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0. Executive summary 
The objective of the REFIT study is to provide a set of sustainability indicators for assessing the 
effect of various policy packages of priority interest through state-of-the-art models at European 
scale.  

In the deliverable 3.1 the following gaps in the output of core models (TRANS-TOOLS and 
TREMOVE) were identified: 

1. Time paths of regional GDP and welfare effects 

2. Regional labour market response to transport policies 

3. The GVA of the transport sector  

4. The rate of unemployment in the transport sector  

5. The households’ consumption by household in transport sector, expressed as the share of the 
transport expenditure over the total of households’ expenditures. 

6. The business transport expenditure expressed as the share of the business transport expendi-
ture over the total of expenditures 

7. The policy effects on governmental taxes and subsidies by type 

The two models that are most suitable for calculating these gaps are the CGEurope-R and EDIP 
models. These models are developed during REFIT project. Gaps 1 – 2 will be computed by 
CGEurope-R (described in this report) and gaps 3 – 7 by EDIP (described in deliverable 4.2).  

In this report we describe the innovations contained in CGEurope-R model developed in the 
REFIT project, compared to the CGEurope model version included in TRANS-TOOLS package. 
The two main innovations are:  

1) allowing for labour market response to transport policies; 

2) incorporating the investment theory into an operational dynamic modelling approach. 

In chapter 2 we provide an overview of the REFIT methodology for assessing Sustainability of 
Transport policies, which shows the outcome of the earlier conceptual work of the project. This 
chapter is identical in most other reports of WP 3 – 5 but is added for completeness. 

In chapter 3 we give an overview how imperfect labour markets and dynamics are treated in 2 
other models that have also been widely used in transport policy evaluation, SASI and ASTRA. 
We show the advantages of CGEurope approach with regard to the other models, for the goals of 
the assessment of regional economic effects of transport policies. 

 



Contract No. TREN/06/FP6SSP/S07.56190/022578 – REFIT 
Refinement and test of Sustainability indicators and tools with regard to European Transport policies 
 

_________________________________________________________________________________________ 
Deliverable 3.2: Assessing the economic dimension of sustainable transport policy: an overview 
Final version February  2 
 

0.1. The CGEurope model with unemployment 

In chapter 4 we present the extensions to the CGEurope model, the first being the model includ-
ing imperfect labour market. In the basic CGEurope model labour effort is a part of regional 
composite factor service and so is assumed to be fully-employed, labour market being cleared by 
a flexible wage. Of course, this is an extremely unrealistic representation of European regions. A 
more realistic approach, which should also be more interesting for the policymakers, is to intro-
duce imperfect factor markets to reflect stylised facts in most industrialised countries.  

We take the approach of an empirical wage curve suggested by Blanchflower and Oswald 
(1994). The wage curve is an estimated relationship between real wage and unemployment rate, 
such that a marginal rise in unemployment leads to a corresponding marginal fall in the level of 
wages. The interpretation is that unemployment is a discipline device: when it is high the gener-
osity of workers remuneration can be low.  

The key parameter is the unemployment elasticity of pay, which has already been estimated for 
many countries. We surveyed this rich literature and picked up the most consistent estimates. 
The values for the elasticities range from –0.52 for Latvia to –0.02 for Denmark. However, a lot 
of estimates lie close to –0.1, a remarkable similarity discovered by Blanchflower and Oswald. 
The wage curve tends to be flatter in developed countries with highly regulated contract systems, 
while allowing for more wage adjustment in the former socialistic countries. 

An additional feature of the model with unemployment, in comparison with the basic model, is 
an assumption that a certain fraction of regional factor stock is mobile internationally. This is of 
course also a well-established stylized fact about European economy. Mobile factor can move 
(following higher return) to other regions. We assume that there is a single rental clearing the 
market for this homogeneous factor. The total stock of mobile factor is assumed to be fixed. The 
share of this mobile factor will be approximated by the regional capital share, for the lack of 
other reliable information. 

 

0.2. The dynamic CGEurope model 

As the policymakers might also be interested in the time paths of the policy effects, in chapter 
4.2 we formulate the model incorporating forward-looking dynamics. The complexity of the sys-
tem requires us however to be prepared to replace this set-up with a formulation with less de-
manding recursive dynamics, if the numerical solution proves to be unfeasible. 

The key elements of the formulation of dynamic model are the assumptions about intertemporal 
behaviour of firms and households. The households are assumed to maximize the present value 
of their lifetime utility subject to the budget constraint, expressed as a savings accumulation rule: 
savings would remain constant, if the household just consumed its wage income. The source of 
the intertemporal optimisation is the trade-off that individuals have about consumption today 
versus saving and consuming later. The solution of household’s optimisation problem leads to 
the so-called Keynes-Ramsey rule, which shows how the behavioural parameters (the elasticity 
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of intertemporal substitution and the rate of time preference) determine the pattern of consump-
tion and its evolution over time 

The firms do investment, because the capital stock is subject to depreciation and has to be re-
newed. In our case the firms also face an intertemporal trade-off because investment is costly, 
the so-called adjustment costs have to be borne every time the investment is made.  For the mul-
tiregional model, this specification prevents investment to jump immediately to the place with 
the highest rate of return. The solution of the firm’s optimisation problem leads to several impor-
tant conditions.   

These conditions have an intuitive interpretation. One says that the rate of investment is increas-
ing in the relative price of installed capital, showing the more inertia, the bigger the adjustment 
cost. Second is the non-arbitrage condition in the capital market, saying that investment in any 
regional stock earns just zero pure profit in present values. The third is marginal factor pricing 
for labour, which in our Cobb-Douglas production function specification means that labour earns 
just the fixed share in the output value. 

The listed optimality conditions for household and firms, together with the market clearing con-
ditions and the definitions of price indices fully specify the dynamic system. The next step is to 
derive the steady state of this system, provided it exists. In a steady state, all variables grow at 
constant rates that are homogeneous across regions. We can show that for our model such a 
steady state in fact exists, by setting up a system of linear relations between growth rates that 
have to hold in the steady state.  

This gives us a dynamic equations system converging for a stationary state, if the non-
predetermined variables (stock prices and consumption levels) are chosen such that the system 
approaches its stable saddle path. Mathematically we have a two-point boundary value problem 
for a DAE (differential algebraic equation system), which in principle can be solved numerically. 
We do not yet know, however, if for the very large system the solution is manageable. So far, we 
have only produced experimental examples of time paths, and we have solved for steady states 
for different scenarios of infrastructure. Results are described in section 0.4. 

 

0.3. Model data 

The model is calibrated on the year 2020. The source of national accounts and international trade 
data for 34 European countries is the GTAP Version 6 Data Package, with base year 2001. This 
source ensures consistency between data on value-added structure, GDP, and trade structure. In-
formation on regional level is taken from REGIO database of EUROSTAT with the same base 
year. The important indicators taken from this source are regional GDP, area, population, and 
unemployment rate. We also need data on transport distances between all the regions in order to 
calibrate interregional trade matrix. These data are calculations of transport costs (in minutes), 
based on the network database of Spiekermann and Wegener (used in IASON project, see 
Bröcker et al. (2004)). For calibrating the model for the year 2020, GDP and population growth 
projections by the European Commission were used for the EU countries, and the growth rate 
estimates from the PRIMES project (Capros et al. (1999)) for the non-EU countries. The matrix 
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of mark-up factors for international trade is determined during the calibration of the interregional 
trade matrix based on the 2001 national accounts data. They are calculated such that the ob-
served international trade flows equal the corresponding aggregates of trade flows between the 
regions of the two respective countries. For the year 2020 we set them such that the impediments 
to trade within the group of new member states and between EU-15 and the new member states 
in our scenario year 2020 will on average be equal to the average of the impediment to trade 
within the old 15 EU member states in 2001. 

 

0.4. Test policy scenario runs 

In our experiment for year 2020, we consider a scenario in which priority projects of the TEN 
programme (see ESPON (2004)) for road and rail will be realised. Figure 0-1 shows the basic 
model prediction for the spatial welfare changes of the regional households, generated by install-
ing the respective links and thereby reducing the costs for transferring goods between regions. 
Utility changes of household come from the production side and the consumption side. On the 
production side, a better access of firms to input and output markets for tradables increases the 
factor return, thus bringing a higher income to the household. On the consumption side, a better 
access to the supply of tradables reduces prices and increases the available product diversity. The 
utility need not increase everywhere, however; a region making only little use of a new link but 
trading intensively with those regions making much use of it could suffer from the fact, that de-
mand for its output will shift away to other, more accessible places. Our empirical results con-
firm that these effects do exist (in the regions outside the EU), but they are generally small. 

As one can see from the map, the biggest impacts of this scenario mainly follow the track of the 
new infrastructure. The effects of individual projects are present in relatively few regions. Some 
areas benefit relatively more than the others, the biggest winners being the regions in southern 
Spain, southern Italy, Greece, Ireland, Sweden, Bulgaria, and Poland. The overall effect of the 
infrastructure package is moderate, a benefit of 0.32 % of GDP for the EU27. The cohesion indi-
cators (correlation between the GDP per capita and the policy effect) show that the impact of the 
scenario is pro-cohesive for EU-15 and EU-27. However, it shows an anti-cohesive tendency 
within the new member states, an effect that may stem from the fact that the newly added pro-
jects mainly connect the capitals and thus the more well off regions of Eastern Europe. 
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Real income effects,%
-0.073 - 0.061
0.061 - 0.134
0.134 - 0.227
0.227 - 0.366
0.366 - 0.565
0.565 - 1.553

 

Figure 0-1. Prediction of welfare effects for 2020 by the basic model. 

Introduction of the factor mobility does not seem to change the spatial distribution of welfare 
effects in an important way (see Figure 0-2). However, important distinction must be made be-
tween the effects on real income (welfare) and real GDP (factor income) in the region. In the ba-
sic model these are virtually the same, because the only difference between regional income and 
GDP, the international transfers, are fixed in real terms. In case of the model with mobile factor, 
however, regional income contains an additional amount of capital income, which is not fixed. If 
the amounts of mobile factor moving internationally are small (as is the case in our experiment), 
the loss of some domestic factor income and the gain from foreign factor ownership roughly 
cancel out, and the welfare response stays close to the prediction of the basic model (correlation 
99.9%, slope equal to 0.98). The GDP response, however, must be different, reflecting the effect 
of factor movements. The size of this effect depends on the underlying share of mobile factor 
income in GDP. 
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Real income effects,%
-0.102 - 0.037
0.037 - 0.112
0.112 - 0.211
0.211 - 0.37
0.37 - 0.61
0.61 - 1.568

 

Figure 0-2. Prediction of welfare effects for 2020 by the model with mobile factor. 

Further extending the model to allow for labour market imperfection appears to be important 
also for welfare effects prediction (see Figure 0-3). The range of predicted values expands nota-
bly in comparison to the basic model, and thus also in comparison to the model with factor mo-
bility only. In Figure 0-4 we show the unemployment responses of the model. The results of the 
extended model run are summarized in the following table: 

Indicator Max Mean 
(EU27) 

Mean 
(NMS12) Min 

Welfare response, % 2.5 0.32 0.62 -0.16 

Real GDP response, % 4.6 0.49 1.05 -0.41 

Employment rate response, 
percentage points 

2.6 0.23 0.43 -0.15 

 

Table 0.1. Summary of results: model with wage rigidity 
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Real income effects, %
-0.156 - 0.123
0.123 - 0.246
0.246 - 0.413
0.413 - 0.777
0.777 - 1.474
1.474 - 2.518

 

Figure 0-3. Prediction of welfare effects for 2020  by the model with rigid wages. 

Unemployment rate
response, % points

-2.567 - -1.156
-1.156 - -0.504
-0.504 - -0.261
-0.261 - -0.134
-0.134 - -0.047
-0.047 - 0.154

 

Figure 0-4. Prediction of unemployment effects for 2020  by the model with rigid wages  
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The output of the static model is a change in the regional welfare measure due to the implemen-
tation of an infrastructure project. For the dynamic model, a true welfare measure should be 
based on the whole time path of the model variables. However, for the first approximation, one 
can calculate the steady state of the system once assuming an infrastructure project in place and 
once leaving it out, and then compare the values of real GDP by region between the two situa-
tions. The resulting measure of change of real GDP can then be compared to the output of the 
static model in terms of magnitude and regional pattern.  

