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Abstract

Evidence suggests that the relationships between transport infrastructure and economic development seems to be very complex: the most successful regions located in the heart of Europe seemingly prove that accessibility is a key matter; yet, also central regions suffer an industrial decline and high unemployment rates. On the other hand most of the poorest regions stretch across peripheral areas of Europe even though said areas also include thriving regions. To make the situation even more complex, some of the regions that have recently experienced fastest rates in economic growth in Europe are among the most peripheral ones.

The paper describe the approach followed in order to estimate future impacts of relevant transport investments through the combined use of macro economic model and accessibility model. The approach has been developed to analyse the impact of the key TENs projects on regional development across EU 25.
 The analysis relying on modelling tools, integrated with additional procedures and data processing, has allowed to highlight the most relevant impacts of TENs investments on regional economies and considered primarily two main types of impacts :

a) ‘macroeconomic’ impacts, focused on direct investment impacts on GDP and employment;

b) ‘microeconomic’ impacts explained in terms of changes of relative accessibility of regions.

1.
Transport as determinant of economic growth 

Economic literature suggests a wide range of different approaches to tackle the assessment of the economic impacts of transport investments. Most of them focus on the macroeconomic effects that can be generated by boosting transport investments. Microeconomic analyses, as well as the analysis of the spatial impact of transport policy, are generally used in locally-oriented studies, in an attempt to stress the contribution of transport to regional competitiveness. In the following paragraphs some of the recent approaches are briefly presented.

The national growth approach aims at identifying on the effects of public investments. The impact can have either a positive (multiplier effect) or a negative (crowding-out) influence on private investment. In general, this approach applies at the national level, while regional effects are ignored. The pioneer of this approach is economist Aschauer (Aschauer, 1989). 

The regional growth approach is based on the neo-classical growth model. According to this model, the real growth expressed in terms of per capita GDP is a function of regional endowment factors. Transport infrastructures are considered one of such regional endowment factors. Another important assumption of this approach is that, based on the presence of reduced capital returns, regions with similar factors will have a converging per capita income path over time. 

The production function approach revolves around the assumption that the regional economic activity is a function of production factors. Typically, production factors consist of capital, labour and land. In modern production function approaches (see Jochimsen, 1996 and Buhr, 1975) infrastructures represent a public input used by the firms within the region. 

The regional input-output approach is strictly linked to the Leontief (1966) multiregional input-output framework. According to this approach, the interregional trade flow is estimated as a function of transport costs and a fixed matrix of technical inter-industry input-output coefficients. The final demand in each region is exogenous. Within this framework, transport investments play a double role: they contribute to reducing transport costs and thus  fostering regional supply and they are an external increment of the final demand in the involved sectors (mainly construction). 

The trade integration approach considers interregional trade flows as a function of interregional transport and regional product prices. Applications of this approach can be found in the trade models estimated by Peschel (1981) and Bröcker and Peschel (1988) for a number of European countries. Such models are doubly constrained spatial interaction models with fixed supply and demand in each region. The Peschel and Bröcker model could be used to foresee the impacts of transport infrastructure improvements on interregional trade flows. 

The approach followed in this study is a combination of the accessibility approach with a System Dynamic model.

System Dynamics approach does not focus on the analysis of specific fields like economy or transport, but is a general methodology that can be applied to any system meeting some basic conditions. In brief, a System Dynamics model consists of a set of hypotheses on the relationship between causes and resulting effects (see Forrester, 1987) . Hypotheses may be based on theory or only informed by theory, but empirical inputs from statistics, surveys or other observations may also be used. Relationships are represented by equations that are written and solved by mathematical simulation. In other words, a System Dynamic model does not have a specific set of unknown parameters or variables whose value is estimated as a solution of the model. Instead, most of the model variables change over time as an effect of the existing reciprocal links (direct and indirect). The model never reaches equilibrium, yet it evolves continuously.

The System Dynamics approach has recently been applied to the analysis of transport systems and its links with the economy and the environment. An interesting feature of this model is that it is not constrained within any of the theoretical approaches described above. The open structure of a System Dynamics model allows incorporation and integration of the different relationships between variables. This feature allows for the analysis of a wider range of policies.

