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Abstract
This paper deals with the analysis of freight transport and economic effects of infrastructural investments in the Southern Italy, through the application of a recently updated MRIO-based Italian freight DSS (Marzano and Papola 2004, Cascetta et al. 2005). Firstly, an original state-of-the-art systematization of input-output models for freight demand simulation at a national level is proposed. Then, generalizations allowing for elasticity both in trade and in technical coefficients are discussed, together with further research perspectives. Finally, a modification of the RUBMRIO model (De La Barra 1989) is applied for infrastructural investments appraisal in Southern Italy, focusing also attention on the impacts on the overall national economy.
1. Introduction
The simulation of freight demand at a national level has received a lot of interest in the literature: an exhaustive overview of approaches and models can be carried out through the state-of-the-art contributions provided, among others, by Daugherty (1979), Harker and Friesz (1986), Picard and Nguyen (1987), Zlatoper and Austrian (1989), Mazzarino (1997), Regan and Garrido (2002). Normally, all national freight models are based on the integration of macroeconomic models, for the estimation of generation and spatial distribution of freight flows in connection with the economic system, and transportation models, for mode and route choice evaluation. Those dimensions are strictly connected since, from one hand, freight flows are a result of the economic interrelation between supply and demand of goods and services in different geographic areas and, from the other hand, localization of firms and selling markets depends also on transportation level-of-service attributes. Moreover, market conditions depend in turn on the performances of the transportation system, since the selling price of a good/service takes into account both production costs and transportation costs. Therefore, transport and economy are linked by several feedbacks and interrelations and, consequently, a proper simulation of those linkages represents the main challenge in modelling freight demand at a national level. 

In general, trip generation and distribution choice dimensions might be simulated separately, as usually occurs for passenger demand simulation, or jointly, through a direct evaluation of origin-destination matrices disaggregated by region and by sector1. Some theoretical and operational aspects suggest a preference towards the latter type of model category. The most important joint generation/distribution models available in practice are doubly-constrained gravitational models, input-output based models and equilibrium models, e.g. Spatial Price Equilibrium (SPE) and Spatial Computable General Equilibrium (SCGE) models. A comparison of those approaches goes beyond the scope of this contribution, and it is also presented in various literature contributions: the reader may refer for instance to Roson (1993), Izard et al. (1998), Tavasszy et al. (2002) and Juri and Kockelman (2005) for some recent proposals. A review of the different approaches adopted in national freight modelling has been also carried out in the context of various European Projects, for instance EXPEDITE (2000). Normally, it is difficult to find a sufficiently detailed and operative economic model allowing also for an effective incorporation of the transportation system performances. For instance, SCGE models (Johansen, 1960) provide for a realistic simulation of the behaviour of the economic agents and of the corresponding market equilibrium conditions, but they require a relevant data amount and are also too much inherently aggregated - in terms for instance of good sectors - to allow for a detailed representation of transportation choice dimensions. Therefore, a national freight model should exhibit the following properties: providing a sufficiently detailed representation of the economic structure, i.e. allowing for the simulation of the fundamental feedbacks between economy and transport, and being operational, i.e. requiring a reasonable amount of data for its implementation. The Multi Regional Input-Output (MRIO) model, based on the economic theory of the sectorial interdependencies, complies with the above mentioned requirements and therefore represents, among the models proposed to date, a good compromise for freight simulation at a national level. 
This paper firstly provides for an original review of the state-of-the-art of input-output models for freight demand simulation at a national level, focusing on the hypotheses underlying the formulations available in literature and showing how each model can be derived from the row-column balance in the regional input-output table. Then, theoretical developments and extensions of the basic model, able to capture medium and long-term feedbacks typically not accounted for by standard MRIO models, are discussed. Indeed, this aspect is particularly relevant for applications in transport appraisal, and can be explicitly simulated by introducing elasticities in trade and technical coefficients, with reference to transport system attributes and selling prices respectively. Discussion on these aspect allows also pointing out some further research topics. Finally, an application to infrastructural investments appraisal in Southern Italy is proposed and discussed, by means of slight modifications to the standard RUBMRIO model. 
2. MRIO models: an overview
MRIO models are based on the representation of the economic structure of a region through the i-o table, proposed by Leontief (1936). Some theoretical and operative details on this fundamental instrument of economic analysis can be found in numerous textbooks and manuals, such as Polenske (1980), Batten (1983), Hewings (1985) and Miller and Blair (1985). Assume the study area to be divided in “economic zones” or regions, which may differ from “traffic zones” used to simulate the transport system. The entry of i-o table by column provides information, expressed in monetary values, about the availability of goods of the sector m in the region i, determined by the sum of internal production 
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of the goods of each sector n needed for the production of m in i. Analogously, the entry of i-o table by the generic row n provides the demands for goods of the sector n in i, given by production re-usages (variables 
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 respectively. The introduced variables are schematically represented in Figure 1 for a four-sectors example.

