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Abstract-The paper proposes the application of complex strategic ANP network for supporting the decision-making process related to the choice of the best development strategy for the Corridor Genoa- Rotterdam. In particular, the objective of the work is to verify if this assessment process is suitable to develop a fruitful discussion on a large scale territorial problem. The developed ANP model is composed by two parts: a top-level strategic network, which aim is to generate a discussion among the stakeholders about future scenarios of economic and environmental development for the analyzed areas in order to determine the weights of the Benefits and Costs networks; an internal network structured in B/C networks aimed to investigate the specific aspects of the three alternative strategies coming to a final ranking. The complexity of the case under examination compelled for the implementation of the model of an iterative experts consultation that has been managed through a specific focus group and an online survey.
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I. Introduction 
The trans-European railway axis (TEN-T) No. 24 from the port of Rotterdam to the port of Genoa (i.e. Corridor 24) is a freight and passengers axis, that includes conventional and high-speed rail. Crossing Netherlands, Germany, Switzerland and Italy, this European North-South transport axis has a length of 1.200 km and a catchment area of 70 million inhabitants. European Union's objective is to double by 2020 the capacity of rail transport on the axle to encourage a modal shift of freight by rail. In order to exploit the economic and social potential, missing links have to be established and bottlenecks removed.
The EU-funded project Code24 aims at a coordinated transnational strategy to support the improvement and the development of this corridor. The opening of the Alpine Base Tunnels, Lötschberg, Gotthard and Ceneri in Switzerland, fully operational by 2019, will increase train speed and capacity. 

Despite of the importance of this connection, not only from the point of view of the freight traffic but also from the point of view of the passengers transport, there are still many problems.  The main problems are related to the infrastructure (as many sections do not have adequate capacity of functioning in the corridor, so major investments in railway-related infrastructure are expected, with an estimated investment of more than 40 billion of euros), and  with reference to the standpoint of management, due to the presence of different transport services (freight, long distance, local traffic, high speed) and the lack of coordination and interoperability at a trans-regional level. 
Moreover, a further element of difficulty is represented by the global economic situation characterized by a high level of uncertainty for the future. It is not sufficient to analyze the different design strategies for the Corridor 24 but it is necessary to consider the strategic development of the economy throughout the help of experts in the field. 

According to E.U. study “The 2012 Ageing Report: Underlying Assumptions and Projection Methodologies” [8], the age structure of the EU population is projected to dramatically change in coming decades due to the expected dynamics of fertility, life expectancy and migration rates. The overall size of the population is projected to be slightly larger in 50 years time but much older than it is now. The population aged 15-64 will start to decline as of 2010 in the EU and it will drop by 14 per cent over the whole projection period while the population aged 65 and above will increase very markedly. This group will almost double, rising from 87.5 million in 2010 to 152.6 million in 2060 in the EU. The number of older people (aged 80 years and above) is projected to increase by even more, almost tripling from 23.7 million in 2010 to 62.4 million in 2060. As a result of the population projection, the unemployment rate assumptions and the labour force projection, the total employment rate (for individuals aged 20 to 64) in the EU27 is projected to be 73.8% in 2060. The crisis has made the construction of cross-countries comparable employment rates projections more difficult. 

In this profound changes context it is not possible to make real forecasts but it has been tried to develop some possible development scenarios relying on long-term projections. The uncertainty surrounding the projections is high and the longer the projection period, the higher the degree of uncertainty. Given the current juncture of financial and economic crisis, there is also considerable uncertainty concerning medium-term economic developments.

