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1 Introduction

The fixed link over the Strait of Messina has always been a controversial discussed investment. First ideas for the construction of a permanent road and rail link between Sicily and the Mainland came up at the end of the 1960ies. In 1971 a state owned company, Stretto di Messina S.p.A., has been set up only responsible for promoting the permanent link in South Italy. After three decades of discussions, Silvio Berlusconi became Italy’s Prime Minister for the second time and defined the bridge as a prestige project for the present government. This could be underlined by the fact that the national government passed a law which defines the comprehensive responsibilities at national level. Regional or local authorities do not have any voice in decisions about the bridge (Zeit, 2006).

The promoted Strait of Messina Bridge should be a planned suspension bridge that interconnects the Italian mainland with the island of Sicily. The fixed link should reduce travel time and it supposed to improve the general economic situation of the underperforming regions of Calabria and Sicily.

Between 2001 and 2006 a number of studies have been undertaken to forecast impacts of the bridge. Different methodologies have been applied such as cost-benefit-analyses, environmental impact analyses and financial analyses (Stretto di Messina, 2006). Dependent on the principal of the study contrary results came out. Every result between success and disaster has been forecasted.

Italians elections in 2006 brought a radical political change to the country. The left wing candidate Romano Prodi became Prime Minister and declared the bridge no longer being a priority project. It has officially been set on stand-by. The reasons for the decision have been extensively and range from high earthquake risk to doubtful usefulness and viability. Nevertheless, further political changes in Italy could reactivate the idea of the bridge quickly. The paper at hand has therefore been focused on the theoretical structure of the approach for forecasting regional socio-economic impacts of the fixed link. Concrete impacts are heavily dependent on the structure of the project (e.g. financial structure, location of the bridge, etc.) as well as the integration of the fixed link into the existing network. The structure of the project has always been focused on the bridge itself but when aiming at creating economic development in the area around the bridge (e.g. Sicily, Calabria, etc.) further economic support is necessary.

The paper at hand is structured into three main sections following this introduction. Section one introduces the reader to the main characteristics of the applied methodology. The methodology is based on System Dynamics and it uses the ASTRA model as a rudiment. ASTRA is described shortly in the second section with its main characteristics. The focus of this paper is placed on the development of a regional socio-economic module for forecasting the impacts of the Messina bridge. Before concluding the development of this module and the integration of impacts of the bridge will be explained in detail in section three. An actual application is not included in the paper at hand because the comprehensive inputs which are necessary for a trustful calculation could not be received from the Italian Ministries. Most data are restricted, especially when it comes to very detailed information about the prestige project Messina bridge. Therefore, the authors decided to focus on the methodology which is explained in detail in the paper instead of using general assumptions as inputs which would not have given realistic results.
2 System Dynamics

System Dynamics methodology has been applied to develop the integrated macro-economic, transport and environmental model ASTRA as well as the regional socio-economic model. In a nutshell System Dynamics can be described as an approach to understand the behaviour of complex systems over time. Forrester (1962, 1977) developed System Dynamics during the 1960ies at the Massachusetts Institute of Technology (MIT) as a methodology to analyse long-term behaviour of social systems such as huge industries (General Electric) or cities (Boston). Forrester conveyed mathematical methods which had been developed for analysing electric feedback control systems to social systems. He created a graphical code, the mathematical foundations based on engineering approaches, and the necessary software. In the end a theory and corresponding methodology was born that is based on:

· The theory of information feedback systems applied to social systems;

· The mathematics of differential analysis respectively difference equation analysis;

· Decision theory;

· An experimental model approach to the design of complex social systems;

· Digital computing for the vast amount of computation;

· A graphical scheme to represent systems of feedback loops.

Modern information feedback systems emerged at the beginning of the 20th century and by this time have been closely related to electrical systems like the first transcontinental phone lines in the United States and anti aircraft radar systems. Nevertheless, in the literature information systems date back until three centuries before Christ when the first water clock flow regulators have been developed. All those systems even they are completely different have in common that they consist of at least one closed feedback loop. The output of one system parameter is fed back to the input of another parameter in such a way that it affects itself. 

