 words. 
 

 

Departments 
  

Total 
  

(%) 
  

Male 
  

Female 
  

Percentage(M) 
  

Percentage(F) 
 

              
                       

 Applied   37   22,98%   20   17   54,05%   45,95%  
 Informatics              
                      

Economics 35  21,74%  11  24  31,43%  68,57%  
 Business   32   19,88%   9   23   28,13%   71,88%  
 Administration              
                      

Balkan Slavic and 15  9,32%  0  15  0,00%  100,00%  
Oriental Studies       

                    

 Accounting and   14   8,70%   5   9   35,71%   64,29%  
 Finance              
                      

International and 24  14,91%  8  16  33,33%  66,67%  
European Studies       

                    

 Music   4   2,48%   1   3   25,00%   75,00%  

TOTAL 161  100,00%  54  107  33,54%  66,46%  
        Table 1: Departmental participation     

 
Table 1 shows the departmental and gender participation. This table is used not only to 

resume some general information of the research, but it also comprised a guideline in order to 
choose which departments are suitable to have their own psychological profile based on the 
answers collected. After analyzing the table, it was decided that the departments with more 
than 20 participants, should be involved with the research, since the other departments’ 
samples, were small and their results would be unreliable and inappropriate to characterize 
whole departments. 
 



 
PROFILE OF UNIVERSITY STUDENTS 
 
After examining table 1, a general profile for those who wish to study in the University of 
Macedonia was created. To achieve that, the traits that had extremely high or low values were 
identified. Since the results of the application are expressed in percentiles, extreme averages 
secured that for these characteristics the participants were distinguished in comparison with 
the general population. 
 
 

BIG FIVE 
  

FACETS 
  

AVERAGE 
  

MEDIAN 
  STANDARD   

VARIATION 
 

         DEVIATION    
                 

 Agreeableness  Sympathy 0,88  
0,92 

 
0,11 

 0,01127  
              

 Extraversion  Gregariousness 0,09  
0,05 

 
0,11 

 0,01283  
              

 Conscientiousness  Orderliness 
0,14 

 
0,11 

 
0,11 

 0,01300  
            

 Extraversion  Assertiveness 
0,85 

 
0,90 

 
0,15 

 0,02349  
            

 Extraversion  Activity level 
0,82 

 
0,86 

 
0,16 

 0,02586  
            

 Conscientiousness  Achievement striving 
0,73 

 
0,76 

 
0,16 

 0,02610  
            

Table 2: General profile of the undergraduates of the University 
 

Table 2 represents the personality traits for which an average undergraduate 
distinguishes. It contains 6 personality traits that belong to 4 out 5 of the dimensions of the 
Big Five model. The Agreeableness dimension has 1 personality trait, while the 
Conscientiousness dimension has 2 and 3 of these characteristics complete the Extraversion 
dimension. For 4 of the traits, the undergraduates have high scores while on the other hand 
for 2 of them their results are lower than the 33% of the general population. Despite the fact 
that the median and the average of every trait, mark a small deviation, they both participate in 
the same class value, which means that the extreme values for every occasion do not 
influence so much the results of the research. Another conclusion is the column of the table 
that refers to the standard deviation of every personality trait. In its case it is quite small, 
which means that there is no big disperse between the values which enhances the 
classification that was mentioned previously. Also, the column of variation, which was the 
strongest argument to choose these traits. The small variation for a trait indicates that all the 
participants of these departments were similar in this trait. Nonetheless, these personality 
traits are not only accompanied with percentiles but also have a descriptive meaning. These 
meanings are defined by the results. For example, someone who scores high in Agreeableness 
is totally different from a person who scores low. In conclusion, the general profile of an 
average University of Macedonia student can be summarized as follows: 
 

1. Can feel the problems of the others. (Sympathy+) 
2. Wishes to spend time with himself/herself. (Gregariousness-) 
3. Likes to take over initiatives and lead. (Assertiveness+) 
4. Seeks for a fast, full of activities life. (Activity level+) 
5. Sets high goals and works so she/he can achieve them. (Achievement-striving+) 
6. Doesn’t spend much time to organize his/her daily routine. (Orderliness-) 

 
The traits are accompanied by a + and a – notation. They indicate the class value they belong 

to, based on the results. From this general profile two traits are highly important since they are 
related to work success. The first one is Sympathy and high scores on this characteristic is a 
negative indicator, while on the contrary high scores on Achievement-striving is a positive 
 



 
indicator. For a prospective student to fit in with existing students, he or she should have a 
similar personality profile as the one described above. The next step is to identify the traits 
that distinguish the students of each University department. 
 
 

DEPARTMENTAL PROFILING 
 

After finding the characteristics which best describe an undergraduate of the 
University of Macedonia, the next step was to define, for which personality traits the 
departments distinguish. The same methodology with the general profile was followed. Every 
department had 6 special personality traits that were rated more than 66% or lower than 33% 
and their variances were lower than 0, 03. Many of them are the same with the general profile 
and some of them are in common for specific departments. But most of the departments has 
at least one unique personality trait that differs them from the others. Table 3 illustrates the 
personality traits for each of the departments. 
 
       

Applied 
     

Business 
  International  

 Big Five   Sample     Economics     & European  
     informatics     Administration    
              Studies  
                 

 Achievement  HIGH (73%)  HIGH (77%)  HIGH (72%)       
 striving          
                

 Activity level  HIGH (82%)  HIGH (87%)  HIGH (81%)       
               

 Altruism        HIGH (74%)  HIGH (74%)    
               

 Assertiveness  HIGH (85%)  HIGH (91%)          
               

 Cheerfulness           LOW (18%)  LOW (16%) 
                

 Extraversion        LOW (17%)       
                

 Fiery     LOW (18%)          
             

 Gregariousness  LOW (9%)     LOW (9%)  LOW (7%)  LOW (6%) 
               

 Impulsiveness           LOW (23%)  LOW (18%) 
             

 Orderliness  LOW (14%)  LOW (12%)     LOW (13%)  LOW (15%) 
                

 Outgoing              LOW (18%) 
            

 Sympathy  HIGH (88%)  HIGH (87%)  HIGH (87%  HIGH (87%)  HIGH (87%) 
             

    Table 3: Big five traits of departments       
 
Based on table 3:  

Sympathy is the only trait which is common for every department and it is also 
included in the general profile.  

3 out of 4 departments are characterized by low Gregariousness and Orderliness.  
Economics and International (extraversion) & European studies (outgoing) each have 
one unique personality trait.  

Applied Informatics has two unique traits (assertiveness and fiery) compared to the rest. 
 

CONCLUSIONS 
 

The Applied Informatics department has the most in common traits with the general profile 
since 5 out of 6 are the same. Low Fiery is their unique trait. The undergraduates of the 6 



 
Economics department have two different characteristics from the general profile and they 
are described by a Big five dimension and not only by traits. Extraversion is the only 
characteristic that is rated under 33%. The participants of Business Administration had 4 
characteristics with a negative notation and 2 with a positive. Although the undergraduates of 
this department have 3 different personality traits from the general profile, they don’t have a 
unique one. The last department that had a descent sample of undergraduates was the 
International and European Studies. It is also the only one with one positively rated trait. 
Outgoing is the unique trait of that department. 
 

Future work will include a matching mechanism for prospective high school students with 
a degree of similarity to each department and to the University in general. This will provide a 
helpful guide both for prospective students and the University to know which types of 
students are more suitable for each of its departments. 
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ABSTRACT 
Greece is a country with a unique morphology. Having an extensive coastline and thousands 
of islands, the rise of the touristic industry is significant. The recent economic crisis as well as 
the increased infrastructure construction costs on the islands, created the urge to develop 
alternative and innovative transport systems. Seaplane, a modern, eco-friendly mode, allows 
effortless and quick connection between ports and airports from all over the country and 
distant coastal areas and islands. It can be used by both residents and visitors or/and carry 
shipments. The research presented herein focuses on the development of a methodological 
framework for the evaluation of different areas for water aerodrome allocation, initially 
among different islands. Multicriteria Decision Analysis (MCDA) was selected among the 
large spectrum of existing evaluation methods, because it was considered to be the most 
suitable method, providing the opportunity to use diverse criteria, both quantitative and 
qualitative. Some of these criteria are the distance between origin waterdrome location and 
Protected Natural Areas, wave and wind data of each area, the operational cost of seaplanes, 
the number of passenger arrivals and departures etc. Weights are accorded to the criteria 
using Goal Programming approach and the evaluation of the alternatives takes place with the 
aid of the PROMETHEE method. The suggested methodological approach will be validated 
through a case study; the investigation of the potential connection of Thessaloniki, the 
second-largest city in Greece and a transportation hub for the southeastern Europe and the 
Balkans, with the Cyclades, in South Aegean Region. 
 
Keywords: Transport Planning, Multicriteria Decision Analysis (MCDA), Goal 
Programming, Seaplanes 
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INTRODUCTION 
 
Greece is a country with many insular districts, the socio-economic characteristics of which 
distinguish them from the mainland. Islands face development problems, especially 
concerning accessibility issues, and the distance between them and the mainland [1]. 
Improved transportation is heavily connected with economic growth, making less developed 
regions favorable for investments and being able to take advantage of their strengths [2, 3]. 
The evaluation of modern transportation projects (for policies and constructions) require 
methodological approaches that are able to take into consideration conflicting objectives and 
harmonically combine both quantitative and qualitative criteria [4]. Due to that fact, 
Multicriteria Decision Analysis (MCDA) methods have achieved wide acceptance [5], 
comprising an extensive number of different methods and techniques. 
 

The establishment of a seaplane network can be the key to improve the current transportation 
system in Greek Islands. Seaplanes have multiple advantages including limited infrastructure 
requirements, shorter travel times, low operation and investment costs [6], as well as the 
ability to connect distant islands that lack connection with major Greek cities such as Athens 
and Thessaloniki. The implementation of a seaplanes network would assist financially the 
low-populated islands. In this context, this paper deals with the potential connection of 
Thessaloniki, the largest city of northern Greece, with nine (9) major islands in Cyclades. 
Different areas of waterdrome allocations will be evaluated and ranked using the 
PROMETHEE MCDA method. The remainder of the paper is structured as follows: the 
seaplanes and water airports are presented in Section 2, followed by the description of the 
survey design in Section 3. Following, the methodological approach is analyzed in Section 4. 
The main findings of the analysis of the survey are displayed and discussed in Section 5. The 
paper concludes in Section 6, with a critical overall analysis of the results and directions for 
future research. 
 

SURVEY DESIGN AND METHODOLOGICAL APPROACH 
 
In order to evaluate the locations that can support a beneficial connection with Thessaloniki, 
nine (9) different regional units in Cyclades, region of South Aegean, Greece, were selected. 
Each unit contains one or more islands, although only the capital island of the region will be 
evaluated. The examined regional units are presented in Table 1. 
 

Table 1: Regional Units in Cyclades 

 

Regional Unit Islands Capital Island 
   

Androu Andros Andros 
   

Thiras 
Andros, Thira, Anafi, Ios, 

Thira 
Sikinos, Folegandros   

Keas-Kythnou Kea, Kythnos Kea 
   

Milou Milos, Kimolos, Serifos, Sifnos Milos 
   

Mykonou Mykonos Mykonos 
   

Naxou Naxos, Amorgos, Small Cyclades Naxos 
Parou Paros, Antiparos Paros 

   

Syrou Syros Syros 
   

Tinou Tinos Tinos 
    

2 



 

A comprehensive and reliable MCDA evaluation framework requires the selection of a 
proper set of criteria. Before the criteria selection, the authors made the following 
assumptions: The waterdromes will be allocated at the existing main ports of each capital 
island, as they are the center of both local and touristic activity. Also, there will not be any 
need for extensive new infrastructure such as port extensions. Finally, eight (8) criteria were 
taken into consideration: (Cr1) Distance from NATURA2000 areas, (Cr2) Population, (Cr3) 
Passengers (total number of passenger arrivals and departures), (Cr4) Days with Heavy Wind 
(>7 beaufort), (Cr5) Days with Heavy waves (1m) [7], (Cr6) Operating Airport on the island, 
(Cr7) Operating Cost of seaplanes and (Cr8) Number of islands of each regional unit. 
 
The selected method for this evaluation is PROMETHEE (Preference Ranking Organisation 

METHod for the Enrichment of Evaluations), by Jean-Pierre Brans and weights will be 
assigned to the selected criteria using Goal Programming (GP), by Charnes and Cooper [8]. 
For the case study presented herein, Analytical Hierarchic Process could also be implemented  
[9]. Goal programming is a significant analytical approach to correspond with many real-
world decision problems. In a brief literature review by Zhuang and Hocine [10], a high 
volume of distinctive works have been proposed [11, 12 13, 14, 15, 16, 17]. Goal 
programming approaches have been applied to many real-world case studies in areas such as 
accounting, agriculture, economics, engineering, transportation, finance, and marketing [18, 
19, 20, 21, 22, 23]. The primary purpose of GP is to minimize the unwanted deviations 
between the achievement of goals and their corresponding aspiration levels set by the 
decision maker [10]. To understand PROMETHEE method, consider a decision problem with 
n alternatives and k criteria. For each criterion, a preference function shall be adopted to 
translate the deviation between two alternatives a and b into Preference degree, with a range 
between 0 and 1. This function describes the difference between the evaluations of the 
alternatives on each criterion. After choosing the most suitable preference function, the Net 
Preference Flow is calculated (Phi, φ). Higher value of net preference flow represents higher 
appeal of the alternative solution [24, 25, 26, 27, 28]. 
 

RESULTS AND DISCUSSION 
 

Weight evaluation based on Goal Programming 
 

As mentioned before, goal programming is used to elicit weights to the selected criteria, 
in order to minimize the total convergence error of the linear system (Siskos, 2008). The 
relationships among the criteria weights, chosen by the authors, after consulting experts 
on decision making issues, are the following. 

The weight of criterion 4 is almost equal to that of criterion 5, and the weight of criterion 
7 is almost equal to that of criterion 8 (w4 ≃ w5 and w7 ≃ w8 ).  
The weight of criterion 3 should be greater than the sum of weights of criteria 1, 4, 5 
and 6 (w3 > w1+ w4+ w5+ w6).  
The weight of criterion 2 should be greater than the sum of weights of criteria 4, 5 and 6 
(w2 > w4+ w5+ w6).  
The weight of criterion 3 should be greater than that of criterion 2 (w3 > w2). The 
weight of criterion 6 should be greater than that of criterion 5 (w6 > w5). The 
weight of criterion 4 should be greater than that of criterion 1 (w4 > w1). 
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The weight of criterion 8 should be greater than the sum of weights of criteria 4 and 
5 (w8 > w4+ w5).  
The weight of criterion 3 should be less than the sum of weights of criteria 6, 7 and 
8 (w3 < w6+ w7+ w8).  
The weight of criterion 2 should be greater than that of criterion 7 (w2 > 
w7). The weight of criterion 3 should be greater than that of criterion 8 (w3 
> w8). All weights should be higher than 0.01 (1%). 

 

The pure inequalities require the introduction of a minimum difference threshold, named  
ε (ε ≤ 0.01). As the system may not be compatible, one or two error variables, named s, are 
introduced in each constraint. Thus, a liner goal programming model with 19 non-negativity 
constrains and 11 main constraints is yielded, in order to minimize the total error (sum of the 
si). 
 

Min Z = s1 + s2 + s3 + s4 + s5 + s6 + s7 + s8 + s9 + s10 + s11 subject to 
 

Table 2: Weight Relationships  
 

Weight Relationships  
w4-w5+s1=0  
w7-w8+s2=0  
w3-w1-w4-w5-w6+s3>=0.01  
w2-w4-w5-w6+s4>=0.01  
w3-w2+s5>=0.01  
w6-w5+s6>=0.01  
w4-w1+s7>=0.01  
w8-w5-w4+s8>=0.01  
w8+w7+w6- w3+s9>=0.01  
w2-w7+s10>=0.01  
w3-w8+s11>=0.01  

 
The Linear Programming model has been solved with optimization solver LINGO v.17 
and reached the following results. 
 

Table 3: LINGO v.17 results for weights elicitation 
 

W1 Distance from Natura 2000 Areas 4.59% 

W2 Population 18.76% 

W3 Passengers 23.35% 

W4 Days with Heavy Wind 5.59% 
W5 Days with Heavy Waves 5.59% 
W6 Airplane Connection 6.59% 
W7 Operational Cost 17.76% 
W8 Number of Islands 17.76% 

 

Case Study Based on Visual PROMETHEE Software  
Visual PROMETHEE, a modern and specialized software, developed from VPSolutions, was 
used for the PROMETHEE implementation. Usual preference function was selected for the 
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qualitative data, whereas for the quantitative data V-Shape function was chosen, with the 
suitable thresholds of preference. "Distance from NATURA2000 Areas", "Number of 
Passengers" and "Number of (Regional Units') Islands" are criteria with positive flow, 
whereas "Population", "Days with heavy wind and waves", "Airplane Connection" and 
"Operational Cost" are criteria with negative flow. Figure 1 displays the evaluation matrix on 
Visual PROMETHEE.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1: Visual PROMETHEE Evaluation Matrix 
 

Afterwards, the software carried out the PROMETHEE analysis. The islands with 
considerable net preference flow are Mykonos and Kea, unlike Milos and Syros, with the 
least net preference flow. Islands and, by extension, their regional units, with a positive net 
preference flow are superior choices for a seaplane connection with Thessaloniki. In Figure 2 
the PROMETHEE preference table is displayed.  
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2: Visual PROMETHEE Evaluation Matrix 
 

In the PROMETHEE Rainbow, it is cognizable which criteria act positively or negatively 
on the alternative actions. Passengers, remarkably, have the most beneficial effect on 
Mykonos, ranked 1st, and the most negative effect on Kea, ranked 2nd. In Figure 3, 
PROMETHEE Rainbow is displayed for all alternative islands. 
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Figure 3: PROMETHEE Rainbow 
 

The GAIA Visual Analysis is trustworthy if its quality is equal or over 70% (Brans and 
Mareschal, 2005). Alternative actions are displayed as points and criteria as axis. Actions 
position refers to the relationship between them, so similar actions are on the same level. 
Also conflicting criteria have opposite orientation. Decision axis, bold with red color, defines 
which criteria are in accordance with PROMETHEE ranking and which are not. In this 
analysis there is not a specific ranking for the actions. Mykonos, Tinos and Kea have the 
same direction with the decision axis, whereas Milos and Thira have opposite orientation. In 
Figure 4 the GAIA Visual Analysis is displayed. The quality of the analysis is exactly 70%, 
equal to Mareshal's credibility level.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 4: GAIA Visual Analysis 
CONCLUSIONS 
 
In Greece, a country hit by the economic crisis, it is vital to develop alternative and innovative 
transport systems in order to take advantage of its extensive coastline and the rise of the touristic 
industry. A variety of criteria have been developed in order to evaluate possible seaplane 
connections between the islands and the mainland. In the present, eight of these indices are 
combined in order to derive a composite index for ranking the regional units with a possible 
connection with Thessaloniki. Technically, this is achieved combining, among a large spectrum 
of Multicriteria Decision Analysis Methods, Goal Programming techniques  
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with PROMETHEE Method. PROMETHEE provides a consistent framework for the 
integration of decision makers' preferences to the planning of future interventions, combining 
abilities for managing and visualizing data, while Goal Programming is a well structured 
optimization program, considered an extension of linear programming, in order to handle 
multiple objective measures and is indicated for weight assignment to the criteria. It is worth 
mentioning that the results of the research were quite surprising, as islands with very different 
characteristics topped the evaluation procedure; Mykonos, popular touristic destination was 
ranked first, while islands with strong touristic activity and economic strength like Thira and 
Paros are low on the evaluation table. The above synergy, that could also be implemented in 
other case studies, allows practitioners and policy makers to identify and visualize the 
characteristics of a new possible connections between different regions, as well as identifying 
the presence if intraregional inequalities. Stakeholders' aspirations could also be taken into 
consideration to elicit weights to the selected criteria. "Construction cost", "need for extra 
infrastructure" as well as socio-economic criteria could also be selected in a future research. 
Thus, the proposed approach can be proved noteworthy in the interest of future decision 
related with the planning of future interventions in the examined area. 
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ABSTRACT 

The purpose of this paper is to present a web tool for decision support systems that uses 
multidimensional exploratory statistical analysis. The application’s interface consists of 
three panels. The first one is the “input panel” where the user can upload and pre-process 
data. The second panel is the “analysis panel” where the user can select an analysis 
method and define its parameters from a range of widgets. Finally, the third panel is the 
“output panel” which includes the results of the analysis. The application was created 
with the “Shiny library” of R programming language and for the implementation of the 
statistical analysis Multiple Correspondence analysis was performed. This small web app 
can be a considered as a part of an add-on toolbox in traditional DSS that enables 
extensibility, modularity and customization and suggest how decision support should be 
delivered in intelligent data systems. 
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INTRODUCTION 
 

Medicinal tourism is a form of social tourism that results to the use of thermal springs 

for mainly healing reasons. This form of tourism that in past was a luxury has been 

gradually evolved into a lifestyle, a right for most of the people of the developed 

countries and for all incomes [1,6]. In modern research the need of increased validity 

is highly demanded. Data analysis methods have become highly sophisticated and 

almost all new statistical techniques are implemented in both commercial and open 

source software. However, most of the statistical analysis takes place in desktop 

applications rather than in web applications [4]. The need of distant and efficient 

analysis, the real time and on demand implementation of these methods is rapidly 

increasing. Therefore, traditional analysis with certain software can be described as 

limited while decision support systems are transforming into intelligent web modules. 

Current statistical tools that support decision making can handle a great volume of 

data and perform the most complex multi-criteria techniques. But this is not enough. 

Most of the software that do not support programming techniques can set limitations 

and barriers to the user who wants to extend the available actions that are applied on 

data. It is important to develop software for the needs of the intermediate user level in 

order to bridge the gap between entry user level and expert user level. 

 
METHODOLOGY 

 
In order to demonstrate the MCA method in a custom web application, the research 
used data from Greek Thermal springs that is an area of interest due to their 
importance to the Greek tourism augmentation [2]. Data that were gathered with 
suitable and custom configured questionnaire that was answered from the 1033 users 
of 19 thermal springs with the type of personal interview. The sampling was 
conducted with such a way that the upcoming results would retain generalization in 
total population of visitors of springs. (geographic stratification). The sample 
consisted of individuals that have been visited thermal springs at least once. The 
questionnaire included 5 sections which targeted to discover satisfaction [11] of end 
users during their visit to thermal springs. Data analysis took place with software and 
exploratory statistic analysis was the applying technique [8,9]. The sections’ structure 
for the questionnaire was as follows: 1. First section: Visiting Measurement. 2. 
Second section: Visiting reasons 3.Third section: Information 4. Fourth section: 
Satisfaction measuring 5. Fifth section: Demographic attributes – Personal 
information 

 
SHINY LIBRARY 

 
Shiny is an R library that matches the power of R programming with the modern web. 

Shiny is an easy way to build interactive applications straight from R.[3,10]. 



Standalone apps can be developed with shiny and then one can embed them in 

markdown documents or interactive dashboards. Although the application does not 

rely on the knowledge of HTML, CSS, Javascript it also permits the user to enrich his 

application with custom HTML, custom cascade style sheet and give special 

interaction with custom javascript. Shiny comes with a bunch of examples in order to 

facilitate the development of the first apps and not building these from scratch. Shiny 

can be installed easily through R-studio's IDE package manager or simply by running 

the command: install.packages("shiny") 
 

The structure of a shiny app 
 

Shiny apps are contained in a single R script called app.R (in previous shiny versions 

there was 2 different scripts not a single one). Any app.R script must contain 3 

components: the user interface (GUI), the server function and the call to the shiny 

application. The user interface contains object controls and the appearance while the 

server function contains all the necessary actions that should be done when a user 

interacts with GUI. Shiny's quality is located in its "reactive" engine that handles all 

the events without any user notice. Shiny, as it was mentioned, is delivered with 

several widgets (such as buttons, checkboxes, dropdown selectboxes, sliders, input 

fields) that a user can interact with. By this, users can send messages to the shiny app. 

Each widgets collects a value and when a user interacts with it, this value changes 

respectively. Widgets are inserted with functions and they need at least two arguments 

to work. One argument is the name/id of the widget in order to pass its value to server 

function and one other argument is the label that will be displayed before the widget. 
   

Example: textInput("test1, "enter your name"), the first argument is the widget's id 
and enter your name is the label that will be displayed. 

 
Reactiveness 

 
When a user toggles a widget then a reactive output is generated. This is the zen of 
shiny. Reactive output can be created with a two step procedure: 

 
Step1: Add an R object to shiny GUI, Step2: Tell shiny to build this object in the 
server function. 

 
Shiny provides several functions that convert R objects into outputs and each function 

create a specific type of function as it is presented in the following table: 
 

Output functions can be inserted in the same way that HTML elements or shiny 

widgets are inserted. Next, we must provide R code to build the output object. This is 

done to the server function. Sever function builds a list-like object named output that 



contains the code in order to update R objects' values. Each entry to output object 

should contain the output of a shiny render function. 
 

Use of reactive expressions 
 

Shiny responds instantly fast in user interaction but in case of complex computations 

this can be slow down the execution of the app. This can be prevented by using 

reactive expressions. Reactive expressions let the programmer tell shiny which parts 

of the application and when they get updated. Without reactive expressions each 

object that exists in shiny GUI get re-run when a user interacts. More specific, a 

reactive expression is an R expression that uses a widget's input value and returns 

another value that will be displayed only when the original widget change its state. 

So, a reactive expression saves a value for the first time that a user interacts with a 

specific input object. The next time the reactive expression is called then the saved 

value is checked and if it has become out of date the reactive object recalculate it [3]. 

Else, if the saved value is up-to-date then the expression will return the saved value 

without re-executing of the computations. 
 

The application 
 

In order to demonstrate the whole mechanism we will provide with a small but yet 

effective shiny application. Shiny package come with shiny server that operates as a 

proxy server to a http server. Moreover R operates smoothly with most of the 

commercial and non-commercial databases (such as MySQL etc.) in order to save and 

process our data. So the application starts with a login screen that you can find in the 

figure below. A user submits his credentials and after Log in button is clicked, a query 

to a sqLite database gets created. The login script also handles except from 

authentication all the necessary session details of this connection. 



Figure 1: The login page  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

When we login we get transferred to the next screen that is the main panel 

screen Figure 2 : The application screen 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3: Imported data is presented in a data frame table  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

When we upload our dataset then in the second tab in main panel the results of 
multiple correspondence analysis are shown. The output of the result can be highly 
customized depending on the analyst’s needs. 

 
Figure 4: Scree plot to determine the number of the dimension that will be interpreted 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Under the tab Plot we can see the plots that are generated from MCA method. 

Figure 5 : First Factorial level with colored contribution values of the 

variables 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

RESULTS 
 

Data were analyzed with the exploratory method of multiple correspondence analysis 

(MCA) [7,8]. This exploratory effort focuses on identifying large deviations from the 

average in a holistic way, for all the organization characteristics associated with the 

phenomenon under research. This can be accomplished by exploring the direction of 

variation. The most appropriate tool for this purpose and for the nature of the 

characteristics is Multiple Correspondence Analysis [5]. The answers of the questions 

were coded in a 0-1 matrix. The results were the following: 
 

In order to conduct the analysis we used the MCA() method of the R statistical 
package “FactoMiner”. MCA() receives a data frame as input and creates an object of 
data frames with the results. 