It is precisely because of the uncertainty and the ongoing economic and social changes, that within the activities covered by the project Code24 it was decided to apply the Analytic Network Process (ANP) [18, 20], a multicriteria technique for supporting the decision-making process related to the choice of the best intervention strategy for the Corridor 24 considering the existing bottlenecks and the possible economic scenarios for Europe’s future. The choice to apply a complex strategic network is related to the possibility that this specific kind of network allows to frame more precise choices about the alternatives in a broader context. 
II. Analytic Network Process Application
A. Analytic Network Process – State of the Art
The Analytic Network Process (ANP), introduced by T. Saaty [18, 19] consists in a generalization of the Analytic Hierarchy Process (AHP) [16] and it is now considered one of the most comprehensive multicriteria framework that can be used by the decision makers [21]. The ANP recently gained a growing popularity because it allows both interactions and feedback between elements (inner dependence) and clusters (outer dependence), in order to capture the complexity of the reality. Operatively, the ANP is structured as a network to represent the problem, as well as a pairwise comparison to establish the relationship within the structure.The applications involve ANP are now quite common in many fields: strategic policy planning [22], market and logistics [4], economics and finance [13] and in civil engineering [14, 12] and territorial and environmental assessment [15, 11, 5, 21, 6, 10, 1].  
B. Presentation of the case study and description of the alternatives 
The project Code24 aims at identify a shared spatial and infrastructural development strategy for the regions connected through the railway axis. In order to come to a common strategy for the corridor, it is important to come to a common understanding about the unsolved issues affecting the different regions. This means first of all to survey the consequences of the decisions pending with regard to alternative strategies and interventions [9]. In order to achieve this goal, an assessment procedure was developed in the projects framework to accompany the discussion in the areas where priorities and development strategies are not yet clear and need to be set. Main aim of the action is to accompany the development of a shared position by the project partnership regarding the most relevant issues affecting the future corridor’s development. The proposed procedure therefore explores what alternative development strategies are possible for the whole Corridor 24. In this framework the main features of the decision problem were basically four: a territorial context, with its actual geographical, social, economic and cultural features and specificities; a plurality of subjects with different aims and resources; a transport infrastructure (particularly sensitive to problems of consensus building); a lack of homogeneous information. The requirements of the evaluation methodology were: i) structuring the decision problem as a learning and debating opportunity for DMs; ii) a participatory process; iii) a simple procedure with clear results. 
Three alternative development strategies were developed by the researchers of ETH (Zurich) [9] to be compared by the ANP theory (combined with dynamic maps) and by a structured discussion. It is important to underline that the three strategies are extreme simplifications of possible integrated development perspectives and their intent is to be both, revealing and provocative (Tab. I). 
The developed ANP model is a coupling of two parts. The top level is a single strategic network that has in it the benefits and costs (BC nodes) and the strategic criteria used to evaluate their importance for this decision through a Ratings spreadsheet; the second level network is a BC network containing all the aspects that need to be considered to reach the goal.
The choice of applying a two level network is related both to the strategic nature of the decision problem and to the spatial scale to which the infrastructural, economic and urban transformations are related. 

Table I. Alternative description
	Alternative strategies
	Description

	GoodsLine
	This strategy is based on the assumption that goods transport and accessibility are the heart of economic well being. “Code24” is the backbone that connects Europe to the world with the help of intermodal hubs. Passengers transport requires High-speed tracks for long distance. 

	Super S-Bahn
	This strategy is based in the local improvements for daily need. The main issue is implementing the capacity of the rail tracks. Around hubs of the regional trains will growth logistic terminals and dense settlements.

	Centralline
	This strategy is based on the idea that bringing together people, not moving goods, is essential for future economic development. High-speed tracks are necessary to connect the main nodes of the system. Important urban development arises where new rail based centralities are located. 


(source: Guenther and Tosoni, 2012)
As suggested by Saaty [18], the top-level network makes it possible to review the decision on the three alternatives in the context of the criteria, and sub criteria. The criteria and sub criteria of the top-level network were defined considering the macroeconomic scenarios of European development while the Benefits and Costs subnetworks, declined in clusters and nodes, were constructed based on the characteristics of the alternative strategies.   
The ANP application was structured in two main phases. 
The first step is represented by an online survey containing all the pairwise comparisons arising from the external and internal networks, sent to eight international experts selected in the Code24 partnership. The experts were representatives of Regions, Cities, Port Authority, Chambers of Commerce and Polytechnic University coming from Switzerland, Germany and Italy (with also an International Japanese expert). The goal of this first step was not only to obtain all the weight necessary to fulfil the model, but above all to identify key questions, on which the positions are more divergent. Each one of the participants received the survey; the response rate was 90%:  the number of responses “no answer” was very low but in several questions respondents gave the weight 1. This could be an alternative elegant way to give “no answer” or really the question was so difficult that was complicated to choose. The online survey allowed us to select 15 key questions to be discussed during a workshop. The criteria to choose the crucial questions were: the dispersion of responses (i.e. a substantial balance between values above and below 1); the presence of weights strongly opposed to both nodes compared; the importance of the question (i.e. strategic network and cluster comparison). After collecting all the responded surveys we aggregated the weights. The literature suggest to use the geometric mean [2, 3], but the risk in this specific application was to flatten too much the values. A valid alternative was the majority: we gave the preference to the node that had the highest number of votes and then among these weights we determined the mathematical mean. After applying both methods with the responses obtained by the online survey, we opted for the “majority" method.
The second step was a workshop, held at the headquarters of the Port Authority of Genoa, during which it was asked to the participants to answer the crucial questions about the decision problem. A discussion has been generated in order to come to a common judgement. The input for the ANP model  was therefore of two types: i) the weights obtained by the online survey, aggregated by the “majority method” and discussed during the workshop just in case of strong opposition; ii)  the weights assigned during the workshop, aggregated in the same way.
C. Construction of the complex strategic network