[Figure 1 here]

Consequently, the row-column balance2 represents the equilibrium between availability of goods of a certain sector m in a region i, given by the sum of internal production and regional/international imports, and its total demand, given by the sum of intermediate/final consumption and regional/international exports:
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Policy and appraisal applications normally require the calculation of production variations due to changes both in final demand and in transportation supply, through a so called demand-driven approach; a symmetric supply-driven approach can be adopted as well, for details see Miller and Blair (1985). All the demand-driven MRIO models available in literature can be derived starting from the balance (1), introducing two types of coefficients: technical and trade coefficients. Technical coefficients amni express the value of goods of sector m needed for the production of one value unit of goods of sector n in the region i:
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Trade coefficients take into account the different geographical origins (intraregional, national, international) of the goods/services demanded in each region. Notably, all available MRIO models share the same technical coefficient definition (2), while different trade coefficients are usually introduced. In more detail, IRIO (inter-regional i-o) model, proposed by Izard (1951), introduces a trade coefficient 
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expressing the percentage of goods of sector m produced in the region j and used for the production of n in region i. Actually, Izard’s definition of trade coefficient does not help in applications to large-scale real contexts since, for a number of reasons, percentages 
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are difficult to be observed. Therefore, Chenery (1953) and Moses (1955) introduced a simplification, defining the trade coefficients as acquisition percentages independent of the destination sector, that is 
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. This assumption leads to the classical MRIO model specification and also simplifies the estimation of trade coefficients, since it requires only the knowledge of trade flows of sector m between j and i and not also of the destination sectors. 

The above definitions of technical and trade coefficients, together with balance (1), lead to the functional form of MRIO model. Before discussing its derivation, it is worthy underlining that different MRIO formulations can be derived, depending on some assumptions introduced with reference to the international imports and exports. In more detail:

- international exports can be satisfied either only by internal production or also by imports;

- international imports can be assumed fixed (exogenous) or variables (endogenous): an increase in final demand is satisfied only by an increase of internal production in the former assumption, and by an increase of both internal production and foreign imports in the latter;

- exogenous international imports can, in turn, be aggregate, i.e. representing a fixed amount to be subtracted from final demand (that is, equivalently, a share of final demand is satisfied by all international imports) or disaggregate, i.e. contributing both to the re-usage for intermediate production and for final demand. 
Figure 2 summarizes the MRIO models derivable from combinations of the above mentioned assumptions. The models are presented in a compact vectorial form, wherein X is the vector of production, T and A the matrix of trade and technical coefficients respectively, Y the vector of final demand, YREG/YEXT and JREG/JEXT vectors of regional/international exports/import respectively and I the identity matrix; for details on the structure of those matrices the reader may refer to Cascetta (2001). For each formulation a bibliographical reference, referred to an exhaustive model treatment or to a significant real application, is reported. This overall classification is original, to the authors’ knowledge, for some of the presented MRIO specifications. 