Real GDP effects, %
-0.177 - 0.021
0.021 - 0.079
0.079 - 0.129
0.129 - 0.196
0.196 - 0.284
0.284 - 0.402
0.402 - 0.646
0.646 - 1.016
1.016 - 1.691
1.691 - 3.554

 

Figure 0-5. Comparative steady-state analysis, real GDP 

Figure 0-5 shows the results of calculations described above, that is the comparison of two 
steady-state solutions, one with and without the project package in place. The scatter plot in Fig-
ure 0-6 shows that for the long run we get almost the same results as from the comparative-static 
version with mobile capital. As we do not allow for rigid wages in the dynamic version, the dia-
gram plots the comparative steady-state effects against comparative-static effects in a static 
model version with mobile capital, but full wage flexibility. 

This close similarity proves that the long term result of dynamic adjustment can very well be ap-
proximated by a static model with a mobile and instantaneously adjusting capital stock, even 
though the static model is from a theoretical point of view less convincing than the dynamic one. 
We take this close approximation as a good argument to justify statics as a shortcut giving reli-
able results without the complications of dynamic modelling. 
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Figure 0-6. Real GDP effects, comparative-static versus comparative steady-state 

 

0.5. Conclusions 

In the first part of the modelling work we have extended the CGEurope model by introducing 
regional employment response to infrastructure development in Europe, as well as a certain de-
gree of factor mobility. Labour market was modelled by specifying a wage curve for each region 
in the study area. The results of our numerical experiment suggest that introduction of mobile 
factor creates a wedge between welfare and real GDP effects, if the income of factor employed 
in the other regions is repatriated to the region of origin. The size of the wedge depends on the 
share of mobile factor in the total value added. Introduction of wage rigidity using the elasticity 
estimates from the wage curve literature scales the predicted welfare effects in our experiment 
upwards by a factor of 2.0. We interpret this value as a sign of importance of imperfect labour 
market modelling for applied policy analysis.  

As the second part of modelling work we have specified the dynamic model using the key ele-
ments of modern investment theory and made preliminary calculations using the steady-state so-
lution of the system. The results show expected spatial pattern of the policy impacts and are 
highly correlated with the results from the basic static model with a mobile factor.  

Further work will focus on receiving the time paths of the key variables from the full dynamic 
model and running the actual policy scenarios. The results of this work will be described in the 
deliverables of work package 6. 
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1. Introduction 
1.1. The REFIT project 

The objective of the study is to provide a set of sustainability indicators for assessing the effect 
of various policies/packages of priority interest through state-of-art models at European scale. 
The objective is therefore to develop, test and validate a “modelling tools-based” methodology 
that produces data on a set of identified indicators and that enables ex-ante evaluation of the 
European Common Transport Policy considering the economic, environmental and social dimen-
sions of sustainability.  

Work Package 1 defined the ideal transport sustainability impact assessment framework and 
provided a list of transport sustainability indicators encompassing the economic, environmental 
and social impacts of transport policies. Work Package 2 developed the REFIT assessment 
framework of indicators and models that addresses sustainable development issues at European 
scale in their economic, environmental, and social dimensions. The assessment framework is de-
signed to link sustainability objectives and assessment methodologies with practical tools and 
indicators in the area of transport research. 

The aim of the subsequent REFIT work packages is to refine as needed the available indicators 
and to develop new economic, environmental and social modules fully linked with the existing 
pan-European transport models TRANS-TOOLS and TREMOVE. 

1.2. Objectives of WP3 

Work package 3 aims at quantifying the effects of transport policies on the economic indicators. 
A first overview of themes that will be addressed: 

• Accessibility and reliability 

• Transport operation costs 

• Productivity/ efficiency 

• Cost to the economy 

• Benefits to the economy  

Besides linking the existing three models to these themes, the work package will make a step 
forward in addressing the impacts of transport policy on:  

• spatial distribution of economic activity in Europe 

• (un)employment 

• fair pricing between the modes 

This will be accomplished by applying and improving the CGEurope model so that the economic 
impact of transport projects and modelling of feedback effects on freight and travel demand that 
occur due to regional growth can be assessed. The CGEurope model is developed to make fore-
casts for the economic growth at the regional scale with differentiation with respect to the impact 
on the economic sectors, using the scenario data of socio-economic or transport models, e.g. 
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SASI and SCENES or TRANSTOOLS, as input of the model. One of the main drivers of the to 
model is to assess the impact of a change in freight transport distances, costs and volumes as 
well as travel activity at the regional level, but also changes social cohesion between European 
regions can be analysed.  

1.3. Objectives of the report and report structure 

In the deliverable 3.1 the following gaps in the output of core models (TRANS-TOOLS and 
TREMOVE) were identified: 

8. Time paths of regional GDP and welfare effects 

9. Regional labour market response to transport policies 

10. The GVA of the transport sector  

11. The rate of unemployment in the transport sector  

12. The households’ consumption by household in transport sector, expressed as the share of the 
transport expenditure over the total of households’ expenditures. 

13. The business transport expenditure expressed as the share of the business transport expendi-
ture over the total of expenditures 

14. The policy effects on governmental taxes and subsidies by type 

The two models that are most suitable for calculating these gaps are the CGEurope-R and EDIP 
models. These models are developed during REFIT project. Gaps 1 – 2 will be computed by 
CGEurope-R (described in this report) and gaps 3 – 7 by EDIP (described in deliverable 4.2).  

In this report we describe the innovations contained in CGEurope-R model, compared to the 
CGEurope model version included in TRANS-TOOLS package. The two main innovations are: 
1) allowing for labour market response to transport policies; 

2) incorporating the investment theory into an operational dynamic modelling approach. 

In chapter 2 of this report an overview of the REFIT methodology for assessing Sustainability of 
Transport policies is provided. This chapter is identical in most other report of WP 3 – 5 but is 
added for completeness. In chapter 3 several existing economic models with focus on transport 
policy analysis are reviewed with the purpose of assessing their possibilities in part of modelling 
the imperfect labour market and accounting for dynamics. In chapter 4 the formulation of CGEu-
rope-R model is presented. Next two sections contain description of data sources and results of 
test runs. Section 7 concludes. 



Contract No. TREN/06/FP6SSP/S07.56190/022578 – REFIT 
Refinement and test of Sustainability indicators and tools with regard to European Transport policies 
 

_________________________________________________________________________________________ 
Deliverable 3.2: Assessing the economic dimension of sustainable transport policy: an overview 
Final version February  13 
 

2. Overview of the REFIT methodology for assessing  
 sustainability of transport policies 

2.1. Introduction 

This chapter is identical in most deliverables of WP 3-5 and is based on the deliverable D2.1. 
This chapter is included so this deliverable can be read independently from the other deliver-
ables. Those familiar with these deliverables mentioned can skip this chapter and continue read-
ing chapter 3. 

2.2. Conceptual framework for transport sustainability impact assessment  

Transport activities contribute to the formation of national income and wealth. They contribute 
also to the depletion of natural resources, for instance the energy consumed by the different 
transport modes, the land taken by road, rail, airports and ports infrastructures, etc. Transport 
emissions are one of the most important contributors to air pollution, particulate matter and CO2 
accumulation. Human capital is depleted as a consequence of road and other transport modes ac-
cidents, as well as of health damages caused by transport air and noise emissions. 

According to the general sustainability assessment framework based on the weak sustainability 
rule – presented in REFIT Deliverable D1.1 - the transport sustainability impact assessment can 
be done by identifying the specific contribution of transport to the process of total wealth 
formation and the correlated concept of genuine saving1. This is indeed the concept of trans-
port sustainability impact assessment presented in the diagram on the following page, reproduced 
from REFIT D1.1. At the core of the diagram, there is the “transport production function” which 
transforms inputs of resources – capital, labour, land, energy etc. – into outputs –i.e. transport 
services – in order to satisfy the mobility needs (both passenger and freight). The latter are influ-
enced by external developments – including for instance the ageing of population and the grow-
ing knowledge and leisure society - or policy trends as land use planning, integrated mobility 
demand management etc. The transport production function uses transport infrastructure and 
technologies that are subject to step changes depending on the flows of investments injected into 
the system and technological progress. The transport production function is also influenced by 
the existing regulatory framework. The output of the transport production function is the avail-
ability of transport infrastructure and the supply of transport services. 

The transport production sectors contribute to the formation of GDP, Gross National income and 
employment, as any other sector of the economy. Consumption of private and public transport 
services is also an important component of total consumption, and the deterioration of transport 
equipment and infrastructure is included in the consumption of fixed capital. Thus, transport con-
tributes firstly to the formation of gross and net national saving, the first components of country 
genuine saving computation.  

                                                 
1  The process of genuine saving computation is fully described in REFIT D1.1. 
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Then, continuing in the process of genuine saving calculation, the most relevant contribution of 
transport to the value of human capital is negative, i.e. the potential years of life lost due to the 
injuries and fatalities caused by transport accidents. Going downward in the computation proc-
ess, transport is clearly a key consumer of energy and land resources, and a major source of pol-
lutants and CO2 emissions.  

According to the proposed concept, an ideal transport sustainability impact assessment would 
require to consider for each EU country the genuine saving calculation process, and to enucleate 
the contribution of transport to the various steps, as summarized in the following table adapted 
from World Bank (2006). 

Fig. 2.1 Concept of transport sustainability impact assessment 
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2.3. The operational framework 

The REFIT operational framework is aimed at producing a set of forecasting indicators for the 
assessment of European Transport Policies. The starting point is the definition of the policy 
packages, intended as an aggregation of individual policy measures, which constitute the input 
for the modelling tools, under form of assumptions on the value/state of a set of variables (the 
policy leverages of the models). The modelling tools are formed by the core models and the ad-
hoc models: the core models simulate the change induced by a policy package on a wide range 
of variables and produce a set of data which are either the input of the three ad-hoc models, 
which in turn produce the sustainability indicators respectively for the economic, environmental 
and social dimension, or are directly used to compute indicators.  
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The core models are the two European based models TRANS-TOOLS2 and TREMOVE. Ad-hoc 
models will be developed to analyse specific aspects, which are not addressed by the core mod-
els in sufficient detail; these have the twofold aim of extending the quantification of (indirect) 
policy effects with reference to specific domains and processing direct outcome of the core mod-
els to produce indicators. Indicatively: 

o the economic module will consider the linkages between transport and economy, mainly 
in terms of the effects of transport policy measures on economic variables like GDP or 
employment; 

o the environmental module will be focused on health impacts of air-pollution and traffic 
noise; 

o the social module will consider the effects of policies on the social side, addressing as-
pects like distribution of costs and benefits. 

The main role of the modules is to produce sustainability indicators to provide synthetic meas-
ures of the effects of transport policy packages on given domains like economy and environment. 
Indicators will be policy sensitive in the sense that their ingredients will include variables whose 
value is affected by the implementation of policy packages. The effect of specific measures will 
be generally reflected by a change of the value or one or more indicators. 

Figure 2.2 shows the main components of the operational framework. It includes four main ar-
eas, which are described in some detail below. 

                                                 
2 Note that the operational framework is valid also if other transport models are applied instead of 
TRANSTOOLS. In this case, the economic model of TRANS-TOOLS, CG-Europe, should be considered 
separately 
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Fig. 2.2 The REFIT operational framework 
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2.3.1. The “Policy Packages” area 

The first area includes the leverages that will be used to design the policy packages. These lever-
ages act on two main domains. On the one side, leverages may modify the regulatory framework 
of the transport system. The term “regulatory” is used here in a wide sense to include not only 
elements like market regulation (e.g. open rail market to competition) but also measures which 
affect directly transport costs like road pricing or environmental taxation, etc. On the other side, 
policy packages can include measures concerned with the ‘hardware’ side, that is the improve-
ment of infrastructures (e.g. the implementation of new roads and rails on TEN corridors) as well 
as the technological development (e.g. reduced emissions of pollutants from transport modes). 
From a conceptual point of view, having in mind the conceptual framework developed in Work 
Package 1 and summarised in paragraph 2.1, the definition of a policy package implies a “change 
of assets” which might be either positive (the creation of new assets, e.g. new transport infra-
structures) or negative (resource consumption, which is a reduction of assets). The Policy Pack-
age area provides inputs to the core and ad-hoc models of the “Transport System Operation” box 
within the System Analysis area. 

2.3.2. The “Systems Analysis” area 

This area is the ‘engine’ of the operational framework, where the input defined in the Policy 
Package area are translated into raw output which will serve to compute the indicators. The main 
element in this area is the “Transport System Operation”, which includes:  

• the core models, TRANS-TOOLS and TREMOVE, and  

• the ad-hoc models, which produce sustainability indicators respectively for the economic, 
environmental and social dimension. 

The components of the transport system operations are described in chapter 3. Another compo-
nent of this area is the definition of the “Exogenous development”. It includes all those trends 
which are relevant to define the mobility patterns although these are not part of the transport sys-
tem (e.g. economic growth, population development, etc.) and also out of control of the Euro-
pean transport policy maker. Assumptions concerning such exogenous elements enter as input in 
the modelling tools and allow them to provide forecasts about the development of transport de-
mand and its effects.  