For the case in exam a complex strategic network (Fig. I) about decision problem was constructed. The developed ANP model is composed by two parts: a top-level strategic network, which aim is that to generate a discussion among the stakeholders about future scenarios of economic and environmental development for the analyzed territories in order to determine the weights of the B/C networks; an internal network structured in Benefits and Costs networks aimed to investigate the specific aspects of the three alternative strategies coming to a final ranking.
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Figure i. Complex Strategic Network
The top-level strategic network in composed by two main criteria, namely Economic development criteria and Sustainable spatial development criteria. Each of them was decomposed into sub-criteria in order to better analyze the case in exam. The internal network is structured as Benefits and Costs networks organized in clusters and nodes (Tab. II). 
Table II. The ANP Model
	Top-level Network

	Criteria
	Sub-Criteria
	Description

	Economic development
	Research and development
	Investments and specialization in research and development

	
	Accommodation & recreational
	Investment and specialization in accommodation and recreational services

	
	Maintaining current production characteristic
	Maintaining the current characteristics of productions following the actual trend

	Sustainable spatial development
	Life quality
	Increase in new cultural and social facilities and better accessibility to services

	
	Increase in environmental quality
	Landscape protection and enhancement of territorial peculiarities

	Internal Network

	Network
	Clusters
	Nodes
	Description

	Benefits
	Economic Aspects
	Location of innovative firms
	Location of advanced and innovative firms

	
	
	Logistic clusters
	Strengthen of logistic centres

	
	
	Existing companies
	Networking of existing companies

	
	
	Increase in RE values
	Valorisation of the real estate market in the area related to the improved accessibility

	
	Transport Aspects
	Long distance nodes
	Optimization of the nodes for the long-distance connections

	
	
	Passengers regional transport nodes
	Optimization of the nodes for passengers regional transport connections

	
	
	Freight transport nodes
	Optimization of the nodes for freight transport connections

	
	
	Integrated transport system
	Optimization of the system for integrated transport

	Costs
	Investments and feasibility aspects
	Costs
	Costs of the needed interventions. They could refer to construction costs and reclamation costs

	
	
	Financial resources
	Missing financial resources causes a delay in the realization of the project

	
	
	Times
	Times of planning and implementation

	
	
	Consensus
	Costs due to the lack of consensus among population

	
	Environmental Aspects
	Air pollution
	Increase in pollutant emission due to the permanence of road traffic.

	
	
	Noise and vibration
	Negative impact (noise and vibrations) due to the passage of trains.

	
	
	Soil consumption
	Increase in soil consumption and destruction of protected areas related to the construction of new infrastructures.


D. Development of the model

After setting up the complex strategic network and the required connections, the performed ANP analysis involved four main steps. In the first step the weighting of the strategic criteria and sub-criteria in the top-level network was made according to the pairwise comparison approach [16] starting from the key questions derived from the online surveys. As a result the priorities of the criteria and sub-criteria was given derived from the clusters matrix and the limit matrix and the top-level network (Tab. III). It strongly emerge that the economic development is considered much more important with respect to the sustainable spatial development, and the sub-criteria which is more interesting is investments and specialization in research and development (0,383). This result is in line with the strong and growing concern about the production and working crisis throughout the Europe to varying degrees.
Table III. Priorities of the elements of the top-level network
	Criteria
	Priorities (normalized)
	Sub-Criteria
	Priorities 
(normalized)

	Economic development
	0,761
	Research and Development
	0,383

	
	
	Accommodation & recreational
	0,070

	
	