[Figure 2 here]
For a systematic derivation of all these models starting from equation (1) the reader may refer to Marzano and Papola (2004). By way of an example, the derivation of the MRIO model with endogenous international imports and international exports satisfied only by internal production is reported here; this model will be applied in section 4 for infrastructural investment appraisal. For this aim, note that from the above discussion follows that quantities 
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import from region j:
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import from abroad:
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wherein the trade coefficient 
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 represents the percentage of goods/services of sector m demanded in region i for whatever use coming from region j or from abroad e. Therefore, by definition it results: 
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where the sum is extended over all the regions. Relations (3)-(5) allow for a more detailed expression of the terms within the row-column balance equilibrium (1): 
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The MRIO formulation can be obtained easily replacing relations (7)-(11) into (1); after some manipulations it results:
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Finally, introducing the technical coefficients given by (2) it follows:
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which can be expressed in vectorial form as:

X = TAX + TY + YEXT   (
X = (I – TA)-1(TY + YEXT)


     (14)

Interestingly, trade coefficients tmei representative of international trades do not appear explicitely in the model (13)-(14), but influence the other trade coefficient figures through the constraint (6). The specification (14), as well as the analogous derived in Marzano and Papola (2004) and reported in Figure 2, represent the basic formulations of the MRIO model. 

It is worthy mentioning that the Chenery-Moses definition of trade coefficients as acquisition percentages is inherently consistent with the demand-side approach underlying the MRIO model (14), which is also known as column-coefficient model. In order to derive a supply-driven MRIO model, it is necessary to define trade coefficients as destination percentages of goods of a certain sector from a given region to all the regions and to abroad, leading to an apparently symmetric row-coefficient formulation, proposed by Polenske (1970). A comparison among these approaches is addressed by Bon (1984), whose main result is that only the Chenery-Moses formulation is inherently consistent with the input-output economic representation. Finally, several input-output models, slightly different from the standard formulation (14), have been also proposed in the literature for solving specific problems: for instance, Ishikawa (2001) simulates the impacts of hub transport infrastructures (ports, airports and so on), adapting the input-output approach to a study area made up by zones concentric with respect to the infrastructure to be analysed.
3. Extensions of the basic MRIO model 

A first group of extensions of the basic input-output model described in the preceding section comes from the analysis of the theoretical and practical implications of its underlying hypotheses. This issue has been intensively studied by a number of authors: for instance, exhaustive reviews of criticisms and economic limitations inherent the i-o approach have been provided by Bianco and La Bella (1987), Roson (1993), Polenske (1995) and Rose (1995). These criticisms generally led to two different research directions. 
From one hand, alternative approaches have been proposed and developed, as already mentioned in the introduction, leading to a wide class of alternative models, such as SPE (Spatial Price Equilibrium) models (Samuelson, 1952; Harker and Friesz, 1986), dispersed SPE models (Harker, 1988) and SCGE (Spatial Computable General Equilibrium) models (Johansen, 1960; Roson, 1993), or integrated i-o/econometric approaches (Rey 2000). Interesting models and applications have also been recently released in the context of the new economic geography, as addressed for instance in Wei et al. (2000).  
From the other hand, models aiming to overcome the limits of standard MRIO models have been proposed within the input-output framework. Formally, each variable in the equilibrium (1) can be indeed explicitly modelled through a “behavioural” model, leading in practice to specifications exhibiting a lot of characteristics of more complex and economically more realistic approaches. Unfortunately, such specifications require normally a large amount of input data to be estimated and applied. This is, for instance, the case of the MMMVIO (Multi regional multimodal multi-output variable i-o) proposed by Liew and Liew (1984), which incorporates elasticity in the productive structure due both to variation in price level and to the assumption of multi-output firm behaviour: the model seems very exhaustive from a theoretical standpoint, but the amount of required input data does not allow for real large-scale applications. With reference to other extensions of the basic input-output model, it is worthy mentioning that explicit production constraints can be introduced for each region and for each sector. This assumption leads to two main theoretical issues. The former deals with the practical simulation of these constraints: De La Barra (1989) addressed the issue through an iterative heuristic algorithm, which has eventually also been applied by Juri and Kockelman (2004). The latter issue deals with the structure of the constraints, since it is normally difficult to express a maximum value of production for a sector in a region. More frequently, proxy attributes are adopted for this aim, for instance linking production constraints to geographical and demographic variables, such as workforce, industry density and land availability. Moreover, Juri and Kockelman (2005) propose a further extension of the RUBMRIO model incorporating a number of feedback involving commuters, wages and congestion effects. A recent extension has been also proposed by Huang and Kockelman (2007): the overall structure of the proposed model seems promising, but a thorough analysis of the model performances and a comparison with the results provided by other approaches should be still carried out.