2.3.3. The “Indicators Processing” area 

The System Analysis area produces a wide range of quantitative results. Such results are trans-
ferred to the Indicator Processing area for the calculation of the sustainability indicators. The in-
dicators are grouped by topic according to the classification given in Work Package 1: transport 
system operation indicators, transport economic impact indicators, transport environmental indi-
cators and transport social indicators. In some cases, the modelling output will be directly trans-
lated into indicators while in other cases additional processing will be needed. Therefore, even if 
the ‘heart’ of the quantification of impacts of the policy packages is in the System Analysis area, 
the Indicator Processing plays a key role as well. The indicators produced will provide the basis 
for the assessment phase carried out in the last area of the operational framework. 
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2.3.4. The “Assessment” area 

The Assessment area is the place where the indicators developed in the previous steps of the op-
erational framework can be used to derive a final response concerning the impacts of the trans-
port policy packages on the sustainability. In REFIT is explicitly recognised that the measure-
ment of the impacts of transport policy requires a multidimensional approach. Therefore differ-
ent domains (economy, environment, society) are considered and within each domain a wide 
range of indicators is available. The Assessment area addresses the task of using the whole set of 
indicators in order to obtain a synthetic measure of sustainability.  

However, this issue has not a neutral solution. The objective of REFIT is not to suggest to use 
one methodology instead of another one, but to provide the elements required for applying alter-
native methods. The choice of the methodology is left to the applications of the framework. 

So, in this area the values of the indicators are first collected from the different tools and made 
available in a coherent form (e.g. in terms of geographical scope and segmentation). Secondly, 
alternative paths for the overall sustainability assessment are indicated to the user in terms of 
rules for indicators selection, weighting, aggregation, etc. In doing so, for some methodology it 
is also indicated which additional information are required (e.g. to perform a Cost-Benefit 
Analysis, exogenous data about the cost of implementing the measures is needed as well as a full 
estimation of changes on the travel time side). As a preliminary step for the policy assessment, 
an operational tool made under the form of excel worksheet has been proposed. 

2.4. The modelling tools in the REFIT framework 

2.4.1. The TRANS-TOOLS model 

TRANS-TOOLS is a European transport network model covering both passenger and freight, as 
well as intermodal transport3. The TRANS-TOOLS model is made of different modules, which 
exchange information according to a sequential approach, i.e. the origin/destination matrix pro-
duced by the passenger model is transferred to the modal split model, etc.. Feed back effects are 
taken into account, i.e. transport costs and times produced by the assignment model are fed back 
to the modal split model. The main sub-models are: 

• Freight demand model 

• Passenger demand model 

• Assignment model 

In additions to these main elements of the model system, the TRANS-TOOLS Model also in-
cludes a regional economic model based on CGEurope and impact models. The different models 
are linked applying a number of conversion routines. The principle of the model in overview is 
illustrated in Figure 2.1. The model framework allows feedbacks between the sub-models to 
achieve equilibrium between supply and demand. 

 
                                                 
3 The project has been developed within the 6th Framework Program RTD for the Directorate General for 
Transport of the European Commission. 
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Figure 2.1 Overview of the TRANS-TOOLS model.  
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2.4.2. The TREMOVE model 

TREMOVE is a transport and emissions simulation model developed for the European Commis-
sion.  It is designed to study the effects of different transport and environment policies on the 
emissions of the transport sector.  The model estimates the transport demand, the modal split, the 
vehicle fleets, the emissions of air pollutants and the welfare level under different policy scenar-
ios.  All relevant transport modes are modelled, including air and maritime transport.  The model 
covers the 1995-2020 period, with yearly intervals.   

TREMOVE predicts the overall emissions from the transport sector in different policy scenarios. 
The strength of the model is that it also enables to assess the effects of environmental policies on 
future vehicle fleets and on overall transport demand and its modal split.  The calculated welfare 
effect of a policy then is not only determined by technology costs and emission reductions, but 
also by effects on household mobility, industry logistic processes and government tax income 
from the transport sector. 

TREMOVE consist of 21 parallel country models, and one maritime model. TREMOVE consists 
of three inter-linked ‘core’ modules: a transport demand module, a vehicle turnover module and 
an emission and fuel consumption module, to which we add a welfare cost module and a life cy-
cle emissions module.  

An overview map can be found in the next figure. 
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2.5. Stepwise procedures for the evaluation of economic dimension using the 
REFIT framework 

Following a classification developed in the ASSESS project (see Martens et. al., 2005) and 
adopted also in TRANS-TOOLS (Burgess et. al., 2006), transport policy measures can be classi-
fied into three main groups: 

1. Measures whose direct impacts can be simulated in the REFIT framework (e.g. infrastructure 
charging can be directly coded in the TRANS-TOOLS model); 

2. Measures whose impacts can be simulated only indirectly in the REFIT framework (e.g. lib-
eralisation is expected to modify transport costs and only such modifications – quantified 
exogenously – can be coded in the models); 

3. Measures whose impacts cannot be simulated by the REFIT framework (e.g. the regulations 
concerning safety of third countries aircraft is out of the domain of all modelling tools in 
REFIT). 

Thus, a preliminary condition for using the REFIT models to compute indicators is to select the 
policy measures properly, i.e. those that can be dealt with in modelling terms. The modelling 
tools within the REFIT framework can be better applied for assessing measure ‘packages’ rather 
than single measures. Packages consist of more measures considered at the same time so that the 
input for the models (e.g. variation of costs for a given mode) is the sum of the single measures. 

As far as policy packages involve several measures affecting the transport sector, their simula-
tion requires to use all modelling tools in a co-ordinated way. Even if one simple measure is 
modelled, so that input could change in one model only, all tools are needed in order to compute 
all indicators required for the assessment. The models are independent tools, but a coherent 
simulation of policy scenarios requires that inputs are consistent across the models. Figure 2.4 
provides a synthetic view of data flows between models.  

Figure 2.4 Data flows within the TREMOVE modelling framework  
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A set of tables presented in deliverable D1.2 identify which modelling variable(s) are chosen to 
compute each indicators. In most of the cases, the correspondence between the indicator and the 
modelling variables is straightforward. In some cases, however, the indicator is not a direct out-
put of the models, so further work is required. 

In order to use different indicators for the assessment, all of them should be computed with the 
same geographical detail. The following two levels approach will be followed: 

- At the first level all indicators which can be computed from modelling outputs are produced 
for each country; 

- At the second level transport system operation indicators and environmental indicators are 
produced for the three region types: metropolitan city, other cities, non-urban. 

In deliverable D2.1 chapter 4 the above figure and the way to calculate several important indica-
tors is discussed in more detail.  
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3. Review of existing models for transport policy analysis 
In order to allow for assessing relative strengths and possibly also certain weaknesses of the new 
CGEurope-R, we give a short review of two prominent alternative models for transport policy 
evaluation, that have been used extensively in a series of projects on the EU level, SASI and 
ASTRA. SASI is a natural case to compare with CGEurope, as it is to our knowledge the only 
alternative model allowing like CGEurope to predict transport policy impacts on a detailed re-
gional level. The purpose of ASTRA differs considerably from that of both, CGEurope and 
SASI, und we thus only briefly compare its philosophy of modelling dynamics with that applied 
in CGEurope-R. 

We neither try to give a full description of these models, nor do we intend to evaluate fully their 
respective advantages or shortcomings. The purpose is rather to have a look at these models un-
der a specific perspective, namely to study their respective ability to give a reliable account of 
the factor market impacts of transport policy. The extension of the existing CGEurope model to 
CGEurope-R within the REFEIT-Project focuses on factor market impacts of transport policy. 
First, it models employment effects taking imperfections on the labour market into account. Sec-
ond, it models the response of the capital market. The latter has two dimensions, the spatial and 
the temporal dimension. The spatial dimension means that, as a response to factor price changes 
implied by transport policies, capital will move between locations, while the time dimension 
means that saving and investment will react and induce a shift in the time path of capital accu-
mulation. CGEurope-R aims to perform these tasks in a theoretically consistent framework that 
is deeply rooted in modern microeconomic theory and that is consistent with the methodological 
background of cost-benefit analysis. We claim that the alternative approaches, useful as they are 
for many purposes, cannot offer this degree of theoretical consistency. 

3.1. The SASI model 

The SASI model has been developed in the SASI project (funded by the 4th framework pro-
gramme)4. It was applied and extended for policy impact assessment in various research projects, 
e.g. the IASON project and also ESPON projects 2.1.1 and 1.1.3. The following short description 
of the SASI model is taken from the ESPON final report (ESPON (2004)).  
 
The SASI model is a recursive simulation model of socio-economic development of regions in 
Europe subject to exogenous assumptions about the economic and demographic development of 
Europe as a whole and transport infrastructure investments and transport system improvements, 
in particular of the trans-European transport networks (TEN-T) and TINA networks. For each 
region, for example for the IASON projects and the ESPON 2.1.1 project these were 1372 re-
gions dividing the EU on NUTS-3 level, the model forecasts the development of accessibility 
and GDP per capita.  
 
The main concept of the SASI model is to explain locational structures and locational change in 
Europe in time-series/cross-section regressions, with accessibility indicators being a subset of a 
range of explanatory variables. Accessibility is measured by spatially disaggregate accessibility 
indicators. The focus of the regression approach is on long-term spatial distributional effects of 

                                                 
4 For details, see http://www.srf.tuwien.ac.at/Projekte/sasi/sasi.htm and http://www.raumplanung.uni-
dortmund.de/irpud/pro/sasi/antw.htm 
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transport policies. Factors of production including labour, capital and knowledge are considered 
as mobile in the long run, and the model incorporates determinants of the redistribution of factor 
stocks and population. The SASI model models not only production (the demand side of regional 
labour markets) but also population (the supply side of regional labour markets) and so is able to 
model unemployment. A second distinct feature is the dynamic network database based on a 
'strategic' subset of highly detailed pan-European road, rail and air networks including major his-
torical network changes as far back as 1981 and forecasting expected network changes according 
to the most recent TEN-T and TINA planning documents. 

The focus of the regression approach is on long-term spatial distributional effects of transport 
policies. Factors of production including labour, capital and knowledge are considered as mobile 
in the long run, and the model incorporates determinants of the redistribution of factor stocks and 
population, though only population and labour force is treated explicitly, while movement and 
accumulation of capital does not explicitly appear in the model. It is just assumed that factor 
stocks adjust in the course of time in the way prescribed by the regression equation.  

We first discuss the GDP impact predicted by the SASI model. In the IASON (see deliverable 6, 
Bröcker et al. (2004)) and ESPON projects predictions of SASI and CGEurope on GDP impacts 
of infrastructure investment scenarios have been compared. The spatial distribution of the im-
pacts turned out to be similar, but the levels of impacts were much bigger for SASI than for 
CGEurope, in fact up to ten times bigger. The impact estimates of the old static CGEurope are 
likely underestimated, because factor stocks are held fixed in that model. The endogenous reac-
tion is confined to trade flows, goods prices and factor prices as well as output. The latter can 
respond however only within the limits allowed by substitution between factors and intermediate 
inputs, given the existing factor stocks. This restriction is justified as long as welfare evaluations 
are the main focus. If one is however interested in labour market and long term GDP reactions of 
the economy, the fixed stock assumption is clearly not justified and leads to underestimation of 
the effects, as will be shown below. Hence, within the REFIT project we aim at fixing this short-
coming. 

On the other hand, the SASI estimates seem to be largely overestimated, because the regression 
on which the predictions are based attributes too much spatial variation of GDP per capita to the 
spatial variation of accessibility. If the regression coefficient representing the impact of accessi-
bility on GDP is overestimated, then the predictions regarding impacts of accessibility changes 
on GDP are overestimated as well. There are in fact good reasons to believe this coefficient to be 
overestimated. Though the regression estimate pools cross section and time series data, it is not a 
panel approach. There are no fixed regional effects, such that all effects of omitted explanatory 
regional variables that correlate with accessibility are erroneously attributed to accessibility. 
There is in fact too little time variation in the data to allow for catching these influences by re-
gional fixed effects. There is no doubt that market accessibility is one, but by no means the only 
factor explaining the centre-periphery pattern of GDP per capita in Europe. Omitting other caus-
ing factors biases the regression coefficient for accessibility upwards.  