The acccessibility approach introduces accessibility indicators into the regional production function. Several different indicators can be used (see Shürmann et al. 1997), for instance some form of economic or population potential. For Europe, the empirical applications of this approach are the studies conducted by Keeble et al. (1982, 1988). Recently, approaches based on accessibility or potential measures have been replaced by hybrid approaches, where accessibility is one of the several explanatory factors for the regional economic growth. 

Fig. 1
The study methodology
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As is shown in Figure 1 the ‘macroeconomic’ impacts were analysed and quantified with the support of the ASTRA
 model while for the ‘microeconomic’ ones two separate approaches were followed: one for the impacts of the construction phase and a second one for the impacts of the operational phases. 

The overall national construction phase impacts were estimated on the basis of sector elasticities produced by the macroeconomic model and regionalised on the basis of regional sectoral specialisation, elasticity of employment and value added of different sectors to infrastructure investments and the amount of investments of TEN projects in each region
.

Instead the impacts related to the operating phase were estimated according to per capita GDP variations due to changes in accessibility following the investments in TEN infrastructures (SASI model results in ESPON
) and timing distribution of the effects (based on the expected completion year). 

Both the ASTRA and SASI models results were used as the basis for more detailed analysis and forecasts, developed according to the specific methodology set up for this study. 

2.
The ASTRA model

The ASTRA system dynamics model is an integrated economy–transport–environment assessment model covering all the EU25 countries (plus Norway, Switzerland, Bulgaria and Romania). It was developed in order to assess the impact of transport policy on the national economies. 

The ASTRA model consists of the eight main modules indicated in the figure below, which also shows the main interrelationships between the modules and the major output variables coming from, and input variables going into, the modules themselves.

Fig. 2
The ASTRA model
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Five major elements constitute the macroeconomics module (MAC). First, the sector interchange model reflects the economic interactions between 25 economic sectors of the national economies by an input-output table structure. Second, the demand model highlights the four major components of final demand: consumption, investments, imports-exports (which are described in detail in the foreign trade module) and government consumption. Third, the supply model has a production function of the Cobb-Douglas type as a basic element to calculate potential output incorporating the three major production factors: labour supply, capital and natural resources; technical progress is considered as Total Factor Productivity (TFP) the latter depending on sector investments, freight transport time-savings and labour productivity changes. The fourth element of MAC is the employment model that is based on value-added as an output from input-output table calculations and labour productivity. The fifth element describes the government’s policy.

In ASTRA transport investments give rise to economic effects in several ways:

-
on the supply side, transport investments increases both the capital stock and the Total Factor Productivity (TFP); 

-
the latter effect takes place as additional transport capacity improve productivity of transport regarded as a production factor;

· on the demand side, investments increase final demand and, via an Input-Output framework gives rise to a multiplier effect

Fig 3
Impacts of transport investments in the ASTRA model
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3.
The construction phase impacts

The analysis of the impacts of the transport infrastructure  on the economy and the employment until 2030 with the ASTRA model allowed the evaluation of the transport investments effect on the economic activity of each country. Following the flows described in the previous figure the results were based on the multiplier effect from construction investments. In fact, the ASTRA macro-economic module is organized so that the core of the economy is led by an Input-Output table defining the interactions between 25 sectors. Through the Input-Output table and its evolution during the time period, the effects of the investments in the construction sector may influence other related sectors. The multiplier effect is different for each country, according to the structure of its economy. The reason for this considerable elasticity seems to be the particular structure of the interrelationship between the construction sector and the rest of the economy of these countries. 

Where the construction sector is strongly self-centred (i.e. a large part of the inputs are purchased from the construction sector itself), the economic impacts are generally modest. The investments are used to buy its own products (relationships between the sector companies), or they mainly relate to the sectors producing building materials (which slightly contribute to the development of value added); therefore, the effects on the overall economy are limited. 

On the other hand, the economic impact is more significant where the other sectors that support construction (trade, market services, energy, industrial machinery) play a significant role in the input-output table (i.e. in terms of the value of goods and services purchased from the construction sector or sold to the construction sector). 

In order to get a quantitative estimation at regional level the elasticities of economic sectors derived from the ASTRA model were applied to the regions according to the cost of the TENs interventions attributable to each region and the regional specific features. As a result, the regions with a higher share of TENs spending  and stronger specialisation in those sectors particularly affected by infrastructure interventions, were expected to produce a more favourable impact than the others, as a result of a multiplier effect on the regional economy of TENs spending in the investment phase.