 
Multiple Correspondence Analysis (MCA) implementation 

 
The first factorial axis (i.e the first main trend of the phenomenon) interprets the 

15.66% ,the second factorial axis interprets the 14.37%, the third factorial axis the 

9.75% and the fourth factorial axis interprets the 7.73%. All together, the four first 

factorial axes interpret the 47.52% of the phenomenon, a percentage that is significant 

for such a big in dimension matrix(106X106). The following factorial axes have 

minor statistic importance for interpretation. Taking into account the indexes COR, 

CTR and FA(coordinations), the first factorial axis was created. 
  

Interpretation of first factorial axis: 
 

The first axis compares users that have attributes: they visit North Aegean thermal 
spring (Q019) that are mainly private, the visit in thermal spring is not done just for 
medical reasons (Q72), the reasons are for sure not rheumatological (Q812) while the 
reasons are mainly recreational(Q51). Moreover they are not married (Q261), they 
aged between 25-40 years old(Q282),they are satisfied with transportation means 
(Q23i1), they have visit just once there thermal springs (Q21), they hold a college 
degree(Q273). Moreover they are very satisfied users from the recreation that can be 
provided with in the thermal springs(Q23H1) and they are mainly businessmen(Q293) 
or freelancers(Q294). The confrontation is done with users that have attributes: They 
hold primary education degree(Q271), they do not visit thermal springs for 
recreational reasons(Q52), they belong to age group >71 years old (Q285), they are 
retired from their professions. In addition, the visit of these users in a thermal spring 
takes place mainly for rheumatic problems treatment (Q811), they are not satisfied 
with the cost(Q23Β3), they pay their visit clearly for therapeutic reasons(Q71), they 
mainly visit Epirus thermal springs(Q014) and they have visited thermal springs for at 
least 3 times(Q23). 

 
Analysis and interpretations of each one of the next axes is performed in a same way 

CONCLUSIONS 
 

We illustrated a web application and how this can perform multiple correspondence 

analysis. We used a sample of greek thermal springs users and we confirmed the 

results of MCA using both a desktop software and our online app. Creation of web 

applications with shiny R programming library can extend the power of MCA which 

is implemented on a desktop software. In this way we can more accurately control the 

results and also benefit from the wide range of graphic representations available to R 

programming language. High demanding decision making tasks depend on the 

intelligence insight of the results. Custom made apps can support such projects. Οur 

next step is to add a classified access function to the application and enable the 

creation of dynamic reports implementing principals of the reproducible research. 

Finally, testing the computational limits of the application is a priority. 
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ABSTRACT 
 

This paper presents the findings of 46-item questionnaire addressed to truck drivers, 
commercial fleet operators and managers, regarding their trust on cooperative freight 
transport services and their willingness to invest on them as well the respective expectations 
they might have out of services, such as the ones piloted in within the CO - GISTICS and C-
MOBILE EU projects. The services refer to eco-driving support and CO2 monitoring, speed 
advice and priority advice, intelligent truck parking and cargo transport optimization. The 
findings of the questionnaire survey on which this paper is based will motivate the discussion 
around the way these services should be introduced in the market and highlight their 
commercialization potential. In general, findings show that respondents trust the services to 
improve the efficiency of their daily operations and reduce respective costs; yet, this trust is 
not accompanied with a strong willingness to invest on these services, posing a barrier for 
their further deployment. 
 
 
Keywords: Cooperative services, ITS, Freight Transport, Commercialization, Business 
potential 
 
INTRODUCTION 
 

In recent years, increasing attention has been paid to the utilization of latest technological 
advances towards the development and market initiation of innovative freight transport 
services and to the extent to which such services can facilitate and enhance the daily 
operational efficiency of the freight road transport sector and reduce their environmental 
footprint. The transportation sector is on course of becoming the number one contributor of 
pollutant emissions in the world (EEA, 2014.), which is in turn a key accountant for the 
change of climate that will reportedly persist for the decades to come. Road transportation in 
particular, appears to be the leading sector among those whose emissions have increased 
since the late 1980s, acting as a barrier of a further reduction of emissions.  

Under these technology-based services fall those services that combine, integrate and 
converge several technologies (telecommunications, computers, electronics etc.) along with 
all necessary operational software, that allow end-users (truck drivers and/or fleet operators) 
to access, store, spread and process information related to their operations. The most 



2 
 

representative forms of such technologies include a vast variety of communication devices, 
such as radio, television, satellite, cellular and smart-phones, computer and hardware, along 
with a series of a services and applications associated to them. Yet, such services are 
constantly redefined as the concepts and methods out of which they are formulated are 
continuously evolving. The key principle behind the growing penetration of such services in 
everyday freight transport activities is that the more informed an end-user is, the more likely 
he is to take a better decision; from choosing the optimal route towards a delivery destination 
based on real-traffic information provision, knowing the location and offered facilities of 
truck parking areas and their capacity based on dynamic information, to adjusting driving 
behavior in order to meet reduced fuel consumption or pollutant emissions objectives. In 
general, the significance of such services according to the European Commission is mostly 
related to the cost-and time-efficient access of end-users to information, rather than to the 
technological developments themselves (EC, 2007a & EC, 2007b).  

Against this background, the EU-funded C-MOBILE and CO-GISTICS projects are 
currently deploying, piloting and evaluating cooperative freight transport services in an effort 
to increase energy efficiency by reducing fuel consumption and equivalent CO2 emission, 
and lower pollution for sustainable mobility of goods. The services concern the following:  

1. Intelligent Truck Parking and Delivery Areas Management (ITP/DAM) (A service 
providing information about parking availability spots and places for trucks and vans)  

2. Priority and Speed advice (PSA) (A service supporting drivers with information on 
optimal speed they should adopt in order to a) reach a destination on time b) pass through a 
traffic-light controlled intersection without stopping)  

3. Eco-Drive Support (EDS) and CO2 Footprint Estimation and Monitoring (CFEM) (A 
service supporting drivers in adopting a more energy efficient driving behavior thus reducing 
fuel consumption and CO2 emissions)  

4. Cargo Transport Optimisation (CTO) (A service including the following sub-services:  
a) proof of cargo delivery and b) monitoring of cargo)  

At least seven logistics hubs in Europe (Arad, Bordeaux, Bilbao, Frankfurt, Thessaloniki, 
Trieste and Vigo) are deploying the services to address the challenges they are facing and 
integrating existing freight and transport systems and services, with inclusion of new 
innovative aspects, such as cooperative services and intelligent cargo, towards rendering the 
operation of their goods, trucks, roads, harbours, airports and rail terminals more sustainable, 
thus leading to improved environmental and economic viability.  

It is therefore the objective of this paper to assess the contribution of these services in 
enhancing the efficiency of daily operations and reducing the environmental footprint based 
on the perception of the end-users and quantify the potential commercialization of these 
services, their business perspective and the way (if any) they should be introduced to the 
market. With more than 2 trillion € already spent on the broader ICT services worldwide 
since the late 1990s (VanRoekel, 2013), this is with no doubt a market worth analyzing and 
assessing.  

The remainder of the paper is structured as follows: Section 2 presents the methodological 
approach followed within this paper, along with the materials that have been used for 
conducting the assessment, while Section 3 presents the results of the analysis and discusses 
the main findings and implications. Section 4 concludes on the conducted work and proposes 
directions on future steps towards the commercialization potential of freight transport 
services. 
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Materials and methodology 
 

A user-centred methodology was implemented to direct collection of self-reported data. 
This was mainly an exploratory study and the main objective was to identify the factors 
affecting a potential commercialization of freight transport services. Furthermore, it was 
aimed to gather anonymised feedback by either direct end-users of such services and 
technologies, or decision-makers that would potentially opt towards deploying such solutions 
in their systems (fleet operators, administration representatives, etc.).  

Objectives  
The objectives of the questionnaire were communicated to the respondents prior to their 

filling in of the survey and are summarized in:  
• exploring the potential of the services to be commercially exploited  
• identifying the optimal way for them to be introduced and enter the market as 

business products  
• refining preliminary business plans and explore the business viability perspective 

 
Participants 
 

Participants were derived by existing user databases, i.e. from stakeholders involved in the 
piloting of these services in the 7 hubs, but in order to ensure the validity of findings, the 
survey was addressed to all European based national associations of trucks and goods 
vehicles transport, through the International Road transport Union (IRU) portal. One 
inclusion criteria applied: respondents had to be somewhat familiar with freight transport 
services and technologies. Additionally, two exclusion criteria were applied: a) respondents 
failing to fill in all questions of the survey and, b) respondents contradicting themselves in 
their responses (e.g. stating that ITP has the most potential among services to reduce fuel 
consumption but assessing it as the least important in terms of significance). In particular, 
truck drivers that are potential users of such services and have a keen interest in the 
application of ICTs in their everyday freight transport activities were the main target end-user 
group. However, the scope was not to derive only these user types from a sample, but to 
identify them in the sample recruited for accommodating the main survey objectives.  

In total, 74 participants completed the freight transport services commercialization 
questionnaire. Representation from all professional categories was attained (N-Fleet 
Operators=17, N-Administration=3, N-Driver & Truck Owner= 9, N-Employed Driver=32, 
N-Other=11). The majority of fleet operators and administration representatives operate 
between 11 and 50 trucks (N=18), while out of all respondents excluding those of ‘other’ 
professional status (N=63), over 65% use highways as their main road network of operations 
(N=41). For the same sample, the typical size of a truck in their fleet weighs between 16 and 
40 tons (N=44) and serve long-hauling transportation (N=39). Most importantly though, 67% 
has never received eco-driving training or education in the past (N=50), 74% monitor the fuel 
consumption in their truck/fleet (N=55) but do hardly the same when it comes to monitoring 
of emissions (~1%). This has added considerable validity in the findings of the survey as the 
average respondent was having a well-defined, non-varying background in regard to freight 
transport operations. 
 

Materials 
 

A 46-item questionnaire survey was designed, reflecting the following thematic areas 
(clusters of questions): 
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• Basic background information (Identification of respondents’ nature and daily 

practices), including: o  
o Professional status 
o Size of vehicle fleet 
o Type of vehicle fleet 
o Network of daily 

operations 
o Experience on eco-driving, fuel consumption and emissions monitoring  

• Familiarity with the services (or similar ones)  
o Current use and acquaintance with the services 
o Trust in the services having a meaningful impact 
o Evaluation of significance  

• Commercialization of the services (or similar ones)  
o Willingness to pay 
o Amount of potential investment per service(s) 
o Motives behind potential investment  

The  questionnaire  was  available  in  both  electronic  and  paper-and-pencil  versions  for  
accommodating the user preferences.  

Question items serve different purposes in the questionnaire and, thus, their response 
format differs accordingly. Question items were selected in order to include several aspects, 
which have been shown to be of importance for investigating the commercialization potential 
of the services and the way this should occur. Hence, the first section of the questionnaire is 
devoted to clearly qualitative and objective data (background information) which creates the 
user persona or profile and the second section of the questionnaire defines this profile in 
categorizing users in three categories:  

a) Neutrals: respondents who are willing to invest a small percentage of their revenues in 
the services but require a brief Investment Return Period (close to 3 months) before further 
engaging;  

b) Enthusiasts: respondents who are in generally optimistic that the services are 
trustworthy and any investment in them would pay back in time;  

c) Sceptics: respondents that do not seem to trust the services in delivering what they are 
supposed to and who are rather hesitant to invest any revenue in purchasing them;  

Procedure  
The questionnaire was designed on an online tool and was initially made public in 

electronic format. However, a paper format was also accompanying all communication to 
respondents who were encouraged to either print, fill it in, scan and return it or fill it in 
online. Additionally, several questionnaires were completed in face-to-face sessions during 
local workshops in the pilot site areas.  

Participants were introduced to the main scope of the study either in written or in oral 
format and clarifications on and descriptions of the services under examination were 
discussed beforehand. Participants were informed that the questions investigated their beliefs, 
ideas and preferences with regards to the freight transport services.  

Facilitators identified any difficulties in completing the questionnaire or if users seemed 
they were trying too hard to give only “good” answers (i.e. experimenter bias), they were 
reassured and reminded that their true preferences were required. For example, some truck 
drivers occasionally might elaborately hide their lower familiarity and literacy with 
technological advances. It was up to the facilitator and surveyor to identify such problems 
early and diminish misconceptions about the purpose of the study. 
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In case respondents had any questions or needed clarifications about any specific 

questionnaire items, they were advised to either ask the facilitator or refer back to the contact 
point of the survey in electronic format. Any personal information was eliminated from the 
electronic data file. Data were anonymized prior to the conduction of any analysis. 
Participants were volunteers and did not receive reimbursement for their participation. In case 
participants wanted a copy of the main findings they were advised to leave their details to the 
secretary desk. 
 
Findings  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1: Percentage (%) of revenue to be invested in order to reduce fuel consumption (top), vehicle-
hours travelled (right), and pollutant emissions (left) 
 

As observed, there is no a significant interest in reducing emissions, since only 10% would 
re-invest more than 5% of their revenues. On the contrary, 80% would be willing to re-invest 
revenues in order to reduce the number of vehicle-hours travelled, but in most cases this 
percentage is less than 5% of the revenues. Finally, the results of the fuel consumption are in 
between the ones already discussed, with 3 out of 10 not aiming to invest at all any 
percentage of the revenues and 4 out of ten aiming to invest up to 5% (Figure 1).  

As observed in Figure 2, the services are quite trustable in both reducing costs and 
increasing operational efficiency. 
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Figure 2: Trust placed in the servicies to contribute in reducing costs (top) and increasing 
efficiency (bottom) 
 

From the 8-9 out of ten respondents that trust the services (Figure 2), half and one third of 
them place their trust in the eco driving support and CO2 monitoring and Cargo Transport 
Optimization respectively, while approx. 10% trust in each one of the other two services 
(Figure 3).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3: Level of trustworthiness in services to return any potential investment 
 

With regards to the prioritization of the services, the eco driving support and CO2 
monitoring is by far the first one in terms of significance, followed by the cargo transport 
optimization and the speed and priority advices, while the intelligent truck parking is in the 
last place (Figure 4). 
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Figure 4: Significance prioritization of the services (1 – most significant, 4 – least significant) 
 

In a hypothetical scenario regarding the offer of two services for free, the most popular 
ones are the eco driving support and CO2 monitoring, the cargo optimization and the priority 
and speed advice, in this order.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5: Choice among the services to be included in a scenario of ‘2 services offered for free’ 
 

The main motive to invest is mostly of economic nature through a reduction of the fuel 
consumption. Societal, technological and environmental reasons have similar weights in the 
motivation of the respondents. 
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Figure 6: Main motive to invest in services 
 

When providing concrete results for each service based on on-going implementations of 
similar services, the eco-drive support and the priority and speed advice are the preferred 
ones in terms of willingness to invest on, which for the eco drive support is in line with the 
above results, but in the case of the speed advice is contradictive. These results show that the 
expected benefits of the cargo transport optimization and intelligent truck parking were 
higher while the expectations for the speed and advice service were lower.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 7: Willingness to invest in a service (x) if it could save fuel up to y% 

 
In a hypothetical scenario of a fixed budget to be invested on these services (=20k€), 

almost half of the budget is used for the eco drive support, one third for the cargo transport, 
one fourth for the speed and priority advice and the rest for the intelligent truck parking 
service. These results are quite in line with the results of the trust placed in the services 
presented in Figure 2. 
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Figure 8: Monetary investment in each service in a 20.000 € scenario 
 

Finally, it is clear that the respondents expect a fast return on their investment, lower than 
one year in 90% of the cases.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 9: Investment Return Period (IRP) expected from potential investment 
 
Conclusions 
 

Findings presented within this paper are potentially premature as the survey is ongoing 
and the responses of future participants might considerably alter what has been described 
above. In any case though, it is a clear indication of how respondents view the potential 
commercialization of these services (or similar ones). As observed, cost savings or efficiency 
improvement are the dominant motives for any stakeholder to invest in such services, while 
reducing the environmental footprint of freight transport operations and the respective 
pollution is not at the crux of the agenda; unless ‘bundled’ with fuel reduction.  

The most popular service is in all cases the eco-drive support, since it has a larger impact 
along the whole trip, while the other services have more local impacts around the areas where 
the services are provided. The case of the cargo transport optimization is different; in some 
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cases it presents positive results, while in others not, which may be caused by the different 
nature of the sub-services included under this service as well as the different interpretations 
and understanding from the respondents. In general, the less popular service is that of 
intelligent truck parking, probably due the greater expectations placed on its outcomes.  

Finally, respondents are generally quite eager to receive back any potential monetary 
investment they make for purchasing these services (3-6 months) and are in general sceptical 
on whether to invest in these services before seeing that they can deliver the cost savings and 
efficiency described. 
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ABSTRACT 

This paper aims to show, via a case study, the main issues related to the improvement of 
urban logistics in cities with ports. A logistics plan for supporting decision making is 
presented aiming at improving both the traffic and the logistics sector in cities with freight 
ports, which includes the creation of a Coast Observatory Office. The logistics plan has been 
piloted in the city of Kavala, defining the traffic and transport related problems of the city and 
proposing solutions in order to improve both the traffic as well as the logistics sector of the 
city. 
Keywords: Logistics plan, freight pilot, freight observatory 
 
INTRODUCTION 

The presence of ports has a significant impact in the nearby cities, especially due to the 
presence of trucks which usually create congestion in the city streets. Often seen as a 
handicap to urban logistics, the presence of a port can also be seen as an asset since a 
concentration of logistics activities nearby of city centers can also be a good opportunity to 
find new pooling or rationalized logistics schemes to deliver the city, such as mutualization. 

This paper aims to present the case study of Kavala, the only documented city in Greece on 
which an urban consolidation and logistics project was developed on the basis of its regional 
port. Those reflections did not finish on the deployment of a consolidation platform but 
instead they made the birth of an urban logistics plan for supporting decision making. First, 
the background issues are presented. After that, the case study is presented. The different 
actions and tools used to make the urban logistics plan are described and discussed. Finally, 
as a conclusion, the potential of transferability of such schemes is examined. 

 
BACKGROUND, CONTEXT AND MAIN OBJECTIVES OF THE CASE STUDY 

Kavala is the capital of the Kavala regional unit and hosts two ports. The new port is the 
principal seaport of eastern Macedonia, located 7 kilometers eastward from the city and with 
direct connection to the Trans-European Transport Networks (TEN-T) through the Egnatia 
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motorway. The old port is located in the city center, and is mostly used for the connections to 
the Greek Islands. In 2011 the Kavala port system handled more than 1.7 million passengers 
and 0.5 million tons of freight, with a total of more than 12.000 trucks passing by the city 
center to and from the old port. 

The concentration of the population of the province of Kavala in coastal areas generates a 
development in the economic activity, but also an increase in people’s and assets’ 
movements. The planning and setting up of infrastructural projects in the transport sector, 
which has been going on for some time and will continue, will help the development of the 
region. These projects are mainly related to the three main sectors: road, port and rail 
infrastructures. The road infrastructure project concerns mainly the Egnatia Road, a motorway 
that goes through the province of Kavala. The port infrastructure projects concern the 
logistics activities at the regional port. The rail infrastructure projects are related to railways 
connecting Kavala and the port to the existing railway network and in consequence, to 
Thessaloniki and Bulgaria. 

 

 

Figure 1: Zoning regulations 

Despite the attempt of these infrastructural projects to improve the traffic problems of the 
region, the morphology of the ground for the city of Kavala, which is squeezed between 
mountain and coast, with strong differences in height, requires clever solutions for the 
management of urban traffic and logistics in order to integrate those projects within the urban 
framework. The major problems related to the logistics sector in Kavala are listed below: 

• Through flows of heavy and light vehicles. After the completion of the Kavala ring 
road, traffic problems caused by trucks crossing the urban centre were eliminated, 
except for a small number of heavy trucks that leave the port and reach Egnatia Road. 

• Urban traffic congestion, caused by the morphology of the city and by the small 
historic centre. 

• The city of Kavala is built between mountains and the coastal line; this resolves into a 
limited choice in the localization of services and businesses, the factors generating 
traffic and congestion. 

• Parking problems. The parking problem is critical. Stopping is regulated only on one 
road of the city centre. Besides the number of parking lots available amounts to only 6. 

For such reasons, a city logistics approach seemed interesting for the city of Kavala. City 
logistics is defined as “the process for totally optimizing the logistics and transport activities 
by private companies in urban areas considering the traffic environment, the traffic 
congestion and the energy savings within the framework of a market economy” [1]. Although 
this definition is consensual, it is not the same on what is intended by a “city logistics 
solution”. However, several authors have stated that a city logistics solution it is not the 



3 

development of a single action or infrastructure but a combination of actions that help to 
improve the condition of urban deliveries. According to [2] and [3], an urban logistics 
solution is composed of several elements, such as infrastructure, logistics organisation of 
transport, technologies, communications, funding and regulations. 

The municipality of Kavala participated to the City Ports Project, composed by 21 partners 
of 4 different countries. The project aimed at promoting the development of effective and 
efficient interventions for a sustainable distribution of goods within cities [4]. The 
methodology proposed by the project is based on a systematic analysis of the supply chains, 
identifying the most critical aspects and providing specific solutions based on an integrated 
approach. This paper reports the results of this project on the city of Kavala, one of the 10 
case studies analyzed in the project. The pilot of the Kavala Prefecture is related to the 
establishment of a Coast Observatory Office within the Kavala Prefectural Authority 
Organization with the use of Geographical Information Systems (G.I.S.). 

The methodology proposed for the Kavala case study is based on the fact that the port is 
already mutualized and focuses in the provision of better infrastructures and services for the 
freight transport, especially in relation to the rail connection. The first step is related to the 
definition of the objectives, which are the basis of the proposed logistic plan at city level. 
After the definition of the logistic plan, the operational phase provides the data for the 
evaluation of the results and the definition of the conclusions. 
 

CASE STUDY: THE PROPOSED LOGISTIC PLAN 

In order to tackle the above issues, a three-phase logistics plan was developed and piloted. 

Operative phases of the logistics plan: 

Phase 1 is composed of the evaluation of the current situation and the main projects and 
plans that interact with the city logistics, which concludes in the formulation of the 
requirements and constraints framework and the benchmarking of experiences of city 
logistics in Greece and in other countries. 

Phase 2 starts with the formulation of the city logistics solutions, which indicative 
reference topics are the vehicles demand management, vehicle access restrictions at the centre 
of the city, organisation management of parking lots, road Signs for parking lots and the 
alteration of the supply chains from the old to the new port. It includes a cost-benefit analysis 
of the city logistic solutions followed by an implementation of the actions. It is important to 
highlight the necessity for selecting the adequate software tools in order to facilitate the 
implementation of the city logistics solutions. It concludes with the definition of the 
applicability of the strategy and of its endorsement by stakeholders, partners and cities. 

The current situation depicted in Phase 1 is assessed in Phase 3 towards the need for 
implementing the solutions collected in Phase 2. The development of the pilot and of 
supporting tools is planned, the to-do actions defined and the evaluation system for the 
proposed logistic solutions set up. Finally, the issues related to the urban distribution of goods 
in Kavala are identified, aiming at choosing and developing the more appropriate solution for 
urban logistics. 

The Coast Observatory Office 

The Coast Observatory Office is an important technology tool for spatial planning 
covering the needs of all the Departments of the Kavala Prefecture for monitoring the on-
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going and future activities in the coastal zones. Except for the monitoring of illegal 
construction on the coastal areas which was the primary reason for the Kavala Prefecture to 
have its own organization working on mapping infrastructure and appropriate mapping 
production, the usage of the Coast Observatory Office has been among others urban and 
infrastructure planning studies, impact assessment of infrastructure projects, environmental 
management, analysis and monitoring of environmental sensitive areas, environmental impact 
assessment and water pollution contingency plan support. 
 

PILOT DESCRIPTION 

The major infrastructure projects in the area (Egnatia, Rail connection to the new port) led 
to a move of heavy traffic from the old city to the periphery. Simultaneously the attractivity of 
the center has risen for residential activities. Thus a reorganization of the city logistics 
patterns is expected to occur in the near future. Major issues are the following: 

• Major infrastructure projects underway 
• Shift of economical and transport activity from the old center to the outskirts 
• Increased residential activity in the center 

Goods distribution issues 

The center is characterized by a thorough mix of uses, which all pose different needs in the 
city logistic. Residents, retailers, public utilities and commuters share the same space and thus 
conflicts occur. The administration is lacking resources for an efficient monitoring and swift 
reaction. Major issues related to the goods distribution are the following 

• Mix of uses in the old center 
• Position of Stakeholders (residents, retailers, administration) 
• Administrative constraints 

Approaches to the distribution issues 

The improvement of the situation requires a new environment combining a flexible 
constellation of the affected institutions (Prefecture, municipality, police etc.). While not 
every aspect of the distribution issues can be addressed within the pilot, it serves as a test-bed 
for the existing regulations and policies, while assessing the possible locations for technical 
solutions (e.g. monitoring cameras). The most significant issues to be highlighted from the 
pilot are institutional engagement, regulations and policies as well as technical solutions. 

Main findings 

Cognitive surveys were conducted in order to build the know-how on the emerging 
requirements and build an informative framework on emerging requirements. This discussion 
defined the strategy to follow for the most appropriate solution for urban logistics and the 
related feasibility study.  

In order to survey and analyze the current traffic and transport situation in Kavala, 
meetings and interviews with the relevant local actors and stakeholders (retailers, citizens, 
transporters, bus corporations, prefecture etc.) were held. From the interviews it can be 
concluded that most of the bodies/institutions involved in transport and logistic issues 
estimate that the traffic situation in Kavala is bad, especially during summer time or at noon 
(especially between 11 a.m. to 2.30 p.m.). More than the half of the bodies interviewed thinks 
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that the state of the local road network is not in a good condition and that the accessibility to 
the old city Port as adequate. Oppositely, they highlight that the national road network in the 
Kavala Prefecture as adequate, but at medium level and -in overall terms- as inferior to the 
national network and that the access to new Kavala Port is adequate. All the bodies believe 
that the access to Egnatia Odos and Kavala Airport are adequate, but the access to the rail 
network is completely inadequate. Urban development in Kavala presents a good picture 
according to 85,71 %, but transport infrastructure projects are considered to be adequate by 
only 57,14 %. The transport safety (people and goods) in Kavala and the traffic regulations 
and measures are estimated at medium level and low level respectively by more than 7 out of 
10 bodies. Almost 9 out of 10 believe that the parking areas in Kavala are inadequate. The 
situation regarding all environmental issues in Kavala (pollution of the environment, 
environmental impacts, air pollution etc.) presents a general picture that is far from 
satisfactory, based on the answers by 85,71 % of the bodies. All bodies involved in the 
interviews believe that the construction and installation of a logistics center out of the city 
(with the most appropriate location close to the New Port) would clearly contribute to the 
improvement of the traffic and transport situation in Kavala. Among the three following 
suggested scenarios: 

• Scenario No1: Formation of a ‘closed city center’, that is traffic prohibition measures 
for all vehicles in the city center, except only for the means of public transport  

• Scenario No2: Formation of a ‘combined traffic system’, that is circulation of all 
vehicles in the city center under certain preconditions and strict parking policy 

• Scenario No3: Formation of ‘sub-centers’ throughout the city with certain connections 
among them and certain traffic measures. 