The mathematician Wiener (1948) concluded firstly in his book Cybernetics that feedback loops are a universal theory which can be applied not only to mechanic and electric systems but also to social human systems. Forrester further developed this theory by demonstrating that human systems including economy, society, technology and environment consist of a number of interacting feedback loops. Hence, Forrester was willing to develop a theory that is able to model those interactions. 

One of his first steps was to develop a scheme to graphically present the interactions within a system of feedback loops: the so called effect diagrams. Based on these general diagrams interdisciplinary experts discussed and further enhanced the structure of feedback loops in their analysed social system. A meaningful step was to use experiences gained by Electrical Engineers from analogue computers, the so-called differential analysers. With these differential analysers a mathematical formulation could be provided that enables a system development over time. Forrester and his associates used this knowledge by applying difference equations for calculating dynamics of the feedback system and its development over time.

3 Modelling framework

Mega-projects on transport infrastructure are supposed to remove existing bottlenecks and improve transport connections between regions. Because of their size, mega-projects further impact social and economic systems in neighbouring regions. The construction of the bridge over the Strait of Messina will affect the Southern-Italian regions Calabria and Sicily directly whereas some surrounding regions like Campania, Puglia and Basilicata are supposed to be affected indirectly. A comparable situation has been experienced recently. The Oeresund bridge connects the cities of Copenhagen (Denmark) and Malmö (Sweden). Socio-economic changes in both regions have been noticed already during construction phase but mainly after opening in July 2000. On the other hand the Channel tunnel influenced the bordering regions of Dover and Calais only to a small extent. The major benefit of this project was distributed among the metropolitan regions of London, Paris and Brussels as well as the city of Lille. These two examples show that mega-projects are no welfare self-runner. Therefore, comprehensive socio-economic impact analyses are necessary to forecast changes on a local, regional as well as national or even international scale. 

To simulate socio-economic impacts of the bridge over the Strait of Messina the Institute for Economic Policy Research (IWW) developed a model including regional, national and international impact assessment. The basis for the analysis is the integrated transport, macro-economic and environmental model ASTRA. The original ASTRA model simulates the impacts aggregated on a national level. For the study at hand ASTRA has been extended by a regional module covering the social and economic systems of the Southern-Italian regions of Sicily, Calabria, Campania, Puglia and Basilicata. The following sections present an overview on structure and concept of the former ASTRA model as well as the developed regional socio-economic module. Furthermore, the implementation of transport infrastructure impacts in the model and the linkages between national and regional economic systems will be described in detail. A comprehensive analysis of ASTRA is given by Schade (2004).

3.1 ASTRA – the national model

The study at hand aims at developing a tool which enables the assessment of long-term impacts of European transport and socio-economic policies with respect to economic, environmental and social effects. Therefore, the original version of ASTRA has been expanded. ASTRA has been modelled in the 4th framework program of the European Commission by the Institute for Economic Policy Research (IWW), Karlsruhe, Trasporti e Territorio (TRT), Milan, Marcial Echenique & Partners (ME&P), Cambridge, and Centre for Economics and Business Research (CEBR), London, within the ASTRA project. In the following, the ASTRA model has been further developed and applied in several projects of the 5th and 6th framework program of the European Commission. ASTRA is based on System Dynamics methodology and as a dynamic model ASTRA is able to simulate time paths of important macro-economic, transport and environmental indicators such as the socio-economic assessment of the bridge over the Strait of Messina for the period between 1990 and 2042. ASTRA covers 29 European countries, among them the 25 EU member states plus the accession countries of Bulgaria and Romania and additionally Switzerland and Norway. The model is implemented in the System Dynamics modelling software VENSIM(. 
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Figure 1: Overview on the ASTRA model

