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1 Executive Summary 

1.1 Summary description of project objectives, work performed 
and results achieved 

Within the second year of the MODELS project ICCS-NTUA finalised the 
development of the GEM-E3 model. The work performed relates to the 
following tasks:  

1. Update of the model database for both the EU and the World GEM-E3 
versions. 

2. Development of software that enables automatic calibration of a 
dynamic projection to sectoral activity, emissions and energy targets.  

3. Improvement of the dynamic properties of the model by introducing an 
econometrically estimated investment function. 

4. Establish a model linkage between the PRIMES energy system model 
and GEM-E3.  

5. Introduction of frictions in labour market. 
6. Bottom-Up representation of the electricity sector. 

This report provides a full documentation of the particular features installed 
in the GEM-E3 model.    

2  Labor market. 

This part of the report provides a mathematical description of the modelling 
techniques of labour market which are built in the GEM-E3 computable 
general equilibrium model  and can be activated as options. 

2.1 Introduction  

A market equilibrium approach is adopted for the modelling of the labour 
market. The wage rate is derived from balancing labour supply with labour 
demand. Potential labour supply  derives from utility maximisation of 
households but then changes into effective labour supply as a result of 
rigidities and imperfections as perceived by workers.  Labour demand derives 
from profit maximisation of firms depending on relative prices of factors and 
factor productivities. The balancing of labour supply with  
labour demand depends on possible rigidities and imperfections in the labour 
market.  The model determines unemployment as a result of distorted labour 
market equilibrium. This equilibrium is performed simultaneously in all 
labour markets varying by worker category and country. The labour markets 
interact with each other through imperfect labour mobility.  

2.2 Utility Maximisation of Households  

The households are assumed to maximise an intertemporal utility function 
subject to revenue constraint. Revenues depend on salary income, further 
depending on the effects of labour supply on wages, and non salary income 
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Total Expected 
Income

Consumption

Durables
Non Durables

Leisure Savings

transfers. For budget allocation, the model represents a nested decision 
process of households. At the first 
level, the household makes a 
selection between aggregate 
consumption, leisure and savings. At 
the second level, aggregate 
consumption is  allocated to various 
consumption categories an d the 
purchase of durable goods, the 
operation of which  being further 
linked  ith consumption of goods  
Finally, the model determines 
consumption of all commodities and 
services. The specification is a based 

on a linear expenditure system (LES). 

2.3 Potential Supply of Labor  

The following stylized formulation illustrates the specification of the model: 

 (1) 

                 
 
        

 

                                 
 

 

where   is aggregate consumption,    is minimum subsistence consumption, 

   is leisure time,     is minimum subsistence leisure,   is commodity price 

index,   is the wage rate,    is total available time and   is non salary income. 

Total available time depends on active population which is linked to 
population adjusted for an exogenous participation rate. In the model versions 
with labour mobility across countries, active population also depends on 
labour force flows between countries. 

The solution of household’s program determines the demand for leisure time 
(  ) which further leads to the potential supply of labour (   : 

(2) 

        
 

      
                

                       
 

      
                 

 

 

The function of potential supply of labour is upwards sloping for    
 

   
        . 

2.4 Effective Supply of Labour and Equilibrium Unemployment  

It is assumed that, due to labour market imperfections and frictions, the 
employees enjoy a wage premium (a wage rent) on top of the wage rate that 
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would correspond to equilibrium between potential labour supply and labour 
demand.  

The wage rate premium leads to a displacement to the left of the potential 
labour supply curve. The displaced supply curve corresponds to effective 
labour supply.  

The wage rate premium is endogenous in the model and is assumed to be the 
consequence of the existence of one or more of the following types of market 
imperfection: 

 Principal-Agent relations: the firms are obliged to pay a wage premium 

to induce employees not to shirk; as a result effective labour supply is 

determined through efficiency wages. 

 Imperfect matching of job search and vacancies, leading to an 

inefficient search equilibrium; the wage premium is determined 

through a matching function. 

 Labour Unions intervene as wage bargaining agents and so employees 

extract wage rents from firms; wages is then a result of oligopolistic 

market equilibrium. 

The balancing of labour 
demand with effective, rather 
than potential, labour supply 
implies that equilibrium 
unemployment is determined 
as difference between 
potential and effective labour.  

This is illustrated in the 
graphic, which shows 
unemployment U as difference 
between potential equilibrium 
labour LP and effective labour 
equilibrium LS, corresponding 
to wage rate w* which includes 
the wage rent reflecting 

market imperfections. Obviously, any reduction of imperfections leads to 
lower wage rate and lower unemployment. The above mentioned labour 
market imperfections are formulated below in a stylized manner. 

2.5 Efficiency wages  

It is assumed that employees have a disutility of effort and therefore they tend 
to shirk but face a risk of being fired.  Firms accept to pay a wage premium 
that is the efficiency wage, in order to make employees indifferent between 
shirking and not shirking. The efficiency wage is a function of effective labour 
supply, as follows: 

 Effective  
Labour  
Supply 

Labour 

Potentia
l  
Labour  
Supply 

Wage 
Rate 

Labour 
Demand 

LS L
P U=LP-

LS 

w* 



7 

 

 

(3)             
 

 
 

 

    
   

   

where   is the exogenous job quit rate,   is the probability to be fired (because 
of the monitoring effort of the firm),    is the minimum wage rate and   

denotes the disutility of effort which is calibrated to base year data and may be 
related to steady state unemployment rate. 