A second group of extensions of the basic i-o model deals with an explicit and effective representation of the feedbacks between transport and economy. For this aim, analysts usually try to incorporate in the MRIO model elasticity with respect to a number of economic and transport variables, through an explicit simulation of technical and trade coefficients as a function of those variables. Indeed, some tools and decision support systems for the simulation of the transport-land use interactions are based on such extensions: this is, for instance, the case of TRANUS (De La Barra, 1989) and MEPLAN (Williams and Echenique, 1978; Echenique, 1985; Hunt, 1993; Hunt and Echenique, 1993). 
In the following sections some more details will be given on this second group of extensions, which are particularly suitable for transport application appraisal and, at the same time, of easy application.

In more detail, section 3.1 deals with generalizations on trade coefficients and section 3.2 deals with generalizations on technical coefficients. Some other minor extensions and research issues to be addressed yet are also pointed out throughout the section. 

3.1 Modelling trade coefficients through random utility models
The hypothesis of elastic trade coefficients allows for an explicit simulation of the effects of changes of transportation system performances on economic structure and trade pattern. The development of MRIO model with elastic trade coefficients started in the context of the transpor-land use interaction models: a state of the art in this field can be found, for instance, in the contributions of Min et al. (2001) and Timmermans (2003). The most interesting applications were provided by the already mentioned MEPLAN and TRANUS, wherein a random utility model for trade coefficient simulation has been firstly introduced. 

The rationale of De la Barra’s TRANUS approach, also known in the literature as RUBMRIO (random utility based MRIO) model, is to simulate variations in trade coefficients through a discrete choice model, for instance by means of a Multinomial Logit specification:
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where 
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is the selling price of goods/services of sector m in region i, θm the Logit variance parameter and 
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the generalized transportation cost of goods of sector m between regions i and j, normally measured as an average uncongested travel time or as a shortest path length between the two regions. Selling price is determined in turn as the sum of the acquisition costs cni of inputs needed for the production of m in region i: 
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where 
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 represents the quantity of sector m needed for the production of one quantity unit of sector n in the region i, which can be interpreted as a technical coefficient in quantity rather than in value. In turn, the acquisition cost of a sector n in a region i is defined as the average, weighted on trade flows, of the total acquisition costs of that sector from each region j, given by the sum of the selling price 
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The fixed point problem represented by equations (15)-(17) has been studied by Zhao and Kockelman (2004), who addressed its theoretical properties and defined solution existence and uniqueness conditions. Notably, the system of recursive equations (15)-(17) allows an endogenous calculation of both acquisition costs and selling prices, in addition to trade coefficients, if technical coefficients and transportation costs are known. 

Note that equation (16) is usually applied in practice by using the technical coefficients 
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, which are normally difficult to be observed (for instance see Min et al., 2001). This simplified assumption generally biases the model forecasts, since the rationale underlying equation (16) requires technical coefficients to be expressed in monetary values rather than in quantities: notably, a thorough analysis of this issue has not been carried out yet. The correct relation between coefficients 
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Unfortunately, introducing such explicit representation leads to theoretical (i.e. solution existence and uniqueness of the fixed point in prices not guaranteed) and operational (i.e. possibility of obtaining negative prices when applied to real cases) problems in the application of the RUBMRIO fixed point approach.