More than 7 out of 10 of the bodies/institutions involved in transport and logistic issues 
select the Scenario No2 (that is the formation of a city with a ‘combined traffic system’), 
while the rest choose the Scenario No1 (that is the formation of a ‘closed city center’).  

Implementation pre-conditions 

Land use policies. The traffic situation is directly related to the land uses that need to be 
designed with –environmental friendly– urban-planning criteria and then to regularly check 
their compliance. For example, it is environmentally unacceptable and one of the main 
reasons for the city’s traffic congestion to keep the Customs still operating at the old city port. 
A large number of heavy vehicles and lorries overload the road network of the Kavala center. 
The transfer of the Customs to a location outside the city (e.g. near the New Port) is the 
necessary measure to be taken. 

Parking policy. The concentration of Kavala Prefecture’s population in coastal areas has 
resulted in increased economic activity, but also increased movement of people and goods.  

What’s more, the terrain morphology of the Kavala city (stretched between mountains and 
coastal line, with intense hypsometric differences) and the small city center have led to a 
general traffic congestion. The number of the existing roads in the city remains stable (and 
cannot change dramatically) while the number of vehicles is increased every year.   

Parking problem is one of the most critical of the total traffic problems of Kavala city. 
Controlled parking is applied on only one road in the city center (Omonoias Str.). In addition, 
there are only 6 organized parking areas.   

Expanding the appliance of controlled parking to other roads of the city center is one of the 
first necessary steps to be taken. The construction of more organized parking areas (e.g. 
Parking ‘RODOPI’) in the city center is another one.  
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Public transportation system. The Public Transportation System of Kavala should thicken the 
city coverage in terms of larger number of bus stops and higher density of bus routes. 
Therefore, a special transport study should be elaborated. 

 

DISCUSSION AND CONCLUSIONS 

The problems regarding the traffic and transport situation in Kavala ave been identified 
during the execution of the project. The Kavala Municipality Police force is not enough for 
the observation of circulatory regulations on a 24-hour basis and they pay more attention to 
the National Road policing (Egnatia Odos) than to the city center. There are geographical 
limitations in the location of services and trade, which are the main generative factors of the 
traffic and the traffic congestion (the city of Kavala is not ‘stretched out’ and there is an over-
concentration of activities in the city center). Expensive pricing policy of the Kavala 
interurban passengers travel operators and existence of inadequate public transportation 
system between the Kavala city center and the Kavala Airport. The city of Kavala is not 
connected to the rail network of the rest of the country. There are jurisdiction issues between 
the Kavala Municipality Police and the Kavala Port Authority. Better co-ordination in the 
parking policy and the monitoring of traffic regulations is needed. Existence of a ‘gap’ 
between the theoretical approach and the implementation of the Studies suggestions in 
practice, which, in the end, it is a matter of political decision to implement all necessary 
regulations and measures. 

The traffic regulations and the suggested measures will not solve every problem. Therefore 
a set of solutions to the above problems have been identified. The elaboration of the Traffic 
Study (for the Municipality of Kavala) that is on-going is heading to the right direction. The 
accession of the Perigiali area in the Kavala City Plan will have positive impact on the traffic 
situation of the Kavala center. The Kavala ring road should be completed. “Analog Parking” 
should be implemented, while more parking areas should be constructed and controlled 
parking should be extended to other roads of the city center. There is a need for financing the 
logistics private companies in order to reallocate them out of the city, which will be 
reinforced by defining traffic prohibition measures for heavy vehicles in the city center. 
People’s mentality in general has to change: the unreasonable use of cars in the city center has 
to be reduced. Traffic regulations should be respected and followed. 
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ABSTRACT 

 
Sustainable Investment is increasingly becoming recognized as a key driver for socio-
economic progress and the realization of the new sustainable development agenda that aims 
at ending poverty, protecting the planet, and ensuring prosperity for all. These objectives are 
enshrined in the agendas of both national governments and intergovernmental organizations, 
as well as public and private companies. Despite the impressive economic performance of 
many developing countries, they are still faced by a multitude of social and environmental 
challenges. To address these problems and deliver solid socio-economic progress for all 
requires a new investment methodology that delivers not only positive economic returns, but 
positive social and environmental impact as well. Consequently, investment decision making 
has become very complex because of the multiple objectives that need to be considered in 
order to make sustainable investment decisions. Investment practitioners, therefore, require 
decision making techniques that are capable of handling these multiple objectives that are 
sometimes conflicting. This paper puts forward a multi-criteria decision analysis (MCDA) 
model for making sustainable investment decisions on the basis of Sustainable Development 
Goals (SDGs). Due to the imprecise nature of the information regarding the importance of the 
different SDGs to the decision maker, we use the PROMETHEE method because of its 
suitability in handling problems where the decision maker has a non-compensatory 
rationality. We use surrogate weights to facilitate the assignment of weights during the 
decision ranking process. 
 
 
 
 
 
Keywords: Sustainable Investment, Sustainable Development, Multi-criteria Decision 
Analysis, MCDA, PROMETHEE, Sustainable Development Goals, SDGs 
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1. INTRODUCTION 

1.1 Brief Background 

 
Historically, making financial profits and maximizing shareholder value was seen as the 
primary goal of business. Profit and growth was the ultimate objective for the capitalist, and 
this was done at a great expense of the society and the environment, thus privatizing gains 
and socializing losses. However, in 1970s it started to become clear that the social and 
environmental impacts of business cannot be ignored indefinitely given that we live on a 
finite world with finite resources. Something had to be done, and therefore many 
governments started to put sustainability on their national agenda and strived for sustainable 
development. 
 
The concept of ‘sustainable development’ was first strongly introduced in 1987 by the 
Brundtland Report which defined it as development that meets the needs of the present 
generation without compromising the ability of future generations to meet their own needs  
[1]. In order to achieve this kind of development, it was crucial to change the way that 
businesses were operated, and thus the idea of the ‘triple bottom line’ was introduced. 
The term “triple bottom line” was first coined by John Elkington in 1994 who argued that 
businesses should pay attention to three different bottom lines, that is in addition to the 
traditional bottom line which captures the financial profit made by a business, companies 
should also pay attention to social and environmental impacts of their business operations. A 
few years later, in 2006, Michael Porter introduced the concept of creating shared value, and 
in his 2011 article in the Harvard Business Review, he expanded it further. In the paper, he 
argued that doing the right thing was an opportunity for growth [2]. 
 
Others [3, 4] have argued that today’s companies operate in a complex world in which any 
action can conceivably lead to unintended consequences, and that it’s quite possible even for 
the most well-meaning companies to create shared value in one area while creating problems 
elsewhere. Therefore, the only way to avoid these unforeseen trade-offs is to take a more 
systemic and integrated view of business value and consider the financial, social and 
environmental dimensions of business as parts of the same system. They go ahead to argue 
that financial markets and the way that we deploy productive resources should change to 
reflect this, and thus advocate for sustainable investment.  
 
 
 
 
 
 

 
Figure. 1. From maximizing shareholder value to maximizing system value. 

 
The above evolution in the objectives of business and the challenges the global economic 
system faces today has called for a new investment methodology altogether in order to 
address the looming social and environmental problems (poverty, rising levels of inequality, 
environmental degradation and global warming among others) and contribute towards the 
achievement of the Sustainable Development Goals. 
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1.2 Sustainable Investment 
 
An exact definition of sustainable investment is hard to pin down. This is because investors 
have varying perspectives when it comes to what constitutes sustainable investment. Some 
investors will be uncomfortable or unwilling to invest their money in activities that pollute 
the environment or in companies that manufacture weapons, alcohol or tobacco. On the other 
hand, more radically-minded investors will only not invest in activities that they regard as 
unsustainable or unethical, but will go over and beyond to seek out business or projects that 
have a demonstrated positive impact of the society and the environmental. 
 
The Forum for Sustainable and Responsible Investment [5], has defined sustainable 
investment as an investment philosophy that considers environmental, social and corporate 
governance (ESG) criteria to generate long-term competitive financial returns and positive 
societal and environmental impact. Just as there is no single approach to sustainable 
investment, there is no single term to describe it. Several terms have been used by sustainable 
development professional and the sustainable investment industry, which all refer to the same 
thing, these include: “impact investing”, “social investing,” “ethical investing,” “green 
investing”, “responsible investing,” “socially responsible investing,” and “values-based 
investing,” among others. 
 
[6] defined it as an investment discipline that adds concerns about social or environmental 
issues to the normal ones of risk and return as determinants for selecting a potential 
investment. Sustainable Investment has three distinctive forms, which may overlap or follow 
sequentially: exclusion, activism, and dialogue or engagement. Exclusion avoids investment 
in certain companies or projects whose activities or operations are judged unacceptable for 
the investor, while activism involves using the rights of ownership or control to assert social 
and environmental objectives. Engagement on the other hand is when all the company 
stakeholders (owners, management, employees, community) undertake a dialogue in order to 
drive the company toward ESG performance. 
 
For the purpose of this study, we shall adopt the above definition advanced by the Forum for 
Sustainable and Responsible Investment, which defines sustainable investment according to 
the system perspective as an investment discipline that in addition to financial factors, also 
considers environmental, social and governance (ESG) factors in the appraisal of 
investments. 
 
1.3 Investment Decision Making 
 
Traditionally, investment decision problems used to have one objective that needed to be 
satisfied – which was maximization of profits and increasing shareholder value. Today, this is 
no longer the case as investment decision making has become increasingly complex due to 
the complexity of multiple objectives of several stake holders that have to be met (economic, 
social and environmental etc.), some of which are conflicting. Investment practitioners, 
therefore, require decision making techniques that are capable of handling these multiple 
objectives that are sometimes conflicting. 
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Figure. 2. Classical Investment Decision Making Process 
 
The classical investment decision process above primarily relies on financial models built to 
evaluate economic objectives such as financial profitability, and evaluates other objectives 
(e.g. social and environmental) secondary and in second place. Due to the demands of 
sustainable development, these other objectives have become as important as the economic 
aspect, and investment decision makers need to incorporate them in their evaluation models. 
 
One challenge, however, is that most classical investment models in use are built for 
performing financial evaluations, therefore, it is difficult to integrate these other objectives in 
these models. Also, the criteria of measurement are different across all these different 
objectives with some having imprecise information. There is therefore need for an integrated 
decision making model capable of handling these multiple objectives in one model. This 
paper therefore aims to build an MCDA model that integrates these different objectives and 
selects the most sustainable investment. 
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1.4 Research Objectives 

 

The aim of this study was to develop an integrated MCDA model that can be used for making 

sustainable investment decisions on the basis of Sustainable Development Goals (SDGs). 
 
Research objectives included: 

 

• Identify the key factors that are considered when evaluating sustainable investments 
in developing countries.  

• Ascertain the Sustainable Development Goals and indicators that are relevant to 
sustainable investment managers.  

• Develop a comprehensive evaluation model that incorporates financial, social and 
environmental factors when evaluating sustainable investments in developing 
countries.  

• Apply the developed model to an actual sustainable investment decision making 

problem. 
 
 

1.5 Research Questions  
The main research question of this study was: What is the optimal model for evaluating 

sustainable investments in developing countries? 
 
Sub-questions included: 
 

• What are the key factors that are considered when evaluating sustainable investments 
in developing countries?  

• What is Sustainable Development Goals (SDGS) and indicators are relevant to 
sustainable investment managers?  

• What are the currently used models for evaluation of sustainable investments in 
developing countries?  

• What is the most suitable model for evaluating sustainable investments with multiple 
objectives?  

• Can an MCDA model be used for making actual sustainable investment decisions? 
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2. METHODOLOGY 
 
This research uses a case study approach to build an integrated MCDA model in order to 
prescribe decision processes that assist sustainable investment companies in determining the 
types of projects in which the company should invest in in order to maximize achievement of 
SDGs and promote sustainable development. The study is undertaken in an impact 
investment company that is faced with a decision problem of ranking five different 
investment projects on the basis of how they meet SDGs and selecting the project that 
maximizes SDGs the most and thus delivers the highest value in regards to sustainable 
development. 
 
In this study, the researchers opted to use case study, because it is widely used in similar 
types of studies (within operations research) where the researcher is trying to improve the 
decision-making processes of a given organization. Case studies are an appropriate strategy 
where the researcher seeks to attain in depth understanding of a given scenario and thus 
provide insights for improving it [7, 8]. Data collection when conducting case studies can be 
undertaken through a number of ways including but not limited to observations, document 
and process reviews, interviews, and conversations among others. The main way of collecting 
information during the case study in this research was through documents reviews, interviews 
and conversations. The researcher reviewed documentation for all the five investment 
projects the investment company wanted to decide on. Interviews were also held with the 
investment manager and other stakeholders in the investment company where the case study 
was carried out in order to understand their criteria and preferences. 
 
Case studies and their associated data collection methods create a direct interaction between 
the participants and the researcher which fosters a collaborating environment. Within this 
environment, there are location, usable materials and the interpretation that make the world 
visible for the researcher [9]. This helps the researcher in understanding a certain 
phenomenon as it is from “the real-world settings” [10, p. 600] as the researcher receives 
detailed information about an actual scenario. In addition, since the data collection process is 
typically done in the participants’ setting, the analysis of data is performed inductively from 
specific to general themes [11]. 
 
In addition to the case study in the investment company, the researcher performed 
consultations and discussions with third party experts. Extensive unstructured consultation 
sessions were held with various MCDA method experts at the DECIDE Group of Stockholm 
University, Department of Computer and System Sciences in Sweden; and at the Center for 
Decision Systems and Information Development (CDSID) of the Federal University of 
Pernambuco (UFPE), in Brazil. The purpose of the expert consultation sessions was to help 
the researcher in the MCDA model selection process. 
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Figure. 3. Model selection process (adapted from de Almeida et al, 2015) 
 
Further consultations and discussions related to sustainable investments and sustainable 
development, and how the Sustainable Development Goals (SDGs) can be incorporated in the 
sustainable investment decision making process were undertaken with experts at The 
Swedish Sustainable Economy Foundation, Initiatives of Change, Stockholm School of 
Economics, and the Institute of Economics at the University of Campinas in Brazil. From 
these consultations, SDGs relevant for investment decision making were selected with their 
corresponding indicators and targets and grouped in 4 broad domains; social, economic, 
environmental and national development (Refer to Appendix 1). 
 

 

3. DECISION MODEL CONSTRUCTION 
 
Models, may be built for specific and unique problems or for more general and repetitive 
problems [12, 13]. Our aim is to build a general model that can be used for making 
sustainable investment decisions. In order to build such a model that can be generalizable, we 
follow a systematic process presented in Figure 3 above. 
 
MCDA is a decision methodology that is capable of incorporating different objectives, values 
etc. within one evaluation model. Such a methodology is suitable for evaluating sustainable 
investments based on the systems perspective by incorporating economic (financial), social 
and environmental dimensions all in one evaluation model. 
 
In this study, we utilize the MCDA model suggested by de Almeida et al [12] for handling 
complex decisions with multiple objectives which is based on a successive refinement 
procedure at every stage. The refinement process allows the analyst to iterate parts of the 
model based on the decision maker’s preferences. 
 

7 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure. 4. MCDA Model Procedure 
 

Step 1: Decision Problem, actions and problematic 
 
Any decision model starts with a decision problem and is aimed at resolving the problem at 
hand. The decision problem in this study is a real case that was faced by an impact 
investment firm that had five different sustainable investment projects, and wanted to rank 
them on the basis of SDGs, and select the project that delivers the highest economic, social 
and environment value and contributes to the sustainable development of the developing 
country where it would be implemented. 
 
Table 1: Summary of the Investment Cases  

 Projects  
A 

 Description  
Investment in aquaponics farms that use modern technology to produce organic high value 
food for the local market and for export. The farms will employ local youth through an in-
grower model and train them in sustainable agricultural entrepreneurship. 

 
B 

 
 
 
 

C 

 
Establishment of a software development center that provides software development and IT 
consulting services to organizations in developed markets. The center will offer high value 
jobs to unemployed youth, training and upskilling, help develop local tech solutions etc. 

 
Construction of a mixed-income Eco-village with 20% low income houses and 80% middle 
income houses. The village shall be self-sufficient generating own green energy through 
solar, rain water harvesting and waste water management. 

 

D  Establishment of a solar micro grid to provide affordable renewable energy (metered) to 
  communities that have no access to grid power and where some people cannot afford the 
  high setup cost of installing own solar equipment. 
   

E  Investing in a social company manufacturing affordable sanitary Pads for girls and women 
  

  using local materials, thus improving menstrual hygiene and reducing on the burden of girls 
  missing school due to this problem. The company employs refugees in the manufacturing 
  process and women in their distribution network. 
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Actions are related to the different investment alternatives or projects available to the 
decision maker i.e. projects A up to E. Our decision maker wanted to rank the different 
investment alternatives and choose the one with the highest ranking, that is, the one that 
maximizes their objectives on the basis of promoting SDGs, hence they have a ranking and 
choice problematic. 
 
Step 2: Identify Decision Maker and other actors 
 
In the context of the investment industry, a decision maker may be an individual in the case 
of retail or individual investors or a group in the case of investment companies that often 
have an investment committee that makes investment decisions. In most investment 
companies, the decision maker is represented by an Investment Analyst or Manager since the 
investment committee members are not directly involved in the evaluation of investments, 
but choose between alternatives ranked and recommended to them. Other actors include; 
entrepreneurs/project sponsors, employees, government officials, general public/community 
members where the investment will be located etc. all of which have a stake in the project. In 
the context of the above problem, our decision maker is an investment manager in an impact 
investment company. 
 
Step 3: Identifying Objectives 
 
The overreaching objective of our Decision Maker is to invest in the most sustainable 
investment project on the basis of SDGs. The objectives are grouped into 4 broad categories 
i.e. environmental, social, growth & development, and economic. Under these domains, we 
have SDG indicators which are linked to the relevant SDGs goals. In order to have a more 
manageable number of objectives, some indicators that are related (have the same SDG 
goals) have been merged together. After doing this, we ended up with 20 SDG indicators in 
total (5 in each category) on which to access the investment projects. 
 
Step 4: Establishing Criteria 
 
The criteria used is based on how the different investment projects contribute towards the 
achievement of SDG goals/indicators. The investment alternatives are ranked on the scale of 
1-5 across all the selected SDG indicators based on the decision maker’s preferences. Where; 
5 is the highest score, 1 is the lowest score, 0 is when the SDG indicator doesn’t apply to the 
project. Higher score implies better performance. 
 
In addition to SDG indicators, we add two attributes to the economic domain in order to 
evaluate the financial performance of the alternatives. These are; outlay cost for undertaking 
the investment in terms of US dollars, and profitability measured by the internal rate of return 
(IRR) of the project. These are also assigned a score of 1 – 5; where 1 represents a project 
with the highest investment cost and least profitable, and 5 represents a project with the 
lowest investment cost and most profitable. Indicators where all the alternatives have the 
same score are removed. 
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Step 5: Preference Modeling and Criterion Evaluation 
 
Here we build the model and choose the method, however, before choosing the method, we 
need to find out the decision maker’s rationality whether its compensatory or non-
compensatory. In our case, the decision maker has compensatory rationality i.e. they can 
compensate poor performance in one criteria with a better performance in another and can 
also rank the criteria in order of preference. Based on this, we rank the criteria in order of 
importance giving each a weight between 20 to 1, where a weight of 20 is given to the most 
important criteria and 1 to the least important. In order to balance the ranking across the 4 
domains (environmental, economic, social, and growth & development), we distribute the 
ranking in such a way that the aggregate weighting is the same for all the categories (which 
adds up to 56). We do this because, in as much as the decision maker can compensate one 
criteria (SDG indicator) for another, on a high level, they are not willing to compensate one 
domain for another (for example economic over social or environment), which ultimately is 
the goal of sustainable development. In this case, they have non-compensatory rationality 
when it comes to the broad domains and we balance their weights in order to show that the 
decision marker attaches the same importance to all of them. This is actually the case in the 
sustainable investment industry where investors want to make money, but still have positive 
social and environmental impacts and contribute to the development of the 
communities/countries/regions where they invest. 
 
Step 6: Choose Suitable Method 
 
In this step, we choose the most suitable MCDA method owing to the decision maker’s 
rationality. In our case, since the decision maker is indifferent regarding their preference of 
the different SDGs, we use the PROMETHEE (Preference Ranking Organization Method for 
Enrichment Evaluation) method since it does not require the DM to specify information on 
concordance and discordance regarding the outranking relation, but rather only information 
on the criteria weights and on the intra-criterion evaluation [12]. 
 
PROMETHEE belongs to the outranking family of MCDA methods, and is based on a valued 
outranking relation. It was introduced by Brans in 1985 [14], and it includes two major steps;  
1) the construction of an outranking relation for a given set of actions, and 2) the exploitation 
of this relation in order to give an answer to a given multi-criteria decision problem at hand. 
 
With PROMETHEE, we don’t have to make assumptions regarding the ‘true’ preference 
structure of the decision maker. When evaluating the decision maker’s alternatives, the major 
question is if we have enough information to know that one alternative is at least as good as 
another. This is done on the basis of the outranking relation built in the first step, upon which 
a ranking of alternatives is derived from in the subsequent step. 
 
Let us consider a multi-criteria problem below; 
!"# %& " , … , %) (") " ∈ - ,  
where K is a finite set of actions for instance alternative investment projects and !", $ = 1 … , (, are k criteria to be maximized in our case Sustainable Development Goals (SDGs). Each 
criterion applies to the K set of actions. 
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4. RESULTS AND DISCUSSION 

4.1 Applying the MCDA Model 

 
In this section, we apply the developed MCDA model to our sustainable investment decision 
problem above, we use the PROMETHEE method and system developed by Morais et al [15] 
The system offer a step by step process until a solution to the multi-criteria decision is found. 
Using the data in our consequence matrix which was gathered from the decision maker, the 
system weights our criteria C1 up to C20 (SDGs).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 3: Establishing the consequence matrix and the weights of criteria. 
 
The data analysis work was conducted at the Center for Decision Systems and Information 
Development (CDSID) of the Federal University of Pernambuco (UFPE), in Brazil. After an 
extensive consultation process with the MCDA experts there, the investment decision 
problem was structured in a way that would allow analysis by the PROMETHEE system 
developed at the center. The data comprising of the decision maker’s consequence matrix 
was put in an excel file and exported in the system to get help with the analysis, and to be 
able to easily obtain a solution to our MCDA problem. 
 
4.2 Investment Decision 
 
Using the data in consequence matrix comprising of the decision maker’s preferences, the 
system establishes the weights of each criteria. Basing on the weights of the different criteria, 
it makes a first recommendation which is investment alternative B (a2). i.e. establishment of 
a software development center. 
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Figure 4: First ranking of the alternatives. 
 

 

4.3 Sensitivity Analysis 
 
We perform a Monte-Carlo sensitivity analysis to verify how sensitive the result is when 
weights change which would lead to a change in the evaluation matrix. A 10% sensitivity 
analysis was performed on each of the investment alternatives A (a1) up to E (a5), 
considering 10,000 different scenarios. After conducting a thorough simulation exercise, the 
initial investment recommendation B (a2) held up. 
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Figure 5: Sensitivity analysis for first position. 
 

 

5. CONCLUSION 
 
This paper presented a multi-criteria decision analysis model for making sustainable 
investment decisions on the basis of SDGs. In the literature, we saw that models, may be built 
for specific and unique problems or for more general and repetitive problems [5]. In as much 
as investment decision problems differ, there is growing commonality in investment 
objectives towards Environmental Social and Governance (ESG) and Socially Responsible 
Investing (SRI). Sustainable investment managers are aiming to achieve SDGs, as well as 
Global Reporting Indicators (GRI) are becoming an industry benchmark. Because of this 
harmonization of the sustainable investment decision making, the MCDA model that has 
been put forward in this paper can have a general applicability in other decision making 
scenarios involving choosing between different investment alternatives. 
 
Future work will focus on adapting this model to group decision making scenarios typical in 
larger investment firms where there are often more than one decision makers comprising of 
the investment committee that makes investment decisions as a group. Another area 
involving group decision making where the model could be adapted is within the government 
investment decision making process where often a large number of stakeholders is involved 
in the decision process. 
 
Future work could also aim to explore how using different MCDA methods would change the 
performance of the model and perhaps to compare the performance of the different methods. 
In this study, we used the PROMETHEE method, but a range of MCDA methods exist whose 
performance in complex investment making scenarios remains to be tested. 
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APPENDIX 
 
Appendix 1: Objectives based on SDGs, Criteria and DM’s Preference   
  

Objectives 
 

Goals 
 

Prefence Criteria 
 

A 
 

B 
 

C 
 

D 
 

E 
 

          
  Air pollution/quality  Goal 11, Target  6   3  5  4  4 1  
    Goal 6, Target 6.6              
    Goal 11, Target              
  Water pollution/quality  11.6  8   3  4  4  5 1  
 

Environment 
  Goal 2, Target 2.4              

   Goal 11, Target              
  Soil pollution/quality  11.6  7   5  4  3  5 2  
  Biodiversity and Ecosystem  Goal 14, all              
  balance  targets  16   4  5  5  4 4  
  Climate change adaptation and  Goal 13, all              
  mitigation  targets  19   5  4  5  5 4  
      56            
  Health  Goal 3, All Targets  17   4  0  4  3 5  
    Goal 1, All targets              
  Livelihood of poor, poverty  Goal 2, Target 2.1              
  alleviation, peace  Goal 16, Target  11   5  2  3  5 5  
 Social Access to sanitation and clean  Goal 6, Tagets              
 drinking water  6.1, 6.2, 6.4, 6.5  10   0  0  5  4 5            

  Food security (Access to land  Goal 2, all Targets              
  and sustainable agriculture)  Goal 12, Target  17   5  0  5  4 0  
    8.2, 8.3, 8.5, 8.6,              
  Quality of employment  8.7, 8.8  1   3  5  3  2 4  
      56            
    Goal 7, Targets              
  Access to clean and sustainable  7.1, 7.2, 7.3              
  energy    2   0  4  5  5 0  
  Education  Goal 4, All targets  18   5  5  3  3 5  
    Goal 4, Target 4.3              
 

Growth and 
Access to sustainable  Goal 7, Targets              

 technology  7a, 7b  14   5  3  5  5 4  
 Development   Goal 4, Target 4.3,              
    4.5              
  Capacity building  Goal 6, Target 6.a  9   5  5  3  3 5  
    4.1, 4.2, 4.3, 4.6,              
    4.7              
  Equality and empowerment of  Goal 5, All targets              
  women  Goal 10, Target  13   4  5  2  2 5  
      56            
    Goal, cost              
  Investment Cost  minimization  15   5  4  1  2 3  
    Goal, profit              
  Profitability  maximisation  20   4  5  4  3 3  
    Goal 8, Targets              
 Economic Income generation/expenditure  8.1, 8.2, 8.3, 8.4              
 reduction/Balance of payments  Goal 10, Target  5   5  5  3  4 4            

    Goal 7, Targets              
  Asset accumulation and  7a, 7b              
  investments  Goal 9, All targets  12   5  0  5  0 0  
  Job Creation (number of men                
  and women employed)  Goal 8, All targets  4   5  4  3  2 4   
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ABSTRACT 

The purpose of this paper is to incorporate a mechanism that labels the severity of cyber 
security threats in a comprehensive framework that addresses cybercrime incidents. This 
formal procedure aims to assess cybercrime incidents serving as essential input to an expert 
system that triggers the assignment of countermeasures to the respective stakeholders. The 
employed methodology involved consecutive steps for a qualitative analysis of cybersecurity 
threats, deriving from annual reports on cybercrime incident frequency and evaluates their 
threat severity based on time progression. The authors evaluated a series of certified sources 
from ENISA, the European Union Agency for Network and Information Security, to 
prioritize threats by means of frequency combination of: (i) appearance/reference, and, (ii) 
number of incidents. Research findings highlight a clustering of severity regarding the top 15 
threats to cyber-security in the last years. A set of highly trending threats are continually 
labeled as hyper critical threats and/or maintain an exponential rate, while other threats 
appear to be less severe as they present declining rates in terms of incident frequency. The 
severity labeling system generates assessment information that can be combined with 
incident characteristics and features to direct an expert system to efficient distribution of both 
general and customized preventive measures. The necessity of an inclusive approach towards 
cybercrime can be actualized through different steps of the framework in prospect, each one 
designated to a different perspective. The main contribution of the current paper lies in the 
resolution of a cybercrime incident depending on its severity and frequency and the 
consolidation with the next step for automated measure assignment.   
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INTRODUCTION 

Due to the dynamic and continuously evolving nature of new types of electronic crime, the 
term cybercrime has come to encompass a variety of criminal offenses. As a result, its 
definition and classification relies heavily on the perspective of the interpreter. Despite the 
multiple categorization efforts, there is still none acceptable and comprehensive system for 
universal classification of the various cybercrime-related offences. Moreover, there are 
considerable difficulties in respect to monitoring and evaluation of performance indicators 
related to cybercrime-related offences. Quantification, measurement and evaluation of 
cybercrime offence can become a valuable tool for academics and policy-makers as a 
breeding ground for consultation and decision-making. It can provide Law Enforcement 
Agencies with the exact information needed for optimizing countering policies, mitigation 
vectors and the suggestion of proper cyber security legislation. 