The probability to be fired   may become endogenous if related with 
monitoring expenditure of the firm, denoted by  , which further enters as a 
cost in its profit maximisation function. It is assumed that the probability to 
be fired depends on the monitoring expenditure through a logistic relation:  

(4)   
 

          
 

2.6 Inefficient matching of job search and vacancies  

The inefficiency in matching job search and vacancies entails additional costs 
which explain the wage rent extracted by employees. The matching process is 
assumed to become more efficient as vacancies increase but also as 
unemployment increases. However the improvement of efficiency follows 
decreasing returns to scale which leads to equilibrium unemployment. 
The wage premium is a decreasing function of new vacancies and also a 
decreasing function of unemployment, as follows: 
 

(5) 
           

      
    

 
  

 
where   is calibrated to reflect base years value and the steady-state 
unemployment rate and   is the vacancy rate which depends on the supply-
side of the economy and the rate of quit. 

2.7 Wage bargaining 

Trade Unions exercise a market power which decreases with the size of the 
non-unionised part of the labour market, hence it increases with employment 
and decreases with the minimum wage. The Unions succeed to get a mark-up 
over perfect competition wages which depends on the age elasticity of labour 
demand by the firms.  

(6) 
              

 

    
   

   

 

where   is the bargaining power of the unions,   is the elasticity of substitution 
in the labour demand side and     is derived from a Nash maximisation 
function. The bargaining power   can be made endogenous as depending, 
through a logistic function, on the relative importance of the unionised part of 
labour supply, which may further depend on labour mobility across sectors 
and countries. 
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2.8 Combining imperfections  

The above mentioned equations (3) to (6) can be combined together to form a 
wage rate mark up which reflects the conditions prevailing in the labour 
market. The resulting equation expresses the effective labour supply function.  

2.9 Human capital and productivity effects through Labour Demand  

The supply behaviour of firms is modelled by sector of activity and is based on 
profit maximisation. Generally, the production function describes a technology 
which exhibits constant returns to scale, except for sectors corresponding to 
depletable resources. For those markets that are assumed to operate under 
imperfect competition, the cost functions involve fixed costs and follow 
increasing economies of scale. In this case, it is assumed that symmetric firms 
operate per sector of activity and produce different product varieties. The firms 
compete with each other under Cournot oligopoly with conjectural variations. 
The price mark-ups are endogenous and the number of symmetric firms is also 

endogenous, driven also by the choices of 
the consumers who love variety of 
products by extracting higher efficiency. 
The firms are assumed to be price takers 
regarding the wage rates. The demand for 
labour inputs is derived at the level of each 
firm from profit maximisation taking into 
account the features of its production 
technology. The production functions are 
formulated as a nested CES structure, with 
possibility of substitutions between all 
kinds of inputs (KLEM). The derived 
functions of demand for labour are 
decreasing with the unit cost of labour.   
The production function involves 

coefficients that multiply the volume used of each production factor in order to 
represent the ―quality‖ of the factors. The quality indices change over time to 
reflect technology progress embedded in the factors. In addition, a quality 
index representing total factor productivity is also included in the production 
function: 

 (7) 
                            

 
where   denote the quality indices. 
The quality indices depend on exogenous factors, including policy parameters 
such as R&D financing, programs that improve human capital, etc., and in the 
model version on endogenous growth, they are partly endogenous variables. In 
this case, they depend on knowledge capital which is accumulated as a result of 
endogenous investment in knowledge and exhibits decreasing return to scale. 
The factors and the sectors compete with each other in acquiring portions of 
the knowledge capital. Investment in knowledge is decided by R&D supplying 
firms which use human capital as production factor and operate under 
increasing returns to scale. 
Human capital represents the stock of knowledge of the employees. The 
amount of human capital devoted to the R&D sector and the amount of human 

 

Production

Capital
Labour, 

Materials, 
Energy

Labour
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Materials

Goods, 
services

Energy

Energy forms



9 

 

 

capital devoted to the final goods sector equals the total amount of human 
capital. Human capital grows as a result of public activities and through 
spillovers from private activities: investment embodying new technologies 
produced by other firms or sectors induces positive external learning-by-doing 
effects. Therefore R&D activities increase the knowledge of employees, by 
introducing new products or more efficient technologies. Also, human capital 
can be augmented by increased expenditures on education. Higher marginal 
tax rates on labour are assumed to exert a negative incentive to invest in 
human capital.  

2.10 Policies that affect Labor Supply and/or Labor Demand  

According to the classification followed by the LABREF database on the 
European Commission, the labour reform includes the following domains: 

1. Labour taxation 

2. Unemployment and welfare-related benefits 

3. Active Labour Market Policies (ALMP) 

4. Employment Protection Legislation (EPL) 

5. Pension systems 

6. Wage bargaining 

7. Working time 

8. Immigration and mobility 

The policy measures included in the above domains are further classified in 
sub-categories which are more relevant for the linkages with the model-based 
analysis. The general equilibrium model, as explained above, is sufficiently 
detailed to allow direct connection of model parameters with most of these 
sub-categories reflecting concrete policies and measures. Some of the model 
parameters appear in the labour supply part of the model and some others 
affect the labour productivity and so labour demand. 

To perform policy analysis of labour reform it is necessary to quantify these 
connections. Each candidate policy measure, at the level of detail of the sub-
categories of LABREF, must be evaluated in terms of two effects: 

 Marginal change of corresponding model parameter(s) within a 

counter-factual scenario as compared with a baseline scenario 

 Budget needed for implementation and institution bearing the cost. 