Figure 1 demonstrates the interrelationship between the eight interacting modules of the ASTRA model highlighting the most important inputs and outputs. The ASTRA population module generates the demographic framework for the macro-economic (MAC) and the regional economics (REM) module based on 1-year age cohorts. The aim of the MAC module is to provide an aggregate macroeconomic environment in which the following modules are imbedded: foreign trade (FOT), regional economics (REM), Transport (TRA), vehicle fleet (VFT) and environmental (ENV). The most important output of MAC is, obviously, the Gross Domestic Product (GDP) acting as one of the major drivers for foreign trade. Labour productivity is another important parameter which drives FOT. Finally, disposable income per adult affects car purchasing in the VFT module. The MAC incorporates an endogenous growth component that is able to generate growth effects of policies as well as a sectoral interchange component which considers impacts of sectoral interweavement between 25 economic sectors of every national economy. Based on this outcome and labour productivity, MAC is able to estimate impacts on European labour markets. POP, MAC and FOT integrate the macroscopic information on national and continental level while other modules operate on micro- and meso-level. This distinction has the advantage that feedback loops which commence on the micro- or meso-level (e.g. transport expenditures for one mode in one distance band in the TRA) and impact the national level (e.g. changes in sectoral consumption and gross-value-added), can be traced back to the originating module that the feedback loop is finally closed (e.g. by the integration of the MAC module). Closing feedback loops implies to establish macro-micro-bridges (e.g. from GDP and sectoral output to goods flows) or vice versa micro-macro-bridges (e.g. from transport investments into vehicle fleets to overall investments).

There are various well-known theoretical concepts integrated in the ASTRA model. E.g. in the MAC module neo-classical production functions are implemented to calculate potential output of the national economies. On the other hand, production functions include endogenous total factor productivity which is defined by endogenous growth theory. The calculation of investments follows to some extent Keynesian theory as investments depend on consumption and, as an additional element, on exports. 

The REM module mainly provides the generation of passenger trips and freight transport volumes representing the first of the classical four-stage transport modelling approach described by Ortuzar/Willumsen (1998). Passenger generation is mainly driven by demographic structure, employment and car-ownership. Domestic as well as international freight demand is based on sectoral production values respectively foreign trade flows transferred into tons via sector-specific volume-to-value ratios. The core of transport model uses logit-functions depending on generalised costs (e.g. to calculate modal-split). In the final stage all flows are assigned to domestic networks to model capacity limitations and time reactions of the various modes. The assignment stage as well as the impacts of congestion on transport times and transport behavior can only be modeled by a detailed transport network model. Therefore, the transport module of ASTRA can be combined with the transport network model VACLAV described by Schoch (2004).

3.2 Regional socio-economic module

Depending on size and population density of a region, regional and national economic systems are characterised by a number of analogies. More than 17 million people live in the concerning Southern-Italian regions Calabria, Sicily, Campania, Puglia and Basilicata. Considering the regions as significant economic areas, a regional economic module has been developed resembling in its structure the national macro-economic module of ASTRA. Figure 2 shows the structure of the developed regional socio-economic module. All sketched indicators represent single sub-modules which are linked with all other sub-modules connected via arrows. The figure highlights all indicators respectively sub-modules that are directly influenced by the bridge over the Strait of Messina. In the following the most important sub-modules, their main characteristics and the theoretical background are described.
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Figure 2: Overview on the regional socio-economic module
Regarding the main objective of the regional socio-economic module, which is analysing the impacts of the bridge on the neighbouring regional economies and social systems and the efficiency of the model, the spatial zoning system has been adjusted. The five covered Southern-Italian regions are clustered into three regions: Campania, Puglia and Basilicata, which are not directly located at the bridge, are clustered into one region called Rest-of-Southern-Italy (RSI), while Sicily (SIC) and Calabria (CAL) remain as independent zones in the model.

3.2.1 Population module

The assessment of regional socio-economic impacts of a transport infrastructure mega-project like the bridge over the Strait of Messina requires projections on the future regional demographic development. Hence, the regional socio-economic module features a population sub-module simulating the regional population development from 1990 to 2042. This module provides the population development for all modelled regions with one-year age cohorts. Demographic trends, which result from the regional population module, strongly affect the outcomes of the other sub-modules. This is particularly true for ageing societies with a shrinking population but also holds for migration, which is of prior importance with regard to social integration. The model depends on exogenous region-specific parameters such as fertility rate, death and infant mortality rates as well as migration balance of the assessed regions. The regional age structure provides valuable information to other modules like the regional employment module where the number of people in working age is needed. The regional population sub-module is calibrated with EUROSTAT data and follows the Italian trends observed in the baseline population projections of EUROSTAT.

3.2.2 Economic module

Feedback loops containing stock, flow and auxiliary variables are characteristic for System Dynamics models. Figure 2 illustrates the most important economic feedback loops implemented in the regional socio-economic module. Regarding, for example, the demand side of regional economies, a feedback loop between gross regional product (GRP), disposable income, consumption, investment and final demand finally influencing GRP again is modelled.