Recapitulating, the four main challenges that prohibit the overall handling of cybercrime-
related offences, i.e. effective classification, frequency interpretation and measure 
recommendation are: 
1. The lack of a unanimous understanding that would adequately and accurately describe 

cybercrime as an umbrella term for the technology-induced types of offences, 
2. Deficiency in the conception of a widely accepted classification system for the various 

offences that can be classified under cybercrime, and, 
3. The absence of a longstanding -comprehensive yet expandable- qualitative and 

quantitative method of monitoring cybercrime offences and analyzing their occurrences. 
4. The absence of a set of complementary appropriate measures and effective policies for 

each cybercrime offense and its corresponding incidents. 

The first two challenges are addressed in previously published work [1], in which the 
authors identified and presented the features of cybercrime incidents, a classification system 
for related offences and a schema that binds together the various elements and their 
interrelations. Another approach [2] covers the above-mentioned issues in a systematic way 
by providing a set of separate views towards generating guidelines for the involved 
stakeholders (e.g. organizations and Law Enforcement Agencies), which is essential for the 
actual application of knowledge. This research gap is addressed through preventive measures, 
tackling actions and policies combining law, directives and mitigation recommendations 
matching with particular incidents and offence types.  

 

 
 

Figure 1: A proposed Framework for handling Cybercrime Incidents 
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What is absent from literature and could be the link to a holistic approach is a severity 
assessment method for incidents regarding their frequency, aiming to adaptive assignment of 
the abovementioned measures. Figure 1 presents the different steps of a potential framework 
that identifies and assesses a cybercrime incident based on the severity of the inducing threat, 
and correspondingly triggers sets of measures through implementing an expert system. 

This paper proposes a formal method for qualitative analysis of cybersecurity threats, 
deriving from annual reports on cybercrime incident frequency and evaluates their threat 
severity based on time progression. Future work involves the development of an expert 
system that interprets threat severity towards automatic assignment of preventive measures, 
actions and policies to stakeholders. 

THREAT SEVERITY ANALYSIS 

The critical question for both users and law enforcement agents, throughout the world, is 
cybersecurity threat frequency. The significance of the offended value and the methodology 
used by the attacker are inevitably combined with incident reports for a useful conclusion to 
be produced. So, how often do threats occur? The answer lies in numerous reports and 
statistics many of which are not open source, whilst others lack accreditation, indicating the 
need for certified sources. ENISA, the European Union Agency for Network and Information 
Security, can surely be considered such, due to its involvement in developing advice and 
recommendations on good practice in information security. In response to the evolving threat 
environment, ENISA composed six annual reports from 2012 to 2017, in which the authors 
will presume upon to analyze the trends. The threat prioritization in each report has been 
performed mostly by means of a combination of frequency of: (i) appearance/reference and 
(ii) number of incidents. As a result, the authors created a comparison table of the top 15 
cyber-threats and their trends, hereupon the collation of information. Each trend derives from 
the comparison of threat frequencies between two consecutive years, except for the 2012 
report [3], in which the frequency was assessed against information of previous years. which 
accentuates that the analysis extends beyond the six years of the conducted reports. The 
accumulated information regarding threat trends is summarized in table 1. A plus (+) symbol 
indicates a rise while a minus (-) symbol indicates a drop in the frequency of a threat. Zero 
(0) indicates frequency steadiness. 

Table 1: Annual Threat Trends 

Top 15 Cybersecurity Threats 2012 2013 2014 2015 2016 2017 

Web-based Attacks + + + + + + 
Malware + + + + + 0 
Web Application attacks + + + + + + 
Exploit Kits + + - + + - 
Botnets + 0 - - + + 
DoS 0 + + + + + 
Phishing 0 + + 0 0 + 
Data Breaches 
 

+ + + 0 + + 
Ransomware/Rogueware/Scareware 
 

0 + - + 0 + 
Spam - 0 - - - + 
Cyber espionage 
 

+ + + + - + 
Physical Theft/Loss/Damage + + + 0 + 0 
Identity Theft 
 

+ + + 0 - + 
Information Leakage 
 

+ + + + + + 
Insider Threat (Malicious, accidental)   0 + 0 0 
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Before conducting each Landscape, ENISA’s specialists analyzed and considered, 
primarily, open source data, a slew of which was necessary for each report to be intimate. In 
Threat Landscape 2012, over 120 reports from security industry, networks of excellence, 
standardization bodies and other independent institutes had to be considered. The 
corresponded analyzed reports and sources for 2013’s report [4] exceeded the number of 250, 
while in 2014’s Landscape [5] the references to relevant sources on threats, were over 400. In 
2015 report [6] 380 open source resources were processed, while the total number of 
resources referenced in the 2016 report [7] is ca. 200, which are main resources considered to 
reflect the developments of the cyber-threat landscape in an authentic manner. Additional 
overlapping information sources collected (ca. another 200) are not part of the document. In 
[6], [7] and the 2017 report [8], ENISA specialists also used information provided by MISP 
platform, CERT-EU and the cyber-security portal CYjAX with provided pro bono access.  

Table 2: The proposed threat severity classification 

Trends 
Possible Combinations Threat Severity 

Year X-1 Year X 

0 

0 0 0 Neutral Threat (NT) 

- 0 - Neutral Threat (NT) 

+ 0 + Critical Threat (CT) 

- 

0 - 0 Neutral Threat (NT) 

- - - Diminishing Threat (DT) 

+ - + Critical Threat (CT) 

+ 

0 + 0 Active Threat (AT) 

- + - Active Threat (AT) 

+ + + Hyper Critical Threat (HCT) 

 
Confidential and classified information found while accessing those platforms were only 

taken into account for the composition of the report, without any disclosure of this material. 
The accumulated information regarding threat trends is further considered for the conception 
of a labeling system that aims to direct attention to the most severe threats to cybersecurity. 
In Τable 2, the combination of consecutive trends is presented with a threat severity label. 
This label is produced based on specific combinations of trends that characterize a cyber-
threat regarding its severity. By verbalizing how crucial a threat is considered based on its 
recorded trends, the focus area can be directed accordingly prioritizing the active, critical and 
especially the hypercritical trends. 

Following the severity classification of the top threats introduced in Τable 1, Figures 2 and 
3 depict threat severity based on time progression through the use of the proposed monitoring 
system. The outcome is that by considering the incident occurrence frequency and 
categorizing each incident by its type, the corresponding threat is monitored. Figure 2 
presents three indicative threats, which are either continually labeled as hyper critical threats 
to cybersecurity (Web-based Attacks, DoS), and/or maintain an exponential rate (Data 
Breaches). Such highly trending threats require immediate actions and measures assigned to  
relevant stakeholders towards mitigation.  
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 Web-based Attacks DoS Data Breaches 

Hyper Critical Threat                 

Critical Threat 
 

               

Active Threat 
 

               

Neutral Threat 
 

               

Diminishing Threat                 

Figure 2: Severe threats through time (2012-2017) 

On the other hand, specific threats (Figure 3) are either characterized with mild severity or 
maintain declining rates in terms of incident frequency. 
 

 Spam Insider Threat Identity Theft 

Hyper Critical Threat                 

Critical Threat 
 

               

Active Threat 
 

               

Neutral Threat 
 

               

Diminishing Threat                 

Figure 3: Less Severe Threats through time (2012-2017) 

Insider Threat (Malicious, accidental) for example is gradually degrading from critical, to 
active and finally neutral threat, which is direct evidence that stakeholders are a step ahead 
from offenders. Likewise, spam was continuously characterized as neutral or diminishing 
threat except from the last year labeled as critical.  Although reduced in numbers, spam has 
gained in quality, e.g. by combining information to trick victims, and by using better 
obfuscation techniques to evade spam filtering. Identity theft also degraded from hyper 
critical to active and critical threat in 2016, which can be possibly attributed to the fact that 
although data breaches have increased in 2016, the number of identity records stolen are less 
than in previous year. Nevertheless, an increasing trend is noticeable in 2017, which should 
be considered accordingly in measure planning. 
 
The severity, urgency and typical characteristics of the identified cybersecurity incidents, 
require different preventive measures towards mitigation, while the same applies for the 
actions needed during crime conduction, and policies implemented in national or 
international level. The threat severity monitoring can assist in selecting the appropriate 
actions and measures through a Decision Support System. 
 

STAKEHOLDERS AND MEASURES 

This section encompasses all parties involved with tackling a cybersecurity incident or 
preventing it.  
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 Governments frame responses regarding prevention laws and policies. Their role also 
requires assignment of duties and responsibilities for involved institutions and agencies.  

 Private – Public sector organizations and institutions play a vital role, through proper 
organization and partnerships regarding the areas of regulation and prevention.  

 Internet service and hosting Providers monitor and filter internet traffic, track illegal 
use of devices and store user data potentially valuable for enforcement agencies.  

 National and cross national law enforcement agencies are responsible for recording, 
investigating and finally tackling IT crimes committed within their territories.  

 Academia contributes through development of legislation and policies, development in 
technical standards and technology, knowledge sharing and public awareness raising. 

 Users are in most times the actual victim of cyber-security incidents, which highlights the 
importance of their role in the prevention procedure and countermeasure implementation. 

 
The measures necessary for preventing a cybersecurity incident are divided in two main 
categories. There are typical preventive measures forming the core of cybersecurity that aim 
to mitigation in general, and should be adopted by all involved stakeholders, and customized 
measures that consider the special characteristics of each incident in adopting proper 
methodology. 
The typical measures towards cybersecurity prevention are matched to the corresponding 
stakeholders in Table 3. 

Table 3: Assignment of General Preventive Measures to Stakeholders 

Stakeholder General Preventive Measures 

Governments 

1. Establishment of national cybercrime-cybersecurity strategy. 
2. Centralized coordination of law enforcement agencies and CERTs. 
3. Merging of social theories with investigative methodologies and IT techniques to increase cyber-

security [9]. 

Organizations and 
institutions 

1. IT security enhancement by using novel methodology, e.g. quality control circles [10]. 
2. Provision of organizational capacity in trained personnel and distribution of duties. 
3. Identification of assets, threats, and vulnerabilities ICT systems to make proper investments  

regarding cyber protection [11]. 

Internet service and 
hosting Providers 

1. Retention of data regarding customer online activities for specific time periods. 
2. Compulsory data protection in all countries, through implementing respective legislation.  
3. ISP protection from intermediary liability can provide the initiative for suitable actions.  

Law Enforcement 
Agencies 

1. Proper evaluation of computer security risks and remedies. 
2. Assessment of potential cyber threats and precautionary lookup for mitigation acts. 
3. Utilization of civil resources to enhance striking power and efficiency of their work [12]. 

Academia 

1. Productive legal advice and assistance to national and international legislative bodies on topics 
such as criminalization, constitutional and legal protection, etc. 

2. Applied scientific research on ICT produces technical standards and solutions available for 
public-private organizations, law enforcement agencies and common users. 

3. Provision of technical assistance to national, international law enforcement, criminal justice, 
corporations, business enterprises and individual users [13]. 

Users 
1. Appliance of all published system patches, security fixes and updates [14]. 
2. Installation of antivirus, spyware checkers and firewalls with regular scan performances. 
3. Backups and encryption of personal information through proper encryption software. 

 
Preventive measures customized to the different characteristics of each cybersecurity incident 
are needed. These measures correlate to several stakeholders depending on jurisdiction and 
authority. An Indicative list is presented in Table 4. 
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Table 4: Indicative Customized Preventive Measures 

Customized Preventive Measures 

1. Application white-listing concerning legitimacy in 
order for rogue software to be blocked [15]. 

2. Scanning implementation in all involved platforms 
and devices, traffic filtering of web, network and 
mail channels. 

3. Updated listing of potentially unwanted programs 
(PUPs), with regular guidelines to employees, to 
avoid installation. 

4. Installation of specialized firewall for web 
applications (WAF) and network activity to detect 
security holes and ongoing intrusion detection. 

5. Regular performance of vulnerability scanning and 
subsequent management of flaws, especially for 
peripheral such as web and office applications or web 
infrastructure. 

6. IP address blacklisting and consequent access 
blocking. 

7. Use of botnet sinkhole to gather information and 
mitigate. 

8. Technical protection from DoS/DDoS attacks, such as 
firewall, ACL and load-balancer. 

9. Categorization of data regarding importance and protection 
necessity, with implementation of the corresponding 
protection level to the data value. 

10. Encryption of personal information and avoidance of data 
storing with clear text information. 

11. Scanning of application code with dynamic analysis for 
malicious activity, and static analysis for weaknesses in 
programming.  

12. Tool-based content filtering to block undesirable or 
superfluous attachments as well as mails with malicious 
content. 

13. Evaluation of business information to estimate cyber 
espionage risks accordingly. 

14. Cooperation of ISPs with companies specialized in 
monitoring botnets, with techniques involving ‘‘honeypot’ 

machines to attract malicious software.  

 

CONCLUSIONS & FUTURE WORK 

This paper presented: (a) a Decision Support System in form of a labeling system for 
cyber threats, that evaluates their severity regarding frequency of appearances/references and 
number of incidents, and (b) lists of the involved cybercrime stakeholders, general preventive 
measures in form of good practices and customized ones depending on the characteristics of 
cybersecurity incidents. The conducted qualitative analysis of threats to cybersecurity was 
based on six consecutive ENISA annual reports and highlighted specific threats that need 
further attention, as they display increasing rates and give rise to multiple cybercrime 
offences. On the other hand, some threats seem to diminish through time as a combined result 
of law enforcement efficiency and evolution of practices adopted by organizations, 
companies and common users. This procedure is convenient for distinguishing the threats that 
cause specific computer offences, that agencies properly evaluate and, therefore, focus is 
directed accordingly to the ones imperiling cybersecurity. The information extracted from the 
labeling system combined with the particular features of a cybersecurity incident, can serve 
as input to the next step of a potential framework, i.e. an expert system aiming to automated 
incident management through standard operating procedures and protocols. This future 
extension could interpret recorded information of incident management in form of analytics 
to propose suitable combination of preventive measures and response actions to the 
respective stakeholders. The operational efficiency of such system would provide automated 
identification of incidents and emergency response protocols. Furthermore, compiled 
information handled by the system can produce statistical data and visualizations in form of 
cybersecurity intelligence, leading to optimization of handling cybercrime incidents by the 
relevant agencies. By emulating the decision-making ability of a human expert, involved 
parties can overcome divergences in perception and concentrate undistracted on fighting 
cybercrime. 
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ABSTRACT 

Great emphasis has been given on sustainability management in recent years, and the 
need for investments in energy efficiency management in Brazilian ports is a current 
concern. Several ports worldwide use renewable energy sources. In Brazil, the wave 
energy was installed in the Port of Pecem. However, due to lack of adjustments and 
investments, this project is not currently in operation. Thus, the objective of this study is 
to perform a multicriteria analysis using the PROMETHEE-ROC approach in order to 
identify the most viable renewable energy source to be used by Brazilian ports. Several 
criteria related to the implementation of renewable energy sources with respect to 
economic, social and environmental dimensions were evaluated. As a result, it has been 
shown that photovoltaic and biomass energy options are considered the most viable to be 
invested by Brazilian ports. A sensitivity analysis was performed, verifying the 
robustness of the results obtained through the PROMETHEE-ROC approach. 
 
Keywords: Multicriteria Decision-Making, PROMETHEE-ROC, Renewable Energy, 
Ports, Sustainability 
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INTRODUCTION 

Studies focusing on energy efficiency management have become part of researchers’ 
interest since the 1970s. A concern has arisen on the part of the new globalized economy and 
society itself to energy dependence [1]. Two main points take center stage in this discussion: 
the first relates to the impact of energy production on the environment; the second comprises 
the shortage of raw material [2]. Studies started after this period began to seek propositions 
for energy efficiency management, emphasizing the use of sustainable management by 
companies. 

More recently, it is known that port activity contributes significantly to the economic 
growth of a country, especially developing ones such as Brazil. However, this sector is also 
recognized as responsible for major environmental impacts [3]. Therefore, given the broad 
discussion on energy efficiency management in contemporary organizations, it is evident the 
need to better monitor and understand activities related to energy efficiency management in 
ports [4]. 

When dealing with renewable energy in ports, it is essential to assess the geographic 
location of the port, as well as environmental, social and economic factors, in order to 
identify which option is the most feasible one, given the assessed context. Through the 
systematic review of the literature on this subject conducted by Fossile, Gouvea and Pinheiro 
(2016) [5], it is noted that most European ports use clean energy sources such as wave, 
photovoltaic and wind. With respect to Brazilian ports, one can mention the port of Pecem, 
which implements wave energy. However, due to the need for adjustments and more 
investments, this is a non-operational enterprise. [6]. Thus, Brazilian port authorities have 
been discussing the reduction of energy consumption, the use of renewable energy and the 
supply of energy to ships [7]. 

According to the above mentioned, it can be observed that it is necessary to use clean 
energy sources in the Brazilian port companies. In addition, it is perceived the need to 
properly assess the energy sources for investment and implementation. In this context, this 
work evaluates the performance of four sources of energy generation (wind, photovoltaic, 
wave and biomass) considering the economic, social and environmental dimensions of 
sustainability. For this, a multicriteria analysis is performed with the PROMETHEE-ROC 
approach [8], in order to not requiring the decision-maker (DM) to set exact values of 
importance of the criteria being considered while making available a total preorder of the 
options. 

The next sections are organized as follows: first, the methodological procedures are 
introduced, with a brief description of the PROMETHEE-ROC; the following section shows 
the results of the application; finally, some concluding remarks are presented in the last 
section. 
 
METHODOLOGICAL PROCEDURES 

The PROMETHEE-ROC approach [8] used in this paper is based on the PROMETHEE II 
method [9] and the ROC procedure. The following subsection briefly introduces the main 
concepts of both. Moreover, concerning the application performed in this paper, the 
techniques used for data collection were bibliographic research and observation of laws and 
normative resolutions/instructions on the topic in the Brazilian context. 
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PROMETHEE II Method and ROC Procedure 

In the PROMETHEE II method, the alternatives of a set A are ranked by a total preorder, 
i.e., without incomparability [9]. For each aϵA, a net-flow Φ(a) is calculated as shown in Eq. 
1, in which Φ+(a) and Φ-(a) correspond, respectively, to the outgoing and incoming flows.  

 
Φ(a) = Φ+(a) – Φ-(a) (Eq. 1) 

 
The net-flows calculated to each alternative in A can be used to build a rank, where the 

more positive the net-flow, the more desirable the alternative. 
The PROMETHEE methods, however, do not provide specific guidelines to determine the 

criteria weights (wi), parameters needed to calculate the outgoing and incoming flows of an 
alternative [10]. Additionally, defining exact values of importance of criteria is often a 
complex task, since imprecise information is present in real-life situations [8]. In this context, 
surrogate weights procedures facilitate the elicitation of weights from the DM and minimize 
the effort he/she needs to make to determine the ordinal importance of the criteria, 
simplifying the decision analysis being conducted [8, 11].  

Among others, the ROC (Rank Order Centroid) procedure has the highest performance in 
terms of the identification of the best alternative [12]. For the ranking problematic, when 
compared with other surrogate weighting procedures, the ROC has shown to have the largest 
proportion of cases with a significant rank correlation [10]. 

In the ROC procedure, the ranking of criteria is converted into numerical values according 
to Eq. 2, where w1 > w2 > … > wn, given a set of n criteria. It seeks to identify a set of weights 
that is representative of all the possible weights combinations that are admissible and 
consistent with the ranking, assuming that the weights are normalized [12]. 
 

 
(Eq. 2) 

 
In this paper, a multicriteria problem regarding the ranking of renewable energy sources to 

ports is addressed through the PROMETHEE-ROC approach, based on the ROC procedure 
for eliciting criteria weights, and the PROMETHEE II for obtaining the final ranking of 
renewable energy sources alternatives. 

 
RESULTS 

The following subsections explore the use of the PROMETHEE-ROC approach for 
multicriteria evaluation of renewable energy sources for Brazilian ports. In this problem, it is 
assumed that the DM is represented by the port administrator. 

Set of Criteria 

The criteria used in the problem to evaluate the alternatives were defined to take into 
account different aspects of sustainability. For the economic dimension, 6 criteria were 
considered, named: Efficiency (C1), Initial investment (C2), Tax breaks (C3), Annual 
maintenance cost (C4), Financing terms (C5) and Equipment useful lives (average) (C6). 
Regarding the social dimension, the established criteria were: Changes in physical space (C7) 
and Employability and qualification (C8). Besides these, 2 more criteria were established to 
represent the environmental dimension: Environmental degradation and contamination (C9) 
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and Environmental licensing (C10). For simplicity, all the criteria were considered as usual in 
the analysis with PROMETHEE II method. 

Evaluation of Alternatives 

Three sources of renewable energy were initially considered to meet the needs of Brazilian 
ports: wind, photovoltaic, wave and biomass. Table 1 shows how each was evaluated given 
the established set of criteria. 

Table 1: Evaluation of Alternatives in each Criterion 

Criteria 
Alternatives 

Wind Photovoltaic Wave Biomass 
C1 F F G G 
C2 P VG VP F 
C3 G G P G 
C4 G VG P G 
C5 F G P F 
C6 F P G F 
C7 P VG VP F 
C8 F G VP G 
C9 F G P P 
C10 P G VP F 

VP = Very poor; P = Poor; F = Fair; G = Good; VG = Very good 

Application of PROMETHEE-ROC 

Figure 1 shows the results obtained with the PROMETHEE-ROC approach, given the 
following ranking of criteria weights: w1 > w4 > w2 > w3 > w5 > w6 > w7 > w10 > w9 > w8. 
 

 

Figure 1: Final Ranking 

 
As can be seen, according to the ranking of criteria weights and related values calculated 

by the ROC procedure, the net-flows resulting from PROMETHE II were such that the 
following preorder was obtained: the photovoltaic option was in first position, followed 
closely by biomass, and finally by wind and wave in the third and fourth positions, 
respectively. 
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Sensitivity Analysis 

In order to verify the robustness of results obtained by the use of ROC surrogate weights, a 
sensitivity analysis was performed. The original weights calculated by ROC to the two 
criteria with greater relative importance, C1 and C4, were change by 20% in a total of 100,000 
simulated cases. As a result, the first and second positions were changed in 45.479% of cases, 
while the third and fourth positions remained the same.  

The sensitivity analysis also verified the robustness of the results given variations in the 
values of all the criteria weights calculated by ROC, changing them by 10% during 100,000 
simulated cases. Once again, the first and second positions belong to photovoltaic and 
biomass options, with a change of positions between them in 40.592% of cases. The other 
two alternatives remained unchanged in their original positions. Figure 2 shows the changes 
found for the first and second positions regarding the original ranking. 
 

 
(a) 

 

 
(b) 

 

Figure 2: Criteria weights changed by 10% (Red: original position; Blue: % change to other 
positions in the ranking): (a) Photovoltaic; (b) Biomass. 

 
CONCLUSIONS 

The main objective of this study was to perform a multicriteria analysis to evaluate viable 
sources of renewable energy for implementation in Brazilian ports, considering aspects of 
sustainability and related criteria. The PROMETHEE-ROC approach was used to conduct 
this evaluation, providing a ranking of the alternatives without requiring the exact criteria 
weight values to be specified. 

By applying the approach, the photovoltaic and biomass energy options were identified as 
the most viable ones to the Brazilian ports. The sensitivity analysis demonstrated the 
robustness of the vector of weights calculated by ROC to obtain the final ranking. From the 
simulated changes, it was noticed that the positions in the ranking remained relatively stable, 
with the photovoltaic and biomass options taking the first positions, while the other two 
remained unchanged. 

It should be noted that wave energy has a high environmental impact, initial investment, 
and need for technological advances. In addition, this energy source is considered embryonic 
in Brazil, making it one of the worst investment options. Regarding wind energy, it has 
presented low maintenance costs and high fiscal incentives. However, it has high 
environmental impacts, high initial investment needs and low energy generation efficiency. It 
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is expected that the evaluation carried out in this work will contribute with the Brazilian port 
authorities’ decisions regarding renewable energy sources. 
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ABSTRACT 

 
Bibliographic databases contain papers and their citations allow the application of 

bibliographic techniques to identify aggregate trends in academic publication. This paper 
uses bibliographic techniques to examine the discipline background of papers in the Web of 
Science database which have citation links to key Operations Research/Management Science 
(OR/MS) journals. This research indicates that in the period OR/MS has become cited in a 
somewhat more diverse set of disciplines, while still remaining mainly of interest to its 
traditional field in business and engineering. The research also shows that environmental 
disciplines are becoming more important relative to the business and engineering domains 
that predominated in the previous years. However, much of the citation of OR/MS journals is 
for techniques like Data Envelopment Analysis (DEA) which are used to conduct research 
rather than directly model environmental problems. Of the modelling techniques used to 
address problems in the environmental domains, MCDM methods are the most often cited. 
Further research is needed to identify the role of OR/MS techniques in a domain outside its 
traditional areas of application. 
 
Keywords: Bibliographics, Operations Research 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

1 

mailto:Peter.Keenan@ucd.ie


 
INTRODUCTION 
 

With the introduction of computerised bibliographic databases, scientometric techniques 
have developed to allow the examination of aggregate trends in academic publication. One of 
the most comprehensive bibliographic databases is Web of Science (WOS) maintained by 
Clarivate Analytics (previously Thomson Reuters). This database records articles from 1898 
to the present drawn from a wide range of disciplines and identifies the publications cited by 
those articles. WOS has close to 150 million records from 33,000 journals, with several 
billion cited references in the database (http://wokinfo.com).  