Regarding the latter effect, the general equilibrium model has the advantage 
to be closed in terms of income distribution and allocation through the Walras 
law. In addition, the GEM-E3 model has built-in options that activate public 
budget deficit restrictions and the model compute endogenously the changes 
of public revenue raising policy parameters as required to meet the deficit 
restrictions. Policy assessment of labour reform measures is therefore 
performed in a consistent way: a certain labour reform measure based on 
increased public spending may have adverse indirect effects on other parts of 
the economy as a result of public deficit restrictions. However, given that the 
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model is dynamic, such labour reforms may induce productivity gains and 
hence higher growth which may help in meeting the deficit restrictions. 

 

Policy measure Model parameters 

 Labour taxation 
Employers’ social security contributions Cost of production factors, public budget 

Employees’ social security 
contributions 

Disposable income, private consumption, labour supply, 
public budget 

Income tax Disposable income, private consumption, labour supply, 
public budget 

 Unemployment and welfare-related benefits 
Unemployment benefits Minimum wage, participation rate, quit rate, income 

transfers 

Other benefits Labour cost, income transfers 

 Active Labour Market Policies 
PES and administration Improvement of matching function, public budget 

Direct job creation and employment 
subsidies 

Labour cost, public budget 

Training, Education, etc. Human capital and productivity, labour cost, public 
budget 

 Employment Protection Legislation 
Permanent contracts and procedures Efficient wages parameters, wage bargaining parameters 

Temporary contracts and renewals Efficient wages parameters, wage bargaining parameters 

 Pension systems 
Retirement arrangements Participation rates, income transfers 

Pensions and tax treatment Income transfers, public budget 

 Wage bargaining 
Restrictions or government 
interventions 

Bargaining power 

Flexible arrangements Bargaining power, matching function 

 Working time 
Participation friendly schemes Participation rate, cost of labour 

Flexibility in working time and 
organisation 

Cost of labour, productivity 

 Immigration and mobility 
Immigration policies Participation rate, minimum wage (if informal sector), 

wage bargaining power, cost of labour 

Mobility support policies Matching function, Efficiency wages parameters, 
Bargaining power 

 

The data needed to quantify the relationship between the policy measures and 
the model parameters, as illustrated in the table above, are only partially 
available in the existing database.  
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2.11 Disaggregation and Data availability issues  

The general equilibrium model will represent more than one occupational 
categories (skills) and more than one representative households. The 
construction of the Social Accounting Matrix involves the following additional 
data: 

 Volume and compensation of labour per skill and per sector of activity 

 Consumption patterns per type of household 

 Labour supply per skill and per type of household 

 Income sources and transfers per type of household 

 Immigration flows and intra-EU flows of labour per skill category 

The following data sources are considered: 

Skills EU KLEMS database provides compensation of employees and man hours on 
three skill types (High, Middle, Low) and 38 economic activities. (time series) 

 GTAP database provides compensation of employees on two skill types (High, 
Low) for 57 economic activities. (year 2001) 

 EUROSTAT LFS provides employment levels of 10 types of occupation. (time 
series) 

Wage 
Differentials 

EU KLEMS database provides this information (as above 1.) 

Minimum Wage EIRO provides minimum wages for year 2004 in countries applied (no 
collective agreements included) 

 EUROSTAT (LFS) provides minimum wages for in countries applied (no 
collective agreements included) (time-series) 

Average Wage UN database provides gross average monthly wages (1990-2006) 

 OECD average annual wages (2005) 

Active 
Population 

EUROSTAT provides data on population by sex, age groups, nationality and 
labour status, Employment, Working time - LFS time series 

Unemployment EUROSTAT provides Unemployment rates by sex, age groups for five 
educational levels  Pre-primary, primary and lower secondary education, Upper 
secondary and post-secondary non-tertiary education, Tertiary education) (time 
series) 

Job Vacancies EUROSTAT provides job vacancies for 10 economic groups (time series) 

Job Search EUROSTAT provides data on  total registered job seekers, registered 
unemployed job seekers and other registered job seekers (year 2005) 

Unemployment 
benefits 

EUROSTAT provides unemployment insurance schemes (year 2004-2006) 

Consumption 
patterns 

EUROSTAT Data on consumption expenditure by function from different 
household income groups (five quintiles)(Study: Consumers in Europe and 
Households Budget Surveys) 

Labour mobility EUROSTAT provides data on workers by economic activity and broad group of 
citizenship and region (time series). 
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2.12 Labour Skills. 

Labour split in skilled and unskilled is based on the data of the EU-KLEMS 
database. Total supply of labour is a CES aggregate of skilled and unskilled 
labour: 
 

 1 1 1

1

1 (1 )u sL L L      
,

1
1

1

1





  

 
L :    Total labour supply 

sL
:   Skilled labour 

sL
:   Unskilled labour 

1 :    Efficiency parameter 
 :     Productivity parameter 

1 :   is the substitution elasticity between skilled and unskilled labour 
 
From cost minimization the unit cost function of labour is derived:

 1 1 1 1 1

1
1 1 1

1

1
( , ) (1 )i s u sWL W W W W    

 


        

sW
:  wage of skilled worker 

uW
:  wage of unskilled worker 

 
From shephards lemma the demand function for skilled and unskilled labour 
are derived. 
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The potential skilled labor force in equilibrium must be equal with to the total 
demand of skilled labor :  
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and the potential unskilled labor force must be equal with the total demand of 
unskilled labour: 
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4 Improvement of the dynamic properties of the model. 