Similar to the ASTRA macro-economic module, the regional economic module also incorporates different economic categories as well as modelling theories. Neo-classical elements like a Cobb-Douglas production function enable the computation of regional potential output. Technical progress is represented in terms of endogenously calculated regional total factor productivity based on endogenous growth theory. Furthermore, sectoral consumption is influenced by sectoral investments borrowed from Keynesian theory. The main outcome of the economic module is GRP which is derived from regional final demand and potential output. According to their functionality the regional economic module can be differentiated into the following three major areas:
Demand side model
The demand side model simulates the development of four major components of regional final demand (see Equation 1): private household consumption, government consumption, investments and exports respectively imports. Opposed to the ASTRA model, the regional model does not simulate foreign trade and regional government model endogenously. These indicators are based on statistical data from the ISTAT’s
 online database and from Regione Siciliana (2005). The future development of regional exports and government consumption is determined by the national trends provided by ASTRA.
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(eq. 1)

where:


FDi =

regional final demand per sector i


Ci =

regional private household consumption per sector i


govCi =

regional government consumption per sector i


Ii =

regional investments per sector i


EXi =

regional exports per sector i


IMi =

regional imports per sector i

Similarly to the ASTRA model, all indicators of the regional demand side are modelled on the basis of the NACE-CLIO nomenclature of economic sectors consisting of 25 economic sectors, including 10 service sectors. For estimating economic impacts of new transport infrastructure like the Messina bridge or transport policies, the implemented nomenclature distinguishes between three transport service sectors: inland, air and maritime as well as auxiliary transport services. 

GRP is used as initial indicator to derive regional disposable income by accounting direct and indirect taxes, social contributions, transfers to households, subsidies and depreciation according to the following equation:
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(eq. 2)

where:


DI =
disposable income


IndT =
indirect taxes 


GRP =
gross regional product


DirT =
direct taxes


EBP =
employment balance payments

SPP = 
social protection payments


D =
depreciation



THH =
transfers to households


SUB =
subsidies
Supply side model

A production function of Cobb-Douglas type represents the core of the supply side model implemented in the regional economic module. The function shown in Equation 3 simulates the regional potential output based on three major regional production factors: labour supply, capital stock and natural resources. Furthermore, technical progress is referred to as total factor productivity (TFP).
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where:


PO =
potential output



LS =
labour supply in working hours


bPO =
base level for PO



CS = 
capital stock


cPO =
constant factor for PO development
NR =
natural resources


TFP =
total factor productivity


(, (, ( =
regional production elasticities

Regional total factor productivity is driven by sectoral investments, national freight transport time-savings stemming from the ASTRA model and changes of labour productivity. According to the structure of the socio-economic module presented in Figure 2, regional labour productivity and natural resources are modelled as exogenous indicators with assumed future growth rates. Regional capital stocks depend on endogenously modelled investments and depreciation. Regional labour supply establishes the last driver of regional potential output and is provided by the employment model which estimates the regional labour markets trends.

Regional employment per economic sector is derived from sectoral gross value-added and exogenous labour productivity. Sectoral gross value-added represents the output of the input-output model which is described in the following section. The regional employment model distinguishes between full-time equivalent employment and total employment in order to capture the growing importance of part-time employment. Due to the regional economic structure and the fact that an increasing share of women enter the labour market as part-time workers the applied structure can be considered as sophisticated. 

Input-output model

The regional input-output model reflects economic interactions between 25 economic sectors by applying an input-output table. Regarding the economic system this model acts as an interface between the two modules of demand and supply side. In order to simulate regional technological change over years the model considers input coefficient changes in input-output tables that are driven by changes of sectoral final demand. On the one hand the structure of the regional tables can change due to shifts between sectors of final demand. On the other hand changes in transport and energy costs induce variances in the input-output tables. The main output provided by the regional input-output model is the production value and the gross value-added per sector. 

In order to represent the regional technology and interweavement of the 25 sectors, the model requires regional input-output tables for the Southern-Italian regions. Due to the non-availability of these specific tables, a suitable approach for estimating regional input-output tables has been applied. The approach has been based on:

· Italian input-output table for the year 2000;

· Sectoral data on regional demand, like private household and government consumption, investments and exports to other regions or nations;

· Sectoral gross value added and

· Sectoral imports.