The interpretation and aggregate analysis of journal databases is facilitated by standard 
visualisations of the subject space and the use of standard clustering of disciplines. One 
widely cited approach is developed by Leydesdorff (http://www.leydesdorff.net/), with 
various collaborators (Leydesdorff & Rafols, 2012), (Leydesdorff, Carley, & Rafols, 2013). 
This visually maps all scientific disciplines by reference to their citing patterns, allowing the 
visual plotting of disciplines on the same background map. These researchers have provided 
several plots of the entire structure of the WOS (Leydesdorff & Rafols, 2009) (Leydesdorff & 
Rafols, 2012) and the different clustering and layout of these reflect the changes in the 
composition of the WOS database and changes over time in citing patterns. We previously 
used these approaches to examine the changing disciplinary nature of DSS (Keenan, 2016), in 
this research we update this analysis and look at the role of OR/MS.  

The structure of citation patterns can be analysed using a classification of subject disciplines. 
There are two approaches to this, databases such as WOS use their own classification schemes 
and a bibliographic alternative is to use a clustering algorithm to group the disciplines based on 
the strength of their citation links. In the WOS, ISI Subject Categories, now Web of Science 
Categories (SC) have been used as proxies of scientific fields defined above the level of 
individual journals. Consequently, when examining changes in the disciplinary structure of a field 
changes in the proportions of papers or citations in a particular SC would illustrate any trends. 
This form of analysis is suited to aggregate datasets, where there are significant numbers of 
papers involved (Rafols & Leydesdorff, 2009).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1: Overall plot of WOS subject code citations (Carley et al., 2017). 
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This research is based on a basemap of WOS citations provided by software from 

https://www.leydesdorff.net/wc15/. This is a newer plot of the WOS citation patterns than 
used by Keenan (2016), and has also been used to plot different research portfolios in Carley 
et al (2017). While a plot of DSS papers is informative (Keenan, 2016), it has the limitation 
that it does not clearly identify the modelling approaches used. An alternative approach is to 
identify the disciplines in which OR/MS journals are cited, as a surrogate of the use of those 
models. In this research, we identified citations to a representative basket of OR/MS journals. 
European Journal of Operational Research, Computers and Operations Research, 
Operations Research, Journal of the Operational Research Society, Annals of Operations 
Research, Omega and Operations Research Letters.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2: Citations to major OR/MS journals pre 2000 
 

Before the year 2000 (Figure 2), citations to these OR/MS were very strongly concentrated 
within business and related fields (bottom left of the figure), and engineering disciplines like 
telecommunications. After 2000 there has been some diversification (Figure 3), with some 
increase in the environmental domains towards the top right, but the picture is still less 
diverse than similar work for DSS (Keenan, 2016). One explanation is that OR/MS models 
have not yet found much application within the environmental domain and there is still scope 
for much more growth here. Another explanation is that when OR/MS models are used in the 
environmental domain that there are no direct citation links back to the core OR/MS papers, 
but only to earlier cases using those techniques published in discipline-specific journals.  

We extracted a subset of environmental articles which cited the basket of OR/MS articles. 
The articles were drawn from the following WOS subject codes: Agriculture Dairy Animal 
Science, Agriculture Multidisciplinary, Agronomy, Ecology, Engineering Environmental, 
Environmental Sciences, Environmental Studies, Forestry, Geography, Geography Physical, 
Geosciences Multidisciplinary, Green Sustainable Science Technology, Meteorology 
Atmospheric Sciences, Remote Sensing and Water Resources. We examined the period 2000-
2017 and this provided 1678 citing publications, which cited 51726 articles, at least one of 
which was in the basket of OR/MS journals for each citing publication. Consequently, we 
believe that this set constituted a reasonable sample of research using OR/MS modelling in 
the environmental domain.  
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Figure 3: Citations to major OR/MS journals 2000-2017 
 

 

We used the Vosviewer software (van Eck & Waltman, 2010, 2017) to visualize the co-
citation network for the articles in the environmental domain that cite an OR/MS. This 
visualisation clusters journals by their co-citation links and is shown in Figure 4. In this 
visualisation, we show only papers with more than 20 citations to reduce the clutter on the 
figure. The visualisation suggests that there are three major groupings and a smaller cluster.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 4: Citations to major OR/MS journals from environmental disciplines 
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To the left of the figure are a cluster of papers citing Charnes et al (1978) and Banker et al 
(1984). These largely represent the use of Data Envelopment Analysis (DEA) as a research 
technique, rather than as a modelling technique in an application such as might be found in a 
DSS. On the right of the figure is a well-defined cluster based around MCDM techniques, 
including the traditional Analytical Hierarchy Process (AHP) (Saaty, 1977) and variants like 
fuzzy AHP (Chan & Kumar, 2007). The two central clusters are less well defined. The larger 
central cluster, at the bottom centre of the visualisation, has mainly papers relating to logistics or 
energy, and many of these do use OR/MS modelling techniques, although quite a diverse set of 
models. There is evidence here of the importance of OR/MS modelling approaches to modern 
“green” problems, for instance the paper by Wang and Hsu (2010) on using a genetic algorithm 
for green logistics. The smallest cluster does not have a clear identity, but does cite significant 
modelling approaches, such as Ben-Tal and Nemirovski (1999).  

Vosviewer also allows term co-occurrence analysis of text found in titles or abstracts, this 
feature has been used to identify the main themes in EJOR (Laengle et al., 2017). In this 
analysis, we identified the 100 most common keywords and removed two geographic words. 
The resulting network is shown in Figure 5. This shows three large clusters and a smaller 
cluster. Like the paper cocitation analysis, this has two well-defined clusters relating to DEA 
and MCDM. The two other clusters contain keywords relating to queueing and 
location/routing. Location is an example of an application with an OR/MS modelling 
component which is important in environmental management. Because location models may 
draw from several modelling approaches, for instance MCDM or optimisation, this use of 
OR/MS techniques is more easily identified from the text analysis than the citation analysis.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 5: Keyword network in Vosviewer  
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CONCLUSIONS 
 

This preliminary research uses bibliographic techniques to identify the fields where well 
known OR/MS journals are cited and looks in more detail at the environmental sector. This 
work indicates that OR/MS research is primarily cited in traditional business and engineering 
domains and while there has some extension over time of citation from other sectors, 
including environmental domains, this has only has had a limited effect on citation patterns. 
The OR/MS techniques most often cited were DEA and MCDM based techniques. Further 
research is required to better understand the role of a broader range of OR/MS techniques 
outside traditional disciplines. 
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ABSTRACT 

This study aims to demonstrate how a web-based Decision Support System (DSS) can 
improve the process of internal resource allocation in a Brazilian public university as part 
of a bigger research project that aims to build a web-based DSS for internal resource 
allocation in all Brazilian public universities. To achieve its goals, the analysis was carried 
out by developing a DSS Database model to store and retrieve data, defining the user’s 
interface based on his detailed requirement analysis and using a web application to transform 
the prototype into a web-based system. Currently, there aren’t any general DSS for such a 
problem. All data for the application of the model are gathered manually and managed by a 
single department at the University studied. The idea is that the system could support decision 
makers, stakeholders that are part of the process, decentralize tasks achievement, besides 
improving communication, collaboration, increasing productivity of group members and 
improve data management using the Web. The perspectives are to contribute to the decision 
problem of how to improve the allocation resources process correctly faced by the university 
analyzed. In addition, it could be used to provide background for the Federal Universities 
strategic resource allocation planning.  
 
Keywords: Decision Support System, Web-based DSS, Resource Allocation, Budgeting, 
Model-driven DSS 
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INTRODUCTION 

The effective use of scarce resources is a crucial problem for universities in general and 
particularly in Brazil, where public universities perform an important role. The process of 
allocating internal resources in Brazilian federal universities (FU) among administrative units 
has become increasingly challenging and depends on a diversity of legal, economic, 
structural, and organizational parameters [1].  

One of the FU goals it is to improve the provision of beneficial results for the society 
interest, considering an increasingly complex and changing environment. Within this context, 
Turban et. al. and Power [2, 3] affirm that circumstantial evidence suggests that Decision 
Support Systems (DSS) can improve decision quality and change the structure and 
functioning of organizations.  

By definition, a Decision Support System is as a computer-based information system that 
supports decision makers use data and models to solve semi-structured and unstructured 
problems. It helps decision makers to make better decisions, to answer complex questions [4, 
5] and it is considered essential to support the decision-making process [5]. 

All kinds of DSS can be implemented using Web technologies and can become web-based 
DSS. Managers progressively have web access to data warehouses and analytical tools [6]. A 
web-based DSS, thus, bring decision support information or decision support tools to a 
manager or business analyst using a "thin-client" Web browser like Internet Explorer that is 
accessing the Global Internet or a corporate intranet. Its application can increase access and 
use, reduce support and training costs and allow extensive capabilities to the users [7] and 
that is the reason its applicability will be considered for this research. 

Hence, the propose of this work is to present a web-based Decision Support System (DSS) 
for internal resource allocation in a Brazilian public university once it could improve 
communication, collaboration, increase productivity of group members (there are 21 sectoral 
administrative units that are affected by the allocation procedure) and improve data 
management using the Web [6]. To do so, the survey was divided into four steps: identify and 
analyze the allocation model from the Federal University chosen; collect data and compile 
them into Excel spreadsheets; create a Database model and, finally, create a prototype of the 
web-based system.   

Presently, there aren’t any general DSS for such a problem. All data for the application of 
the model are gathered manually and managed with Excel spreadsheets by a single 
department at the University studied. The idea is that the system could support decision 
makers, stakeholders that are part of the process and decentralize tasks achievement, since 
web-based DSS provide the availability of intelligent search tools that could enable them to 
find and manage the information they need quickly and inexpensively [2].  

As a suggestion, the general concept of the web-based DSS presented here could be 
extended and applied by other federal universities in Brazil or other countries, adapting the 
alternatives and criteria for each specific internal allocation model and to the Decision 
Makers (DM) needs with the same purpose of improving the decision-making process. 

The case study conducted in this work is part of a bigger research project that aims to build 
a web-based DSS for internal resource allocation in all Brazilian public universities. The 
research project started with the design of the DSS and for more complete information on this 
research, see: [8].  

Also, to state a clarification, the main decision of the model (not the problem situation of 
this study) it is how to improve the resource allocation process and the Decision Maker 
considered is the representative director of the budgeting unit from the Federal University of 
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Mato Grosso do Sul (UFMS), because of the availability of data and similarity to a general 
model in Brazil. 

The Brazilian federal university analyzed in this research has 21 sectoral administrative 
units (called UAS or AU) that are divided by areas, such as human sciences, biological 
sciences, engineering, faculty of medicine, etc., and each one of them has an annual budgetary 
requirement. The university has 5287 employees (divided between academic, technical and 
administrative staff) and around 27 thousand students (from undergraduation and graduation 
courses). The aim is that the application of a correct DSS to distribute the local budget 
between these units can contribute to the University’s permanent strategy of efficient and fair 
resource allocation.  

 
SURVEY 

To create the web-based DSS for UFMS, four phases of the decision-making process were 
considered [9, 10]: (1) intelligence, based on the identification, definition and understanding 
the problem; (2) design phase, that analyses possible courses of action for the problem; (3) 
choice, which involves a solution model, validations and tests; and, finally, the (4) 
implementation phase, that implements the chosen alternative and monitors the solution.  

After the intelligence and design phase, in where the aim was to understand how the 
resource allocation model from the Federal University of Mato Grosso do Sul works, the 
variables from the model, how they are calculated and how the budget is allocated internally, 
data were collected and compiled into Excel spreadsheets, a Database model was developed, 
using SQL language, the user’s interface was defined, and, finally, a prototype of the web-
based system was implemented, with a PHP language.  

Every year, the UFMS budget and planning department (PROPLAN) sets the criteria to 
allocate the budget credits from the Ministry of Education OCC Matrix (Other Cost and 
Capital – OCC), applicable to all sectoral administrative units, which should be strictly used 
for costing and investment activities. Every UAS provides data and information, based on the 
parameters described below, to the budgeting unit. PROPLAN gathers the information and 
then sets the percentage of the budget that will be distributed to each UAS, based on the 
resource allocation model. The distribution of the budget credits is founded on quantitative 
and qualitative variables, described as follows:  

• Quantitative variable (IVQuan): based on the number of equivalent students from each 
UAS (InAlEqv), calculated from indicators related to the number of students entering, 
enrolled and graduating from undergraduate (TAEG), postgraduate courses (TAEM 
and TAED), and medical residences (TAERM). The indicator also considers 
information about the subject area of the course, for example, a medical course is 
more expensive than a history course because of the number of laboratories needed, 
thus, the course has a weighting factor, and takes into account the total duration of the 
course too; 

• Qualitative variables (IVQual): based on criteria that measure the efficiency / 
effectiveness of the Unit, in terms of academic staff qualification (IQCD), number of 
vacancies (IVO) and that’s the only criterion to be minimized, research projects with 
external financial support (IPP), extension projects with external financial support 
(IPE), graduation success rate (ITS), teaching efficiency (IDEAE), measured by the 
relation between the total number of students and professors, quality of the 
undergraduate (IDGQ), master (IDQM), and doctorate (IDQD) courses, based on the 
evaluations from the National Institute of Studies and Educational Research Anísio 
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Teixeira – INEP and the Coordination for the Improvement of Higher Education 
Personnel - CAPES. 

Thus, the formulas of the model are calculated as it follows and detailed information 
could be seen in [11]: 

InPP UAS = IVQuan + IVQual                                                                                                     (1) 

Where: 

IVQual UAS =  ∑ IQCD + IVO + IPP + IPE + ITS + IDEAE + IDQG + IDQM + IDQD           (2) 

IVQuan = InAlEqv = ∑ TAEG + TAEM + TAED + TAERM                                                     (3) 

WEB-BASED DSS PROTOTYPE IMPLEMENTATION  

The DSS case study proposed here focuses on a model-driven DSS, and according to 
Power’s [12] DSS framework, can be classified as it follows: the dominant DSS 
component is an optimization model based on a resource (budget) allocation procedure; 
the target users are the administrative staff from the budgeting unit of UFMS and Decision 
Makers from every UAS, since they are affected by the allocation procedure; the purpose is to 
contribute to the decision question of how to improve the resource allocation process properly 
and to optimize it; and the enabling technology used was Excel, resource allocation model, 
creation of the basis to build a web-based DSS, Database model and web-based DSS. 

The creation of the DSS is justified by the fact that all data for the application of the 
model are gathered manually and managed with Excel spreadsheets by a single department at 
the University studied, from data provided by each UAS. The idea is that the system could 
support decision makers, stakeholders that are part of the process, improve data management, 
communication, collaboration, increase productivity, decentralize tasks achievement, access 
information at any time and from anywhere, analyze and interpret it [2]. 

The DSS Prototype from the model found by this study is presented in Figure 1, where the 
information can be visualized as it follows: the inputs are data from the model (provided by 
the UAS, filled and stored at the Database), such as the name of the UAS and the indicators 
or parameters considered by the model; the processing are the interactive processing of data 
and models, the calculation of the formulas defined by the models, the simulation, 
optimization and analysis that can be provided by the models; lastly, the outputs are the final 
share of the budget that each university, academic unit or course will receive, the transformed 
data from the models that can be used to take decisions. The processing and outputs steps are 
performed in the web system. The end users are the administrative staff from the budgeting 
unit of UFMS and DM from every UAS.  

 
Figure 1: DSS components of the prototype from this research 
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 To implement the web-based DSS a PHP web application was developed on the server 
side and a Database system MySQL was applied to store and retrieve data using Structured 
Query Language (SQL). Next, Figure 2 shows the Database Model and Figure 3 shows the 
PHP pages from the user interaction.  

 

 
Figure 2: Database model 

Figure 2 shows the Database model structure in where the information is stored and used 
by the web system.  The “indx” table contains most of the foreign keys, biding with year, type 
of model, administrative unit (au) and with university (ufs). With AU table association, for 
example, the connection type is 1-to-n, that means, one AU can have n indx associate with, 
and the same rule is applied for the year, models, and university tables (ufs) with AU. 

Figures 3 shows the user interface based on his detailed requirement analysis. Page 1 is 
the year selection page in where the user can select all year options at the database (2015 / 
2016). Page 2 is the university selection page. In this case, there is only one selection option: 
UFMS. Page 3 shows all the information from every administrative unit, such as their 
indexes, percentage of the budget and the name of the AU. Also, the user can change the 
indexes values and the available budget to simulate different scenarios. That is the most 
important part of the system, because it allows the users to estimate the budget that they could 
have in case of changing some parameters of the model. From this information every unit can 
establish an action plan in order to improve its indexes and, consequently, increase its 
percentage of budget share. Finally, Page 4 shows the percentage of the budget in financial 
terms too, the possibility of simulating the results with a different budget and a histogram to 
show the results in a visual way.  
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Figure 3: Web system pages – user interface  

PERSPECTIVES AND CONCLUSION 
The purpose of this study was to present a web-based Decision Support System (DSS) for 

internal resource allocation in a Brazilian public university as part of a bigger research project 
that aims to build a web-based DSS for internal resource allocation in all Brazilian public 
universities [8]. Currently, there aren’t any general DSS for such a problem. All data for the 
application of the model are gathered manually and managed by a single department at the 
University studied (and this situation happens for several others Federal Universities in 
Brazil).  

The idea is that the system could support decision makers, stakeholders that are part of the 
process, decentralize tasks achievement, besides improving communication, collaboration, 
increasing productivity of group members (there are 21 sectoral administrative units affected 
by the allocation procedure) and improve data management using the Web.  

To achieve its results, the work developed a DSS Database model to store and retrieve 
data, defined the user’s interface based on his detailed requirement analysis and used a web 
application to transform the prototype into a web-based system.  

Finally, the program can be tested by the users and the last web-based DSS version can be 
implemented. The system still must be improved to be useful for the users. The idea is that a 
web-based DSS for the problem presented here can increase access and use, reduce support 
and training costs and allow extensive capabilities to the users [7].  

Also, as a suggestion, the concept of the DSS presented here could have potential 
expansions in the future, expanding its general prototype to be used by the Ministry of 
Education in Brazil or others public institutions with the similar decision problem.  

The perspectives are to contribute to the decision problem of how to improve the 
allocation resources process correctly faced by Brazilians public universities, take safer and 
reliable decisions, seeking to reduce uncertainties and to maximize their results. In addition, it 
could be used to provide background for the Federal Universities strategic resource allocation 
planning.  

It is worthwhile to note that the DSS prototype has no production intention but to deal 
with as an experiment with only research purposes. In addition, the research was limited to 
study the effects that a system could have on the process of internal resources allocation and it 
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was not the focus to verify if the budgeting model considered is suitable or not. Thus, as a 
suggestion for future works, it would be interesting to consider models that could also be 
appropriate for the type of problem presented here, as multicriteria decision making (MCDM) 
methods. 
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ABSTRACT 

Short-term prediction of traffic is considered to be an important tool for the reduction of 
traffic congestion. It is also fundamental for the provision of information to users of the 
network. The provision of information related to traffic is very important for areas with 
fluctuating demand for transport such as freight and passenger hubs (i.e. ports, train stations 
or airports) where high traffic peaks are generated by the arrivals or departures of ships or 
trains. This article presents a short-term traffic prediction model for urban regions that 
illustrate such conditions of exceptional traffic, focusing mainly on cities with ports. The 
model derived is used to predict traffic on main roads used by the daily traffic generated by 
the city as well as by the freight/passenger hubs. The proposed model of prediction and 
distribution of traffic takes into account the fluctuating demand by including as input to the 
model the arrivals and departures of ships. The calibration of the model takes places as an 
optimization problem, which uses real-time traffic data and minimizes the difference between 
the predicted traffic flows and the measured traffic flows. The short-term prediction model 
was implemented for the road network of the city of Igoumenitsa, which is a representative 
case of a city with exceptional traffic due to the presence of a port. 

 
Keywords: short-term traffic prediction, exceptional traffic, user information 
 
INTRODUCTION 

Short-term traffic forecasting models are essential tools for use in traffic information and 
traffic control applications. Cases of particular interest in providing information that have not 
received enough attention in the relevant bibliography are multimodal nodes (ports, railway 
stations) as they have important particularities. The road network around such nodes is highly 
demanding, especially during peak periods. In this context, a model for short-term traffic 
prediction in such locations is needed. 
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This article proposes a methodology for the short-term traffic forecasting of the 

URBANETS project. Initially, there is a bibliographic review of short-term traffic forecasting 
models and demand modeling that can be used to and from ports during peak time for 
providing basic traffic information. The proposed model is presented, including the 
generation of the transport zones, the mathematical framework, the optimization routine and 
the stochastic procedures used in the model. 

 
LITERATURE REVIEW 

Short Term Traffic Forecasting Models 

Traffic forecasting is an important part of the bibliography on transport. One of the first 
methods presented is based on spectral analysis of time series using historical data [1]. In 
addition, several other methods such as linear models, Kalman filters, ARIMA models, 
artificial neural networks ([2]; [3]; [4]) have been used. The most recent models include the 
combination of data from various sources in order to achieve accurate traffic prediction [5]. 

Arrivals-departure models in the transport sector 

In the specific conditions presented in the ports it is necessary to represent the demand as a 
stochastic process. For the description of traffic in both urban and interurban networks the 
most common procedures used is the Poisson process, the binomial process as well as the 
negative binomial process. In general, the Poisson process is used when the driver has the 
freedom to move independently of the other drivers, while the binomial process is used for 
cases with higher traffic density and the negative binomial in the case of a dense urban 
network with a large number of intersections [6]. 

Traffic conditions information 

Providing information on traffic conditions in the transport sector has been proposed as a 
solution to reduce congestion by several researchers ([7]; [8]; [9]; [10]). At the same time, it 
is stressed by the researchers that the use of information systems can mean the degradation of 
the traffic or even the non-inclusion of information by the drivers according to non-reliable 
information, the percentage of the updated drivers in the network and the proposed strategy 
itself in ([11]; [7]; [9]; [10]). 
 
The information available to the user may come from three main categories in terms of time 
([9]; [12]): 
 

• Historical data 
• Real time data 
• Predictions 

 
The novelty of the paper is that, to the knowledge of the authors, there are no methodologies 
combining the three above components. 
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DESCRIPTION OF THE SHORT-TERM PROJECT MODEL 

The proposed short-term traffic forecasting model is comprised of a mathematical assignment 
estimation and an optimization routine to calibrate results based on real-time measurements. 
 
The model development process includes: 
 

1. Definition of the simplified network and traffic zones (ZK) based on the city's 
transport model 

2. Calculation of Traffic Origin-Destination matrices (TOD) 
3. Development of a methodology for real-time enrichment of the TOD matrix with ship 

arrival / departure data at the port of the city 
4. Selection of routes to / from the model traffic zones 
5. Development of the mathematical assignment model 
6. Optimization routine to calibrate the results with the real time field measurements 

Network and traffic zones 

Initially, the city transport model (if any available) is simplified in terms of road segments 
and zones (the configuration of the reference network and the creation of zones is in line with 
the usual practice [13]). The creation of traffic zones follows the logic of gathering routes 
with similar travel costs and from the same point of origin to the same point of destination in 
zones. This effectively facilitates the solution of the mathematical estimation of trip 
assignment.  

Mathematical trip assignment model 

The trip assignment model consists of the off-line module, which is responsible for daily 
traffic forecasting and is executed on a daily basis at a fixed time or whenever there is a 
change in ship timetables. This model generates the necessary input elements for the real-time 
optimization routine, which are the following: 
 

• Trip assignment of all Origin-Destination (OD) pairs (the main paths based on the city 
transport model) 

• Origin-Destination matrix of the detailed model for each quarter (15’) 
• Schedules of ships with the arrival time, expected number of vehicles and lorries 

 
The output of the model is the final Origin-Destination matrix, taking into account the 
vehicles from / to the port for every quarter of the day. The Traffic Oriented-Destination 
matrix contains for every quarter all city movements, which are allocated in a predetermined 
way, which changes at each step, taking into account real time measurements and possible 
changes in the road network. 

Optimization routine for the calibration of results with actual field measurements 

The optimization routine for the calibration of the results with real time measurements 
consists of a real-time module, which is applied every 15 minutes. Optimization aims at 
correcting trip assignment ( ) in order to minimize the difference between the measured 
flows and the ones in the model. The mathematical function optimized is as follows: 
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 where      (1) 
s. t.  

 

 
 
Where: 

 is the measured traffic flow at road section i 
 is the estimated traffic flow at road section i 

 is 1 if the road segment I is part of route p, 0 otherways  
 is the estimated traffic flow at route p from pair OD 
is the total demand between the pair OD 

 is the set of road segments where traffic measurements are available 
 is the total number of intersections/nodes 
 is the total number of zones 

 is the set of routes between zones O and D  
 is the total number of road segments that end at node k 
 is the total number of road segments that start at node k 

 
The algorithm used is the fminmax available in the multiobjective optimization package of 
the software package used[15]. This algorithm achieves the minimization of the difference in 
the estimated and measured traffic flows. It is optimized using MATLAB's Quasi-Newton 
Methods and Function Splitting algorithms ([14]). The following figure shows an example of 
an optimization result where the final vector appears at the top (as a percentage of the 
movements of each OD pair at each path) while the function value is shown in the bottom 
image. 
 

 

Figure 1: Vehicle allocation on routes and difference of estimated and measured traffic flows 

(2) 

(3) 
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The output of the real-time module is the traffic status, speed and V / C ratio (flow / capacity) 
for each road segment. These values are used to provide information to the drivers and to 
create alerts based on predefined thresholds. 
 
CONCLUSIONS 

Under the URBANETS program, a short-term traffic forecasting model was created to 
predict traffic status in zones with rapidly changing demand, such as cities with ports. The 
proposed model combines information derived from a detailed transportation model, ship 
arrivals and real time traffic flow measurements for forecasting traffic every 15 minutes. The 
predictions are provided to the drivers at selected locations aiming at facilitating their en-
route decisions and reducing congestion in the city.  
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ABSTRACT 

 
Although some “Mobility as a Service” (MaaS) initiatives have been piloted across Europe, 
so far most of them had problems reaching a significant scale and stabl e business operation, 
and there is still a lack of a solid MaaS experience replicable at the EU level. Achieving the 
appropriate balance between public and private components in the combined mobility scheme 
is a major issue, with the need of compromising between different business roles, objectives 
and attitudes within the same ecosystem. The adoption of viable policies for information and 
service sharing is also a barrier to overcome. To remain the “backbone of mobility” for 
liveable and sustainable cities, Public Transport should embrace the emergence of those new 
mobility services and concepts, together with the development of the autonomous vehicles, as 
great opportunities to enhance the efficiency and capacity of its services and systems and to 
gain new customers. The cooperation between traditional mobility players and new ones is 
then essential to address new mobility needs and the necessity for even more integration and 
seamlessness between all modes and services. 