4.1 GEM-E3 Investment function. 

The investment function of GEM-E3 is: 

( 1)(1 ) (1 )
( )

tgkPR
PR PR

PR

PK
INVV m×KAV STGR e d

PINV r d




  
        

    

 

where INNV is the volume of investment, m is a scale parameter, KAV is the 
volume of capital, PK is the unit cost of capital, PINV is the unit investment 
cost, r is the interest rate, d is the depreciation rate, STGR is the long-term 
growth expectations, TGK is the technical progress of capital, and σ the 
elasticity of substitution at the top level of the CES production function. 
The motion equation of the capital stock is: 

1 (1 )
(1 )

T
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PR PR PR
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Due to the limited dynamic properties of the GEM-E3 investment function 
(i.e. it is only the STGR parameter that is used to accommodate future 
expectations) it was decided to reformulate it so as to take into account futures 
expectations in an econometrically validated way.  
The main approaches in investment formulation found in literature are: 

4.1.1 The Accelerator Model 

*

, , ,i t i t i tK Y 
 

[1] 

Optimal capital stock K* is defined as a ratio μ of output Y. That is prices, 
wages, interest rates have no direct effect on the formulation of capital. Since 
capital always adjusts to its optimum level investment depends on output 
variation. 
 

 * *

, , , 1 , , 1i t i t i t i t i tI K K Y Y     
 

[2] 

A variant of the accelerator model is the flexible accelerator model [3] which 
implies that adjustment of capital to its optimal level is not instantaneous but 
depends on a constant λ ratio of the gap between K* and K. 
 

 *

, , , 1i t i t i tI K K   
 

 

[3] 

Only equation [2] is applicable to the GEM-E3 model but does not really 
improve the properties of the model. In CGE models there is no rate of 
adjustment since the adjustment is instantaneous. The rate of adjustment can 
be included exogenously using an appropriate econometric model to estimate 
it.  
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4.1.2 Tobin’s Q 

The net investment depends on the ratio of the market value of business 
capital assets to their replacement values. Marginal Q is difficult to be 
estimated, unobservable variable. Average Q could be estimated but has weak 
explanatory power, poor performance. The general approach is to calculate Q 
from macroeconomic data 

  
  

 
 

 
  
 

 

[4] 

 

y: real GDP. 
I: Gross fixed capital formation in a sector in real terms. 
P: GDP Price deflator (nominal GDP/real GDP). 
Unit labour costs (ULC) w/λ: wage income per employee/ GDP per 
employment. Idealy we would have taken wage income per hour/GDP per 
hour in order to account for working hours. However, the data was not 
available. 
Real capital stock data calculated by the DIW are inflated with an equipment 
deflator (PK). The annual data for the nominal capital stock from the federal 
statistical office is broken into quarters using quarterly data for capital 
productivity of the manufacturing sector as a proxy for the whole economy’s 
capital productivity. We get the real capital stock by multiplying the so derived 
nominal capital stock with an equipment deflator. 
i: Capital market interest rate is approximated by a return on industrial bonds 
(Bundesbank). 

1. Formulate the investment function: 

             

 

   

         

 

   

    
[5] 

 
2. Calculate Q from the firm balance sheet. 

    
              

  
 

[6] 

ps:   price of share  
cso:   common shares outstanding 
ce:   common equity 
dt:   deferred taxes 
ta:   total asset 
 

3. Formulate the investment function: 

  
  

             
[7] 

 

This formulation exhibits the following disadvantages: i) hard to find the 
appropriate data set ii) No clear methods to calculate Tobin's q and iii Poor 
performance. 
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4.1.3 McKibbin  

The G-Cubed1 and the Quest2 model incorporate adjustment costs in the 
investment function. 

,

, ,

,

1
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[8] 

 
Adjustment cost depends on the level of investment to capital stock (similar 
Summers3 1981b assumes that adjustment costs are quadratic in investment,  
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,
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).  

 
McKibbin modifies the standard neoclassical investment function so as to 
restrict firms to finance their investment plans mainly through their retained 
profits (i.e. the  a share parameter is 0.3 [8]). 

 

 * 1
1 (1 )i i i

i

J a K q a


         
[9] 

 
where q is the marginal version of Tobins q 

i
i

P
q

PINV
   

[10] 

                                                   

 
1 McKibbin (1995) 

2 Roeger (1997) 

3 Summers (1981b) made the assumption that the adjustment costs are quadratic in investments: 
 

   

That implies  

     

Thus, 

   

 

Based on this analysis, Summers estimates various regressions of the form 

    

    
                 

   
According to his estimates the coefficient on q is very small, b=0.031 with a standard error of 0.005, which implies a 

value of . When Summers embeds this estimate in a larger model, he finds that the capital stock takes 10 years 
to move halfway to its new steady-state value in response to a shock. This problem is due to the measurement error 
(measuring marginal q is extremely difficult). 
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4.1.4 Firms Investment Behavior (Jorgenson, Hicksman) 

Investments are depended on: 
Capital Stock 
Output 

Price ratio, 
         

                       
 or 

                       

               
 

Time 

    
  

    
              

  

    
      

    

    
        

            

[11] 

Or 

  

    
    

   
    

  
 
   

 
    

    
 
   

  
      

     
[12] 

  
That is, a firm, given the price ratio, the share of capital stock to production, 
chooses the change in capital stock (net investments) for the next period. 
This form of investment has been derived by Hickman’s study of investment 
which is similar to Eisner’s accelerator model and Jorgenson-Stephenson 
model.  
 
