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Abstract
Policy simulations during the last decades have been heavily relying on standard static CGE models with a small number of industries. Recently DSGE models (usually termed as New Keynesian) have been developed that incorporate dynamic behavior and institutional constraints at the aggregate macroeconomic level. Only few examples of CGE models with high industry detail and dynamic behavioral rules can be found in the literature, for example the IGEM model (Goettle, Ho, Jorgenson, Slesnick and Wilcoxen, 2007). 
We present FIDELIO as a model, oriented along the lines of IGEM, and also heavily relying on the ‘Jorgenson philosophy’ of calibrating the model with parameters taken from recent and relevant econometric work. The framework of FIDELIO is the set of supply-use tables at the level of 59 industries/commodities for the EU 27. These tables are made consistent with international trade flows, relying on the WIOD (www.wiod.org) database and thereby generating an inter-regional model set-up. The input-output structures are partly flexible (not Leontief type functions) by modeling factor demand and trade using flexible functional forms (Translog and AIDS).

FIDELIO describes private consumption as a dynamic optimization process with durables, non-durables (‘buffer stock’ model) and special emphasis on energy and the energy efficiency of the stock of durables. The behavior of firms is described by a Translog model, where dynamics is introduced by adjustment of the ex post return on capital to the forward looking user cost relationship. This model differentiates K,L,E,Mm,Md inputs, therefore dealing explicitly in a flexible form with substitution between imported intermediates (Mm) and all other factors. That yields a different model of international trade compared to the standard CGE model, where imported commodities are only substituted against domestic commodities at all levels of demand. 

Environmental satellite accounts for energy and environment from the WIOD (www.wiod.org) database are consistently linked to the input-output structures. Factor supply is modeled by a segmented labor market (skills) with wage bargaining based on the wage curve model. 

1. Background

The European Commission's Joint Research Centre (JRC) is currently expanding its capacity to conduct studies in the domain of Input-Output analysis (data and modelling) in support of EU Environment and Sustainability policies. Models are used to evaluate, at regional, national or international level the impact of different policies on macroeconomic variables such as gross domestic product, employment, consumption, productivity as well as on the environment. To this end, the JRC is currently developing software tools and dynamic models using Econometric Input-Output Analysis complemented with Environmentally Extended Supply-Use and Input-Output databases for the EU27 and the euro area and for non-EU countries with the WIOD database (www.wiod.org). 

Many of the studies conducted during the last decades at the European Commission have relied heavily upon standard static Computable General Equilibrium (CGE) models with a small number of industries. Recently, Dynamic Stochastic General Equilibrium (DSGE) models (usually termed as New Keynesian) have been developed to incorporate dynamic behavior and institutional constraints at the aggregate macroeconomic level. Only few examples of CGE models with high industry detail and dynamic behavioral rules can be found in the literature, for example the IGEM model (Goettle, Ho, Jorgenson, Slesnick and Wilcoxen, 2007). 

Within this context, the European Commission's Joint Research Centre supported by the Austrian Institute of Economic Research and the Joanneum Research have developed during the last five to six years an econometric input-output model for the European Union aiming to support European policies within the context of the economics of sustainable production and consumption activities. This model relies on the following general features that make it different from the existing literature on economic modelling. These are:

a) FIDELIO reconciles Econometrics and General Equilibrium by means of a calibration process based on recent and relevant econometric analysis
.

b) FIDELIO assumes rational agents under institutional constraints: liquidity, durability and lumpy character of investment and union wage bargaining.

c) FIDELIO has special emphasis on energy and environment in consumption and production: physical data linked to monetary data and modelling of technical change.

d) FIDELIO includes detailed commodity and industry based modelling of economic structures and trade
.

2. Description of the model
FIDELIO is a dynamic econometric input-output model pivoting around environmentally extended supply and use tables with a distinction of the bilateral trade among the EU countries and with the rest of the world, with special emphasis on energy and environment in production, consumption and international trade. 

The model was denominated FIDELIO, which stands for Full Interregional Dynamic Econometric Long-Term Input Output model. It is "full" in the sense that it comprehends a complete macroeconomic model with consumption, production, trade, labour market and environment. It is "interregional" because it provides a detailed modelling of trade flows by: (i) country, (ii) commodity, and (iii) user, using as much as possible the trade information vs. the standard "Armington" elasticities for all commodities. The model is also "dynamic" since it provides an inter-temporal optimisation approach of the consumption and assumes investment derived from optimal capital stock This new model uses the most relevant and recent time series data for EU 27 MS for the "econometric" analysis and captures short-run Keynesian multiplier effects and "long-run" full employment, leaving out the modelling of the business cycle. And last but not least, it is an "input-output" model based on detailed Supply-Use tables from the Input-Output framework, which to our knowledge it is the first of its kind. 