 
IMOVE project, funded by the European Commission within the H2020 framework, aims to 
accelerate the deployment and unlock the scalability of MaaS schemes in Europe, ultimately 
paving the way for a “roaming service” type for MaaS users at the European level. This paper 
outlines a set of tools and methods for promoting multi-stakeholder collaborations within 
each IMOVE Living Lab, and for developing sustainable MaaS business models. The tools 
and methods are part of an iterative, stepwise approach to developing MaaS services that 
focus on users’ needs and preferences, with the overarching goal of ensuring that IMOVE 
Living Labs play a key role in promoting sustainable travel behaviour and improving 
accessibility. 
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Although the guiding principles, tools and methods outlined in the paper are designed to 
support MaaS developments within the scope of the IMOVE project, the methodology was 
conceived to create a set of guidelines for generic use when the aim is to develop sustainable 
forms of Mobility as a Service. 

 

Keywords: Mobility as a Service, Public Transport, Business Models 
 

INTRODUCTION 
 
There is a number of evident transformative trends. The pace of urban life is increasing 
rapidly; modern dense urban economies are reliant on excellent connectivity and citizens 
want to move around freely whenever and wherever they need to. The demand for high 
quality connectivity is increasing, not least as the world urban population is expected increase 
by 50% by 2050. But congestion, poor air quality and lack of space resulting from an over-
reliance on private cars as the predominant mode of transport are choking our cities, leading 
to a decline in quality of life and threatening economic growth and productivity. 
 
In parallel, trends show that younger generations are less interested in owning a car or getting 
their driving licence. Citizens are now seeing new mobility solutions emerging, making 
personal car ownership particularly in developed countries less attractive. So the relationship 
with the private car is fundamentally changing and this opens up new opportunities. On top of 
this demotorisation trend in many industrialized countries and the growing importance of 
cities, advances in the take up of digital solutions, environmental pressure and changing 
consumer spending due to the difficult economic context are also impacting the urban 
mobility landscape. In fact, a digital tsunami is hitting the transport sector: mobile broadband, 
location detection, smartphone penetration and social media are enabling new services to 
develop. For example, in the medium term to long term, autonomous driving is likely to play 
a key role in urban mobility. New players are entering the mobility market and citizens are 
reconsidering their mobility options. But not only are urban development, market and 
technology-driven factors changing the mobility landscape but also the political agenda 
which is now increasingly reflecting concerns about air quality, physical health and 
wellbeing. For example, municipalities and governments are actively developing mobility 
policies to favour active modes, encouraging citizens to walk and cycle more. 
 
MaaS DEPLOYMENT 
 
Overall, nowadays MaaS schemes can be seen as disruptive startup initiatives with great 
potential, but due to the implied challenges of public/private mobility integration, information 
handling and sharing, service interoperability and scalability requirements, specific actions to 
accelerate an appropriate and sustainable take off are needed.  
The following key operational tasks are needed to reach the overall objective:  

Create solid and resilient business models, adapted to the specific segments of mobility 
users, local frameworks, transport operator cooperation models, able to adjust service 

offering  and  business  operation  in  response  to  behavioural  changes  and  tendencies 
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detected through continuous monitoring and real data collection about user needs, habits 
and preferences.  
Develop Open APIs enhancing the interoperability of MaaS proprietary platforms with 
other relevant third-party ITS services (e.g Journey Planners, Travel Booking tools, 
mobile Apps) and allowing users to keep using their preferred applications when 
interacting with MaaS services, thereby widening their accessibility and outreach. 

 
Enable roaming between different MaaS schemes by supporting business cooperation 
between MaaS operators through the exchange of an “agreed minimum amount” of 
information, and improving user experience through enhanced user profiling and unique 
identification across multiple services, applications and MaaS providers. 

 
Unlock the potentials of a very valuable set of integrated information about mobility 
choices and behaviour obtained connecting existing data (e.g. across a journey, a day, 
months, etc.) that today can be hardly related to the same user and used to improve MaaS 
operation and provide value-added user services. 

 

In order to implement the above mentioned key operational tasks, the EU-funded project 
IMOVE will boost the MaaS concept and initiatives through two main streams of activities 
and corresponding results:  

Investigating and developing a set of Scalability Unlockers, as sets of measures, 
organisational frameworks, operational and business models enhancing the framework 
conditions for MaaS development and operation, behavior change strategies, user 
engagement schemes, long-term roaming strategies and support. 

 
Designing and implementing a set of novel Software Enablers that will significantly 
advance current MaaS supporting technologies enhancing interoperability and integration 

 
of MaaS schemes in the landscape of ITS and other mobility services.  

Both areas and sets of results will be developed and implemented during the project in four 
living labs: Berlin, Manchester, Goteborg and Turin. 

 

METHODOLOGY FOR MaaS DEVELOPMENT IN CITIES 
 
IMOVE Scalability Unlockers provides inputs to MaaS developments within Living Labs. 
The inputs consist of a range of guiding principles, tools and methods focusing on four key 
areas:  

1. Promoting multi-stakeholder collaborations within each Living Lab.  
2. Developing sustainable MaaS business models.  
3. Stimulating and encouraging sustainable travel behaviour.  
4. Governance frameworks.  

An iterative approach is recommended to deliver a validated and commercially viable 
business model that is legitimate among key stakeholders and which can be tested within a 
Living Lab setting. 
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Figure 1: An iterative approach to MaaS developments 
 
 

Step 1: Creating a Proposed Living Lab Vision for 
MaaS WHAT 
 

Map existing transport policy goals that apply to the Living Lab. 
 

Map the state-of-the-art in the Living Lab using the MaaS topology. 
 

Sketch at least one prototypical vision which describes ways in which the 
development of new MaaS services can help to realise transport policy goals. 

 
Using the topology, select types of MaaS services (focusing on the value proposition 
and customer segments) that can help to fulfil the vision/s. 

 
HOW  

Desktop work – link to scoping document and local transport policy goals.  
WHY  

To outline level of ambition within IMOVE for each Living Lab and create a basis for 
future dialogues and developments. 

 
 
Step 2: Identify and Map Ecosystem Actors   
WHAT  

Identify and map local ecosystem actors that are needed for the development of new 
MaaS services. 

 
Initial analysis of pains and gains.   

HOW 
Leadership prism methodology1.  
Structured brainstorming with selected experts at workshop.  
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Identify potential drivers and barriers beyond leadership prism results (local 
conditions e.g. legislation, infrastructure, etc.). 

 
WHY 

To identify key ecosystem actors and their interests. 
 

To falsify any invalid assumptions efficiently and identify a suitable ecosystem 
leader. 

 

 

Step 3: Developing Sustainable Maas Business 
Models WHAT 
 

Develop, test and validate business model hypotheses.  
HOW 

Customer development. 
 

Value proposition canvas. 
Agile development. 

  
WHY 

To falsify and refine assumptions regarding users’ needs. 
 

To generate and test hypotheses regarding key building blocks within the business 
model canvas. 

 
To validate a business model.  

 
 

Step 4: Identify Key Stakeholders   
WHAT 

Identify and map key stakeholders for each Living Lab. 
 

Invite all local stakeholders to express core values vis-à-vis interests in MaaS (e.g. 
profitability, accessibility, reduced emissions). 

 
HOW  

Stakeholder mapping and survey.   
WHY  

Preparation for multi-stakeholder dialogues.  
 
 

Step 5: Engaging Key Stakeholders   
WHAT 

Rank and prioritise core values. 
 

Construct a more robust and legitimate Living Lab vision.   
HOW  

Value case methodology and Multi-stakeholder dialogue (workshop).   
WHY 

Visualisation of stakeholder interests. 
 

Create further legitimacy for the MaaS concept. 
Align stakeholder values. 
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Identify potential channels for value capture. 

 
 
 
CONCLUSIONS 
 
The tools and methods outlined in this document are intended to support MaaS developments 
within IMOVE Living Labs. In principal, however, they are designed to act as generic 
supporting mechanisms for MaaS developments in urban settings. As such, we hope that this 
work will be useful to a range of practitioners beyond the IMOVE project. 
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analysis is presented that takes into account the geographical dimension of transport and 
mobility following new trends and technological advances based on new data sources, namely 
social media. Data generated by social media is used to specify the corresponding temporal 
and spatial distribution of activities as co-founding factors to trip generation (by defining 
attractions). Social media data sources prove to be useful for inferring the geographic and 
temporal dimensions of Origin-Destination matrices and therefore supporting transportation 
planning and modelling; this is suggested by an inferred trip generation model that is 
qualitatively compared to the conventional models for a real-world case-study (Thessaloniki, 
Greece), while relations and analogies among them are drawn. Finally, an analysis is 
performed on the premises of the relation between the mobility and the activity patterns, as 
the activities are the generators of mobility needs. 
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INTRODUCTION 

As evidence already suggests, urbanization has resulted in a series of complicated and 
difficult to solve problems, which often interfere with citizens’ transport and mobility 
routines. Transportation is among the many challenges that future cities will have to find 
answers to in order to ensure above the average living conditions for their citizens. The 
complex network of life that includes people, buildings, vehicles and every other related 
entity, and their in-between relations, brings into light the need for an effective planning 
process that smoothly manages their interdependencies and interactions. A centre piece of 
such planning processes lies in the use of data as an appropriate way to reflect and represent 
the current state of play [1]; data can then be used to either inform users directly (and assume 
an inherent better decision making process when one is informed) or to create models (i.e. 
representations of real-life) in order to simulate and evaluate future scenarios.  
Conventionally transportation planning has been done using the 4-step modelling process, in 
which production and attraction models are built for inferring the trips generated and attracted 
at/from each location within a network of origins and destinations. These models are usually 
based on household surveys and socio-economic statistical data analysis, extrapolating the 
information of limited samples in relation to the whole population, being updated after long 
periods of time and in most cases only representing a typical working day. Nowadays, the 
widespread use of Information Communication Technologies (ICT) has greatly impacted the 
data availability allowing researchers to examine alternative ways of conducting research. 
Social Media use has been enhanced with the widespread use of smartphones and smart 
devices. Latest statistics suggest that a large percentage of social media (SM) use is 
performed using such devices and concerns information such as users’ activities, opinions or 
feelings [2].  
In light of these, the goal of this paper is to study how these datasets can be used in 
conventional transportation modelling, and in particular investigate their contribution in the 
development of trip generation and attraction models. In this direction, the paper is structured 
as follows: Transportation-related datasets referring to a real-world case-study are presented 
and their spatial and temporal distributions analysed. The datasets of the city of Thessaloniki 
are used as a proof of concept showing that data coming from social media or from 
professional fleets can complement conventional datasets used in the four step transportation 
planning. 
 
SOCIAL MEDIA DATA DESCRIPTION AND ANALYSIS 

The social media data is composed by data coming from Twitter and Facebook.  
• The check-in events are collected from 750 locations in the city center, generating 44.000 

check-in events per week, with a peak of 1.265 check-in events in the most active hour. 
• Twitter data has been collected for a period of 1 year for the city of Thessaloniki. It 

consists of approximately 293.201 geolocated tweets which were extracted by first 
randomly collecting tweets from Twitter API and second collecting the time line of 
individual users. The data collection methodology is adopted by [3] where queries are 
performed to the Twitter API in order to collect a first sample of geolocated tweets 
(tweets that contain spatial information. This first data collection process (namely random 
Twitter collection) allows for the formation of a user sample, for which a specific number 
of tweets can be collected (again through the Twitter API) that comprises the complete 
timeline of a user. In this second dataset all tweets from a user are included (essentially 
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with and without spatial information – geolocation). 

Check-in events from Facebook 

It can be observed in figure 1 that the most check-in events are declared during the weekends 
or late during the working days, depending on the type of location, which is reasonable since 
most check-in events are related to leisure activities. During the peak hours, there are 1.265 
check-in events in Thessaloniki, usually Saturday night, such as the 920 check-in events in 
the bars at 01:00 on Sunday (Saturday night) or the 300 check-in events in the restaurants at 
22:00 on Saturday (Figure 1). 

 

Figure 1: Distribution of check-in events per minute during one week in bars, cafes and 
restaurants 

It can be also observed that the peaks at restaurants happen earlier than in the bars, and that 
are smoother, while the peaks intervals in the cafes are larger during the day. With regards to 
the spatial distribution, most check-in events are located in some areas of the city center next 
to the port, where most land uses are related to leisure activities, such as cafes, bars or 
restaurants. 

Geo-located tweets from Twitter 

The resulted number of users was 16.780 users. For each user, the 200 latest tweets were 
collected (timeline data collection), resulting in 3.099.310 tweets in database. The latter larger 
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dataset includes both geotagged and not-geotagged tweets. The dataset that resulted from the 
collection of the timeline for the 16.780 users has been used for the temporal characteristics 
analysis. In Figure 2 the temporal distribution of tweets is presented for the days of the week 
divided into two categories: geotagged and not geotagged. As it is presented, the geotagged 
tweets account for approximately 10 percent of the total tweets performed and they pick in 
most cases during evening hours. This is also evidenced with the not-geotagged tweets, 
however, in most days, a smaller peak is observed during noon hours. 
 

 

Figure 2: Number of tweets during the day in Thessaloniki 

On a spatial level tweets are concentrated mainly at the city centre of the city of Thessaloniki, 
while there is also a clear coverage of the residential areas. In an attempt to derive trips from 
tweets, the direct connection of points based on the temporal sequence and with a threshold of 
24 hours was applied. The use of the temporal threshold was based on the scarce number of 
tweets that a user publishes in a day, with the duration to vary from some minutes to some 
days and in some extreme cases to some months. This of course imposes limitation on the 
direct exploitation of the twitter trips for origin-destination (OD) estimation. Although this is 
a rather unconventional way to define trips -as the move from a previous tweet location to the 
next tweet location could have several intermediate stops, it illustrates the macroscopic 
mobility patterns in the city. 
 
APPLICATION TO THE THESSALONIKI DATASETS 

Using the datasets coming from SM in Thessaloniki (and everywhere) as presented above, 
attraction models can be complemented by including the locations where people declare their 
presence through Facebook. With regards to the data collected from Twitter in Thessaloniki, 
it is used to illustrate the use of SM data for estimating trip production models. The generic 
approach used for the estimation of OD matrices within the 4-step model requires the 
estimation of a linear model that describes the number of produced trips (generally attributed 
to home location) given the zonal sample population. However, using sensors data this is not 



5 

possible, as such, different approaches are defined. Here the number of trips produced per day 
per individual is modelled allowing for the estimation of a trip rate of approximately 1.7 trips. 
The goodness of fit is considered to be rather high, allowing for acceptance of the model 
estimation. 

  

Figure 3: Production model based on Twitter data 

Alternative approached used, on zonal level indicate a rather peculiar resulting model 
structure that is found to be attributed to the fact that the trips produced by zone cannot be 
directly described as production, rather than a strict definition of trip starting from a particular 
zone. 
In both cases, and given the temporal distribution of trips we could in a way jump to the 
conclusion that Social Media data could indeed complement the trips produced by each user. 
However this should be for users that are surveyed and get also their twitter account.  

  
 

Figure 4: Conventional and Twitter Temporal Production of Trips (left); Conventional vs 
Twitter Trips Start Zones (right) 

Those evidences are further supported by the fact that a positive but low correlation of trip 
start zones (27% on average) is observed when comparing the results of conventional 
methodologies and the proposed using tweets. 
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CONCLUSIONS 

The use of new datasets such as the ones coming from social media can complement the 
conventional data collection methodologies for inferring production-attraction models by 
improving these models with the attractions generated by leisure activities. Conventional 
methodologies have good results mostly with trips related to home and work, but their 
capacity to include leisure trips is rather limited. On the contrary, data coming from social 
media is unable to record home or work trips/activities, but mostly leisure trips and activities 
(as it can be observed in Figure 1). At the same time this is a limitation, since the data is 
significantly biased towards leisure activities, which only allowed to obtain a moderate fit on 
trip starts of 27%. This can be also seen in the distribution of trips, which in the case of the 
SM dataset it does not present the morning peak, but an late-evening one (see figure 4 left), 
both issues due to the fact that this data is created mostly during leisure time. 

The main positive aspect of using these new datasets is that the sample is significantly 
larger and easy to collect. In addition, the data collection period can be easily extended to the 
whole day and the whole week, therefore creating richer datasets and making possible to 
build models for different time periods and weekdays, even to generate OD matrices under 
different weather conditions or during special events or incidents occurring in the city. On the 
other side, its major drawback is that these datasets are biased, both at the type of activity 
(mostly leisure) and the type of individual (used to check-in and tweet), which happens less 
time a day than desired (2 tweets a day in Thessaloniki on average) and may have an impact 
on the trip generation, which performed worse than expected (see figure 4 right). Privacy 
issues are also a significant barrier, which together with the high processing requirements 
make very hard to use these datasets today. The lack of socio-economic data on the 
individuals generating the datasets does not allow for extrapolating it or better understanding 
the behaviour of the travellers.  

It is also important to take into account, in addition to the privacy concern already stated, 
that this data is not open. Similar analyses can be done with data from mobile phones or 
credit cards, but access to these data sets is very restrictive. The same can happen to the data 
coming from social media if the policy of the data holders changes. Finally, future research 
should further investigate the use of Twitter for developing production models by linking the 
Twitter accounts to the residence of the account holders through data mining in order to be 
able to work at zone level rather than at individual trip level. In addition, these datasets can be 
used for other purposes, such as demand prediction for supporting public transport design 
(buses) and operation (taxis), or to be used by tourist offices for identifying the points of 
interest of the city. 
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ABSTRACT 
This paper presents a methodological framework for the estimation of hazardous levels 
during freight transport which is applied to decision making based on quantitative and 
qualitative indicators. The innovation component of the methodology is the use of 
multisource data, such as data coming from transport modeling, urban planning, freight 
transport flows, and dangerous goods vehicles flows as well as historical data of accidents. 
The data is used for estimating indicators related to accidents, population, impacts on the 
population as well as impacts on the traffic in case of accident. 
The framework, which is composed of the Risk Source Release, the Exposure, the 
Consequence and the Risk Estimation models, is applied to the interurban road network of 
Cyprus aiming to evaluate the LPG, diesel, Chlorine and dynamite transport scenarios as well 
as the related BLEVE (Boiling liquid expanding vapor explosion), Fire Lake, Chlorine 
leakage and explosion. As a result, potential risk and impacts are calculated for each road 
segment of Cyprus in monetary terms based on traffic and dangerous goods vehicles flows 
and population density, identifying the most dangerous road segments. 
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INTRODUCTION 

The management of the hazardous goods transport supply chain is a particularly complex 
problem faced in all developed economies in the world ([1], [2]). It carries serious risks, 
primarily for human life, secondary to the environment and ultimately to transport 
infrastructure [3]. Every modern European country should define an appropriate national 
framework for the management of such cargo, based on the proactive prevention and 
appropriate training of those involved, and on the possibility of creating a modern incident 
feedback / management mechanism based on valid and timely information on local conditions 
([4], [5]).  
The European Union has been particularly concerned over the last decades by the 
international agreement on the international transport of dangerous goods by road (Geneva, 
1957). According to Article 2 of the Agreement, the transport of dangerous goods by road - in 
addition to certain extremely dangerous goods - is primarily permitted only if it complies with 
the provisions of the ADR, which deals with the classification of goods, the shipment 
procedures, the requirements for the packaging, tanks, etc., transport conditions, loading / 
unloading, handling, for both the personnel and the vehicles. The above provisions are subject 
to modifications - updates at regular intervals (usually every two years). The new versions of 
the ADR are incorporated by the European Commission in the form of a Technical Directive 
which all EU Member States are required to harmonize within their National Legislation. 
The three main criteria for efficient freight transport are cost, time and reliability (safety 
against loss / delays). It is obvious that in the case of dangerous goods transport, security has 
priority over the other two but continues to compete with significant economic private 
financial interests in a dangerous and often difficult to control balance. 
 
METHODOLOGY 

Quantitative risk analysis is a challenging task because it is a function of many factors with 
variable effects on the ultimate consequences of a potential accident, including vehicle load 
combinations, weather conditions, etc. For this reason, accident scenario models have been 
developed and used to estimate possible impacts. Such a model was developed by [6]. 
In the case of the transport of dangerous goods in Cyprus, four (4) scenarios will be selected 
based on the most dangerous goods traded in Cyprus: Gasoline, LPG, Chlorine and Dynamite 
(and the related consequences: BLEVE, Fire Lake, Chlorine leakage and explosion). 
Risk assessment is done in the 4 steps outlined below: 

• Stage 1: Selection of scenarios based on material and quantity 
• Stage 2: Delimitation of areas where the exposed population receives specific 

quantities of harmful effects such as thermal radiation, overpressure or exposure to 
high concentrations of chlorine. 

• Stage 3: Calculation of the percentage of fatal injuries of the population exposed to 
harmful effects. 

Four models are used for the estimation of the above stages: Risk Source Release Model, 
Exposure Model, Consequence Model and Risk Estimates. 

Available data sources 

The data used for this study is the following: 
• Traffic Model Data for the assessment of the accident occurrence rate and related 

traffic effects. The 4-step transport model developed in the framework of the project 
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"Provision of services for the design of a Trans-European Public Transit System on 
Trans-European Axes (TEN-T) in Cyprus" was used. The inter-urban transport model 
was developed with the software "VISUM" for the year 2011 with a road network 
based on the Cyprus GIS (Public Works Department). 

• Urban development data for the calculation of population density and impact on the 
population in the occurrence of an accident. 

• Freight Flow Data to determine the likelihood of involvement of dangerous goods 
vehicles in an accident. 

• Accident data. Accident statistics involving heavy vehicles to verify the 
accidentability model that has been applied. 

 
APPLICATION TO THE ROAD NETWORK OF CYPRUS 

Frequency of accidents involving dangerous goods vehicles 

The accident rate of a vehicle involved in the transport of dangerous goods is calculated from 
the following formula [7]: 

Ftdg = Faccid * l * EMHK * 365 * xtdg    

Where: 

Ftdg   = Frequency of dangerous goods vehicles accident (/ year) 

Faccid = Frequency of road accidents of all vehicles in circulation (/ year * vehicle 
kilometers) 

l = Route length (km) 
EMHK = Annual average daily traffic flow (365 days per year) 
xtdg = Percentage of dangerous goods vehicles in the traffic composition 

The frequency of road accidents of all vehicles in circulation is calculated as follows [8]: 

Faccid =  

Where: 

, , , ,  and  are the partial correlation coefficients of each factor 

 is the percentage of heavy goods vehicles 

 is the volume/capacity ratio 

 is the road length 

 is the average speed 

 is the speed limit 

 is the density of intersections 

Risk Source Release Model 

For the case of Cyprus, four scenarios were considered for the risk assessment of hazardous 



4 

cargoes (Petrol, LPG, Chlorine and Dynamite), based on the types of cargoes transported in 
Cyprus and the typical loads [9], which cover a significant proportion of the transport of 
dangerous goods (over 75%) in the island. 

Table 1: Scenarios to be tested in Cyprus 

Description Quantity Exposure size Exposure rate 
Fire lake (Gasoline) 5 tn 100 mm 20,6 kg/s 
Chlorine leakage (Chlorine) 5 tn 10 mm 10 kg/s 
BLEVE (LPG) 22 tn - - 
Explosion (Dynamite) 12 tn - - 

 
The PROBIT model is applied for calculating the dispersion effects. All effect dispersion 
curves are shown in the figure below. 
 

 

Figure 1: Dispersion curves for (Petrol, LPG, Chlorine and Dynamite) 

The gasoline fire lake, the dynamite and the LPG have a high incidence (100% dead) at a 
distance of up to one meter from the incident, while chlorine has a reduced incidence (about 
70%), but it keeps this impact almost 100 meters. Chlorine is the material with the greatest 
impact at a distance reaching 1000 meters with a 5% dead. Curves follow roughly the same 
drop shape (relatively steep) with a significant difference in maximum distance where they 
still have an impact. 

Exposure and consequence Model 

The population exposure model calculates the doses that the exposed population receives 
depending on the distance they are from the accident, and then, with the help of the Probit 
equation, calculates the respective fatal injuries. For calculating the maximum number of 
deaths from the possible accident, the effect dispersion curves are applied to each road link 
and to each material [10] and overlapped to the population density maps. Some examples are 
presented below along with the function of the maximum population at a particular distance 
from each link, which grows exponentially or linearly based on the geography of the closest 
density regions. 
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Figure 2: Dispersion curves overlapped with population densities.  

Risk estimates Model 

First, the percentage of fatal injuries of the exposed population is calculated following a 
Probit model. Second, the total number of fatal injuries (N) is calculated from the following 
relationship: 

Ν = Dpop * [0,95 * Α90 + 0,70 (Α50 – Α90) + 0,30 * (Α10 – Α50)]    (5)              

where: 

Ν 
Dpop 
Αy  

= 
= 
= 

total number of fatal injuries 
Population density  (people / m2) 
Surface where the doses received by the population have as impact y% of 
deaths (m2) 

Quantitative Risk Assessment 

The quantitative analysis is done by quantifying the number of yearly deaths at each road 
segment by estimating the following: 

• Probability of a accident involving a dangerous goods vehicle (road accident)  

• Estimation of consequences based on the type of Dangerous good and the population 
density in the surroundings of the road segment. 

This method identifies the most dangerous road segments of the road network, which are 
presented in the figure below. 
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Figure 3: Risk estimation for Dynamite (left top), Gasoline (right top), LPG (left bottom) and 
Chlorine (right bottom) 

REFERENCES 

1. Erkut, E. and Verter, V. (1995). A framework for hazardous materials transport risk 
assessment. Risk analysis, 15 (5), 589-601. 

2. Erkut, E. and Verter, V. (1998). Modeling of transport risk for hazardous materials. 
Operations research, 46 (5), 625-642. 

3. Nathanail E. G., Zaharis S., Vagiokas N., Prevedouros D. (2009). “Risk assessment 
for the transportation of hazardous materials through tunnels”. Transportation 
Research Record. 

4. Spadoni, G. P., Leonelli, P., Verlicchi, P. and Fiore, R., (1995), “A numerical 
procedure for assessing risks from road transport of dangerous substances”, Journal of 
Loss Prevention in the Process Industry, 8 (4), 245-252.  

5. Covello, V.T. and Merkhofer, M.W., (1993), “Risk Assessment Methods: Approaches 
for Assessing Health and Environmental Risks”, Plenum Press, New York.  

6. PIARC, 2008. Risk Analysis for Road Tunnels, PIARC Technical Committee C3.3 
Road Tunnel Operation, Paris 

7. Fabiano, B., Curro, F., Palazzi, E. and Pastorino, R., (2002), “A framework for risk 
assessment and decision-making strategies in dangerous good transportation”, Journal 
of Hazardous Materials, 93, 1-15.  

8. Urata K., Saito K., Tamura T., Masuya Y. 1999. The relationship of accident rate 
and operational characteristics on two-lane highways. Journal of the Eastern Asia 
Society for Transportation Studies, Vol. 3, No.1. 

9. Verter, V. and Kara, B. Y., (2001), “A GIS-Based Framework for Hazardous 
Materials Transport Risk Assessment”, Risk Analysis, 21 (6), 1109-1120.  

10. Vrijling, J. K. and Houben, H. R. J., (1995), “A framework for risk evaluation”, 
Journal of Hazardous Materials, 43, 245-261. 