Fig. 4
Regions were Ten are planned and financed
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However, it was not considered correct to directly applied the sectoral effect estimated at the macro level by ASTRA at the regional level, because the economic impact is not often aimed at the area attracting investments. For example, even if the industrial machinery sector is positively affected by infrastructure investments, it is reasonable to assume that the production of industrial machinery concentrates on some poles, whose location may correspond to the regions where investments occur.

To fully examine this aspect, the issue of defining whether the effect of an investment in one region is limited to such region was addressed technically, through interviews with engineers experienced in major civil works. The results was a list of activities affected at a local level. First of all, the demand for many building materials (sand, cement, etc.) is only expected to be met locally (i.e. in the region where the investment is located) in order to minimize the transport costs. Again, when it comes to materials, it should be noted that not only many of the construction inputs are supplied locally, but also that the waste materials are generally cleared near the yard area. Therefore, it can be assumed that special waste (rubble, asbestos, etc.) is transported and disposed of in the region where the construction is made. The construction sites need to be supplied with numerous materials and services: energy, water, fuel, along with security, catering, cleaning and transport services, etc. The latter are generally supplied by local companies. Finally, offices and accommodation, furnishings, hardware etc. are mainly purchased locally too.

On the other hand, there are economic sectors receiving a positive input from transport infrastructure investments beyond the boundaries of the region where the investment is made. While cement and sand are generally produced locally, steel is purchased from one of the national manufacturers (if any) with no link to the construction sites location. Also specialist machinery (e.g. large diggers) is produced only by a limited number of companies and may be purchased from any region. Construction equipment can also be “second hand” from previous works and transported from one site to another. This is also true for the prefabricated structures used for offices and accommodation on the sites. Finally, specific equipment like signalling systems and security devices for rail networks are very specialised products that cannot necessarily be found in the same regions where the infrastructures are built.

4.
The operational phase impacts

Once a transport infrastructure is completed and becomes effective, there are additional effects on the regions other than the impacts due to the new construction investments. In order to assess the effect of the operational phase of TENs investments on the economy, the accessibility approach was used.
The initial elements for estimation were drawn from the ESPON database, the latter containing  data on per capita GDP variations due to accessibility changes following the investments in TENs infrastructures. This data is the best starting point for the analysis because:

a) it is obtained from an established methodology and uses a sophisticated model (the SASI model);

b) it is computed for an infrastructure scenario similar to that herein analysed.

The SASI model

The SASI (Socio-Economic and Spatial Impacts of Trans-European Transport Networks) model appraises the socio-economic and spatial impacts of transport infrastructural investments and transport system improvements in Europe, using the accessibility approach.
 The model is responsive to changes in the rail and road networks, and produces regional indicators of socio-economic development and cohesion
.

The changes in the networks affect the distribution of accessibility advantages across regions. Regional socio-economic development is a function of accessibility plus other (non-transport) factors: underlying assumptions about European development as well as factors expressing the endowment, or suitability and capacity for economic activities, of single regions. When comparing different scenarios of transport network development, the non-transport factors are kept constant.

5.
Results interpretation

The study dealt with the impacts of TENs infrastructures in terms of difference compared to a ‘no-TENs’ case, all other things being equal. In other words the study estimated the impacts that may result from the TENs investments in addition to a defined economic trend, not considered in the analysis. So, where the study proves that the impact of TENs is negative in a given region, this does not necessarily mean that this region will see a reduction of either per capita value added or employment. Instead, this result shows that, in the region, value added would be lower and the unemployment rate would be higher if TENs were not implemented.

Furthermore a specific evaluation issue emerges dealing with the economic impact of public expenditures. The economic impact resulting from a model tends to be by definition positive against the do-nothing case, via multiplier effects that are not present in the alternative, do-not-spend picture. In fact, the reduction in public deficit and debt is never modelled, even in presence of the Maastricht constraints, that are implicitly assumed as met by every Union member
.