Another econometric problem pointing into the same direction is the causality issue. The causal-
ity between transport infrastructure and GDP goes both ways: improving the infrastructure may 
trigger economic growth, but growth also generates infrastructure needs leading to more infra-
structure supply. To identify causality also requires extensive time series that are not available in 
a sufficient quality. One thus is forced to suspect that the assumed impact of accessibility on 
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GDP represented by the regression estimate partly expresses the reverse effect and thus must not 
be taken at face value for a predictive model. 

The other critical point to be discussed is employment and unemployment predictions of the 
SASI model. The approach is to combine two completely independent predictions, one for labour 
demand, the other for labour supply, and to interpret the difference of both as a prediction of un-
employment. This is not convincing. The labour market is a market, though an imperfect one. 
Hence, supply and demand are interdependent. There are quantity as well as price responses of 
both sides of the market, that have to be modelled explicitly, how simple ever this may be done. 
Furthermore, the labour demand prediction is extremely simplistic: labour demand is derived 
from the GDP prediction, combined with an exogenous prediction of productivity. There is no 
room for wages having any impact on labour demand. Hence, without any wage responsiveness 
by assumption, obviously the model tends to overestimate long run imbalances on the labour 
market. Furthermore, the objections against validity of the GDP predictions imply that the result-
ing predictions of labour demand must also be seen critically, even if the exogenous develop-
ment of the GDP-employment ratio is accepted. 

3.2. The ASTRA model 

ASTRA is not a single model, but rather a platform controlling the interaction between a series 
of models: 

• a macro model predicting the time path of GDP for zones comprising several countries 
within the EU (MAC), 

• a regional and land use model (REM), 
• a transport module (TRA), 
• and an environmental evaluation module. 

The individual models interact in a way that is called system dynamics, which actually just 
means to iterate a system of difference equations making the state of one sub-model in period t 
depend on the state of one or several other sub-models in the previous period t – 1. 

The idea of this kind of dynamic interaction being some type of meta-science that can unite het-
erogeneous fields of science has never gained support in the economics profession. Economists 
have a strong belief in the idea of a simultaneous equilibrium, be it of the static or dynamic kind. 
Even if one does not accept the proposition that prices equilibrate all markets at any time, the 
role of prices as an equilibrator in the long run can hardly be denied. Approaches modelling dy-
namic interdependence between quantities such as output, demand, employment et cetera with-
out assigning a prominent role to the price mechanism – at least in the long run – are hard to ac-
cept. 

Since the rational expectation revolution most economists are also generally sceptical against 
dynamic specifications that are entirely “backward looking”. Even if one thinks that the idea of 
rational expectation or perfect foresight goes too far, at least some degree of “forward looking” 
behaviour of the agents in an economy should be incorporated in a modern style dynamic ap-
proach. The dynamic version of the new CGEurope-R does just this: it incorporates forward-
looking behaviour into the derivation of saving and investment decisions. In this respect CGEu-
rope and ASTRA follow completely opposite philosophies; we believe the attempt to build the 
dynamics on modern microeconomic theory in a dynamic environment is a step to bring applied 
transport modelling closer to the research front in theoretical and empirical economics. 
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Among the sub-modules of ASTRA, only the regional and land use model (REM) is directly 
comparable to CGEurope. This sub-model is based on the MEPLAN approach developed in the 
eighties (Echenique (1985), Hunt (1993)). It combines regional production, interregional trade 
and goods transport within one modelling approach. The theoretical kernel is the traditional Le-
ontief type input-output analysis. In a sense, input-output analysis is the forerunner of modern 
computable equilibrium analysis. Due to limited computational capacities at the time, it has 
however two fundamental and related shortcomings: first, input coefficients are fixed, not react-
ing on relative prices, and second, the approach is demand driven, having severe difficulties in 
handling supply restrictions or any economic impact which originates on the supply side of the 
economy. 

Modern computable general equilibrium (CGE) analysis takes up the idea of mutual interde-
pendence of all sectors of the economy put forward by old input-output analysis, but it replaces 
the fixed coefficient assumption by price responsiveness of input-output relations. This does not 
only lead to higher flexibility in mimicking real adjustment processes, it also allows for both 
sides of the market, supply and demand, coming to their full right. Naturally, prices play the 
main role in equilibrating the markets in this approach. Furthermore, one also can take full ac-
count of all monetary flows between sectors in the economy and the budget constraints of all 
representative agents (households, firms, state budgets). CGEurope is, as its name indicates, 
based on this theoretical approach, und may thus be seen as an attempt to bring ideas set up in 
the MEPLAN approach closer to the standards of modern micro-founded computational eco-
nomic modelling. 
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4. CGEurope model improvements 
4.1. Introduction: Policy evaluation in a static and in a dynamic framework 

CGEurope is designed for policy evaluation. The purpose of an evaluation model is to assess the 
policy impact by comparing two worlds; one without the considered policy measures being in 
place, and the other with these measures being fully effective. We call the “without”-world the 
benchmark and the “with”- world the alternative. What a benchmark or an alternative is depends 
on whether the evaluation model is static or dynamic. 

In a static model the benchmark is the state of the world at a certain point in time for the “with-
out”-situation. The alternative is the state of the world at the same point in time for the “with”-
situation, assuming the respective policy to be already fully effective at that point in time. In the 
static evaluation to be presented below this point in time is the reference year 2001. Instead of 
being a year in the past, this point in time can also be a future year. In the latter case one first has 
to predict the benchmark for the future year, before the evaluation model can be applied. Though 
CGEurope can help to make such a prediction in a consistent way, this is not the genuine pur-
pose it is made for. 

 Evaluating a policy by comparing two states for one point in time by a static model is called 
comparative static analysis. Transition processes from the reference world to the alternative are 
not explicitly modelled. If the policy is for example to build certain rail or road links, then the 
benchmark is a world without these links, while in the alternative the links are assumed to be 
fully in use, all other exogenous variables and parameters of the model being unchanged. The 
economy is so to say assumed to jump from one state to the other at one moment in time. 

The old version of CGEurope as it existed before the REFIT project only allowed for compara-
tive static analysis of transport policies, and it did so applying rather restrictive assumptions re-
garding the response of factor markets to the policy. The new version, called CGEurope-R, 
comes in a static as well as in a dynamic version. The static version is still used for comparative 
static analysis, but with a revised design for modelling the factor market: we introduce mobile 
capital as well unemployment due to imperfections on the labour market. The revised static ver-
sion is described in more detail in the next Subsection 4.2., while technical details are relegated 
to an Appendix. In Chapter 6 we present example results of a comparative static transport policy 
evaluation, using the improved static version. 

As mentioned, the static framework neglects the time dimension of the adjustment process to an 
exogenous shock such as an exogenous policy change. This neglect is acceptable for adjustment 
of prices and production, consumption and trade quantities with a given fixed stock of produc-
tion factors in each region. If however capital stocks are variable, as we assume in the revised 
model, neglecting the time dimension could be regarded as problematic. Capital does not jump in 
the real world between locations, but relocation comes in the form of depreciation and low in-
vestment in some locations and bigger investment in others. Hence, capital stocks adjust only in 
the course of time. 

In its dynamic version, the new CGEurope-R developed within REFIT captures these dynamics. 
A dynamic framework allows to compare not just two states of the economy, but two time paths. 
In this case the benchmark is the time path that the economy would move along if the evaluated 
policy measures were not undertaken, while the alternative is a time path with the policy put in 
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place. Such a dynamic comparison is called comparative dynamic analysis. Instead of looking at 
the entire time path (which in fact means to present a huge lot of curves or tables) one may also 
look at the very end of the transition process, that is the path attained after all adjustment proc-
esses have petered out. This amounts to compare two long term time paths – so-called steady 
states of the economy – one representing the “without”-situation, the other representing the 
“with”-situation. This type of comparison is called comparative steady-state analysis. This is 
what we do in the presentation of an empirical example of transport policy evaluation in Chapter 
6. 

4.2. The static version of CGEurope-R 

4.2.1. Overview 

CGEurope is a computable general equilibrium model for a system of regions. For the study area 
the regions are NUTS2 and comparable regions, the rest of the world is one single big region, 
such that the model covers the whole world. Agents of the economy are firms and households. 
The state is not modelled as an own sector. State production is subsumed under the production 
sector; state consumption is subsumed under the household sector. Households maximise utility, 
firms maximise profits, all budget constraints of agents are fulfilled, and flexible prices make all 
markets (except the labour market, see below) clear. In other words, the model is a full-fledged 
microeconomic general equilibrium, with empirically calibrated parameters. 

Figure 1 is a scheme describing the flows of goods and factor services between the agents of the 
economy within a single region r as well as between this region and all other regions (called “the 
rest of the world”). The specification of the production and household sector as well as of the 
goods markets does not differ from the old CGEurope. We thus may refer to other publications 
for motivation of the design (e.g. Bröcker (2002)). What is new is how the factor markets for la-
bour and capital are handled. This affects the four flows plotted in red. They replace one single 
flow of factor service that in the old CGEurope flew from the regional household sector to the 
regional production sector.  
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Figure 4.1. The static version of CGEurope-R 

 

4.2.2. Model description 

We briefly describe the model in an informal way, beginning with production.  Firms in the re-
gion combine inputs, represented by the five arrows on the firms’ input side. Each arrow repre-
sents a flow of goods or factor services. Each has an endogenous price and is associated with a 
monetary flow (quantity times price) in the opposite direction. Firms combine non-tradables (that 
are themselves produced by firms in the region), labour, other immobile factors, a composite of 
tradable goods, and capital in a Cobb-Douglas production function. These combined inputs are 
either transformed under constant returns to scale into non-tradables that are sold to firms and 
households within the region, or into tradables. For providing an amount xi of a tradable variety 
i, firms need a fixed amount F of the combined input plus a variable amount axi , with a denoting 
the variable input per unit of output. The market for non-tradables is perfectly competitive, while 
monopolistic competition in the Dixit-Stiglitz style prevails in the tradables market. Firms pro-
duce not one single, but a whole set of product varieties. The number of varieties supplied by the 
region is endogenously determined by the free entry condition requiring market entry or exit un-
til firms can just cover their respective fixed cost by the monopolistic price mark-up. Households 
supply all three factors and spend their factor income on non-tradable goods as well as a com-
posite of tradables. 

Regarding the factor markets there are two innovations coming with the static version of  
CGEurope-R, one concerns the labour market, the other concerns the capital market. In the basic 
model labour effort is a part of regional composite factor service and so is assumed to be fully-
employed, labour market being cleared by a flexible wage. Of course, this is an extremely unre-
alistic representation of European regions. A more realistic approach is to introduce imperfect 
factor markets to reflect stylised facts in most industrialised countries. In order to allow for a gap 
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between supply and demand on the labour market, we need to relax a corresponding assumption 
of the neoclassical Walrasian model. We have to assume that adjustments are constrained by a 
certain degree of wage rigidity.  

A possible measure of wage stickiness was proposed by Blanchflower and Oswald (1994). In 
their study the empirical responsiveness of workers’ remuneration to the state of the labour mar-
ket is captured by the coefficient on log unemployment rate in an equation for log real earnings. 
A way to provide an intellectual rationale for the wage curve is by appealing to efficiency wage 
theory. The well-known characteristic of efficiency wage analysis is that firms set pay in an en-
vironment where the wage influences productivity. Shapiro and Stiglitz (1984) is an archetypal 
case. In equilibrium, firms try to maximize profits and workers choose how hard to work. If the 
costs of shirking at work are low, employees put in little effort. The outside rate of unemploy-
ment plays a role, because it determines the ease with which a fired worker can get another job. 
In a highly depressed labour market, employees are frightened of losing their jobs, and so put in 
high effort even if pay is comparatively low. Put differently, a marginal rise in unemployment 
leads to a corresponding marginal fall in the level of wages. The reason is that firms can reduce 
pay slightly while maintaining a motivated workforce. Unemployment is a discipline device: 
when it is high the generosity of workers remuneration can be low. Hence there is an efficiency 
wage interpretation of a negative dependence between wages and unemployment. 

Following Blanchflower and Oswald (1994), we replace the conventional labour supply curve 
with a regional wage-fixing curve: 

rr
r r

r

w u
G

ζ= ϑ , 

where in the left-hand side expression regional wage rw  is corrected for regional price index rG  
to give the real wage; rϑ  is the shift coefficient, corresponding to the regional dummy in the 
wage curve regression; ur is the regional unemployment rate, and rζ is the unemployment elastic-
ity of pay. 