1 

 

ICDSST – PROMETHEE DAYS 2018 on 
Sustainable Data-Driven & Evidence-based Decision Support with 

applications to the Environment and Energy sector 

Modeling instigators of racism, abuse in football: The case of six 
EU countries 

 
 

Theodore Tarnanidis1, Jason Papathanasiou1, Georgios Tsaples1, Stratos Moschidis1 

1University Of Macedonia, 
Egnatias str. 156, 1951 Thessaloniki 

tarnanidis@uom.edu.gr, jasonp@uom.edu.gr,  
gtsaples@uom.edu.gr, smos@uom.edu.gr 

 
ABSTRACT 

This paper tries to model the most prevalent instigators of racism, abuse in football, by using a 
second generation quantitative techniques, like  the use of factor analysis with ranked data and 
the decision-making approach PROMETHEE II. The specific techniques were applied  to the 
ranking of 11instigators (i.e. Referees, staff members, local, national and international football 
associations, press, police, players, football fans and others) from six EU countries (Italy, 
Greece, Romania, Serbia, Hungary and Bulgaria). The survey was conducted for the months 
from August 2017 to January 2018. The study collected data from people of all ages (n=672). 
The participation involved filling out a printed or an online questionnaire that examined the 
spirit of equality and avoidance of racist acts. Finally, the validity of the specific ranking 
results is discussed and recommendations are given for the improvement of regulations at a 
European level, to combat the incidents of racism abuse in the sphere of soccer. 
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INTRODUCTION 

Football has a vital role in creating a peaceful and inclusive society as it has the unique 
privilege of bringing together millions of people, regardless of their sex, color, gender, age, 
nationality or religion. However, nowadays there is a growing consensus that the problem of 
racism is particularly widespread in society, in general. For example, almost during every 
match we witness situations that see certain players or fans of a team as targets of racist 
insults. Up to date the academic discourse on measuring the construct of instigators within the 
mainstream football literature has been sparse, and there are relatively few empirical studies. 
Therefore, the aim of this research is to develop a parsimonious model that conceptualizes 
instigators of racism, abuse in football and to analyze its efficacy with the use of multicriteria 
decision-aid analysis.  

 

LITERATURE REVIEW 

Racism in football is not a new phenomenon; it emerged in the late 1970s and it has persisted 
ever since (Cashmore & Cleland, 2014). There might have been periods where it seemed that 
the phenomenon was eradicated, but it lingered silently in the background. Phenomena of 
racism appear in many sports, but tend to be more visible in football, due to its popularity, its 
coverage and the number of people that are engaged in it at all levels (European Union 
Agency for Fundamental Rights, 2013). Racism in football emerged in the late 1970s and has 
persisted ever since (Cashmore & Cleland, 2014) in all the levels of the sport, it takes an 
appallingly wide range of forms in all the EU countries (Kassimeris C., 2009) and remains 
deeply rooted and pervasive in contemporary amateur football in countryside villages and 
semi-rural areas (Long, Hylton, Welch, & Dart, 2000), which possess almost exclusively 
white populations (Burdsey, 2006). 

There have been periods where it seemed to have vanished, through efforts to prohibit racist 
behavior from and amongst the fans from different instigators. Therefore, it is apparent for 
football associations to tackle racism incidents through its societal roots. 

 

METHODOLOGY 

Having the above objectives in mind, and in order to fill in this lacuna, we managed to collect 
data from six EU countries (like Italy, Greece, Romania, Serbia, Hungary and Bulgaria). The 
sample was people of all ages. The participation involved filling out a printed and online 
questionnaire that examined the spirit of equality and avoidance of racist acts.   

To operationalize that process a mixed method approach is employed with the use of both 
factor analysis and multicriteria decision-aid technique. The rationale of selecting a mixed 
method strategy by combining different quantitative techniques was to enrich the emerging 
data (Cho and Trend, 2006). Triangulation, which is the use of multiple combinations of 
processes to produce more robust and interpretable results, will ensure the repeatability of the 
data being examined (Denzin, 2000; Cho and Trend, 2006). Using this method can effectively 
anchor racism instigators in the football field and can help to uncover all the deviant 
dimensions of the measurement problem under examination  in a manageable and constructive 
way (Jick, 1979).  
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DATA ANALYSIS 

The sampling procedure selected was non-probability sampling, and specifically the category 
of purposive/judgmental sampling (Hair et al., 1998).  The questionnaire was translated in six 
languages. It was distributed to the appropriate samples using face-to-face interviews, as they 
provide a high degree of confidence in the data (Hair et al., 1998). Also, it was available on-
line through a website.  After the elimination of the missing data, 672 responses remained in 
our dataset for the factorial and multicriteria analysis. The sample consisted of more males 
(71,7%) than males. The following table presents the exact number of the questionnaires 
collected from each country, both printed and online questionnaires. 

 

Table 1: Frequency of the collected data 

 

We clearly can see that the majority of the questionnaires were collected online (56%) 
through our website. This result was evident, due to the fact that our data  were taken from 
different countries. Similarly, the next table shows the age distribution of the people who 
participated in this study. Based on these results we can draw the conclusion that most of the 
participants were males (71.7% of the total sample). 

Table 2: Frequency gender distribution per country 
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The initial inventory of the of racism instigators included 11 items, namely staff members, 
managers, police, local-national and international associations, players, fans, referees, press 
and others. However, after an initial screening with three experts in the specific field, the last 
item was removed from our analysis, due to its poor adequacy.   

 Factor analysis: Exploratory factor analysis was used as it better serves to identify factors 
that could not be measured directly. Additionally it helps to identify the number of latent 
dimensions that account for the common variance explained among the items (Reise et al., 
2000).  More specifically, principal component analysis (PCA), with a varimax rotation was 
developed (DeVellis , 2003; Hair et al., 1998).  According to Hair et al. (1998) principal 
components are utilized when the objective is to summarize the variance explained in a 
minimum number of factors for predicting a reliable model adequacy. The use of varimax 
rotation refers to „Orthogonal rotation‟, which serves to maximize the factor loadings, by 

creating a factor matrix.). The amount of variance explained by the extracted factors, and the 
item of factor correlation was calculated (Devellis, 2003). Thus the technique of exploratory 
factor analysis helped to purify and improve the psychometric properties by examining the 
validity of individual constructs (DeVellis, 2003; Reise et al., 2000) that were underpinned in 
the categorization of instigators. The data was analysed in SPSS 23.  

The results of exploratory factor analysis with principal component extraction and orthogonal 
rotation yielded three factors (see Table 3 and figure 1).  

Table 3: Factor analysis 

Instigators (IN) of racism in football  Factor loadings 

 F1 F2 F3 

Variance explained (%) 58.152 21.299 20.868 15.985 

Eigenvalues  2.632 2.074 1.109 

IN1 Coaches  and staff members  .734   

IN2  Managers  .697   

IN3 Police  -.719   

IN4  Local Associations   .618  

IN5  National Associations   .705  

IN6 International Associations   .510  

IN7 Players   -.749  

IN8 Fans   -.550  

IN9 Referees    .713 

IN10 Press    -.761 

 Extraction Method: Principal Component Analysis.  
a. Rotation Method: Varimax with Kaiser Normalization. 

 b. Rotation converged in 5 iterations. 
c. Kaiser-Meyer-Olkin Measure of Sampling Adequacy .575 
d.  Bartlett's Test of Sphericity   .000 
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Figure 1: Scree-plot of racist instigators 

 

As shown in table 3 and figure 1, the factorial solution of the 10th items, yielded three 
interrelated factors accounted for a total of 0.58% of the variance. Factor loadings ranged 
from 0.893 to 0.655. Cronbach alpha values had significant levels ranging from 0.749 to .510. 
The first factor includes three items (coaches, managers, and police), the second factor 
includes five items (all the football associations, players and fans). Whereas, the third factor 
includes two items (referees and press). As a result, the items on each factor shape the 
dimensions of our evolving model, where we can draw the conclusion that there exist strong 
relationships between the factor items. Hence,  forthcoming EU policies and measures, should 
try to separate the impacts and the benefits according to our factor categorization. 

 

Multicriteria analysis: PROMETHEE II method was chosen from several multicriteria 
methods available in the literature because it is an easily applied outranking method able to 
compare pair-wise the alternatives of the decision-making task (Brans et al., 1986; Brans and 
Mareschal, 1984; Mareschal, 1988). The categories of the instigators used in the multicriteria 
analysis, were ranked from a scale of 1 to 11, where 1 is the least important and 11 is the most 
important. The criteria and the actions  are presented in table 4. 
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Table 4: PRMETHEE actions and criteria 

 

Actions  Criteria 

Countries Referees Coaches Managers Local 
Association 

National 
Associations 

International 
associations 

Press Police Players Fans 

Italy 6.37 5.59 5.10 5.10 5.25 5.23 5.74 6.20 8.03 7.56 

Romania 5.21 4.49 4.42 4.42 4.92 5.13 6.14 6.26 8.92 8.34 

Greece 7.50 7.09 5.84 4.76 4.45 4.52 5.07 5.31 8.99 8.64 

Hungary 6.88 6.35 5.27 6.07 4.49 5.04 5.62 5.05 8.34 7.42 

Serbia 6.39 6.29 5.67 5.23 5.09 5.42 5.21 6.32 7.21 6.91 

Bulgaria 7.54 7.49 5.93 5.32 4.30 4.93 5.18 5.96 9.39 7.17 

Other Country 5.67 5.56 5.56 4.28 4.00 4.11 6.11 6.44 8.00 8.11 

 

The variables presented in table 4 measure the weights of racism instigators across the different countries. The decision-making model included the 
above 10th criteria, and the alternative evaluations related to countries. For easy use, we set the preference function to usual and their respective 
weights equal to one. The results of the PROMETHEE analysis are depicted in the next aggregate table.
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Table 5:  Aggregate PROMETHEE results 

 

 

 

 

Based on the rankings, we can see which criteria across the different countries contribute 
positively to their net flow scores. For example, in the Greek case the most prevalent 
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instigators are fans, referees, coaches and players. Therefore, football policy makers when 
forming policies (like marketing strategies and campaigns) against the fight of racism in 
football, should try to change the behavior of the specific target-groups. The above aggregate 
PROMETHEE results can help us to draw specific results for the other countries, as well.  

 

CONCLUSIONS 

In the specific research, we tried with the use of factor analysis to model racism instigators 
across different EU countries. In addition, with the use of PROMETHEE we checked how the 
different rankings were spread across the multi-country study sample. For example, the highly 
ranked countries in terms of assessing the different instigators, could help them to form better 
mechanisms in fighting the racism problem.  

Future scientists should try to spread out the casual modeling of our effort with other 
empirical data and employ different classifications of MCDM problems and methods. 
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 ABSTRACT 
There is a growing belief that managing knowledge effectively, could boost the 
organizational performance, despite the limited empirical evidence. The purpose of this 
research is to explore the relationship among market orientation and innovativeness with 
knowledge management and the contribution to improving the organizational 
performance. Moreover, this study highlights the importance of the decision support on 
this framework, leading to a knowledge-based sustainable innovation management 
decision-making, by reviewing recent existing management literature. In fact, the 
conceptual framework along with the literature review supports the relationship among 
market orientation and innovativeness with knowledge management processes, such as 
knowledge creation, acquisition and dissemination, enhancing firms performance. 
Additionally, decision support is needed in order to realize such benefits. A group of 
suggestions analyse the conceptual framework, in order to describe and explain the 
variables within the organizational context. 
 
Keywords: Knowledge Management, Market Orientation, Innovation Management, 
Organizational Performance, Decision Support  
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INTRODUCTION 

In today’s rapidly changing economic environment, organizations struggle to develop their 
competitiveness and their innovative capabilities. Management of the intangible assets has 
been of great attention. Considering knowledge as a resource could be used to exploit many 
different organizational resources. In this manner, knowledge management and its practices 
are essential drivers of innovativeness and organizational performance. In addition, strategic 
orientation is a success factor for organizational routines [1]. Both knowledge management 
and strategic orientation are based on practices which permit organizations to effectively 
develop competitive advantages and link it with innovative thinking and higher performance. 
Conversely, strategic orientation, innovativeness and knowledge management practices might 
not have a direct effect on firm's performance, due to the complexity of market and 
technological turbulence [2]. According to [1,2], both direct and indirect correlations appear 
between strategic orientation and firm performance. Additionally, the impact of knowledge 
management on organizational innovation and performance has been discussed in the 
literature [3,4,5]. Many studies have reported the relationship between market orientation and 
innovation management, concluding on dissimilar results [6]. The link between market 
orientation and organizational performance has been thoroughly discussed, as well. Finally, 
innovation management and generally innovativeness, is naturally related to organizational 
performance [7]. There is an extensive body of researches on many different types of 
correlation among knowledge management, strategic orientation, innovation management and 
performance. On the other hand, not a lot of studies analyze these factors, together, at the 
same time. 

The relationships among the five variables are examined in this paper, using a thorough 
literature review.  In the following sections, the existing literature is reviewed and used to 
develop the conceptual framework of the proposed relationships. This is followed by the 
presentation of conceptual framework (Figure 1) and the conclusions.  

 
LITERATURE REVIEW 

Knowledge management and Decision support 

Organizations try to strategically take advantage of knowledge which is treated as a unique 
strategic resource [4,5,8,9,10]. The primary concepts of the resource-based view have 
initiated disagreements for implementing a knowledge-based theory of the organization [10, 
11]. As a result, organizations show an increased dependence on knowledge resources, in 
order to gain superior advantages [8,9]. However, the concept of managing knowledge is still 
a matter of argument, despite the continuous research of knowledge management theory and 
practices. Although knowledge could not be handled as a usual asset, [12] argues that it is 
feasible to manage tangible assets, capabilities and routines with a centre of attention on 
knowledge acquisition and learning. [13] recommend that in the knowledge management 
literature, many different key processes are related to firm's knowledge growth, including: 
knowledge capture, transfer and use [14]; acquisition, collaboration, integration and 
experimentation [9]; creation, transfer, assembly, integration and exploitation [10]; creation, 
transfer and use [17,18]. [8] suggested that knowledge is based on technology, structure and 
culture, together with knowledge processes (i.e. acquisition, conversion, application, and 
protection). The mediating role of knowledge management in the relationships among 
organizational culture, structure, strategy, and organizational effectiveness was examined by 
[8] and [17]. Every level of decision support is weighted by knowledge management [17] and 
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the entire decision-making process [5,17,18]. In practice, decision-makers neutrally analyze 
the entire information to make a decision. 

 
Market orientation and Innovation management 

Market orientation is described by the continuous procedure to offer customers added 
value on their products or service. [2] state that market orientation as a part of the 
organizational culture is referred to the inflow of information that come from the three basic 
forces: customers’ behaviour and the ability to foresee their needs, competitors’ behaviour 
and the ability to compete them in capabilities and technology, and interfunctional 
coordination. A market oriented culture could improve the organizational knowledge and 
agility by creating an interactive relationship [19]. Therefore, customers’ and competitors’ 
behavior and the main framework that is imposed by the market condition, offer useful 
information to the organizations which have a market-oriented culture [20,21,22]. Customer 
satisfaction should be considered as a part of the market orientation concept [23,24,25]. 
Market orientation is presented, in the literature, as the culture which creates superior value 
for buyers, in the most effective and efficient way [26]. Market orientation focuses on quickly 
meeting customers' needs [27]. It is of high importance, for organizations, to quickly respond 
to changes in demand or competition, in order to succeed in the market [20,21,22]. 
Additionally, it appears as a set of behaviours which refer to the gathering of intelligence on 
customer needs and external forces which affect those needs, the level to which they obtained 
market intelligence is disseminated inside the organization and the processes that are done in 
order to respond to the market changes [25,26]. Market orientation could be present in firms, 
characterized by the extent to which firms generate, disseminate, and respond to external 
intelligence gather by customers, competitors etc [2,25.26]. Market orientation is considered 
to be critical for creating a competitive advantage [2,21]. However, [20,25,26,27] argue that 
successful implementation of market orientation depends on the firm’s internal culture. In 
this respect, a firm’s knowledge acquisition is affected by the values of the firms market 
orientation. There is a strategic importance of market orientation, due to its proved positive 
relation with the organisational performance. In this situation, a firm’s lack of a knowledge 
management orientation downgrades the effectiveness of its exploiting the acquired 
intelligence about the market and its ability to utilize it and respond to the market [2,5,12]. 
Conversely, a strong knowledge acquisition management provides a base of intelligence that 
enables the organization to effectively interact with market trends and changes. 

 
Organizational performance 

According to the literature, market orientation and innovativeness is affiliated with  
knowledge management and all of them are related with the utilization of the resources and 
capabilities so that firms could improve their strengths and seize their opportunities [12]. The 
above assumption could lead to better organizational performance [2,12]. Additionally, many 
researchers argue that organizational performance could be measured with either financial or 
non-financial criteria [2,12,26]. However, there is a third theory which is based upon 
objective and subjective factors [2,5,12,25,26,27]. These are market share, sales of new 
products, the rates of return on investment and evaluation of internal factors such as 
operational improvements and reducing the time of response against the changes imposed by 
the market [2,22]. 
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Figure 1: Conceptual Framework of Knowledge-based Innovation Strategy 

 

CONCLUSIONS 

This study provides several implications to the areas of knowledge management and 
organizational innovativeness along with decision-making. To begin with, this study 
examines an extensive set of relationships attaching knowledge management to 
organizational performance, through the spectre of decision-making. Further contributing is 
related to a better understanding of the mediating role of knowledge management among 
market orientation, innovativeness and firms performance.  From a strategic view, the process 
of capturing, sharing and disseminating knowledge, leads to the development of business 
intelligence and foster the improvement of processes, routines, products and services. In 
order to be successful, knowledge management needs to coordinate organizational 
intelligence and the implementation of strategic objectives. 
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ABSTRACT 
 
The present paper is focused on the presentation of a DSS for the planning of agricultural 
production and the better utilization of a region’s available resources. 
 
The DSS includes a database (DB) that is used for the input and storage of technical and 
economic data of farming (prices, returns etc.) and the available agricultural resources (such as 
land, capital and labor) of the agricultural region. It also contains a database of models (MB) for 
Linear Programming (LP) and MultiCriteria Decision Making (MCDM) for the optimization of 
one objective or respectively the simultaneous optimization of multiple, conflicting objectives 
that are combined in one utility function constrained by the available production factors, market 
conditions etc. 
 
Decision-makers and policy planners could use the DSS to design policies that would take into 
account the socio-economic and environmental conditions of the specific region, the factors that 
could maximize the income, and/or minimize water consumption and/or fertilizers use, when 
compared to the existing production plan. Furthermore, the DSS could be used for the analysis 
and simulation of production plans under different scenarios related with changes in economic, 
social and environmental indicators, such as different prices of products and resources, different 
utilization rates of available resources, different measures and regulations of CAP and Rural 
Development Program. 
 
The proposed DSS was applied in the prefecture of Larissa in Central Greece. Summary results 
of three more DSSs are presented at the end of the paper, applied in different regions under 
additional specific objectives and/or constraints. 
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Keywords: DSS, sustainable optimization; multicriteria analysis; scenario analysis; agricultural 
production 
 
 

INTRODUCTION 
 
Decision Support Systems (DSS) in agriculture are specialized software that contain databases 
modelbases and can facilitate decision making. At their core, they are tools that can help farmers, 
stakeholders and decision makers in their decision making processes, in exploring different 
scenarios (“what-if” analysis) and in choosing the best alternative among a group of available 
ones, by taking into account economic, social and/or environmental factors and criteria. 
 
A typical DSS is composed by: 
 

• The Database (DB) and the Data Base Management System (DBMS)  
• The Model Base (MB) and the Model Base Management System (MBMS)  
• The User’s Support Management System (USMS) 

 
The paper presents a DSS for optimizing the use of the available production resources of a 
region, implying the increase of the region’s average income, while reducing the labor needs, the 
use of nitrate fertilizers and the use of irrigation water. 
 
The proposed DSS includes a database along with a Linear Programming model (LP model) and 
Multi-Criteria Decision Making model (MCDM model). The DSS can achieve alternative 
production plans and perform sensitivity analysis on different combinations of model parameters. 
The LP and MCDM models achieve the optimum production plan of the region for every single 
objective or by simultaneously optimizing all objectives combined in a common utility function 
subjected to the same system of constraints. 
 
More specifically, the LP model provides three alternative production plans each of which 
achieves either the maximum gross margin or minimum labor use or minimum fertilizers’ use. 
For each production plan the combination of the crops along with the total gross margin and the 
total labor use is provided. Moreover, the DSS calculates for each proposed plan, the required 
irrigation water and nitrate fertilizers, that both of them are important environmental factors in 
planning of agricultural production. Finally, the three proposed production plans are compared to 
the existing production plan, not only for their crops but also for their achieving technical and 
economic results providing so useful information to policy makers of the region. 
 
 
The MCDM model achieves the production plan that combines in one common utility function 
the three objectives: the maximization of gross margin, the minimization of use of nitrate 
fertilizers and the minimization of labor use. The results are presented by the DSS in the form of 
tables that compare the proposed plans with the existing one. 
 
The proposed DSS has been applied in the prefecture of Larissa in Central Greece. An extensive 
presentation and discussion of the results can be found in [1]. 
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METHODOLOGY 
 
Structure of the DSS 
 
The major components of the DSS are: 
 
The Database, where necessary data are input and stored 
 
The Model Base, where there are the Linear Programming and the Multi-Criteria models 
 
The User’s Support Management System, with which the decision maker can interact with the 
system. 
 
The DSS was developed in Microsoft Windows using Visual Basic, Microsoft Access and the 
mathematical programming tools of LINDO and LINGO. 
 
The data base (DB) 
 
The data base is used for inputting and storing the technical and economic data of the crops, 
along with the available production resources of the region. These data are necessary for the 
various calculations and were collected by: 

➢ A sample of farms of the region under study
  

➢ The Directorate of Agriculture in Larissa
  

➢ The region of Thessaly
  

➢ The Hellenic Statistical Service
  

➢ Eurostat
  

➢ The Department of Agricultural Economics of the Aristotle University of Thessaloniki
 

 
The model base (MB) 
 
The Model Base uses the appropriate data from the Data Base, analyzes them by the available 
models and extracts the final results. 
 
It includes a Linear Programming (LP) model and a Multi Criteria Decision Making (MCDM) 
model that are used for the optimization either of a single objective or the simultaneous 
optimization of multiple conflicting objectives that are combined in one common utility function, 
subjected to a set of constraints. 
 
The MCDM model weighs the multiple conflicting objectives with the use of weighted goal 
programming. 
 
The purpose of the LP and MCDM models is the optimization of the available resources in the 
agricultural production (various types of land, labor and capital). 
 
In more detail, the DSS optimizes the following objectives: 
 

• Maximization of the gross margin 
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• Minimization of the labor use  
• Minimization of the use of nitrate fertilizers 

 
The LP model optimizes one objective at a time, while the MCDM model - by using the 
weighted goal programming to determine the weights - incorporates the objectives/criteria into a 
common utility function which is used as objective function of the final model. 
 
Both the LP and MCDM models are subjected to the same set of constraints: Total cultivated 
area, CAP constraints (production rights, quotas and fallowing), limitations concerning the 
market and constraints in crops rotation and irrigation. Both models calculate the necessary 
irrigation water, in parallel with the value of the objective function. 
 
The user’s support management system (USMS) 
 
The USMS entails all the necessary interfaces, menus and sub-menus that will help decision-
makers and end-users to better use the DSS. There are 10 steps in the main menu and the end-
user must complete each step before moving to the next. 
 
RESULTS 
 
The proposed DSS was applied in the prefecture of Larissa in Central Greece to achieve the 
optimum production plan. 
 
The LP model proposes three alternative production plans, each of which attempts to optimize 
one of the three objectives i.e. maximization gross margin, minimization of labor use and 
minimization the use of nitrate fertilizers. 
 
For each production plan, the DSS exhibits the crops combination along with the gross margin 
and the total labor required. It also calculates the required irrigation water and nitrate fertilizers, 
which place a significant environmental burden in the region. The three proposed production 
plans are compared with the existing one with regards to the combination of crops and techno-
economic results, that provide insights for the planning of future policies in the region. 
 
The MCDM model is used for the choice of the best production plan by combining in one utility 
function the above three objectives. 
 
SCENARIO ANALYSIS 
 
The proposed DSS can be also used for the analysis and simulation of the production plans under 
different scenarios with different combinations of the socio-economic and environmental 
variables such as: 
 

• Different prices of products and resources  
• Different level of utilization of the available resources (such as different categories of 

land, labor and capital)  
• Different policies of CAP and the Rural Development Program 
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OTHER DSS APPLICATIONS 
 
a. DSS for the organization of agricultural production in Serbia, Kozani (The detailed 
description can be found in [2, 3]) 
 

b. Watermap: DSS for sustainable development and environmental protection of rural 
regions (The detailed description can be found in [2, 3]).  
The Watermap DSS was applied in a region of the Sarighol Basin in the prefecture of Kozani. 
 
c. EU-Water: A DSS for the programming of agricultural production (The detailed 
description can be found in [4, 5, 6]).  
The EU-Water DSS was applied in a region of the Sarighol Basin in the prefecture of 

Kozani. CONCLUSIONS 
 
Decision Support Systems are important tools in the decision-making process in the context of 
agricultural production and optimization of the available resources of a region. DSSs can propose 
a series of optimum production plans while taking into account constraints of the cultivated land, 
labor and capital. Decision makers can also use them to perform scenario analyses, under 
different combinations of socioeconomic and environmental parameters and gain insights into 
the economic, social and environmental consequences of their policies. 
 
The application of the DSS in the prefecture of Larissa and the application of the other DSSs 
across Greece, illustrate different production plans with different crops combinations than the 
existing ones. The proposed production plans allow for increase of the gross margin, in 
combination to the reduction of irrigation water and nitrate fertilizers. 
 
Future research directions include the incorporation of new modules (such as additional data sets, 
new models and interfaces), steps that can increase the sustainability of the DSS. Furthermore, 
the development of a smartphone application of an existing DSS is also one important challenge 
of research. 
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ABSTRACT 

Great emphasis has been given on sustainability management in recent years, and the 
need for investments in energy efficiency management in Brazilian ports is a current 
concern. Several ports worldwide use renewable energy sources. In Brazil, the wave 
energy was installed in the Port of Pecem. However, due to lack of adjustments and 
investments, this project is not currently in operation. Thus, the objective of this study is 
to perform a multicriteria analysis using the PROMETHEE-ROC approach in order to 
identify the most viable renewable energy source to be used by Brazilian ports. Several 
criteria related to the implementation of renewable energy sources with respect to 
economic, social and environmental dimensions were evaluated. As a result, it has been 
shown that photovoltaic and biomass energy options are considered the most viable to be 
invested by Brazilian ports. A sensitivity analysis was performed, verifying the 
robustness of the results obtained through the PROMETHEE-ROC approach. 
 
Keywords: Multicriteria Decision-Making, PROMETHEE-ROC, Renewable Energy, 
Ports, Sustainability 
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INTRODUCTION 

Studies focusing on energy efficiency management have become part of researchers’ 
interest since the 1970s. A concern has arisen on the part of the new globalized economy and 
society itself to energy dependence [1]. Two main points take center stage in this discussion: 
the first relates to the impact of energy production on the environment; the second comprises 
the shortage of raw material [2]. Studies started after this period began to seek propositions 
for energy efficiency management, emphasizing the use of sustainable management by 
companies. 

More recently, it is known that port activity contributes significantly to the economic 
growth of a country, especially developing ones such as Brazil. However, this sector is also 
recognized as responsible for major environmental impacts [3]. Therefore, given the broad 
discussion on energy efficiency management in contemporary organizations, it is evident the 
need to better monitor and understand activities related to energy efficiency management in 
ports [4]. 