The coverage of the model can be found below:

Geographical: 


EU 27 Member States plus Rest of the World

Base year:                       
2005 

Sectoral:


59 industries * 59 commodities

Final demand:                  
6 categories
 

Private Consumption:      
15 categories * 59 commodities

Investment:
                    
59 industries * 59 commodities

Value added:                  
5 categories
 

Employment:                   
3 skill levels
, 2 dimensions (hours, persons)

Blocks:                           
5 (cons., prod., labour, trade, environment)

Environmental extensions:    
5 (energy, air emissions, land, water, materials)

Econometric estimation: 
based on the period 1995 - 2009

The FIDELIO model is characterized by the following specific features
:

•
It is based on Supply and Use tables with NACE-CPA Rev. 1.1 classification at 60 industries/products level, distinguishing the following entities: Supply Table at basic prices, Use Table at purchasers' prices, Use Table at basic prices for total, domestic and imported uses, Matrix of trade and transport margins and a Matrix of Taxes less Subsidies on products (with import taxes separately). 

•
The model comprises a household consumption block that distinguishes between durables and non-durables. The consumption of durable goods is specified as an Error Correction Model relating short- and long-run dynamics for the consumption categories of vehicles, household appliances, audio/video equipments as well as the whole consumption of non durables with variables like disposable income, interest rate, the commodity price, its depreciation rates, etc. In addition, a Quadratic Almost Ideal Demand System (QAIDS) is specified for non-durable goods (10 product groups) at the level of households. The share of imports for final consumption by commodity is determined by a CES function and modelled following an Armington assumption.

•
The model comprises a production block based on a dynamic KLEM translog specification both for factor input demand and output price. The factors of production are capital (K) labour (L), energy (E), domestic non-energy intermediates (MD) and imported non-energy intermediates (MM). The production block also includes unit cost equations determining the output prices as a function of factor input costs.

•
The labour market differentiates between compensation of high, medium and low skilled employees via a translog specification that represents a second nest of the production function. The translog function determines the labour price as a function of the wage rate of the different labour skill types and it is complemented with a wage curve that relates the wage rates to the regional level of unemployment. 

•
In FIDELIO, the bilateral trade matrices provide the starting values for the trade shares containing the information about the origin and destination of each commodity. This information is used for the estimation of elasticities accounting for price substitution effects in the intermediate use of commodities imported from different countries while for final uses, Armington elasticities are used instead.

•
The database used by FIDELIO revolves around two main data sets: (1) the EURSOTAT-JRC time series of Supply-Use and Input-Output Tables (1995-2009), including valuation matrices, for individual Member States, and (2) the FP7 funded World Input-Output Database (WIOD). Other databases are: National Accounts as published by Eurostat; EUKLEMS data for factor demand by industries and factor prices; UN Comtrade for import prices; Odysee database for data on energy efficiency; WIOD data for the household final demand imports and for the energy accounts; and EUROSTAT/COICOP data for household consumption of both durable and non durable goods. Different releases of the EUKLEMS database have been combined with the socio economic accounts of WIOD to obtain the data set used for the estimation of the labour market. The data source for international trade is WIOD (more specifically, WIOD’s inter-regional use tables) for which the 27 EU Member States are included plus their main trade partners (United States, Mexico, Canada, Brazil, Russia, India, Indonesia, China, South Korea, Australia, Turkey, Taiwan and Japan). The model is complemented with environment-energy satellite accounts; also coming from the WIOD database.

•
The econometric estimations have been carried out mainly in Stata and Eviews using where appropriate dynamic panel data techniques, i.e. Arellano-Bond, Arellano-Bover. 

•
The model is programmed in GAMS as a Constrained Non-linear System (CNS) of equations.

Furthermore, economic modelling activities in support to the European Commission services will require further extensions of some of the features of FIDELIO; very much depending on the real case study to be carried out; namely: studies related to the Ecodesign Directive of certain products so that the model captures the environmental, economic and employment effects of related regulations that concern the energy end use efficiency of households and firms (e.g. industrial refrigerators, boilers, etc). Besides, the model should ideally allow, for instance, giving insight into the quantification of the so called double dividend, allowing for the introduction of environmental taxes or any other market based instrument (e.g. auctioned permits) together with reductions in labour and/or capital taxes or even in the VAT of certain products. 