 
Figure 4.2. Labour market response 

Real wage

Wage curveLabour demand

A
B

Employment Full



Contract No. TREN/06/FP6SSP/S07.56190/022578 – REFIT 
Refinement and test of Sustainability indicators and tools with regard to European Transport policies 
 

_________________________________________________________________________________________ 
Deliverable 3.2: Assessing the economic dimension of sustainable transport policy: an overview 
Final version February  31 
 

To see how the infrastructure policy imposes response in the regional labour market, consider 
Figure 2. In this example, improved accessibility increases demand for region’s output, causing 
regional factor demands to increase. Labour demand schedule shifts outwards, and the equilib-
rium moves from point A to point B. In contrast to fixed employment assumption, here only a 
part of adjustment is done by wages, the degree of rigidity set by the exponent appearing in the 
wage curve equation. The rest of adjustment is accomplished by the increase in employment 
level. 

Recent examples of application of wage curve equation in CGE modelling are papers by Roson 
(1997) on multisectoral model of Italy, and Annabi (2003) on theoretical modelling of different 
labour market regimes. 

A second innovation, in comparison with the basic model, is to assume that a certain fraction of 
regional factor stock is mobile interregionally as well as internationally. It can move (following 
higher return) to other regions. We assume that there is a single rental clearing the market for 
this homogeneous factor. The total stock of mobile factor is assumed to be fixed. The share of 
this mobile factor will be approximated by the regional capital share, for the lack of other reli-
able information. 

Because we allow the amount of mobile factor employed in the region, e
rK , to differ from the 

factor stock owned by the inhabitants of the same region, Kr, we need to take account of interre-
gional income flows. Thus, when calculating household income, besides the fixed transfer, the 
amount of rKK e

rr ⋅− )( must be added to regional GDP Yr (GDP being equal to employed factors 
income in the absence of taxes). Factor owners themselves, however, are assumed not to move 
between regions. For the lack of other information, Kr and e

rK  are assumed to coincide in the 
benchmark equilibrium. 

The full formulation of CGEurope model including these two extensions is given in Appendix A. 

 

4.2.3. Policy evaluation in the static framework 

As described in the introduction, a transport policy is analysed in the static framework by com-
parative static analysis. For getting the benchmark, the model is calibrated for a reference year 
(2001 in our case). To calibrate the model means to fix the free parameters such that the data of 
the reference year are reproduced as an equilibrium solution. The most important data to be re-
produced are the data on regional GDP, factor shares in income, unemployment and international 
trade. Each observation corresponds to a free parameter. Regional GDP and factor shares allow 
to fix the regional effective factor stocks, unemployment levels allow to fix the shift parameters 
of the wage curves, international trade flows allow to fix the international trade impediments, 
that are regarded as one trade cost component. Beyond these parameters there are more parame-
ters – in particular elasticities – that cannot be calibrated in this way. They have to be adapted 
from econometric estimates available in the literature. Chapter 5 documents the sources for the 
elasticities of the wage curve, which are decisive for the employment/unemployment response. 

For comparative analysis of a transport policy, an alternative equilibrium is calculated represent-
ing a situation after implementation of the policy, everything else unchanged. The transport pol-
icy affects the equilibrium through its impact on the cost of interregional trade. Building new 
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roads or rails lets the transport cost decline along certain links of the transport network. The di-
rect effect is to let prices at the origin of flows along these links increase, to let prices at the des-
tination decrease, and to let flows along these links increase. These direct effects then trigger 
down through the economy and eventually show up as employment effects, factor income effects 
and price effects for final goods consumed by the households. These ultimate effects are the ba-
sis for measuring the economic impact of the respective policy. 

As we now allow for capital mobility, one must carefully distinguish between regional GDP ef-
fects and regional real income or welfare effects. The difference between the two concerns the 
assignment of capital income to the regions. For calculating regional GDP effects, capital income 
is assigned to the region where capital is employed, while regional income or welfare effects as-
sign the capital income to the region where the capital is owned. As explained above, we assume 
ownership not to move with the capital. Theory suggests that GDP effects tend to have a bigger 
variance across space than income effects, because capital employed moves, while capital owned 
does not. This is in fact what comes out in the results presented in Chapter 6. 

In Chapter 6 we thus present three maps showing: 
• regional real GDP effects, that is the percentage changes from benchmark to alternative 

of regional nominal GDP, divided by regional price index of the consumer’s goods bun-
dle; 

• regional welfare effects, that is the percentage changes from benchmark to alternative of 
regional nominal income, divided by regional price index of the consumer’s goods bun-
dle; 

• regional unemployment effects, that is the change of unemployment rate from benchmark 
to alternative in percentage points. 

 

4.3. The dynamic version of CGEurope-R 

4.3.1. Overview 

Unlike the static model, the dynamic version takes into account that changes in the stock of capi-
tal cannot happen instantaneously, but take time. The time dimension is important for both, 
movement of capital across space and growth of the total stock of capital in the economy. While 
we have – for the sake of simplicity – assumed in the static model that capital can jump between 
locations, this is excluded in the dynamic approach. Capital, once nailed to the ground, is fixed 
and not movable. Instead, relocation comes in the form of low or zero investment in one place 
and high investment in a different place. In order to capture the smoothness of the capital reloca-
tion, that is empirically observed, we introduce adjustment costs. This leads to a regional invest-
ment function making regional investment depend on the regional stock price of capital. This 
approach is known as Tobin’s q-theory of investment.      

Regarding the total capital stock in the economy we assumed it to be a given constant in the 
static version, whereas we allow for accumulation of capital in the course of time in the dynamic 
version. Total investment is equal to total saving of all households, which is in turn explained by 
an intertemporal optimisation decision of households. The allocation of total investment to loca-
tions is controlled by regional stock prices according to the q-theory. In dynamic equilibrium, no 
asset owner can gain by shifting his or her financial investment to some different asset. Interest 
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earned on assets anywhere in the economy is equalized. The technical term for this equilibrium 
condition is to say that the “no-arbitrage condition” holds.  

Similar to the capital market, dynamics on the labour market could also be introduced by allow-
ing the population to migrate in the course of time. Like capital, population does not jump be-
tween locations; the stocks adjust smoothly in the course of time. We do not incorporate this as-
pect into the model however for two reasons: first, model complexity should be limited, and sec-
ond, with labour mobility the idea of a regional welfare effect of a policy becomes vague. Wel-
fare is welfare of people, not places; if people are not tied to a place, the concept of regional wel-
fare becomes undefined, as the people in a region are not identified anymore. To keep complex-
ity manageable, regarding the labour market we return to the assumption of a fixed fully em-
ployed stock of labour in the dynamic version. 

Beyond capital, the second dynamic component in the model is technical progress, which is the 
eventual “engine of growth”. Growth literature distinguishes between exogenous and endoge-
nous technical progress. The famous Solow (1956) model of growth, the basis of all growth 
models up to the early nineties, assumed an exogenous permanent growth of labour efficiency 
with a constant rate of growth. Endogenous growth theory starting around 1990 with Romer’s 
seminal papers (e.g. Romer (1990)) introduced technical progress generated by investing into 
knowledge, with investors’ reward coming from monopoly rents generated by the exclusive use 
of an innovation. Jones (1995) introduced semi-endogenous growth as a concept in-between. The 
stock of effective labour is assumed to grow by an exogenous process according to this concept 
as well, but technical progress is more than this: the growth of effective labour is amplified by an 
endogenous increase of product diversity. Hence, a small growth rate of the stock of effective 
labour can trigger a much bigger long-term growth rate of the economy. Our model belongs to 
this semi-endogenous growth class of models. The tradable goods sector of the economy is char-
acterized by monopolistic competition with an endogenous degree of product diversity. This di-
versity expands over time, which makes productivity of downstream industry as well as utility of 
households grow. 

 

4.3.2. Model description 

The modified scheme for the dynamic model version is in Figure 3. Red arrows for the factor 
markets are removed. Instead there are new arrows (in black) representing the firms’ input for 
investment, and two new arrows in blue representing payment flows. Note that the black arrows 
represent goods and service flows, corresponding to payment flows in the opposite direction. In-
stead, the newly introduced blue arrows point into the direction of payment flows. There are two 
of them, one showing the net payments from the world capital market to households (interest 
payments minus savings), the other showing the cash flow paid by firms to the world capital 
market. Added up over all regions, both payment flows balance. 
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Figure 4.3. The static version of CGEurope-R 

In its dynamic version CGEurope-R deviates from the static version at three points: (1) model-
ling of investment and capital stock, (2) endogenous savings, (3) technical progress. We deal 
them in turn. 

Capital stock and investment 

Instead of buying the capital service from households, firms own the stocks themselves and de-
cide at any moment about both, production and investment. Hence, with gross investment Ir in 
region r, the regional capital stock Kr evolves according to the familiar equation 

,r r rK I K= − δ&  
where δ denotes the rate of depreciation. A dot over the capital stock variable indicates the 
change per unit of time. 

Investment needs a composite investment good as an input, which is assumed to be a Cobb-
Douglas composite of two types of goods: non-tradables, and the CES-composite of tradables. 
This composite investment good can however not be transformed into gross investment one-to-
one. There are adjustment costs of investment, in addition to the investment itself; and those 
costs are assumed to increase with growing speed, if the capital growth rate increases. The idea 
is that fast investment needs more resources than slow investment. This brings certain inertia into 
the adjustment process. If there were no adjustment costs, any upcoming differential of regional 
marginal productivities – for example as a consequence of a policy shock – would imply that in-
vestment instantaneously jumps to zero everywhere, except for the place where the marginal 
productivity is maximal. This is not realistic. 

 
Following the literature (see e.g. Barro and Sala-i-Martin, 2003) we assume quadratic adjustment 
costs. The amount of the composite investment good needed for realizing gross investment Ir in 
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according to the quadratic specification. ξ is the adjustment cost parameter. It is the higher, the 
higher the adjustment cost. The higher ξ, the more inert the investment responds to changes in 
marginal productivities. 

The existence of investment costs implies that the stock of capital in a region has a stock price 
that in general differs from the price of the composite investment good. Let Rr be that stock price 
and Gr be the price of the composite investment good, then the firm’s optimal investment deci-
sion is to maximize RrIr  – GrJr with respect to Ir .  The solution is the optimal investment rate 

/ 1r r r

r

I R G
K

−
=

ξ
.  

The ratio Rr/Gr  is called Tobin’s q. The higher Tobin’s q, the higher is regional investment. The 
higher the ξ-parameter, the smaller is the investment, the more inert the economy reacts to a 
shock affecting marginal capital productivities. The optimal investment rate is illustrated in fig-
ure 4. 

Jr
(investment cost)

Ir
(investment)

Jr

slope = Rr / Gr (= Tobin s q)

45 -line

optimal investment  
Figure 4.4. Illustration of Tobin’s q-theory of investment 

 

At any moment in time, the stock price Rr adjusts such that shareholders just earn the ruling 
nominal interest rate ι on their respective shares in the total shareholder value RrKr of the re-
gional capital stock. The nominal interest rate is uniform over space, as financial (as opposed to 
real) capital is perfectly mobile across space. This assumption leads to the no-arbitrage condition 
controlling the rate of change rR&  of the stock price: 
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As Rr is the stock price of a unit of capital, a unit of capital must earn the income ι Rr in capital 
market equilibrium. The earning has four components: 

- the increase of the stock prize per unit of time rR& , 
- the contribution to the firm’s output value, 
- the contribution to the  saving of investment cost (note that Jr is decreasing in Kr accord-

ing to equation (*)), and 
- minus the depreciation δRr. 

A mathematically precise specification of the two terms only verbally described here is in the 
technical appendix. 

Savings 

The second point where dynamics enter the model is on the households’ side. Households are 
regarded to represent the present as well as all future generations. Hence they maximize utility 
over an infinite time horizon subject to the constraint, that the present value of their consumption 
expenditures does not exceed the present value of their wage income plus the value of their ac-
tual shares in the world’s stock of capital. The solution of this optimisation problem is the fa-
mous Keynes-Ramsey rule 

ˆ ( ).rC = ϕ ι −ρ%  
ˆ

rC  denotes the growth rate of consumption. ϕ  is the intertemporal elasticity of substitution, rι%  is 
the regional real interest rate in terms of the composite consumption good, and ρ is the rate of 
time preference. The real interest rate is the nominal interest rate minus the rate of inflation of 
the consumer good. While the nominal interest rate is uniform across space, the real rate varies 
because inflation rates differ across space. The rule is plausible: consumers tend to postpone 
consumption the more to the future, the higher the real interest rate and the less they prefer pre-
sent over future consumption. 

The income share not used for consumption is the saving, that is the increase of assets (value of 
shares in world capital) per unit of time. Households’ assets Ar thus evolve according to 

.r r r r r rA W L A G C= + ι −&  
The first two terms on the right side are labour and capital income, from which the value of con-
sumption is subtracted. Gr is the regional price of the composite consumption good (same as 
composite investment good). 