When dealing with renewable energy in ports, it is essential to assess the geographic 
location of the port, as well as environmental, social and economic factors, in order to 
identify which option is the most feasible one, given the assessed context. Through the 
systematic review of the literature on this subject conducted by Fossile, Gouvea and Pinheiro 
(2016) [5], it is noted that most European ports use clean energy sources such as wave, 
photovoltaic and wind. With respect to Brazilian ports, one can mention the port of Pecem, 
which implements wave energy. However, due to the need for adjustments and more 
investments, this is a non-operational enterprise. [6]. Thus, Brazilian port authorities have 
been discussing the reduction of energy consumption, the use of renewable energy and the 
supply of energy to ships [7]. 

According to the above mentioned, it can be observed that it is necessary to use clean 
energy sources in the Brazilian port companies. In addition, it is perceived the need to 
properly assess the energy sources for investment and implementation. In this context, this 
work evaluates the performance of four sources of energy generation (wind, photovoltaic, 
wave and biomass) considering the economic, social and environmental dimensions of 
sustainability. For this, a multicriteria analysis is performed with the PROMETHEE-ROC 
approach [8], in order to not requiring the decision-maker (DM) to set exact values of 
importance of the criteria being considered while making available a total preorder of the 
options. 

The next sections are organized as follows: first, the methodological procedures are 
introduced, with a brief description of the PROMETHEE-ROC; the following section shows 
the results of the application; finally, some concluding remarks are presented in the last 
section. 
 
METHODOLOGICAL PROCEDURES 

The PROMETHEE-ROC approach [8] used in this paper is based on the PROMETHEE II 
method [9] and the ROC procedure. The following subsection briefly introduces the main 
concepts of both. Moreover, concerning the application performed in this paper, the 
techniques used for data collection were bibliographic research and observation of laws and 
normative resolutions/instructions on the topic in the Brazilian context. 
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PROMETHEE II Method and ROC Procedure 

In the PROMETHEE II method, the alternatives of a set A are ranked by a total preorder, 
i.e., without incomparability [9]. For each aϵA, a net-flow Φ(a) is calculated as shown in Eq. 
1, in which Φ+(a) and Φ-(a) correspond, respectively, to the outgoing and incoming flows.  

 
Φ(a) = Φ+(a) – Φ-(a) (Eq. 1) 

 
The net-flows calculated to each alternative in A can be used to build a rank, where the 

more positive the net-flow, the more desirable the alternative. 
The PROMETHEE methods, however, do not provide specific guidelines to determine the 

criteria weights (wi), parameters needed to calculate the outgoing and incoming flows of an 
alternative [10]. Additionally, defining exact values of importance of criteria is often a 
complex task, since imprecise information is present in real-life situations [8]. In this context, 
surrogate weights procedures facilitate the elicitation of weights from the DM and minimize 
the effort he/she needs to make to determine the ordinal importance of the criteria, 
simplifying the decision analysis being conducted [8, 11].  

Among others, the ROC (Rank Order Centroid) procedure has the highest performance in 
terms of the identification of the best alternative [12]. For the ranking problematic, when 
compared with other surrogate weighting procedures, the ROC has shown to have the largest 
proportion of cases with a significant rank correlation [10]. 

In the ROC procedure, the ranking of criteria is converted into numerical values according 
to Eq. 2, where w1 > w2 > … > wn, given a set of n criteria. It seeks to identify a set of weights 
that is representative of all the possible weights combinations that are admissible and 
consistent with the ranking, assuming that the weights are normalized [12]. 
 

 
(Eq. 2) 

 
In this paper, a multicriteria problem regarding the ranking of renewable energy sources to 

ports is addressed through the PROMETHEE-ROC approach, based on the ROC procedure 
for eliciting criteria weights, and the PROMETHEE II for obtaining the final ranking of 
renewable energy sources alternatives. 

 
RESULTS 

The following subsections explore the use of the PROMETHEE-ROC approach for 
multicriteria evaluation of renewable energy sources for Brazilian ports. In this problem, it is 
assumed that the DM is represented by the port administrator. 

Set of Criteria 

The criteria used in the problem to evaluate the alternatives were defined to take into 
account different aspects of sustainability. For the economic dimension, 6 criteria were 
considered, named: Efficiency (C1), Initial investment (C2), Tax breaks (C3), Annual 
maintenance cost (C4), Financing terms (C5) and Equipment useful lives (average) (C6). 
Regarding the social dimension, the established criteria were: Changes in physical space (C7) 
and Employability and qualification (C8). Besides these, 2 more criteria were established to 
represent the environmental dimension: Environmental degradation and contamination (C9) 
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and Environmental licensing (C10). For simplicity, all the criteria were considered as usual in 
the analysis with PROMETHEE II method. 

Evaluation of Alternatives 

Three sources of renewable energy were initially considered to meet the needs of Brazilian 
ports: wind, photovoltaic, wave and biomass. Table 1 shows how each was evaluated given 
the established set of criteria. 

Table 1: Evaluation of Alternatives in each Criterion 

Criteria 
Alternatives 

Wind Photovoltaic Wave Biomass 
C1 F F G G 
C2 P VG VP F 
C3 G G P G 
C4 G VG P G 
C5 F G P F 
C6 F P G F 
C7 P VG VP F 
C8 F G VP G 
C9 F G P P 
C10 P G VP F 

VP = Very poor; P = Poor; F = Fair; G = Good; VG = Very good 

Application of PROMETHEE-ROC 

Figure 1 shows the results obtained with the PROMETHEE-ROC approach, given the 
following ranking of criteria weights: w1 > w4 > w2 > w3 > w5 > w6 > w7 > w10 > w9 > w8. 
 

 

Figure 1: Final Ranking 

 
As can be seen, according to the ranking of criteria weights and related values calculated 

by the ROC procedure, the net-flows resulting from PROMETHE II were such that the 
following preorder was obtained: the photovoltaic option was in first position, followed 
closely by biomass, and finally by wind and wave in the third and fourth positions, 
respectively. 
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Sensitivity Analysis 

In order to verify the robustness of results obtained by the use of ROC surrogate weights, a 
sensitivity analysis was performed. The original weights calculated by ROC to the two 
criteria with greater relative importance, C1 and C4, were change by 20% in a total of 100,000 
simulated cases. As a result, the first and second positions were changed in 45.479% of cases, 
while the third and fourth positions remained the same.  

The sensitivity analysis also verified the robustness of the results given variations in the 
values of all the criteria weights calculated by ROC, changing them by 10% during 100,000 
simulated cases. Once again, the first and second positions belong to photovoltaic and 
biomass options, with a change of positions between them in 40.592% of cases. The other 
two alternatives remained unchanged in their original positions. Figure 2 shows the changes 
found for the first and second positions regarding the original ranking. 
 

 
(a) 

 

 
(b) 

 

Figure 2: Criteria weights changed by 10% (Red: original position; Blue: % change to other 
positions in the ranking): (a) Photovoltaic; (b) Biomass. 

 
CONCLUSIONS 

The main objective of this study was to perform a multicriteria analysis to evaluate viable 
sources of renewable energy for implementation in Brazilian ports, considering aspects of 
sustainability and related criteria. The PROMETHEE-ROC approach was used to conduct 
this evaluation, providing a ranking of the alternatives without requiring the exact criteria 
weight values to be specified. 

By applying the approach, the photovoltaic and biomass energy options were identified as 
the most viable ones to the Brazilian ports. The sensitivity analysis demonstrated the 
robustness of the vector of weights calculated by ROC to obtain the final ranking. From the 
simulated changes, it was noticed that the positions in the ranking remained relatively stable, 
with the photovoltaic and biomass options taking the first positions, while the other two 
remained unchanged. 

It should be noted that wave energy has a high environmental impact, initial investment, 
and need for technological advances. In addition, this energy source is considered embryonic 
in Brazil, making it one of the worst investment options. Regarding wind energy, it has 
presented low maintenance costs and high fiscal incentives. However, it has high 
environmental impacts, high initial investment needs and low energy generation efficiency. It 
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is expected that the evaluation carried out in this work will contribute with the Brazilian port 
authorities’ decisions regarding renewable energy sources. 
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ABSTRACT 

 
This paper presents designed support to decision making (based on logic of Decision Support 
Systems) within maintenance management of facades for small multi-story residential 
buildings. It is important issue because facade condition has significant and direct impact on 
improvement of buildings’ energy e fficiency and through it indirectly on reduction of 
negative impact to environment. The facade types and regular facade maintenance measures 
were analyzed as well as approaches to assess their condition. The problem of prioritization 
of buildings to conduct maintenance measures/renovation of their facades is determined as 
ill-defined, complex and above all multicriterial. This is so because several aspects of 
analyzed managerial problem (derived mostly from multiple and different points of views on 
it) should have been taken into account. Therefore multicriteria analysis is performed. It 
started with definition of criteria and determination of their relative importance. The 
views/opinions of all stakeholders (facade experts, users/tenants and facility managers) were 
introduced throughout both processes. Next step was identification of set of buildings that are 
in scope of analysis, meaning for which planning of energy efficiency improvement is 
conducting. The identified buildings (alternatives) were assessed based on all determined 
criteria and afterwards were compared using the PROMETHEE II method. The ranking list 
of analyzed buildings according to the priority for the renovation of their facades is 
determined. Using PROMETHEE V method these priority ranking results together with 
important constrains (eg. available funds, etc.) provided renovation plan. The approach is 
tested on facade renovation planning for 22 small (those with less than 6 and more than two 
floors above ground) multi-story buildings in Split, Croatia. 
 
 
Keywords: PROMETHEE, decision support, energy efficiency, maintenance management 
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ABSTRACT 
 
The current research aims at ranking and identifying the most efficient Project Managers 
(PMs) based on personality traits, using PROMETHEE methodology. In this respect, it 
firstly analyzes project managers and the role, responsibilities and the required personality 
characteristics of what is considered as a successful project manager. Then, the study 
presents the five major personality traits and their complementary facets (the big five 
personality traits or factors). The paper highlights the results of a structured questionnaire 
survey that evaluates the importance of the big five personality traits . The survey was 
carried out via emails and interviews with experts in project management. Psychometric test 
(TPQue) was implemented in selected Project Managers and their scores in the big five 
personality traits and facets were recorded. Finally, Visual Promethee was applied on the 
data, in an effort to identify and highlight the most effective Project Manager taking into 
account the managers’ personality traits and facets. 
 
Keywords: Project Managers (PMs), Multicriteria Decision Analysis, PROMETHEE, 
Personality Facets and Traits, TPQue. 
 
INTRODUCTION 
 

Procurement of any major infrastructure project includes the design phase, tender phase 
and construction phase. In the tender phase, the project budget and tender documents are 
prepared by the owner (also known as the client or Awarding Authority - AA), based on the 
definitive design and a construction tender procedure is carried out according to the relevant 
legislation. The major stakeholders in the above procedure are the owner, the design 
consultant, the construction contractor and the Project Manager – PM (Antoniou et al. 2013). 
Research has also focused on PMs’ experience, knowledge, cognitive abilities, skills, 
personality and leadership qualities (Fryer, 1997; Fraser, 2000; El-Sabaa, 2001; Dainty et al., 
2003; Haynes and Love, 2004; Jha and Lyer, 2006; Aretoulis and Triantafyllidis, 2014; 
Aretoulis et al. 2015). PM’s decisions are critical on the strategic value of the delivered 
project. Thus, based on the personality characteristics and the available project PS, it 
becomes essential to be able to select the most efficient Project Manager. The current 
research will be applying PROMETHEE methodology on ranking available PMs.  

mailto:garet@civil.auth.gr


In a typical multiple criteria decision making problem the aim is to find the best option 
from a set of similar alternatives. The decision maker uses criteria to judge the alternatives, 
and solves the problem by usually ranking of all the alternatives. PROMETHEE is one such 
method (Preference Ranking Organisation METHod for the Enrichment of Evaluations), by 
Jean-Pierre Brans. In the current method there are not specific instructions about how the 
weights will be assigned. Each decision maker is capable of assigning appropriately priorities 
on the criteria (Macharis et al., 2012). 
 

PROJECT MANAGERS AND THE FIVE FACTOR PERSONALITY MODEL 
 
According to Pilcher (1994) Project Manager (PM) is used for the person managing the 
whole or some major part of a total project and as Wang (2009) suggests PMs are regarded as 
the project’s core member. A PM has been identified as the person responsible for 
orchestrating the whole construction process (Cheung et al., 2004). Fryer (1997) cited in 
Haynes and Love (2004) emphasizes that the task of a manager includes the management of 
people, information and decision-making processes. Caputo (2014) introduced the idea of 
anchoring in the decision process of PMs. The anchoring effect is the phenomenon under 
which individuals, rely more on subjective irrelevant data and information. Focusing on the 
age of the PM, increasing experience seems to reflect growing confidence according to 
Müller and Turner (2007b).  
Project success appears strongly correlated with the PMs’ characteristics. In this context, Jha 
and Lyer (2006) identified a significant difference among the attributes possessed by the PMs 
in projects that were considered successful, and those that were considered failures. Different 
types of projects require PMs with appropriate competencies (Muller and Turner, 2007a). 
Ogunlana et al. (2002) highlights that different projects need different set of skills and 
capabilities on the part of the PM.  
Current research employs the five factor personality model developed by McCrae and Costa 
(2003). The five broad dimensions are called: Neuroticism, Extraversion, Openness, 
Agreeableness and Conscientiousness (N, E, O, A and C). The list of the relevant trait facets 
with the five domains of the Costa and McCrae model is as follows (Matthews et al., 2009):  
 Neuroticism (N): anxiety, angry hostility, depression, self-consciousness, impulsiveness, 

vulnerability
  

 Extraversion (E): warmth, gregariousness, assertiveness, activity, excitement-seeking, 
positive emotions

  
 Openness (O): fantasy, aesthetics, feelings, actions, ideas, values

  

 Agreeableness (A): trust, straightforwardness, altruism, compliance, modesty, tender-
mindedness

  
 Conscientiousness (C): competence, order, dutifulness, achievement striving, self-discipline, 

deliberation
 

 

METHODOLOGICAL APPROACH 
 
PROMETHEE is implemented in order to rank the selected PMs. The criteria used included 
the five Personality Traits: Neuroticism (N), Extraversion (E), Openness (O), Agreeableness  
(A) and Conscientiousness (C). The weights are estimated as the mean values originating 
from the questionnaire survey among 82 experienced engineers. The candidate PMs are 
selected based on the years of experience. Their performance per each criterion is evaluated 
based on a personality test customized for Greece and created by professor I. Tsaousis (1999). 
 
 

 

 



 

 

QUESTIONNAIRE SURVEYS 
 
Two research surveys took place. The first one, a questionnaire survey, assigned significance 
scores to each personality trait and the second one utilized a psychometric test, specifically 
the traits personality questionnaire (TPQue), created by Professor I. Tsaousis (1999). The first 
questionnaire survey employed in the current research included two distinctive parts. Firstly, 
a number of questions are focusing on the profile of the participants. Then, the survey 
respondents are called to score the importance of each personality trait and facet using a 
Likert scale. Eighty-two experienced engineers responded to the questionnaire survey. The 
mean values of the scores per of the five personality traits is presented in Table 1 below: 
 
 

Table 1: Average Scores per Personality Trait 
 

Personality Trait Average Score 
  

Neuroticism 2,58 
  

Extraversion 5,01 
  

Openness 5,05 
  

Agreeableness 4,48 
  

Conscientiousness 6,05 
  

 

The second survey based on the psychometric test recorded responses from 70 engineers. For 
the current research five PMs were selected, with experience in managing construction 
projects ranging from 11 to 20 years. The following Table 2, presents their scores in the 
psychometric test regarding the five personality traits: 
 

 

Table 2: PMs Scores per Personality Trait Based on TPQue 
 

PM NEUROTICISM EXTRAVERSION OPENNESS AGREEABLENESS CONSCENTIOUSNESS 
      

PM1 77,00 128,00 129,00 125,00 158,00 
      

PM2 121,00 129,00 129,00 139,00 119,00 
      

PM3 144,00 125,00 123,00 114,00 134,00 
      

PM4 120,00 124,00 132,00 121,00 129,00 
      

PM5 97,00 101,00 118,00 115,00 135,00 
      

 

APPLICATION OF VISUAL PROMETHEE 
 
Visual PROMETHEE is implemented in order to rank the selected five PMs. All the criteria 
need to be maximized except from the first one that refers to Neuroticism. The results are 
presented in the following Table 3: 
 
 
 
 



 
Table 3: PMs Ranking Based on Net Flow 

 
 Phi+ Phi- Phi 
    

PM1 0,7886 0,1028 0,6858 
    

PM2 0,4923 0,3713 0,1211 
    

PM4 0,4618 0,4563 0,0055 
    

PM3 0,2391 0,5932 -0,3541 
    

PM5 0,2141 0,6723 -0,4582 
    

 

 

RESULTS, CONCLUSIONS AND FURTHER RESEARCH 
 
The present analysis focused on two questionnaire surveys. The one that assigned values of 
importance to the personality facets and the second survey, which based on a psychometric 
test, assessed the performance of PMs on the big five personality traits. Five PMs were 
selected based on their extensive years of experience on project management. The data were 
then appropriately processed in order to be compatible with the PROMETHEE approach. 
Visual PROMETHEE was implemented and ranked the selected PMs. 
 
The results of the analysis successfully ranked the available PMs. The results identified the most 
promising PM based on the performance on the big five personality traits. This approach relies on 
the personality of the PM and not on his technical skills and Knowledge. Therefore, more 
emphasis is placed on the ability of the PM to work inside a project team and cooperate in the 
best possible way with the project personnel. This is extremely valuable if the significance of the 
human capital is considered. Finally, it is worth mentioning that the top ranked PM is the one that 
scores exceptionally well in the conscientiousness personality trait. 
 
As part of a future research effort, a larger sample of experts would be the first priority, either 
in the case of assigning scores to the personality traits, or in assessing the performance on the 
personality traits. Finally, alternative methodologies and approaches could be examined for 
evaluating the weights or ranking the PMs. This could provide alternative rankings of the 
PMs but most importantly allow for useful comparisons between methodologies. 
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ABSTRACT 
 
In the current era of continuous technological advancements, new challenges and treats have 
surfaced regarding business information and information assets, such as information 
generation, processing, storage and distribution for organizations. Although, previous 
researches on business planning and Information Systems Planning have identified many 
integration approaches that may be used to align these fields across organizational operations, 
there is still a need for integrating Information Systems Planning with business strategy. 
Previous models that integrate Information Security Policy and strategic planning contain 
phases based on both Information Security Management and strategic management, but ignore 
significant organizational factors. The purpose of this paper is to propose a strategic framework 
which aligns the strategic management process with Information Systems Planning and 
Information Security Strategy in order to provide a holistic approach to effective decision 
making for practitioners, IT executives and senior managers.  
 
Keywords: Information Systems Planning; Business Strategy; Information Security Policy; 
Strategic Alignment; Organizational Factors 

1   Introduction 

Although, previous researches on business planning and Information Systems Planning have 
identified many integration approaches that may be used to align these fields across 
organizational operations, there is still a need for integrating Information Systems Planning 
with business strategy. Empirical studies have demonstrated that business objectives are met 
when effective Information Technology (IT) investments are made. Therefore, Information 
Systems Planning should be aligned within business strategy to accomplish alignment through 
full integrated planning (Corpuz, 2011). 
In the current era of continuous technological advancements, new challenges and treats have 
appeared regarding business information and information assets, such as information 
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generation, processing, storage and distribution for organizations. IT executives look for 
technological solutions to deal with this situation (Narain Singh et al., 2014). Therefore, 
Information Security has been recognized as an important factor which should be taken into 
account by IT managers because it increases the sustainability of corporate functions. The 
Information Security Policy is formulated during the implementation of Information Security. 
Information Security Policy is defined as a set of rules and strategies that are utilized during the 
implementation of security activities. Furthermore, it is identified as a brief statement which 
includes program goals, Information Security, and risk requirements (Corpuz, 2011). Many 
factors influence the process of formulating and implementing an effective Information Security 
Policy, such as the complexities of new technologies, external and internal threats, and 
regulatory requirements (Flowerday and Tuyikeze, 2016).  
Hong et al. (2006) argued that Information Security is as set of technical methods and 
managerial processes regarding the development of hardware, software and data in order to 
keep personal privacy and organizational assets protected. Information Security Management 
aims to align security objectives with business goals. As Information Security Management is 
a part of the overall management system, the main phases include a business risk approach, the 
establishment, implementation, operation, assessment and improvement of Information 
Security (Narain Singh et al., 2014). Therefore, the dealing of Information Security challenges 
is not only a technical issue, but many management and behavioral aspects are also involved. 
Unfortunately, these issues are often overlooked by managers (Chatzipoulidis and Mavridis, 
2010; Narain Singh et al., 2014). 
The purpose of this paper is to propose a strategic framework which aligns the strategic 
management process with Information Systems Planning and Information Security Strategy in 
order to provide a holistic approach to effective decision making for practitioners, IT executives 
and senior managers. 
The remainder of this paper is structured as follows: A theoretical framework based on the 
literature review about the existing models which combine business strategy and Information 
Security Strategy is initially analyzed in Section 2. In Section 3, the steps for a framework 
linking the strategic management process with Information Systems Planning and Information 
Security Strategy are discussed, whereas in the final section the concluding remarks of the paper 
are summarized. 

2   Information Security Management and Strategic Planning 

Business and organizational requirements are included in Information Security Policy to 
manage risks and aiming at balancing cost efficiencies and business benefits. Continuous 
evaluation and revision of Information Security Policy are required to address evolving risks. 
Therefore, Information Security Policy ensures that security policy practices and procedures 
are coordinated and aligned with business operations. The development of a plan for 
Information Security is based on concepts of strategic planning by way of objective identifying 
and implementing a plan of projects to be undertaken according to the set business objectives. 
Information Security Policy includes a set of sub-policies, whose formulation should be 
evaluated before their implementation. This process is similar with that of a business strategy 
or policy and it is related to strategic plan of business initiatives (Corpuz, 2011). 
Previous models that integrate Information Security Policy and strategic planning contain 
different phases based on both Information Security Management and strategic management. 
Risk assessment, policy formulation, Information Security plan development, policy 
implementation and evaluation are included in every framework. Many models ignore phases 
such as analysis of environment and alignment between Security and business policy. 
Flowerday and Tuyikeze, (2016) described a framework named “Information Security Policy 
Development Life Cycle” which includes five phases mainly based on security policy 



development, implementation and evaluation. They ignore the analysis of environment, the 
identification of objectives and do not refer to strategic management. Then, Narain Singh et al., 
(2014) provided a framework which focuses on the establishment of Information Security 
objectives, the analysis of Information Security requirements and the development of 
Information Security controls. They ignore the implementation of a strategic plan for security 
policy. In contrast, Corpuz, (2011), based on the process of strategic planning, presented an 
integrated framework named “Corporate Strategic Management Cycle” for Information 
Security Policy; but this framework does not contain the identification of security objectives 
Tools and methods based on strategic planning are used in order to implement each phase of 
their model in the domain of Information Security Management. In this view, Abu-Musa, 
(2010) presented a framework based on the process of strategic planning. This model includes 
the analysis of elements of external environments such as market situations, legislative and 
regulatory environment, current IT environment and opportunities, changing security risks and 
industry-wide standards/best practices. Next, the analysis of business environment and IT 
infrastructure is included. Managers have to define strategic vision, Information Security 
objectives, policy, standards and guidelines and align IT and business strategy. Finally, the 
Information Security plan is implemented and the security policy is evaluated. Eloff and Eloff, 
(2005) presented a cyclic model applied to Information Security Management processes which 
integrates phases of strategic management and Information Security architecture. 

3   Proposed Strategic Framework 

Information Systems Planning has been defined as the ability to formulate the strategy of a 
business with the help of tools, techniques and methodologies used to support organizations in 
identifying potential opportunities to develop Information Systems (IS) with greater 
competitiveness (Peppard et al., 2014). Information Systems Planning has been proposed as an 
integrated process which contains specific phases. Strategic Awareness is the first phase. In this 
phase, the definition of key planning issues, the definition of planning goals, the development 
of the planning team and the support of top level managers are involved. The next phase is 
Situation Analysis. The analyses of current business systems, current organizational systems 
and current IS are involved. Also, this phase contains the analyses of both the current external 
and internal business environment, as well as the current external IT environment. Strategy 
Conception is the third phase. In this phase, the team determines the most significant IS 
objectives, opportunities for improvement, alternative scenarios and it also evaluates the 
opportunities for improvement. Furthermore, team members define high level IS strategies. The 
fourth phase is Strategy Formulation. In this phase, managers select the most suitable scenario 
from the previous alternatives, according to their assessment and the new business processes 
and IT architectures. Evaluation of this scenario follows according to its strategic and 
technological impact. Furthermore, in this phase, certain new projects and priorities for new 
projects are determined. Specific activities which are applied for the implementation of the 
selected scenario are also included in these projects. Strategy Implementation Planning is the 
last phase of the process. This phase includes approaching the actions of change management 
and assessment of strategic plan (Kamariotou and Kitsios, 2018; Kitsios and Kamariotou, 
2016a; 2016b; Newkirk and Lederer, 2006; Newkirk et al., 2003). 
 



 
 
Fig. 1. Proposed strategic framework 
 
In the first phase of the process, security objectives are defined and an Information Security 
plan is developed. Managers participate in the process and create employees’ awareness for the 
importance of Information Security strategy execution. In the second phase, executives analyze 
the internal and external business environment and identify Information Security requirements. 
Then, in the third phase, opportunities for improvement are identified and alternative scenarios 
for the implementation of Information Security Policy are developed. In the fourth phase, the 
Information Security strategy is implemented. Finally, the Information Security planning is 
evaluated. 

4   Conclusions 

The term Information Security strategy is not related to technical security issues alone. Hence, 
it is often misunderstood. Specifically, business objectives, goals, priorities, actions to achieve 
business’s objectives and plans for the implementation of actions are included in Information 
Security strategy. Employees who work in the Information Security department aim to 
formalize the Information Security strategy in order to implement the strategy for protection of 
entrusted information in the organization. The purpose of this process is to conduct business 
securing it from theft by actors and threats against users and assets in an organization. 
The purpose of this paper was to propose a strategic framework which aligns the strategic 
management process with Information Systems Planning and Information Security Strategy in 
order to provide a holistic approach to effective decision making for practitioners, IT executives 
and senior managers. This paper contributes to IS executives’ awareness of the strategic use of 
Information Security planning. Understanding those phases may help IS executives concentrate 
their efforts on organizations’ objectives and security policy and recognize the greatest value 
of the planning process in their business. IT managers should be knowledgeable about the five 
phases and they should not ignore the tasks of each one because this might be an obstacle which 
inhibits the organization from achieving its planning goals and thus from realizing greater value. 
Further research should be done regarding the interaction of strategic, tactical and operational 
factors and their influence on Information Security Management needs. Furthermore, the 
conceptual framework can be evaluated through empirical survey to validate the conceptual 
understanding with ground realities. Moreover, organizational Information Security 
Management practices can be investigated using case studies of organizations from varying 
sectors in order to examine the identified organizational factors and the factors related to 
Information Security Policy as well as their integration.  
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