Data requirements (time series): 

 Output, which is the gross product in each sector. 

 Capital stock which has been estimated by Hickman using declining 
balance replacement or, equivalently, a geometric mortality 
distribution. 

 Price of each good, output. 

 Rental price of capital services is the product of the investments good 
price index and the sum of interest and depreciation rates. 

 The depreciation rate is a constant 

 The interest rate is Moody’s AAA industrial bond rate. 

 The wage rate is employee compensation per man-hour. 

4.1.5 Private Investment Behavior 

There are many models in this approach. For example: 

                                    [13] 
 

where 
 
PI: private investment 

GDP: income 

CRD: credit flow to the private sector from investments banks 

PSI: public sector investment 
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IMPC:  foreign exchange availability proxied by import capacity 

 
Log private inv. = 0.75 Log output – 0.23 Log exchange rate + 0.17 Log credit – 0.24 i1995   [14] 
(t-statistic)  (70.2432)   (–9.8593)                (10.6842)   (–2.3398) 

 
Variables: private investment, income, exchange rate, credit , i1995:  dummy 
variable . 
An alternative investment behavior could be: 
An investor or a firm invests in a specific sector according to : 

 Demand or production of the good of this sector 

 The taxes for this sector. 

 The government subsidy proxied by government expenditure 

 Demand or production of complement goods, interest rates etc.  

  
                        [15] 

 
In regression [15  the exogenous variable T and G should be stationary the 
variables I and Y may be non stationary. The presents of a cointegration 
relationship should be examined in order to find a long run macroeconomic 
equilibrium. 

This approach is easy to handle, and its data requirements can be fulfilled with 
existing databases such as EUROSTAT and EUKLEMS.  

4.2 Data. 

The EUROSTAT and EU-KLEMS databases were used in order to find data 
appropriate to construct a model based on one of the previous approaches. 
Taking into consideration data availability as well as the restrictions imposed 
from each approach it was decided to construct an econometric model based 
on two explanatory variables: the domestic production and the capital stock. 
From the EU-KLEMS database the following data were used: 

 GO_QI, Gross output, volume indices, 1995 = 100, for the domestic 

production. 

 CAP_QI, Capital services, volume indices, 1995 = 100, for the capital 

stock. 
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These were available from 1971 to 2005 for 11 countries and 15 sectors listed in 
table below: 

 

Countries Sectors 

Austria (AT) Agriculture (01) 

Belgium  (BE) Chemical products (07) 

Denmark (DK) Consumer industry goods (12) 

Germany (DE) Coal (02) 

Spain (ES) Construction (13) 

Finland (FI) Electric goods (09) 

France (FR) Services of credit and insurance (16) 

Italy (IT) Ferrous and non ferrous metals (06) 

Netherlands (NL) Non market services (18) 

Portugal (PT) Other energy intensive (08) 

United Kingdom (UK) Other market services (17) 

 Telecommunication services (14) 

Transmission and distribution (05) 

Transport equipment (10) 

Transport services (15) 

 

4.2.1 An estimated Investment function for the GEM-E3 model 

Due to the limited availability of the data and the lack of degrees of freedom 
we resort a simple model for the investment function which allows us to 
discriminate the heterogeneity of the sectors and countries.  

The basic assumption is that the actual value of the share of the capital stock 

which is invested (  
  

    
    differs from the desired share ( 

  
 

    
 ) because the 

adjustment to its optimal level corresponding to domestic production change 
is not immediate.  

Under that assumption, the model which should be estimated is  

  
 

    
       

  

    
    (1) 

 

Moreover, suppose the adjustment process is only partial in the sense that: 

  

    
 

    

    
       

  
 

    
 

    

    
   (2) 

where       . 

 

Substituting (1) into (2) we obtain the following equation, 
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    (3) 

where             and            

 

The equation (3) is estimated by OLS. The parameter   expresses the speed of 
adjustment. The greater the   the slower the adjustment is. The parameter   
expresses the short-run  effect of the domestic production change to the share 
of the capital stock which is invested.  

We applied the partial adjustment model to the available data which was 
annual data for 15 sectors and 11 countries based on the EU-KLEMS database. 
The time horizon was from 1971 to 2005 and we derived 165 different 
estimates for each coefficient.  

In order to include these estimates into the GEM-E3 model we should make 
further assumptions. 

 

4.2.2 Matching the time period 

Since the estimates of the econometric analysis correspond to 1-year change 
while in GEM-E3 model we have 5-year changes we project our estimates to 5-
year period. 

We make the following transformations: 

     

                   

                   

 

4.2.3 Estimates 

For each sector we expect to have the following restrictions in estimates:   
 ,     and      . In any other case we replace that estimate with the 
average of the estimates for this sector.  

 

4.2.4 Providing estimates for other countries and sectors of the 
GEM-E3 model4 

In order to have estimates for all sectors and countries identified in the GEM-
E3 model the following assumptions are made. 

 For the sectors oil and gas we use the same estimates with the sector 
coal. 

                                                   

 
4  This process may be further improved by correlation analysis i.e. putting the same estimates to the 

current sector or country as the sector or country with the higher correlation. 
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 For the sector other equipment goods we use the same estimates with 
the sector other energy intensive. 

 For the sectors coal conventional thermal, gas conventional thermal, oil 
conventional thermal, nuclear, biomass, hydroelectric, wind and solar 
photovoltaic we use the same estimates with sector transmission and 
distribution. 