It is worthy mentioning the trade coefficient model specifications available in the literature. Indeed, specification (15) is normally enriched with size attributes as proxy of the regional economic attractiveness, in order to improve the model goodness-of-fit and capture the magnitude of the internal trade coefficient. For instance, Cascetta et al. (1996) and Cascetta and Iannò (1998) estimate a descriptive trade coefficient model wherein 
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 is calculated as a mode choice logsum and production values are introduced as size attributes, but selling prices are not taken into account in their model. Jin et al. (2003) apply the specification (15) with a mode choice logsum for 
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and provide an aggregate estimation of model parameters, which show a large variability among sectors. Marzano and Papola (2004) proposed the following expression3 for the systematic utility of the region i, given a sector m and a region of destination j:


[image: image47.wmf]j

i

j

i

A

b

d

Y

b

d

V

m

i

m

m

i

m

m

ii

m

m

REGi

m

m

i

m

m

ij

m

m

ij

=

¹

î

í

ì

+

+

+

+

=

   

if

    

   

if

    

    

   

4

2

1

3

2

1

b

b

b

b

b

b




                 (19)
where 
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 is calculated as mode choice logsum and Ami is the total internal availability of goods of sector m in region i, expressed as:
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Interestingly, if size attributes are expressed as a function of production values or other input-output variables, like in the model (19), a further fixed point problem arises, as schematically explained in Figure 3 (right side). In other words, the presence of the total internal goods availability, given by (20), and of the regional exports, given by (11), in relation (19) introduces a new feedback between the MRIO model and the trade coefficients simulation model (19). This approaches therefore generalizes the algorithm proposed by Zhao and Kockelman (2004), who dealt only with the RUBMRIO fixed point analysis. A theoretical analysis of the conditions for solution existence and uniqueness is obviously needed, and it is currently under research. From an operational standpoint, a bi-level fixed point algorithm can be usefully applied for finding a solution: some trials both on synthetic and real data has always showed a fast convergence to a unique solution, i.e. unique production and selling prices vectors.

3.2 Elasticity in technical coefficients 
Technical coefficients can be explicitly modelled as a function of selling prices, in order to represent the impact of a given price level structure to the productive structure. The specification provided by Hunt and Echenique (1993) can be adopted as a reference:


[image: image50.wmf](

)

m

i

b

mn

j

mn

j

mn

j

mn

j

e

a

a

a

a

a

-

×

-

+

=

min

,

max

,

min

,






                 (21)
wherein 
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are predefined boundary values and ( is an elasticity parameter to be estimated. Some economic implications underlying equation (21) are reported in Jin et al. (2003). The definition of the boundary values, as well as the estimation of the elasticity parameter, would obviously require the availability of different technical coefficients estimate (e.g. a temporal series of i-o tables for different years); this circumstance normally does not help in the practical applications of MRIO models with elastic technical coefficients. Moreover, relationship (21) determines a feedback between selling prices and technical coefficients, which should be incorporated in the fixed point described in the preceding section: theoretical and operational aspects of this generalization have not been explored yet in the literature.

Further extensions of the technical coefficients simulation are currently under analysis. For instance, 
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 tries to capture scale economies and the vector of the selling prices bj takes into account possible substitutions between the factors as functions of the relative acquisition costs. In other words, as effect of scale economies, the value of m necessary to produce a unit of n is expected to decrease as the total production of n increases and, as effect of substitution among factors, technical coefficients are expected to change accordingly with the whole price level structure. Obviously, introducing elasticity in technical coefficients with respect to the production level leads to a further feedback in the model structure drawn in Figure 3; therefore, a theoretical analysis is also needed for this generalization. It is also worthy mentioning the analysis provided by Jin et al. (2003) about the incorporation of substitution effects in the simulation of technical coefficients. 
Summarizing, technical coefficient may vary according to selling price variation – which can be modelled for instance through equation (21) – and/or as an effect of changes in production efficiency by region and by sector, as described in the aforementioned approach. 