Technological progress 

The third point where dynamics enter is a simple one: effective labour is assumed to grow with a 
constant rate n > 0. This is the assumption of Harrod-neutral technical progress. This exogenous 
component of technical progress is the ultimate reason for steady-state growth. With n = 0 the 
economy would eventually fall into stagnation. As mentioned, there is however also an endoge-
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nous growth component amplifying the exogenous component. It is due to the fact that, with 
growing output, the degree of product diversity is also growing, while the output quantity of each 
variety remains constant. Growing product diversity leads to growing welfare of the households. 

A detailed mathematical description of the model is in the Appendix. 

 

4.3.3. Policy evaluation in the dynamic framework 

The dynamic model can be applied to two types of policy evaluation, 

• comparative dynamic analysis, and 

• comparative steady-state analysis. 

In comparative dynamic analysis one compares two time paths rather than two states of the 
economy, a benchmark time path and an alternative time path. The benchmark time path is  the 
time path of the economy without the respective policy undertaken, the alternative time path is 
the time path with the policy put in place, either at one moment in time or gradually. A policy 
put in place at one moment in time is called a policy “shock”. 

Figure 5 shows schematically the meaning of a comparative dynamic analysis of a policy shock. 
Before the shock the economy is assumed to move along a steady state, which is a growth path 
with constant rates of change of all endogenous variables. The scale of the figure is semi-
logarithmic. The ordinate is the logarithm of GDP in a region, such that a constant growth rate 
shows up as a linear path.  

Let us imagine a policy shock reducing trade costs for flows from and to a region r, say. One can 
distinguish three kinds of effects in the course of time: 
(1) The instantaneous effect (a “jump”) due to the instantaneous reduction of costs, increase of 

regional factor prices and increase of terms of trade (higher export prices, lower import 
prices on the regional scale). 

(2) The transition effect due to an upward jump of the growth rate of capital, which is in turn 
caused by the fact that marginal productivity of capital jumps upwards at the favoured loca-
tion. This higher rate is fed by lower rates in other places and to some (possibly small) ex-
tent also by an upward jump of the endogenous saving rate. The upward shift of the capital 
growth rate peters out after a transition period. The growth rate returns to its before-shock 
level. Hence, the transition effect asymptotically attains an upper bound representing the 
new steady-state growth path eventually attained after the shock. 

(3) The steady-state effect which is simply the sum of the other two after a long (strictly speak-
ing infinite) time. It is the total effect showing up in the long run after the transitory adjust-
ment processes have come to an end. 
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Figure 4.5. Policy evaluation in a dynamic framework 

 

From these types of effects we derive the mentioned two types of impact analysis: Comparative 
dynamic analysis shows the sum of the first two effects. Results can only be shown over a time 
axis. To be precise, it shows the entire time path of the difference between the alternative (i.e. the 
alternative equilibrium time path beginning with the shock) and the benchmark equilibrium time 
path. Comparative steady-state analysis shows the steady-state effect. In other words, the result 
of comparative steady-state analysis is that of the comparative-dynamic analysis for time passed 
after shock tending to infinity. 

Results in chapter 6 show only the steady-state effect. We do not show the instantaneous effect, 
because this is the same as the comparative static effect of the old CGEurope model with fixed 
factor inputs in each region. It is sufficiently documented elsewhere. Nor do we present the com-
parative-dynamic analysis yet, because the solution algorithm for the high-dimensional multire-
gional system is still under development. The algorithm requires to solve a two-point boundary 
value problem for a high-dimensional differential-algebraic system of equations. Achieving con-
vergence and a sufficiently high accuracy of results is a very demanding computational task. 
With an additional assumption on the regional asset distribution in the steady state it is however 
possible to calculate the steady-state effect without explicitly having to calculate the entire tran-
sition path. This is what we do for this report, using the TEN infrastructure investment pro-
gramme as an example of a transport policy shock. 
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5. Data description 
5.1. General data requirements 

The comparative statics experiment in this paper will be carried out for the year 2020. To de-
scribe the future benchmark economic situation we need a consistent database for a recent year, 
as well as the prediction of relevant growth rates for the period until 2020.  

The source of national accounts and international trade data for 34 European countries is the 
GTAP Version 6 Data Package, with base year 2001.  It should be noted that GTAP data is pre-
processed, which for European countries leads to deviations from EUROSTAT national accounts 
data for the same year. However, this database is the only source ensuring consistency between 
data on value-added structure, GDP, and trade structure for all regions in the world. As this con-
sistency is essential for the CGE methodology to be applied, we decide to rely on it. 

Information on regional level is taken from REGIO database of EUROSTAT with the same base 
year. The important indicators taken from this source are regional GDP, area, population, and 
unemployment rate.  

We also need data on transport distances between all the regions in order to calibrate interre-
gional trade matrix. These data are calculations of transport costs (in minutes), based on the net-
work database of Spiekermann and Wegener (used in IASON project, see Bröcker et al. (2004)), 
which contains data for all major links in Europe, including their specific characteristics of speed 
limits and likelihood of congestion. 

An important piece of data that is not directly available and must be calibrated is the matrix of 
mark-up factors for international trade. The mark-up factors represent impediments additional to 
distance-related costs in international trade. They include tariffs, but also and more importantly, 
all costs stemming from non-tariff barriers like costs due to language differences, costs for bu-
reaucratic impediments, time costs spent at border controls etc. These impediments are specific 
for each country pair and are determined during the calibration of the interregional trade matrix 
based on the 2001 national accounts data. They are calculated such that the observed interna-
tional trade flows equal the corresponding aggregates of trade flows between the regions of the 
two respective countries. 

Next, we need to make assumption about the development of these calibrated mark-up factors for 
the period until 2020. In the current situation these impediments to trade are considerably lower 
for the EU15 countries than for the new member states, but we assume that after the accession to 
the EU the new member states gradually catch-up and their trade integration will increase. We 
therefore assume that the impediments to trade within the group of new member states and be-
tween EU15 and the new member states in our scenario year 2020 will on average be equal to 
the average of the impediment to trade within EU15 in 2001. After this procedure, the model is 
ready to be calibrated for the scenario year.5  

                                                 
5 For details on price calibration see Bröcker (2002) 
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5.2. Additional data requirements of extended model 

5.2.1. Unemployment 

The country-level values of rζ  are taken from the rich wage curve literature. Table 5.1 summa-
rizes the results of our literature survey. The values range from –0.52 for Latvia to –0.02 for 
Denmark. However, a lot of estimates lie close to –0.1, a remarkable similarity discovered by 
Blanchflower and Oswald. The wage curve tends to be flatter in developed countries with highly 
regulated contract systems, while allowing for more wage adjustment in the former socialistic 
countries. The missing values were approximated using the values of countries with similar la-
bour market conditions. In undetermined cases the value of –0.1 was used. 

Country Source Value 
1 Austria Blanchflower and Oswald (2000) -0.12 
2 Belgium Janssens and Konings (1998) -0.05 
3 Denmark Nicolaisen and Tranaes (1996) -0.02 
4 Finland Pekkarinen (2001) -0.04 
5 France Montuenga et al. (2003) -0.18 
6 Germany Blien (2003) -0.08 
7 Great Britain Bell et al. (2002) -0.12 
8 Greece No estimates available -0.07 
9 Ireland Blanchflower and Oswald (2000) -0.36 
10 Italy Montuenga et al. (2003) -0.07 
11 Luxembourg No estimates available -0.05 
12 Netherlands Blanchflower and Oswald (2000) -0.17 
13 Portugal Montuenga et al. (2003) -0.06 
14 Spain Montuenga et al. (2003) -0.11 
15 Sweden Blanchflower and Oswald (1994) -0.06 
16 Cyprus No estimates available -0.07 
17 Czech Republic Blanchflower (2001) -0.02 
18 Hungary Blanchflower (2001) -0.11 
19 Malta No estimates available -0.07 
20 Poland Blanchflower (2001) -0.13 
21 Slovakia Blanchflower (2001) -0.05 
22 Slovenia Simoncic and Pfajfar (2004) -0.10 
23 Estonia Blanchflower (2001) -0.29 
24 Latvia Blanchflower (2001) -0.52 
25 Lithuania No estimates available -0.10 
26 Albania No estimates available -0.10 
27 Romania Kallai and Traistaru (2001) -0.13 
28 Bulgaria Blanchflower (2001) -0.21 
29 Croatia No estimates available -0.10 
30 Switzerland Blanchflower and Oswald (2000) -0.12 
31 Norway Johannsen (2002) -0.02 
32 Iceland No estimates available -0.10 
33 Russia Blanchflower (2001) -0.18 
34 Turkey Ilkkaracan and Raziye (2003) -0.07 

 

Table 5.1. Available estimates of the unemployment elasticity of pay for the study area 
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5.2.2. Dynamics 

For calibrating the model for the year 2020, GDP and population growth projections by the 
European Commission were used for the EU countries, and the growth rate estimates from the 
PRIMES project (Capros et al. (1999)) for the non-EU countries. 

GDP growth rate Country 
2000-2010 2010-2020 2000-2020 

AT 1.93% 1.95% 1.94% 
BE 2.02% 2.03% 2.02% 
DE 1.24% 1.69% 1.46% 
DK 1.66% 1.52% 1.59% 
ES 2.76% 2.64% 2.70% 
FI 2.34% 1.88% 2.11% 
FR 1.95% 2.06% 2.01% 
EL 3.79% 3.05% 3.42% 
IE 5.04% 3.54% 4.29% 
IT 1.19% 2.02% 1.61% 
LU 4.05% 4.83% 4.44% 
NL 1.42% 1.83% 1.63% 
PT 1.28% 2.75% 2.01% 
SE 2.39% 2.32% 2.35% 
UK 2.68% 2.41% 2.55% 
CZ 3.39% 3.34% 3.37% 
EE 5.64% 4.16% 4.90% 
HU 3.68% 3.24% 3.46% 
LV 7.35% 5.05% 6.20% 
LT 6.50% 4.87% 5.68% 
PL 3.92% 4.37% 4.14% 
SK 4.60% 4.32% 4.46% 
SI 3.57% 2.41% 2.99% 
CY 3.66% 3.45% 3.55% 
MT 1.32% 3.43% 2.37% 
EU25 2.04% 2.24% 2.14% 

 

Table 5.2. GDP growth projections for the EU countries (Source: European Commission) 
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Country GDP growth rate,
2000-2020 

AL 7,2 
BA 4,5 
BG 3,7 
BY 3,2 
CH 2,1 
MK 4,7 
HR 3,4 
IS 1,9 
LI 3,7 

MD 4,1 
NO 2,3 
RO 4,6 
RU 3,0 
TR 4,7 
UA 3,7 
YU 3,4 

 

Table 5.3. GDP growth projections for the neighboring countries (Source: Capros et al. (1999)) 
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6. Results 
6.1. Test policy scenario 

Our test case is one of the scenarios defined in the ESPON Final Report (ESPON (2004)), 
namely scenario B1.  It is an impact analysis of the new list of the 29 TEN priority projects 
(compiled by the Van Miert High Level Group), including the motorways of the sea. Table 6.1 
lists the included rail and road projects.  