FIDELIO is a demand driven model. As shown in Figure 1, changes in the quantities demanded for final uses will produce a scaling effect which is originated on the production side of the economy provided that some industries must meet such a new demand. In order to increase the production of such commodities, an econometrically estimated translog production function will specify how much capital, labour, energy and non-energy inputs will be required. Moreover, the production function will also specify how much of those inputs will be imported from abroad, and particularly indicating the country of origin. Needless to say that the increased output will have a repercussion on the environmental side (e.g. emissions) and on the labour market (e.g. wages). As a result of the shock on demand and the new increased production, commodity prices will have changed, too. This is linked to an econometrically estimated QUAIDS demand system that will indicate how households' expenditures will react to these price variations. Durables and non-durables goods are modelled separately, which allows including an inter-temporal optimization model with liquidity constraints. The dynamics of the model also affects production, which is driven by stock-flow relationships for capital and investment. The model sets equilibrium in the capital market between the user costs and ex-post return on capital. Eventually, the initial shock has subsequent effects on the inputs needed to produce the new demanded commodity, which also will have to be produced using domestically produced and/or foreign imported intermediates and factor inputs. The other variables of the economy are again affected by iteratively subsequent effects which will tend to zero. Afterwards, a new set of iterative effects comes in when analyzing dynamically subsequent periods.
As a unique feature of FIDELIO, it is also remarkable that it has Supply and Use Tables situated at the main core of the model. As a matter of fact, the model can deal with different valuation layers, e.g. basic prices, purchaser prices, cif/fob prices and all valuation matrices like trade and transport margins and taxes less subsidies on products, separately.
3. Further extensions
The current version of FIDELIO holds the Rest of the World as a one single region and it is envisaged to split up the total effects from/to the Rest of the World among (at least) the following countries: United States, Brazil, Russia, India, China and Japan. New production and consumption blocks for those new countries will be built up depending on the availability of information.

The environmental side is also a key issue and the model should be developed far beyond the assumption of proportionality between the amount of externality produced and the gross output. So far, the emissions in FIDELIO are determined as satellite accounts, i.e. proportional to the changes in the total output. This is to be necessarily improved by making the environmental block endogenous to the model.

As statistical features concern, the model will allow to provide confidence intervals for all the results including wherever possible sensitivity analysis. A simple option is to run a max-min analysis using the econometrically estimated parameters but also Monte Carlo simulations can be performed, although with very likely computer resource constraints of memory. This aspect is considered a key issue in order to give robustness to posterior analyses.

The base year of the current version of FIDELIO is 2005. We will bring the base year as much as closest as possible to the present time. At this respect, projections of the Supply-Use Tables for the EU Member States might be used when appropriate.

And last but not least, the JRC also considers that the subdivision of households into different income classes will be taken into account as a further extension of the model. This would allow differentiating different consumption patterns depending on the income level of the households and responding to prices.

Figure 1. Structural relations of FIDELIO


[image: image1]
� As example, one basic reference is: "IGEM, an Inter-temporal General Equilibrium Model of the US Economy with Emphasis on Growth, Energy and Environment" (Goettle et al, 2007). This document is available at: � HYPERLINK "http://www.economics.harvard.edu/faculty/jorgenson/files/IGEM%20Documentation.pdf" ��http://www.economics.harvard.edu/faculty/jorgenson/files/IGEM%20Documentation.pdf� 


� One Basic reference can be found in: "Building a Multiregional Input-Output Table for Austria: Compilation Methods and Results" (Fritz, Kolleritsch and Streicher, 2006), which can be downloaded from: � HYPERLINK "http://www.iioa.org/pdf/Intermediate-2006/Full%20paper_Fritz.pdf" ��http://www.iioa.org/pdf/Intermediate-2006/Full%20paper_Fritz.pdf� 


� Consumption of households, consumption of Non-Profit Institutions serving Households, consumption of government, gross fixed capital formation, changes in inventories and exports.


� Compensation of employees, Social Security payments, consumption of fixed capital, other net taxes on production and net operating surplus.


� High, medium and low.


� Earlier descriptions of FIDELIO can be found in: Kratena, K. and Streicher, G. (2009) "Macroeconomic Input-Output Modelling – Structures, Functional Forms and Closure Rules" at the following link: � HYPERLINK "http://www.iioa.org/working%20papers/WPs/WPIOX09-009.pdf" ��http://www.iioa.org/working%20papers/WPs/WPIOX09-009.pdf�; Neuwahl, F., Uihlein, A. and Genty, A. (2009), "An Econometric Input-Output Model for EU Countries based on Supply and use Tables: The Production Side", at: � HYPERLINK "http://www.iioa.org/working%20papers/WPs/WPIOX09-007.pdf" ��http://www.iioa.org/working%20papers/WPs/WPIOX09-007.pdf� and  Kratena, K., Mongelli, I. and Wueger, M. "An Econometric Input-Output Model for EU Countries based on Supply and use Tables: Private Consumption", at: � HYPERLINK "http://www.iioa.org/working%20papers/WPs/WPIOX09-006.pdf" ��http://www.iioa.org/working%20papers/WPs/WPIOX09-006.pdf� .
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