4. Analysis of infrastructural policies in Southern Italy
The board of Presidents of the Southern Italy Regions is carrying out a joint effort for coordinating and promoting infrastructural and service-based improvements in the transport connections within the area and towards Northern Italy and Europe (Cascetta, 2006). As a result, an overall investment plan has been released (Confindustria Campania, 2006), with an allocated budget of approximately 33 billions € (20% for ports, airports and logistic platforms, 30% for roads and 50% for railways) in a ten-years horizon. These investments will fill the gap between South Italy and the overall country in terms of transport performances and asset availability, and therefore represents a strategic plan for country development. In more detail, as schematically represented in figure 3, investments will refer to two north-south (eastern and western respectively) and two cross-connection corridors. 
The relevance of this infrastructural plan is twofold. Firstly, since almost 40% of the industrial production of Southern Italy comes from Campania and Puglia, the development of the vertical corridors is expected to increase their competitiveness and allow them to reach new consumption markets. At the same time, the cross-corridors will create a direct connection between main industrial districts (about 30% of Southern Italy production) and dense urban areas, with renewed opportunities for the development of synergies and new economic patterns. Secondly, viewing the planned investments in the light of the TEN-T network, the improvement of the western corridor involves a significant part of the Corridor I, while the cross connections will create a direct link between Corridors I and VIII. The link between those corridors is a strategic plan for Southern Italy, which may therefore play a major role as a logistic platform able to capture traffic flows to/from Western and Eastern Europe.
A preliminary analysis of the effects of the planned investments on transport generalized cost, carried out by means of a rail and road transport supply model, suggests travel times and costs to be reduced in the overall scenario at least of the 10% with respect to the actual performances.
[Figure 3 here]

In order to assess the absolute and relative impact of the different corridors on the national and regional GDP and on the production structure, a MRIO model has been applied to five different scenarios, respectively: (1) cross corridors, (2) eastern corridor, (3) western corridor, (4) western plus eastern corridors, and (5) overall improvement. 

Before presenting simulation results (section 4.2), attention will be focused on the implementation (section 4.1) of the MRIO model used for infrastructural investment appraisal, accordingly with the theoretical and operational issues described in sections 2 and 3.
4.1 Model implementation
In order to apply the MRIO specification (14) to the Italian context, the database implemented within the “Secondo Progetto Finalizzato Trasporti”4 (made up by a set of regional input-output tables and a matrix of estimated trade coefficients) has been used.
Notably, the first issue to be addressed when dealing with trade coefficients in a MRIO model is analyzing their consistency with the i-o data. Indeed, all data needed for the implementation of the MRIO model (14) are directly derived from the regional i-o tables, except for trade coefficients, normally estimated through a statistical survey and/or collected from other sources (i.e. regional trade pattern data provided by statistical institutes). Therefore, as a consequence of this inconsistency, trade coefficients and i-o table variables do not satisfy in general the balance (13). This circumstance may introduce a significant bias in the MRIO forecasting model capability, therefore trade coefficients should be corrected in order to ensure unbiased model forecasts. For this aim, note firstly that two kind of trade coefficients, that is foreign trade coefficients 
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, can be directly calculated through i-o table figures. In detail, equation (8) yields:
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In turn, equation (6) can be written as: 
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which becomes, in virtue of relations (22) and (7):
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The preceding formula allows to reduce substantially the inconsistency between trade coefficients and i-o data, since the self-acquisition percentage is normally the largest for each region, that is the demand of a certain good/service in a region is mainly satisfied through internal production.

In general, trade coefficients can be corrected through a generalized least squares (GLS) estimator (Cascetta, 1984):
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where 
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represent prior estimates (by survey and by i-o table respectively), 
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 is the MRIO model and St is the feasibility set of trade coefficients. Therefore,  (25) provides a T* set closest to the initial estimates, and which minimizes at the same time the distance between production values provided by model and by i-o tables respectively. The feasibility set St is made up by relations (22) and (24), and also by relation (6) and by the constraint 
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 Normally, the number of regions and sectors in real applications lead to a great computational effort for the problem (25) to be solved. Therefore, it is useful adopting in practice a simplified procedure of trade coefficients correction, based on the circumstance that the self-acquisition percentage (24) is normally the largest in each region. In more detail, the algebraic difference 
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 between the prior estimate of the internal trade coefficient and the corresponding value provided by (24) may be spread among all the other regions in proportion to 
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This simplified correction procedure has been applied to the MRIO model (14). As a result, the mean percentage difference between production computed by model and production provided by i-o tables has been reduced from 9.90% to 5.39%.