Therefore a cautious approach has to be recommended, specially towards other possible destinations of the public funds involved. These alternative destinations of the expenditures in theory have to be analyzed with a similar economic model before reaching any consistent policy recommendation. Given that transport infrastructures should be part of a more complex strategy aimed at developing regional economies, the choice of the single projects to be included in the policy mix should be chosen carefully, according to their effectiveness and efficiency. The impact analysis cannot substitute for the performance assessment of each single project (e.g. economic, financial, environmental, etc.) in order to collect elements to take informed decisions about the payoff of financial investments. Furthermore the results cannot be added to the project benefits, as at a least a part of them are already included in the welfare evaluation

6.
The study results

According to the results of the modelling approach described in the previous paragraphs, the extent of the impacts generated by the investments in TENs infrastructures in their operational phase is generally low. The magnitude of the changes in per capita GDP and in employment was generally not much higher than 2% of the reference values, with only very few regions showing increases larger than 3%. This result suggests that, in general, the implementation of the TENs networks does not guarantee, in itself, that the economic performance of one EU region has dramatically improved. 

In general the construction phase and the operational phase showed similar impacts, but they tend to reach their peak at a different time lag: the multiplier effect of investments gives rise to positive effects in a relatively short term and tends to be ephemeral, it wanes rapidly once the monetary flow of investments ceases. The effects of accessibility require some time before becoming visible, yet, they last for longer. Therefore if one region does not benefit from infrastructure investments to improve its accessibility, then occupational benefits may be transitory. 

Sectoral specialisation matters in the intensity of the construction phase impacts: the regions specialising in those sectors playing a significant role as providers of input for infrastructure building can improve their economic performance even if no infrastructures are planned in their territory. And network effects play an important role in the operational phase, at least when interpreted mainly in terms of the impacts of accessibility changes, i.e. the impact of a given infrastructure can spread well beyond the regions where it is actually placed. As the TENs networks fail to cover all regions and the impact of a new infrastructure on accessibility is highly different across regions and, finally, as the geographical position plays a significant role in explaining the accessibility level of a region, assuming that all TENs investments are implemented, the relative accessibility of each region changes compared to others. Some regions improve their position, while others worsen their conditions even if in absolute terms, their accessibility has improved compared to current conditions. Given the direct link between accessibility and economic performance, if the former is reduced, the latter suffers a negative impact.

7.
Conclusions

The paper has demonstrated how macroeconomic System Dynamics model can be combined successfully with regional levels data and accessibility model to aenable the assessment of the impacts of transport investments on regional development.  Furthermore the proposed approach has proved to be capable to pick up some important effects.

Transport investments cannot be considered the sole or the major leverage of the economic policy. At least in the EU context, where the starting level of accessibility and economic development is generally acceptable, policy makers at any decisional level (local, national, etc.) should think of new infrastructures as one element of a policy mix rather than the key instrument to speed up economic development. 

The most lasting positive impact of transport infrastructure investments is due to improved relative accessibility and, at the same time, the effects of new infrastructures on accessibility can be very complex, involving changes also for those regions lying far away from the location of the investments. Planning is fundamental  in order to give the right weight to transport demand, network effects and promote an overall strategy in order to avoid unexpected effects from the economic viewpoint. As the relevant accessibility variations are those in relative, and not in absolute terms, infrastructures that contemporarily improve accessibility in different regions may leave their competitiveness level unchanged (other regions having improved their accessibility at the same time as well). 
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� The study, completed in 2006 on behalf of DG Internal Policies, allowed to assess the Trans-European Networks (TENs) impacts in terms of employment and demographic change at different, future time horizons and allowed to highlight the most relevant elements that should be considered to predict the impact of TENs investments on the regional economies. 


� The ASTRA model was developed for a selection of European projects, including, initially, the ASTRA project (1997), then the TIPMAC project (2002), and the LOTSE study (2004). Further developments are envisaged in the TRIAS project, currently in the pipeline for DG Research of the European Commission.


� The regions considered in this study are the NUTS2 regions (NUTS = Nomenclature of Statistics Units), which in each country correspond to a different administrative unit.


� The European Spatial Planning Observation Network (ESPON) programme aims at improving the knowledge and understanding on spatial development of an enlarging European Union.


� The SASI model was applied in different European projects like IASON and STEPs. SASI was also used as part of the ESPON project on the assessment of the territorial impact of EU transport and ICT policies.


� For more details on the SASI model see Wegener, M., Bökemann, D. (1998): The SASI Model: Model Structure.


� This remarks does not mean that the theoretical assumptions behind the Maastricht constraints are positively considered by the authors.
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