 Finally for the countries with no estimates the same estimates of 
Portugal were used. 

Table 1 provides a summary of the results. 

Sector θ φ δ 
Agriculture 0.186 0.126 0.036 

Chemical products 0.121 0.053 0.033 

Consumer industry goods 0.202 0.273 0.021 

Coal 0.119 0.047 0.031 

Construction 0.120 0.269 0.032 

Electric goods 0.116 0.221 0.037 

Services of credit and insurance 0.288 0.182 0.023 

Ferrous non ferrous metals 0.154 0.122 0.026 

Non market services 0.196 0.220 0.030 

Other energy intensive 0.083 0.260 0.041 

Other market services 0.324 0.153 0.022 

Telecommunication services 0.209 0.279 0.029 

Transmission and distribution 0.305 0.036 0.026 

Transport equipment 0.095 0.059 0.058 

Transport services 0.223 0.306 0.025 

Table 1: Average estimates for the coefficients out of 11 countries. 

 

  



24 

 

 

Moreover Tables 2-4, provide analytically the 5-period estimates for the 
coefficients δ, φ, θ for each sector and country, respectively. 

 
AT BE DK DE ES FI FR IT NL PT UK 

01 0,013 0,024 0,031 0,009 0,020 0,022 0,013 0,013 0,058 0,176 0,020 

07 0,020 0,038 0,083 0,024 0,021 0,032 0,036 0,021 0,037 0,014 0,036 

12 0,010 0,018 0,041 0,027 0,023 0,023 0,016 0,013 0,023 0,009 0,026 

02 0,016 0,032 0,049 0,034 0,022 0,048 0,027 0,021 0,035 0,038 0,016 

13 0,023 0,035 0,049 0,022 0,027 0,058 0,019 0,022 0,032 0,040 0,023 

09 0,016 0,061 0,036 0,019 0,035 0,040 0,012 0,026 0,040 0,094 0,029 

16 0,023 0,015 0,035 0,011 0,023 0,006 0,021 0,015 0,024 0,043 0,037 

06 0,030 0,028 0,044 0,025 0,020 0,057 0,020 0,008 0,023 0,009 0,020 

18 0,017 0,023 0,043 0,026 0,041 0,019 0,023 0,026 0,038 0,038 0,039 

08 0,051 0,048 0,090 0,034 0,032 0,040 0,022 0,029 0,033 0,035 0,034 

17 0,037 0,009 0,026 0,013 0,021 0,022 0,028 0,018 0,019 0,031 0,037 

14 0,029 0,041 0,044 0,018 0,040 0,029 0,008 0,056 0,045 0,092 0,025 

05 0,014 0,032 0,031 0,019 0,021 0,019 0,026 0,025 0,025 0,083 0,021 

10 0,053 0,047 0,035 0,033 0,036 0,041 0,030 0,029 0,099 0,186 0,054 

15 0,003 0,025 0,068 0,022 0,029 0,001 0,010 0,054 0,036 0,011 0,021 
Table 2: Estimates for the δ coefficient (5-period). 

 

 
AT BE DK DE ES FI FR IT NL PT UK 

01 0,107 0,157 0,126 0,126 0,035 0,099 0,349 0,349 0,378 0,126 0,026 

07 0,197 0,053 0,053 0,019 0,068 0,080 0,073 0,115 0,053 0,099 0,053 

12 0,404 0,338 0,142 0,106 0,256 0,256 0,362 0,426 0,098 0,539 0,073 

02 0,001 0,023 0,350 0,047 0,206 0,008 0,047 0,001 0,108 0,101 0,047 

13 0,126 0,215 0,383 0,407 0,373 0,186 0,213 0,299 0,212 0,169 0,370 

09 0,256 0,153 0,236 0,252 0,235 0,241 0,387 0,366 0,221 0,127 0,203 

16 0,083 0,246 0,236 0,310 0,118 0,496 0,188 0,060 0,169 0,013 0,084 

06 0,138 0,018 0,122 0,095 0,110 0,122 0,239 0,448 0,080 0,423 0,050 

18 0,288 0,269 0,220 0,328 0,025 0,559 0,220 0,264 0,139 0,441 0,220 

08 0,320 0,241 0,163 0,203 0,646 0,260 0,424 0,234 0,183 0,060 0,131 

17 0,086 0,185 0,181 0,246 0,084 0,626 0,133 0.153 0,155 0,153 0,027 

14 0,398 0,279 0,193 0,122 0,300 0,729 0,184 0,018 0,370 0,260 0,559 

05 0,036 0,045 0,036 0,036 0,128 0,036 0,305 0,128 0,047 0,036 0,036 

10 0,059 0,059 0,129 0,140 0,004 0,143 0,075 0,150 0,089 0,059 0,059 

15 0,363 0,094 0,071 0,163 0,531 0,465 0,241 0,071 0,268 0,700 0,402 
Table 3: Estimates for the φ coefficient (5-period). 
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AT BE DK DE ES FI FR IT NL PT UK 