In conclusion, this correction procedure leads to the availability of more consistent input-output tables and trade coefficient estimates. Subsequently, in order to estimate the trade coefficient model (19) and apply a RUBMRIO model, a set of current selling prices should be determined.
 [Figure 4 here]

Figure 4 (left side) summarizes the approach adopted for this aim. Notably, the feedback between acquisition costs and selling prices allows the determination of the current price level, if a prior estimate of technical and trade coefficients is available; the calculated selling prices are then used, together with prior available information on transportation level-of-service attributes, trade coefficients and other i-o data (i.e. attributes introduced in the specification (19)), for the estimation of a reliable trade coefficient model. In Table 1 the estimation results of the trade coefficient model (19) for the Italian context (20 regions, 11 commodity sectors following the NACE-CLIO classification) are reported. This model is then applied in the context of the double fixed point approach described in section 3.1. 
[Table 1 here]

4.2 Model application
The model system estimated as described in section 4.1 has been then applied for the appraisal of the aforementioned infrastructural investments in Southern Italy. Obviously, the results should be intended as a long-term effect forecast, since the so-called “spending effects” determined by the investments per se are not taken into account within the adopted model specification. Results of simulations are reported in the following Table 2.

[Table 2 here]
It is worth noting that the national GDP increase is 1.03% under the overall scenario, and the main contribution comes from the improvement in transport connections within the western corridor (able to increase alone the national GDP of 0.76%). Notably, the amplification effect determined by the simultaneous improvement of both corridors is significant only in presence of the cross connections, leading to a further GDP increase of 0.08% (1.03%-0.001%-0.188%-0.761%), as resulting from a comparison of the different %GDP changes throughout the simulated scenarios in Table 2. It is also worth mentioning, as reported in the same Table, the GDP percentage increase for Southern Italy, equal to 2.58%, with a synergic effect due to cross corridors of 0.23%. Finally, by way of an example, Figure 5 reports the GDP% change together with the %changes in production for three macro-sectors (perishable goods, non-perishable goods, services) for each region. Results show the production for most of the Southern Italian regions increases significantly, since only two regions (Basilicata and Molise) will exhibit a lack of competitiveness and a consequent GDP decrease. In other words the increase in accessibility towards Northern Italy appears to be mostly an opportunity rather than a threat for Southern Italy.
5. Conclusions
This contribution provided a brief and general overview of theoretical and operational aspects for the application of the multi regional input-output (MRIO) approach in the context of freight transport demand simulation at a national level. Firstly, the underlying assumptions and the basic derivation of different standard MRIO formulations were presented and discussed. Then, generalizations allowing for elasticity both in trade and in technical coefficients were reported, with specific reference to the RUBMRIO model proposed in the literature and its adaptation for the Italian freight demand model system. Finally, some research developments have been also discussed, and an application to Southern Italy infrastructural investment appraisal proposed.
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Agriculture and fishing  -2.466 -3.008 1.043

Energy  -0.575 -0.853 0.290

Ferrous/non-ferrous minerals and materials  -0.346 0.372 1.127

Non-metal minerals and products  -4.032 -10.711 1.929

Chemical and pharmaceutical products  -1.568 -0.561 0.160 0.410

Machinery and metal products  -0.679 -2.302 0.127 0.857

Means of transport  -0.613 -1.097 0.240 0.575

Food and drink industry, tobacco  -1.067 -1.454 0.338

Textiles, clothing, leather and shoes  -0.737 -1.781 0.208 1.108

Paper and other industrial products  -0.431 -1.648 0.620 4.658

Wood, rubber  -1.122 -1.789 0.167 0.690

Parameter

Good sector


Table 1 – Results of trade coefficient model estimation (missing figures: not significant parameters)
[image: image70.emf]Region cross eastern corridor western corridor eastern plus western overall