Regional sectoral imports and exports have only been available on a national level representing national imports and exports. The estimation of regional input-output tables further requires regional exports and imports between the Italian regions. Regione Siciliana (2005) usually provides regional indicators necessary for calculating sectoral exports and imports. Nevertheless, the data for Calabria, Campania, Basilicata and Puglia has not been available. An approach has been applied which uses the same ratios between national and regional exports and imports for Sicily as a benchmark for the other regions.

In the first step of this approach the input coefficients ai,j of the national Italian input-output table was computed for the year 2000. The approach is subject to the assumption that regional economies are characterised by the same technology as the national economy.

In the second step the structure of national sectoral imports has been identified by analysing Italian’s input-output table for imports. Therefore, shares of each economic sector have been calculated which represents regional intermediate imported goods of one sector to the national value of intermediate goods of this sector for Italy.

In the third step regional intermediates have been estimated by multiplying regional sectoral outputs (respectively sectoral gross value added) with national input coefficients ai,j. Computing total use and necessary adjustments of import-export balances in order to minimise differences between computed total use and primary inputs concluded step three. In the last step the regional input-output tables have been revised by excluding imports from intermediates. Therefore, regional sectoral shares of imports used for intermediates on total sectoral imports have been estimated and finally the subtraction of regional imported intermediates from regional intermediates lead to final regional input-output tables. Figure 3 sketches the applied approach.

[image: image6.emf]X

i,j



X

j

i

j

Input coefficient a

i,j

= x

i,j

/ x

j

National I/O table (incl. imports)

Step 1

Share import s_Imp

i,j

= Imp

i,j

/ Imp

i

National import matrix

Imp

i,j

i

j



Imp

I

Step 2

reg_x

i,j

= reg_Output

j

* a

i,j

reg_X

i,j



reg_X

j

i

j

reg_GVA

j

reg_Ouput

j

Regional I/O table (incl. imports)

Step 3

Regional I/O table (excl. imports)

Step 4

reg_ImpInt

i,j

= reg_ImpInt

j

* s_Imp

i,j

* (reg_x

i,j

/ reg_x

i

)

reg_ImpInt

i,j 

-regional imported 

intermediates

reg_ImpInt

j

-total regional imported 

intermediates

X

i,j



X

j

i

j

Input coefficient a

i,j

= x

i,j

/ x

j

National I/O table (incl. imports)

Step 1

X

i,j



X

j

i

j

X

i,j



X

j

i

j

Input coefficient a

i,j

= x

i,j

/ x

j

National I/O table (incl. imports)

Step 1

Share import s_Imp

i,j

= Imp

i,j

/ Imp

i

National import matrix

Imp

i,j

i

j



Imp

I

Step 2

Share import s_Imp

i,j

= Imp

i,j

/ Imp

i

National import matrix

Imp

i,j

i

j



Imp

I

Imp

i,j

i

j



Imp

I

Step 2

reg_x

i,j

= reg_Output

j

* a

i,j

reg_X

i,j



reg_X

j

i

j

reg_GVA

j

reg_Ouput

j

Regional I/O table (incl. imports)

Step 3

reg_x

i,j

= reg_Output

j

* a

i,j

reg_X

i,j



reg_X

j

i

j

reg_GVA

j

reg_Ouput

j

reg_X

i,j



reg_X

j

i

j

reg_GVA

j

reg_Ouput

j

Regional I/O table (incl. imports)

Step 3

Regional I/O table (excl. imports)

Step 4

reg_ImpInt

i,j

= reg_ImpInt

j

* s_Imp

i,j

* (reg_x

i,j

/ reg_x

i

)

reg_ImpInt

i,j 

-regional imported 

intermediates

reg_ImpInt

j

-total regional imported 

intermediates

Regional I/O table (excl. imports)

Step 4

reg_ImpInt

i,j

= reg_ImpInt

j

* s_Imp

i,j

* (reg_x

i,j

/ reg_x

i

)

reg_ImpInt

i,j 

-regional imported 

intermediates

reg_ImpInt

j

-total regional imported 

intermediates


Figure 3: Estimation approach for regional input-output tables

3.3 Linkage between national and regional model

According to the objective of assessing socio-economic impacts of the permanent link between Sicily and the Italian Mainland on regional, national and international level an integrated approach has been followed. Therefore, the ASTRA model has been linked with a developed regional socio-economic module. The overview on the regional module presented in Figure 2 highlights the most important interfaces between ASTRA and the regional module. 