01 0,221 0,070 0,021 0,227 0,241 0,121 0,502 0,502 0,186 0,186 0,140 

07 0,095 0,160 0,121 0,110 0,309 0,050 0,027 0,226 0,026 0,306 0,023 

12 0,259 0,357 0,043 0,102 0,169 0,169 0,210 0,290 0,168 0,321 0,130 

02 0,078 0,052 0,010 0,051 0,154 0,009 0,050 0,187 0,026 0,038 0,657 

13 0,053 0,052 0,030 0,058 0,122 0,025 0,349 0,336 0,093 0,010 0,197 

09 0,214 0,027 0,115 0,157 0,083 0,044 0,193 0,103 0,234 0,116 0,110 

16 0,381 0,382 0,012 0,469 0,356 0,379 0,176 0,471 0,199 0,157 0,189 

06 0,020 0,087 0,043 0,054 0,275 0,018 0,251 0,355 0,116 0,363 0,110 

18 0,253 0,242 0,004 0,090 0,205 0,353 0,419 0,195 0,057 0,222 0,110 

08 0,020 0,050 0,083 0,100 0,035 0,163 0,221 0,167 0,071 0,041 0,045 

17 0,104 0,718 0,062 0,469 0,440 0,488 0,080 0,393 0,345 0,268 0,198 

14 0,494 0,388 0,040 0,315 0,041 0,636 0,280 0,022 0,009 0,002 0,074 

05 0,338 0,055 0,240 0,451 0,306 0,544 0,749 0,244 0,091 0,001 0,337 

10 0,070 0,057 0,263 0,083 0,086 0,026 0,141 0,127 0,095 0,095 0,187 

15 0,402 0,434 0,004 0,253 0,054 0,507 0,379 0,031 0,031 0,127 0,231 
Table 4: Estimates for the θ coefficient (5-period). 

 

The numbers in bold show that the estimate is statistical significant while the 
number in italic and underlined format means that this estimate was replaced 
with the average value of the current sector.  

 

 

4.3 An econometric view of the results5 

Since a partial adjustment model it was used, the ordinary least square (OLS) 
is the appropriate method to estimate its parameters.  

The endogenous variable is the ratio of investment to the capital stock.  We 
used the Dickey – Fuller (DF) test and the Augmented Dickey – Fuller (ADF) 
test to check if these variables are stationary or not. It was concluded that 
these variables are integrated of order zero I(0) i.e. stationary, in almost all 
sectors and countries. 

Similar results were derived for the exogenous variable which is the domestic 
production change.  

The adjusted    as well as the    indicate that the estimates fit the data well. 
In the majority of the estimated equations we found a     greater than 0.60. 

Moreover, in each estimated equation we tested the normality, the 
heteroskedasticity and the autocorrelation of the error term using the Jarque-

                                                   

 

5 These results can be provided upon request. These are 165 equations, therefore 330 unit 
root tests, 165 white tests, autocorrelation tests and normality tests. 
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Bera test, the White test and the LM test with various lags respectively. The 
results showed that the residuals are normally distributed and they do not 
have any heteroskedasticity or autocorrelation problem in almost all cases.  

In cases where the coefficients weren’t statistical significant we replaced them 
with the average estimates.  

Results in Table 4 show that the coefficient θ which corresponds to the speed 
of adjustment is statistically significant in almost all cases. Nevertheless this is 
not the case for the coefficient φ. Since we had only 34 observations to 
estimate these coefficients it is inefficient to include addition variables into the 
model.  

Finally, since our purpose is to take into account the dynamics and the 
heterogeneity among sectors and countries we propose this partial adjustment 
model as a good approximation to the real characteristics of the investment 
behavior.  
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6 Bottom-Up representation of the electricity sector. 

The bottom-up representation of the electricity sector extents the work 
performed within the DYN-GEM6 project. Based on engineering databases 
and energy balances such as the TECHPOL database, the ENERDATA 
database and the PRIMES model database it was possible to derive the 
following datasets: 

 generation costs  

 technology market shares  

 cost share of transmission and distribution to total cost of electricity 
production. 

The technologies incorporated in the GEM-E3 model are presented in Table 5. 

Table 5:  Electricity Producing Technologies represented in GEM-E3 
model. 

No Name Description 

1 COA Coal fired 

2 GS1 Gas fired 

3 OL1 Oil fired 

4 NK1 Nuclear  

5 BGT Biomass  

6 HD1 Hydro electric 

7 WID Wind 

8 DPV Building integrated photovoltaic 

 

Electricity producing technologies are characterised by differing cost 
structures and conversion efficiencies. The estimates on capital, labour and 
fuel costs are substantial since these will determine how changes in various 
factor prices will affect each technology. Generation costs can be grouped in 
three main categories (i) Investment costs (ii) Operating and maintenance 
costs and (iii) fuel costs. Cost estimates for these categories were extracted 
from the TECHPOL and PRIMES database. The specific cost structure of each 
technology introduced in the model is presented in Table 6. 

Base year technology market shares have a special meaning in the general 
equilibrium approach since it is assumed that the power sector in this year is 
in equilibrium: that is, market shares provide the model with the equilibrium 
point from which the energy technologies will start to compete. Thus in order 
to model non existing (at the base year) technologies one should add them 
explicitly at the base year simulating their gradual evolution over time.   

                                                   

 

6 dddd 
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Table 6: Electricity production cost shares. 

 Coal 
fired 

Gas 
fired 

Oil 
fired 

Nuclear Biomass Hydro Wind PV 

Capital 0.46 0.21 0.22 0.78 0.35 0.87 0.92 0.98 

Labour 0.26 0.10 0.11 0.22 0.13 0.13 0.08 0.02 

Coal 0.27        

Oil   0.66      

Gas  0.69       

Agriculture     0.51    

Source: Calculations based on TECHPOL and PRIMES databases. 