	Maintaining current production characteristic
	0,307

	Sustainable spatial development
	0,238
	Life quality
	0,178

	
	
	Increase in environmental quality
	0,059


Since Benefits and Costs could have not equal importance, BC weights were determined in the second step of the analysis basing on the strategic criteria and using a three judgments scale (high, medium, low). The questions about the evaluation of BC asked like “how much benefit there will be in investments and specialization in research and development?”  were performed by an internal group of experts (Tab. IV).  The idea is that the willingness to reach the strategic criteria, or sub-criteria, may not always be at the same level. In other words willingness to realize of a sub-criteria may be less than another one [7].
Table IV. BC weights
	
	Research and development 

(0,383)
	Accommodation & recreational 

(0,070)
	Maintaining current production characteristic (0,307)
	Life quality

 (0,178)
	Increase in environmental quality 

(0,059)
	Weights

	Benefits
	High
	Low
	High
	High
	Medium
	0,48

	Costs
	High
	Medium
	High
	High
	High
	0,51


In the last column, BC weights were calculated based on the values measurement levels, i.e. high, 0.619; medium, 0,381; low, 0,238 [17].  

In the third step of the analysis, the final relative weights of the clusters and nodes in the BC subnetworks were determined in the limit matrix of each sub network. These weights are based on pairwise comparison matrices derived from the judgments expressed in the online surveys and during the workshop with all the stakeholders (Tab. V). 
Table 5 Final relative weights of the BC subnetworks and final ranking 
	Benefits 
	Costs 
	Final ranking

	Economic 
	Location of innovative firms
	0,020
	Investments and F.
	Costs
	0,227
	

	
	Logistic clusters
	0,018
	
	Financial resources
	0,086
	

	
	Existing companies
	0,013
	
	Times
	0,059
	

	
	Increase in RE values
	0,027
	
	Consensus
	0,026
	

	Transport 
	Long distance nodes
	0,117
	Environmental 
	Air pollution
	0,011
	

	
	Passengers regional transport nodes
	0,090
	
	Noise and vibration
	0,039
	

	
	Freight transport nodes
	0,079
	
	Soil consumption
	0,049
	

	
	Integrated transport system
	0,139
	
	
	
	

	Strategies
	CentralLine
	0,143
	Strategies
	CentralLine
	0,339
	CentralLine
	0,179

	
	GoodsLine
	0,155
	
	GoodsLine
	0,107
	GoodsLine
	0,366

	
	Euro S-Bahn 
	0,194
	
	Euro S-Bahn
	0,053
	Euro S-Bahn
	0,454


The results of the BC subnetworks highlight that the most beneficial element in the decisional problem is the optimization of the system for integrated transport while the most worrying element is the economic costs of the needed interventions. It is important to underline that the preferred strategy turns out to be the so called Euro S-Bahn, whereas the CentralLine results the most costly one. This result is consistent with respect to the weight assigned to the intervention costs as the CentralLine strategy is financially more expensive than the others. 
The fourth step was to determine the global importance values for the alternative strategies in exam. To synthesize the obtained results, the global formula bB-cC was applied, where b and c represent the priorities obtained by rating the BC with respect to the strategic criteria, and B and C represent the ideal priorities of the alternatives in the Benefits and Costs subnetworks, respectively [18]. In table 5 the final ranking of the alternative strategies is highlighted showing that the preferred strategy is Euro S-Bahn (0,454). According to this result, the most effective strategy is to carry out in short-medium term with a series of small operations (not so expensive and therefore feasible) conducted at a local railway network to use all the capacity of the existing lines. The aim is to divide the long-term intervention from the short-term ones with the purpose to better develop the regional connections to improve the whole corridor. 
III. Discussion and conclusion
This paper illustrates the application of a complex strategic ANP network to support the choice between three alternative development strategies for the Corridor24. The focus of the paper is on the decision making process itself: theANP application structured in two phases (the first with an online survey, the second with a workshop); the use of the external network in order to discuss the general context of the decisional problem and the long-term projections; the way to aggregate the weights. The technique supports the communication between experts/DM, facilitating mutual understanding. The results of the performed analysis show that the complex ANP method is suitable to represent also a large scale territorial problem while not denying the policy makers’ difficulty to reflect on so wide scenarios. It allowed the participants to get closer to an international understanding of the topic. 
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