ASTRA’s government module describes the behaviour of state governments. It accounts all government revenues with expenditures and simulates state debts. Hence, ASTRA is able to provide valuable information in terms of interest rates, taxes, transfers to households, subsidies and social contributions to the regional module. In order to assess the development of regional disposable income, these inputs are also essential for the regional module.

The previous chapters described that foreign trade is modelled endogenously in the ASTRA model. Due to the lack of data on regional level exports and imports for SIC, CAL and RSI it has been assumed that increases in regional trade trend in the same way as for national foreign trade. Therefore, ASTRA provides the regional model with sectoral export growth rates which are adjusted with the statistical data available for the regions.

3.4 Integration of infrastructure impacts

The assessment of socio-economic impacts coming from the bridge over the Strait of Messina firstly requires a reference scenario without the fixed link. Therefore, ASTRA considers all planned TEN infrastructure investments (European Commission 2005) until 2020 except the investments for the Messina bridge. Additionally, recent socio-economic trends have been included in the reference scenario. Estimating the socio-economic changes on regional, national and international level induced by the new bridge requires complex adaptations of the model than only appending the investment costs of 4.6 billion Euro or adding another 8.0 billion Euro for linkages between the bridge and Italian motor- and railways. The model has to be able to reflect direct as well as indirect socio-economic changes caused by the bridge (e.g. times, costs, additional demand).

As described in chapter 3.1 the ASTRA model includes a transport module which simulates passenger and freight transport demand within a classical four-stage modelling approach. Regardless the theoretical ability of ASTRA to identify transport demand, time and cost changes, the approach at hand foresees the application of a detailed transport network model. Opposed to ASTRA the applied network model VACLAV features an assignment approach that calculates loaded networks and changing transport time and costs taking into account congestion effects. VACLAV requests information on the capacity, length, user charges and speed limits of the planned bridge and its linkages to the existing road and rail network. Based on these information and on data on existing ferries, VACLAV generates consumer utility changes and adapts the transport demand in terms of trips stored in an origin-destination (O/D) matrix. A new mode-specific O/D-matrix is re-calculated with a classical logit-function and used as input for the assignment iteration approach. Finally, VACLAV provides the extended ASTRA model with transport demand, cost and time changes determined by the new infrastructure between Sicily and the Italian Mainland.

The overview presented in Figure 2 illustrates the regional sub-modules that are directly affected by VACLAV’s results for the scenario with bridge. All estimated costs required for the construction of the bridge are assigned to the national or regional investment modules as well as the export module according to their origin. For instance, the construction costs for the bridge piers are assigned as investments to the region of Sicily when the piers are constructed by a domestic company. Employment impacts are considered similarly. Stretto di Messina S.p.A might further mandate bridge experts from Japan due to their valuable experience from the construction of the Akashi-Kaikyo suspension bridge between the islands of Honshu and Awaji. These employment effects do not influence the model because they do not result on Italy’s labour market.

Before highlighting the integration of transport cost changes one essential question should be answered: Do transport costs increase even if the planned bridge tariffs will be in line with the present ferry tariffs? Regarding the geographical location of the planned bridge in the North of the Strait of Messina, a high share of regional population has to take a significantly longer distance than with the ferry. Inhabitants of Regio di Calabria need to drive further 20 to 30 kilometres to reach the bridge. Due to the increasing trip lengths the costs will increase at least for the regional population being mainly confronted with the longer distance.

Changes in transport costs influence the financial situation of private households in two ways. On the one hand destinations in Sicily and Calabria can be reached simpler which leads to changes in transport service consumption and mineral fuels. On the other hand industry and service sectors pass growing transport expenditures down to private households. National and regional private household consumption depends on total disposable income. Increasing costs for mineral oil and transport services are reflected in lower consumption expenditures for other products or lower savings. Moreover, the extended ASTRA model considers structural changes in regional respectively national input-output tables which are caused by growing freight transport costs.