Priority project Countries covered 
Rail network  
1 High speed train combined transport North-South, w. Messina bridge DE, AT, IT 
2 High speed rail Paris-Cologne-Amsterdam-London FR, BE, NL, DE, UK 
3 High speed rail south: Madrid-Barcelon-Montpellier/Madrid-Dax ES, FR 
4 High speed rail Paris-Karlsruhe/Luxembourg/Saarbruecken FR, LU, DE 
5 Betuwe line Rotterdam-Rhein/ruhr NL, DE 
46 High-speed rail Lyon-Venice-Trieste/Koper-Ljubljana-Budapest FR, IT, SI, HU 
8 Multimodal link Portugal-Spain-Central Europe PT, ES, FR 
9 Rail Cork-Dublin-Belfast-Larne-Stranraer IE, UK 
11 Øresund rail/road link DK, SE 
12 Nordic triangle SE, FI 
14 West coast main line UK 
16 High capacity rail across the Pyrenees, freight line Sines-Badajoz ES, FR, PT 
17 High speed train, combined transport East-West FR, DE, AT, SK 
20 Fixed link Fehmarn Belt DE, DK 
22 Rail Athina-Kulata-Sofia-Budapest-Vienna-Praha-Nuernberg GR,BG,HU,AT,CZ,DE 
23 Rail Gdansk-Warsaw-Katowice-Brno/Zilinia PL. CZ, SK 
24 Rail Lyon/Geneva-Basel-Duisburg-Rotterdam-Antwerp FR, DE, NL, BE 
26 Multi-modal link Ireland/UK/continental Europe IE, UK, BE, FR 
27 Rail Baltica EE, LT, LV, PL 
28 Eurocaprail Brussels-Luxembourg-Strasbourg BE, LU, FR 
29 Intermodal corridor Ioannian Sea/Adria GR 
Road network  
1 Fixed link road/rail Messina bridge IT 
7 Greek motorways (Via Egnatia, Pathe), motorways in BG / RO GR, BG, RO 
8 Motorway Lisboa-Valladolid PT, ES 
11 Øresund rail/road link DK, SE 
12 Nordic triangle SE, FI 
13 Ireland / UK / Benelux road link IE, UK, BE 
20 Fixed link Fehmarn Belt DE, DK 
25 Motorway Gdansk-Katowice-Brno-Vienna PL, CZ, SK, AT 
26 Multi-modal link Ireland/UK/continental Europe IE, UK, BE, FR 

 

Table 6.1. The Van Miert list of priority projects 

Figure 6.1.1 below displays the location of the new infrastructure. The airport and inland water-
way projects are not considered in our test policy scenario. 
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Figure 6.1.1.  New priority projects  
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6.2. Comparative-static analysis 

We start with the presentation of results from the comparative-static analysis. The three maps 
envisaged in subsection 4.2.3 are in figures 6.2.1, 6.2.3 and 6.2.5. Figure 6.2.1 shows the com-
parative-static GDP effects. These effects are the percentage changes of regional real GDP from 
the benchmark, representing the state of the economy without the studied policy bundle, to the 
alternative representing the hypothetical state of the economy in the same year (2001), assuming 
the policy to be full effective.  Real GDP is nominal GDP divided by the regional price index. 
Note that the policy does not only affect nominal GDP but also prices of final goods; hence the 
distinction between nominal and real effects is important. See Subsection 4.2.3 for details about 
the interpretation of effects. 

Real GDP effects, %
-0.414 - 0.173
0.173 - 0.433
0.433 - 0.763
0.763 - 1.385
1.385 - 2.641
2.641 - 4.613

 

Figure 6.2.1. Comparative-static analysis, real GDP effects 

As one can see from the map, the biggest impacts mainly follow the track of the new infrastruc-
ture. The effects of individual projects are present in relatively few regions. Some areas benefit 
relatively more than the others, the biggest winners being the regions in southern Spain, southern 
Italy, Greece, Ireland, Sweden, Bulgaria, and Poland. The overall effect of the infrastructure 
package is moderate, a benefit of 0.32 % of GDP for the EU27. The cohesion indicators (correla-
tion between the GDP per capita and the policy effect) show that the impact of the scenario is 
pro-cohesive for EU-15 and EU-27. However, it shows an anti-cohesive tendency within the new 
member states, an effect that may stem from the fact that the newly added projects mainly con-
nect the capitals and thus the more well-off regions of Eastern Europe.  
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It is interesting to see the difference between these effects and results of the old CGEurope 
model that assume fixed factor stocks. The difference as well as the similarity is illustrated in 
Figure 6.2.2, plotting the results as shown in Figure 6.2.1 against those obtained from the old 
CGEurope model for the same policy scenario. The outcome is that spatial patterns are rather 
similar with a correlation of 88%. In comparison to the old model, the effects are however blown 
up by a factor of 3.6 in the new model. This reflects the extra effects due to labour market and 
capital market responses. 

 

Figure 6.2.2. Comparative-static analysis, GDP effects, CGEurope-R  versus old CGEurope 

Figure 6.2.3 shows income effects, synonymous to welfare effects.  These effects are the per-
centage changes of regional real income from the benchmark to the alternative. Note the differ-
ence between GDP and income effects: with regard to capital income, the former includes the 
income of capital employed in the region, while the letter contains the income of capital owned 
in the region. Thus, the GDP effects reflect – among others – the relocation of capital, while the 
income effects do not.  
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Real income effects, %
-0.156 - 0.123
0.123 - 0.246
0.246 - 0.413
0.413 - 0.777
0.777 - 1.474
1.474 - 2.518

 

                              Figure 6.2.3. Comparative-static analysis, real income effects 

 

It turns out that the spatial pattern of both effects is similar, but GDP effects are bigger as they 
also reflect the contribution of capital attracted from the rest of the world, which does not show 
up as income anywhere in the study area (see Figure 6.2.4). 
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Figure 6.2.4. Comparative-static analysis, GDP effects versus income effects 

Finally, employment effects are in Figure 6.2.5. Darkest colours indicate the biggest decrease of 
unemployment, measured in percentage point changes of the unemployment rates. As a general 
tendency, we again observe the same pattern. Regions gaining most in terms of income and GDP 
are also the ones benefiting from the largest decrease in unemployment. Most changes of unem-
ployment rates are small, but a few – particularly in the new member states – are considerable, 
amounting to more than one percentage point. Combining Figures 6.2.2 and 6.2.3, one can see 
that the welfare (real income) effects are an average magnified by a factor of 2 in the model with 
rigid wages, as compared to the basic model. 

The effects of the test scenario discussed so far can summarized in the following table: 

Indicator Max Mean 
(EU27) 

Mean 
(NMS12) Min 

Welfare response, % 2.5 0.32 0.62 -0.16 

Real GDP response, % 4.6 0.49 1.05 -0.41 

Employment rate response, 
percentage points 

2.6 0.23 0.43 -0.15 

 

Table 6.2.1. Summary of results: model with wage rigidity 
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Unemployment rate
response, % points

-2.567 - -1.156
-1.156 - -0.504
-0.504 - -0.261
-0.261 - -0.134
-0.134 - -0.047
-0.047 - 0.154

 

Figure 6.2.5. Comparative-static analysis, unemployment effects 

 

6.3. Comparative steady-state analysis 

Finally, Figure 6.3.1 shows the comparative steady-state effect for regional real GDP, as ex-
plained in Subsection 4.3.3 above. This is the percentage excess of the alternative time path over 
the benchmark time path after a long adjustment time, when all transitional adjustments have 
come to an end. The scatter plot in Figure 6.3.2 shows that for the long run we get almost the 
same results as from the comparative-static version with mobile capital. As we do not allow for 
rigid wages in the dynamic version, the diagram plots the comparative steady-state effects 
against comparative-static effects in a static model version with mobile capital, but full wage 
flexibility. 

This close similarity proves that the long term result of dynamic adjustment can very well be ap-
proximated by a static model with a mobile and instantaneously adjusting capital stock, even 
though the static model is from a theoretical point of view less convincing than the dynamic one. 
We take this close approximation as a good argument to justify statics as a shortcut giving reli-
able results without the complications of dynamic modelling. 
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Real GDP effects, %
-0.177 - 0.021
0.021 - 0.079
0.079 - 0.129
0.129 - 0.196
0.196 - 0.284
0.284 - 0.402
0.402 - 0.646
0.646 - 1.016
1.016 - 1.691
1.691 - 3.554

 

Figure 6.3.1. Comparative steady-state analysis, real GDP 

 

Figure 6.3.2. Real GDP effects, comparative-static versus comparative steady-state 
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7. Conclusions and further research agenda 
In the first part of the modelling work we have introduced regional employment response to in-
frastructure development in Europe, as well as a certain degree of factor mobility. Labour market 
was modelled by specifying a wage curve for each region in the study area. The results of our 
numerical experiment suggest that introduction of mobile factor creates a wedge between wel-
fare and real GDP effects, if the income of factor employed in the other regions is repatriated to 
the region of origin. The size of the wedge depends on the share of mobile factor in the total 
value added. Introduction of wage rigidity using the elasticity estimates from the wage curve lit-
erature scales the predicted welfare effects in our experiment upwards by a factor of 2. We inter-
pret this value as a sign of importance of imperfect labour market modelling for applied policy 
analysis.  

As the second part of modelling work we have specified the dynamic model and made prelimi-
nary calculations using the steady-state solution of the system. The results show expected spatial 
pattern of the policy impacts and are highly correlated with the results from the basic static 
model with a mobile factor.  

Further work will focus on receiving the time paths of the key variables from the full dynamic 
model and running the actual policy scenarios. The results of this work will be described in the 
deliverables of work package 6. 
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9. Appendix 
9.1. Appendix A. Formal Description of the Model with Unemployment 

A1. Households 

Preferences are represented by a two-level utility function. The upper nest is of Cobb-Douglas 
form and determines the choice between the local goods and the composite of all tradable goods, 
their prices in region r being rp  and rq , respectively. The values of country-specific shares of 
local goods (services) rε  are taken from GTAP database. The lower nest is a symmetric CES 
function combining all tradables. The elasticity of substitution σ  in this nest is assumed to be 
equal to 12 (see Bröcker (2002) for the discussion of this point). 

Households get their income rN  from two sources. First, they receive all factor income from 
domestically owned factors, which includes the income from factors employed abroad. Second, 
each region gets a transfer rX . In this way we represent the fact that the trade account may be 
unbalanced. We assume that the surplus countries pay a transfer equal to their benchmark trade 
surplus to deficit countries, such that each deficit country receives an amount equal to its trade 
deficit. Transfers are distributed among regions in proportion to their GDPs rY . These transfers 
are kept constant in real terms.  

For defining transfers in real terms we need a price index. The natural regional price index corre-
sponding to the CD utility of households is 1r r

r r rG p qε ε−= . As an overall price index we use the 
weighted average of rG  over all regions, the weights being the base year regional incomes. Fix-
ing transfers in real terms is the same as fixing them in nominal terms and scaling prices such 
that the overall price index remains unchanged.  

A2. Firms 

In the local goods sector the representative firm of region r operates with constant returns-to-
scale technology, combining local goods, tradable goods, and primary factors. The upper nest of 
a two-level production function is Cobb-Douglas with shares of primary factors, local goods, and 
tradables being rα , rβ , and rγ . The output price rp , which equals the minimal unit cost, is then 

1
r r r

r r r r
r

p v p qα β γ

µ
=
%

,  

rµ% being the level of regional productivity, and rv denoting the composite factor price. 

Introducing new parameters, 

rr

r
r γα

α
η

+
=  and 

1

r r
r r

α γν µ
−

+=% % , 

and solving for rp yields 
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1r r
r r r rp v qη ην −= % . 

The lower symmetric CES nest for tradables is assumed to be the same as the one for house-
holds, with elasticity σ . It aggregates the large number of tradables to a single composite trad-
able with price rq . 

The primary factors lower nest is Cobb-Douglas with shares of immobile factors (excluding la-
bour), mobile factors, and labour equal to rκ , rχ , and rλ , respectively: 

r r r
r r rv l r wκ χ λ= , 

where lr, r, and wr are corresponding factor prices, to be discussed in the next section. 

 

A3. Factor markets 

The immobile factor is assumed to be fully employed and its market cleared by a flexible rental 
lr. As the corresponding supply Tr is fixed, the Cobb-Douglas structure implies the following 
equilibrium condition: 

r r
r

r

YT
l

κ
= . 

The homogeneous mobile factor market is cleared by the single rental r, which is equalized in-
ternationally. The equilibrium condition follows from the assumption of a fixed total factor 
stock: 

∑∑ =
r

r
r

e
r KK . 

Equilibrium in the labour market is defined by the intersection of the wage curve and the labour 
demand curve. Inserting the values of employment Er and fixed labour force Lr into the wage 
curve equation of section 3, we get: 

1
r

r r
r

rr

w E
LG

ζ

ϑ ⎛ ⎞= ⋅ −⎜ ⎟
⎝ ⎠

. 

On the other hand, given the Cobb-Douglas functional form, the wage rate is  

r

rr
r E

Y
w

λ
= . 

These two equations define the equilibrium employment level and the wage rate. 

By our definition, the expressions for regional GDP and income are: 
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r r r r r rY l T rK w E= + + , 

r r rN Y X= + . 

 

A4. Trade costs and the market for tradables 

Benchmark trade costs are made up of costs related to geographic distance, and costs for over-
coming international trade impediments (tariff and non-tariff barriers). If region r belongs to 
country k and region s to country l, then the trade costs mark-up factor is 

klrsrs gf δτ )(= . 

Here 1≥klδ  denotes international trade impediments, grs is transport distance, and  f  is the 
transport cost function, 1)0( =f . Following Bröcker (1998) we assume a combination of expo-
nential and power function for f: 

( ) exp[ ]rs rsf g g ϖκ= , with 0κ >  and 10 <<ϖ . 

The parameter choice ensures concavity for the entire range of  grs values we are working with. 
We use estimates of ϖ =0.6 and ξ =0.03 (for distance measured in minutes travel time) from 
Bröcker (1998). 