PIEMONTE -0.021% 0.106% 0.567% 0.678% 0.658%

VALLE D'AOSTA -0.025% -0.019% 0.410% 0.444% 0.418%

LOMBARDIA -0.025% 0.194% 0.683% 0.875% 0.859%

TRENTINO -0.015% 0.000% 0.304% 0.328% 0.317%

VENETO -0.020% 0.086% 0.452% 0.543% 0.528%

FRIULI -0.014% -0.019% 0.409% 0.412% 0.400%

LIGURIA -0.016% 0.008% 0.268% 0.308% 0.297%

EMILIA ROMAGNA -0.019% 0.025% 0.457% 0.497% 0.484%

TOSCANA -0.027% 0.059% 0.406% 0.481% 0.454%

UMBRIA -0.029% -0.070% 0.169% 0.152% 0.120%

MARCHE -0.038% -0.043% 0.347% 0.349% 0.326%

LAZIO -0.060% -0.085% 0.601% 0.541% 0.803%

ABRUZZO -0.015% -0.167% 0.005% -0.104% -0.112%

MOLISE -0.047% -0.275% -0.137% -0.311% -0.325%

CAMPANIA -0.017% -0.049% 1.350% 1.321% 1.359%

PUGLIA 0.363% 2.989% -0.341% 2.698% 3.693%

BASILICATA 0.106% 0.261% -0.064% -0.172% -0.173%

CALABRIA -0.303% -0.026% 1.287% 1.271% 1.142%

SICILIA -0.042% -0.031% 4.785% 4.771% 4.894%

SARDEGNA -0.020% -0.019% -0.083% -0.090% -0.099%

SOUTHERN ITALY 0.039% 0.625% 1.687% 2.331% 2.583%

ITALY 0.001% 0.188% 0.761% 0.962% 1.030%

Regional GDP (million €)


Table 2 – MRIO model estimates of GDP % change for the different infrastructural scenarios

Footnotes

1 In the following a sector will indifferently denote a class of physical goods and/or services. Moreover, a region might be or not an administrative entity: obviously, a lower bound to the geographic disaggregation is determined by the level of data availability. For this reason, some authors denote the model as multi-zonal input-output rather than MRIO.
2 The estimation of an input-output table requires the implementation of a gravitational model, which should also take into account transportation level-of-service attributes: an operative methodology is described for instance in Paniccià and Benvenuti (2002). Moreover, in order to obtain an equilibrium between sums of rows and columns, a balance procedure is required, for instance the SCM proposed by Stone (1942) and the RAS proposed by Bacharach (1970). A modified RAS procedure, introduced by Inamura and Srisurapanon (1998), represents the basis of a particular input-output model for freight flow forecasts.

3 The authors estimated also the basic model (15) and a two-level Nested Logit specification wherein all the other regions were grouped together in a nest. Specification (19) provided the best results.

4 It is a National Project carried out by the National Research Council (Consiglio Nazionale delle Ricerche, CNR) for the implementation of decision support systems for passenger and freight transport analysis and appraisal.

Figures

Figure 1 – Structure of a regional input-output table and its variables.

Figure 2 – Taxonomy of MRIO models.

Figure 3 – Infrastructural investments in Southern Italy: improved connections.
Figure 4 – Formulation of the double fixed point problem.
Figure 5 – GDP and production % change under the overall scenario.
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	Satisfied only by internal production
	Satisfied by internal production and imports

	INTERNATIONAL IMPORTS
	ENDOGENOUS
	X = (I – TA)-1(TY + YEXT)

Paniccià and Casini Benvenuti (2002)
	X = (I – TA)-1[T(Y + YEXT)]

	
	EXOGENOUS
	Disaggregate
	X =(I–TA)-1[T(Y– JEXT) + YEXT]
	X =(I–TA)-1[T(Y–JEXT+ YEXT)]             Leontief (1963) Bon (1984)

	
	
	Aggregate
	X = (I – TA)-1(TY – JEXT + YEXT)           Chenery (1953) Moses (1955)
	X=(I –TA)-1[T(Y + YEXT)– JEXT]               Costa (1987) Cascetta (2001)
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Note: numbers in brackets refer to the corresponding equation in the text.

 Figure 5

                                Overall scenario
       GDP (% change)

                 Production (% change)
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