Besides transport cost changes the extended ASTRA model also integrates transport time savings. Freight transport time savings reflect technical progress and are assumed to increase total factor productivity in the Southern-Italian regions as well as in whole Italy. Therefore, this indicator drives investments and endogenously calculated total factor productivity which has positive impacts on the regional and national economic potential output.

The operating company, Stretto di Messina S.p.A, has exclusively public shareholders. As the ASTRA model also considers expenditures and revenues of the state, the question had to be answered if the construction of the bridge will be at no costs for the Italian government. According to the financial plan for the bridge approximately 2.5 billion Euro will be supplied by a capital increase. A financial analysis and feasibility study prepared by Stretto di Messina S.p.A and PricewaterhouseCoopers Italy affirms that the capital increase is supposed to be a business investment governed by conditions which are typical for the private market. Following the mentioned study the project does not depend on public expenditures or guarantees. For that reason, the socio-economic model does not assume public budgets to be charged for the investment. Nevertheless, the extended ASTRA model does consider the additional investments necessary for linking the bridge with the existing Italian road and rail network. The ASTRA government module assumes a share of totally 8 billion Euro to be financed by the government which directly impacts the national economy.

4 Conclusion and Outlook

The paper at hand has been focused on the development of a model for forecasting regional socio-economic impacts of the bridge over the Strait of Messina. The used methodology is based on System Dynamics which has been established by MIT’s professor Forrester. Based on System Dynamics methodology the ASTRA model has been developed among others by the Institute for Economic Policy Research (IWW) during the 4th framework program of the European Commission. ASTRA has been used as the fundament for setting up the regional socio-economic model because it enables to simulate time paths of important socio-economic as well as transport indicators. 

The regional model has been set up for forecasting impacts of the Messina bridge which are supposed to occur mainly in the neighbouring regions of the Strait of Messina, namely Calabria, Sicily, Campania, Puglia and Basilicata. The regional model consists of two main modules the population module as well as the economic module. The population module forecasts regional population developments with one-year cohorts. Its outputs are long-term demographic trends which strongly affect other sub-modules such as the regional employment module or the economic module via potential labour force numbers. 
The economic module is dependent on supply- and demand-side calculations as well as a comprehensive regional input-output table. Final demand on the one side and potential output on the other side limit the value of gross regional product as the main outcome of the module. Finally, regional disposable income can be calculated from the gross regional product which is another important indicator of the module. Regional disposable income is applied for calculating consumption, which influence investments, which again feed back to final demand. This example shows the complexity of the modules and also the strength of System Dynamics which supports feedback-loops in its models. 

The regional input-output module merges the interactions of 25 economic sectors in one table. It acts as an interface between the two above mentioned modules of supply and demand. Regional input-output tables have not been available for the regions. Therefore, a suitable approach based on input coefficients of the national input-output tables which have been applied to regional sectoral outputs for estimating regional input-output tables has been developed and used for the regional model.
According to the objective of the present study to analyse socio-economic impacts on regional, national and international level an integrated approach has been followed. Therefore, the national model ASTRA has been linked to the regional socio-economic module which enables the assessment of impacts on different geographical scales.

A very crucial point of the study at hand has been the linkage with a transport network model. This linkage enables incorporation of changes in transport times as well as transport costs. Also, congestion effects which may occur on bottlenecks can be taken into account with the network model VACLAV.

Since October 2006 the proposals of the fixed link between Sicily and the Italian Mainland have been put on hold. It has to be assumed that under the present political conditions no progress will be achieved. Because of the very controversial topic lots of different recommendations of so called experts exist. Main parameters such as costs, passenger forecasts, environmental impacts, economic impacts, etc. are much discussed and doubtful forecasts exist. The present government interpret the results critical (or even realistic) but political changes may also change the future for the bridge. In that case the developed model with its linkage to two other models can serve as a comprehensive model which goes much further than an ordinary cost-benefit-analysis.

Summarising the results it can be stated that a new model has been developed to forecast regional socio-economic impacts of the Messina bridge. The new model has been linked to two existing models such as the System Dynamics model ASTRA for calculating national and international socio-economic impacts as well as the transport network model VACLAV for changes in transport parameters. For that reasons the authors see the model as a very detailed tool which can be used even for decision making.
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