In a general equilibrium one must specify, where trade costs are going. A way to dispense with 
explicit introduction of transport sector is to use the “iceberg-assumption”, as in Samuelson 
(1983). According to this method, a certain share of transported good itself is used up during 
transportation. In our “modified iceberg” approach, however, a composite of all tradables is used 
up for transporting every single tradable good. The value of composite goods used up during 
transportation equals the trade cost. We neglect tariff receipts (which are only present outside the 
EU), for the sake of simplicity. 

As shown in Bröcker (2002), incorporating transport costs and assuming monopolistic competi-
tion as in Dixit-Stiglitz (1977) in the tradables sector implies the following expression for the 
tradables price: 

1
1

1
r s s sr

s
q S p

σ
σ σψ τ

−
− −⎛ ⎞

= ⋅⎜ ⎟
⎝ ⎠
∑ . 

Here, rS is the value of tradables supply, which is calculated as total output minus total demand 
for local goods and is given by 

rrr
r

r NYS ε
η

−=
1 . 

Corresponding regional demand for tradables, made up by final and intermediate demand, is 
given by 
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( )1(1 ) 1 e
r r r r r r r r

r

D N Y S X K K rε
η
⎛ ⎞

= − + − = + + − ⋅⎜ ⎟
⎝ ⎠

. 

The expression for the value of trade from s to r, valued at mill prices is derived as: 

r
s srss

srss
sr D

pS
pSt

∑ −

−

= σ

σ

τ
τ

)(
)( . 

Finally, the equilibrium condition requires equality of supply of tradables and demand for trad-
ables stemming from a region r, both valued at mill prices: 

∑=
s

rsr tS . 

 

9.2. Appendix B. Formal Description of the Dynamic Model 

Consider a closed system of regions: r,s = 1,…,N. In each region there is assumed to dwell a set 
of households, who provide labour service, which is used by regional firms for production of 
goods. We distinguish between two types of goods, local and tradable. Local goods can only be 
sold within the region of production, while tradables are sold everywhere in the world, including 
the own region. Given the main task of assessing regional welfare response to transport policy 
measures, introduction of more sectoral detail would lead to excessive difficulties. 
 
Firms combine labour and capital service, local goods and a composite of tradables, using Cobb-
Douglas technology with constant cost share parameters. They produce a homogeneous interme-
diate good that serves a double purpose: first, it is one-to-one transformed into the local good, 
and secondly it is transformed into different brands of tradables. Tradable brands are produced 
with a certain amount of fixed costs per brand and with constant marginal costs. Costs are meas-
ured in terms of the intermediate good.  
 
Firms are price-taking on the input markets and on the market for the local goods, and act under 
monopolistic competition with free entry on the market for tradable outputs. Here the 
Spence/Dixit/Stigliz formalism applies (Dixit and Stiglitz (1977)), which implies that 1) the price 
of a tradable output equals  the costs per unit of intermediate good, and 2) the measure of number 
of brands equals the real output of tradables. 
 
Capital accumulates according to a standard law: r r rK I Kδ= −& . Efficient labour L accumulates 
with exogenous growth rate n, such that 0

nt
tL L e= ⋅ . The output M of intermediate goods is pro-

duced using Cobb-Douglas technology: 
r r r r r rM K L M Tχ θ β γν= % % ,  where 1χ θ β γ+ + + = , 

rM% stands for the amount of input of local goods into production of intermediate goods, 

rT%  stands for the amount of input of tradable goods into production of intermediate goods, 

rν is regional productivity parameter. 
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Let rp  denote the price for local goods and rq  the price for the CES composite of tradable 
goods from all over the world available in r. When we introduce the prices, we are free to choose 
a numeraire. A convenient choice is to define it such that the nominal interest rate ι  equals the 
rate of time preference (or subjective intertemporal discount factor) ρ .  
Using the properties of Cobb-Douglas production function, we get: 

r r r r
r r r r

r r

p M p MM K L
p q

β γ
χ θ β γν

⎛ ⎞ ⎛ ⎞
= ⎜ ⎟ ⎜ ⎟

⎝ ⎠ ⎝ ⎠
,  

which after simplification yields 

1 r
r r r r

r

pM K L
q

π
α αµ − ⎛ ⎞

= ⎜ ⎟
⎝ ⎠

,          (Eq.1) 

where χα
χ θ

=
+

, γπ
χ θ

=
+

. 

This says that the output is a Cobb-Douglas function of primary inputs, modified by a factor that 
that is increasing in the region’s terms of trade. 

Introducing 
1
χ θη

β
+

=
−

, the minimal cost corresponding to the production function for local 

goods is 
1

r r r rp v qη ην −= % ,            (Eq.2) 
where rv  stands for the unit cost of value-added. 
 
The firm’s intertemporal optimisation problem is to maximize the present value of future cash 
flows. The cash flow is every period is the revenue from selling the total output minus the wage 
bill and the investment expenditure. We assume that the cost in terms of the units of composite 
good (consisting of local and tradable goods) for each unit of investment is 1 plus an adjustment 
cost, which is an increasing function of I in relation to K:  

1
2

r
r r

r

IJ I
K

ξ⎛ ⎞
= +⎜ ⎟

⎝ ⎠
.           (Eq.3) 

Adjustment costs are the costs associated with the installation of capital. In the dynamic setup 
these costs tend to slow down the economy’s convergence to the steady state.  
 
The mathematic formulation of the firm’s problem is then: 

Maximize
0

( ) t
r r r r r r r r r rp M w L G J p M q T e ρ

∞
−− − − − ⋅∫ % % , subject to the capital accumulation rule 

r r rK I Kδ= −& .          (Eq. 4) 
Here 

1
r r rG p qε ε−=             (Eq. 5) 

is the price of the composite good (same price index applies to investment as well as consump-
tion goods), and rW is the wage rate. 
 
The first-order conditions (apart of those already used to derive Eq .1) are: 

1. / 1: .r r r
r

r

I R GZ
K ξ

−
= =          (Eq.6) 
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/r rR G  is the ratio of the price of installed capital over the production price of a unit of capital 
good. It is usually called Tobin’s q in the literature. 

2. 
1

2

2
r r

r r r r r r r
r r

K pR R p G Z R
L q

α π
ξρ χµ δ

−
⎛ ⎞ ⎛ ⎞

− + = + −⎜ ⎟ ⎜ ⎟
⎝ ⎠ ⎝ ⎠

&      (Eq.7) 

3. r r r rw L M pθ=           (Eq.8) 
These conditions have an intuitive interpretation. 1 says that the rate of investment is increasing 
in Tobin’s q, showing the more inertia, the bigger the adjustment cost. 2 is the non-arbitrage 
condition in the capital market, saying that shareholders earn a uniform nominal interest rate eve-
rywhere. 3 is marginal factor pricing for labour, which in our Cobb-Douglas specification means 
that labour earns just the fixed share θ  in the output value. 
 
Households spend their labour income for consumption of local goods and a composite of trad-
ables, as well as for asset accumulation. Local goods and tradable goods have constant shares ε  
and (1 ε− ) in the value of consumption. 
Households’ problem is to maximize the present value of consumption flows subject to the asset 
accumulation rule. Assuming that the representative consumer has a CIES utility function, and 
the intertemporal elasticity of substitution is given by ϕ , the formulation of the problem is: 

Maximize 
1 1/

0 1 1/
trC e dt

ϕ
ρ

ϕ

∞ −
−⋅

−∫  subject to  

r r r r r rA p M G C Aθ ρ= − +& .         (Eq. 9) 
 
The first-order condition with respect to consumption leads to the Keynes-Ramsey rule of the 
following form (a hat over variable denoting log-derivative with respect to time): 
ˆ ˆ

r rC Gϕ= − .                        (Eq.10) 
 
Now we turn to the equilibrium on the tradables market. Value of tradables supply equals the 
value of firm’s output less the total value of demand for local goods (that is the local part of in-
termediate demand, investment demand and consumption demand): 

( ) ( )1r r r r r rS p M G C Jβ ε= − − + .                   (Eq.11) 
 
Value of demand for tradables is likewise equal to the sum of the tradables part of intermediate 
demand, investment demand and consumption demand: 

( ) ( )1r r r r r rD p M G C Jγ ε= + − + .                  (Eq.12) 
 
Denoting the elasticity of substitution between different varieties of tradable goods as σ , the 
composite price of tradable good can be shown to equal: 

1
1

1
r s s sr

s
q S p

σ
σ σψ τ

−
− −⎛ ⎞

= ⎜ ⎟
⎝ ⎠
∑ ,                                                                                                    (Eq.13) 

where ψ  is a scalar parameter fixing the units of measurement of the composite good;  

srτ is the transport cost factor, meaning that transferring a good, worth of $1 from s to r requires 
a transport service worth of $( srτ -1). The transport service is performed by using-up composite 
tradables in the region of destination. 
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Same as in the static version of the model, the value of trade from s to r at mill prices is given 
by: 

( )
( )

s s sr
sr r

i i ir
i

S p
t D

S p

σ

σ

τ

τ

−

−= ⋅
∑

 .                            (Eq. 14) 

Finally, the equilibrium condition for the tradables market is: 
r rs

s
S t=∑ .                                                                                                                           (Eq.15) 

 
This fully specifies the dynamic system. The next step is to derive the steady state of this system, 
provided it exists. In a steady state, all variables grow at constant rates that are homogeneous 
across regions. We can show that such a steady state in fact exists, by setting up a system of lin-
ear relations between growth rates that have to hold in the steady state. Most of them are derived 
by taking the log-derivatives of the system equations evaluated at the steady state. In the follow-
ing the steady-state growth rates will be denoted by a star. 
 
So, taking the log-derivatives of the equation 2, we get the following relationship: 

( )* * *ˆ ˆ ˆ1p v qη η= + − . 

Combining the capital accumulation rule with equation 6 leads to: * *ˆˆ 0R G− = . 
Equation 7 together with the two already derived relations above gives the equality 

( )* * * *ˆ ˆ ˆˆ 1v K n K Rα α+ + − = + . 

Combining equations 3, 6, 7 and 11 produces relationships * *ˆ ˆ 0C K− =  and * * *ˆ ˆ ˆS C G= + . 
The definitions of composite prices Q and G imply the following expressions for their growth 

rates: * * *1 ˆˆ ˆ
1 1

q S pσ
σ σ

= −
− −

 and ( )* * *ˆ ˆ ˆ1G p qε ε= + − . 

One more linear relation is given by the Ramsey rule in equation 10: * *ˆ ˆ
r rC Gϕ= − . 

The final equation is derived from 9 and is just * * *ˆ ˆ ˆA G C= +  or * *ˆ ˆA S= . 
The complete system is thus: 
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This linear system can be solved for the growth rates of the nine variables involved, and below 
we present the solution for the key variables: 

* ( )ˆ ;
1
nK η ε σ αε ασ

ση αεη σηα
− − +

=
− − +

 

* ( )ˆ ;
(1 )
nR η ε σ αε ασ

ϕ ση αεη σηα
− − +

= −
− − +

 

* ( )( 1)ˆ ;
(1 )

nA η ε σ αε ασ ϕ
ϕ ση αεη σηα

− − + −
=

− − +
    

 
Now we are ready to solve for the steady state of the model. To link the dynamic equations with 
the derived steady state growth rates we rewrite equations 4, 7, and 9 as follows: 
 
ˆ

r rK Z δ= − .          (Eq. 4) 
1

2ˆ
2

r r r r
r r r

r r r r

p K p GR Z
R L q R

α π
ξρ χµ δ

−
⎛ ⎞ ⎛ ⎞

− + = + −⎜ ⎟ ⎜ ⎟
⎝ ⎠ ⎝ ⎠

     (Eq. 7) 

ˆ r r r r
r

r r

p M G CA
A A

θ ρ= − + .        (Eq. 9) 

The following table summarizes the model by listing all endogenous variables and the corre-
sponding equations: 
 
Variable M v J Z G R K w C S D q t p A 

Eq. # 1 2 3 4 5 6 7 8 9 11 12 13 14 15  

 
Note that in the steady state we cannot make use of equation 10 in order to determine the level of 
some variable. As a consequence, we have one equation less than the number of variables. Spe-
cifically, the level of assets held by the households cannot be determined. The reason is that the 
steady-state distribution of assets is a function of the time path of all other variables. For the pur-
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poses of comparative steady-state analysis, we solve this problem by assuming that in the steady 
state the households simply own the regional capital stock: 

r r rA R K= . 
This ownership scheme will be the same in the benchmark and in the scenario situation, and thus 
the effect of scenario on asset distribution (and welfare) will be neglected. But for the analysis of 
regional GDP effects the assumed approximation will be good enough. 
 
Now the number of equations and variables is the same, and we can solve for the steady state of 
the model.  