The input output flows of the electric power sector tabulated in the 
macroeconomic accounts are actually aggregates of two activities: electricity 
generation and transmission and distribution. Incorporation of energy 
technologies in the model requires the disaggregation of the SAM column that 
corresponds to the electric power sector and identification of the transmission 
and distribution sector.  To split the aggregated energy sector to a T&D 
component and to a power generation component we used information related 
to the cost shares of transmission, generation and distribution, based on IEA 
and USA DOE reports. The generation cost accounts for over half of total cost 
and in most E.U. countries they account for over 60% while transmission costs 
range between 5% and 10%.  

6.1 Input output and bottom up data reconciliation. 

The main difficulty in incorporating power producing technologies in a CGE 
model lies on the reconciliation between engineering and macroeconomic 
data.  The electricity sector as it appears in GEM-E3 (and ideally down to the 
finest detail in input output tables) has been split into two different types of 
sectors: (i) generating sectors (gen), one for each technology type (ii) a 
remainder sector (t&d) broadly representing the provision of electricity 
services to consuming sectors (transportation, distribution, metering, network 
maintenance, system management etc.).  

In order to disaggregate these sectors a mapping should be specified between 
the entries of the input output table and the engineering information retrieved 
from the technical databases. For this purpose we need to identify within the 
engineering database the following cost elements: (i) capital cost (ii) fixed 
operating and maintenance cost (iii) fuel cost and (iv) other variable operating 
and maintenance costs, related to the energy producing technologies to be 
incorporated in the model. Then these cost elements are linked to the 
variables of the GEM-E3 model according to the following rationale: 
Annualised capital costs correspond broadly to operating surplus , Fuel costs 
correspond to the fuel input and variable operating and maintenance cost are 
mostly materials. Fixed operating and maintenance costs mostly represent 
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wages and salaries paid to employees engaged in power generation (naturally 
independent of output). 

Since the entire GEM-E3 model is calibrated on the social accounting matrices 
it is reasonable to keep the macroeconomic data constant and adjust the 
market and cost shares of the technologies. The purpose of the calibration is to 
depart as little as possible from the flows suggested by the engineering 
information while respecting exactly the totals appearing in the original input 
output table. Toward this end a cross entropy method was applied. This 
calibration technique cannot be applied uniformly since each country presents 
specifities that should be individually taken into account. For example there 
are cases where the input output data do not register a flow from agriculture 
to electricity (biomass fuel), or the engineering data suggest such capital 
allocations that lead to unrealistic investment to capital ratios by technology.   

6.2 GEM-E3 BUTD module technical specification. 

Production functions in GEM-E3 exhibit a nested separability scheme, 
involving capital (K), labour (L), energy (E) and materials (M) and are based 
on a CES neo-classical type of production function. Integrating the bottom up 
module in GEM-E3 implies that a new nesting production scheme particular 
to the electricity sector should be applied. Figure 1 describes the new nesting 
scheme of the GEM-E3 model. 

 

Figure 1: GEM-E3 Electricity production nesting scheme 
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At the top level of the production function there is a CES aggregation of capital 
and the Labour, Energy, Electricity, Material bundle. The elasticity of 
substitution at this level varies from 0.15 to 0.4 depending on the production 
sector it refers to. At the second level there is CES aggregation of Electricity 
(incl. T&D) and the LEM bundle with 0.2 elasticity of substitution. At the 
fourth level transmission and distribution (T&D) bundle and the power 
generation bundle (GEN) are aggregated through a CES function. At this level 
(1) the elasticity of substitution chosen is 0.1 since these activities are 
considered complementary. The power generation bundle is then a C.E.S. 
aggregate of a set of discrete power technologies. At the fifth nesting level a 
high elasticity of substitution is chosen allowing for smooth shifts in the 
technology mix of power production.   

The CES function of the T&D sector was modified so as to take into account 
the policy induced changes in the mixture of power generation and the 
technological cost reductions induced both from learning by doing and 
learning by research. 

The particular CES form used is [1] where d are the value shares and m is the 
technical parameter reflecting the learning effects. 
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The output of the power producing technologies is a CES aggregate of capital, 
labor and fuels while a parameter m is introduced reflecting the capital 
equipment technical progress of each technology.  
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8 GEM-E3 & PRIMES link. 

8.1 Introduction 

This part of the report presents the methodology used to link the partial 
equilibrium energy model PRIMES and GEM-E3. This link enables the 
feedback between the energy and the economic systems of the two models and 
is carried out by an iterative run of the PRIMES (energy) and GEM-E3 
(general equilibrium) models. 

8.2 The PRIMES model 

The energy model PRIMES simulates the European energy system and 
markets on a country-by-country basis and provides detailed results about 
energy balances, CO2 emissions, investment, energy technology penetration, 
prices and costs for 5-years intervals over a time period from 2000 to 2030. 
The model produces future projections of a detailed inventory of energy and 
process related CO2 emissions and associates this projection with drivers such 
as energy prices, economic activity, technological changes and a series of 
policy instruments. The model establishes a complete linkage between supply 
and demand for energy with endogenous price formation. This allows 
different policies to be assessed ensuring consistency within energy market 
equilibrium. Bottom-up and engineering oriented information about 
alternative policy options is also included at a sufficient level of detail. The 
model is designed to handle renewable, efficiency and climate change targets, 
with representation of various possible policy instruments. The representation 
of sectors, countries and technologies is comprehensive and suitable to assess 
alternative target schemes which can be specified at different levels: at the 
overall EU level or at the level of each member state (with differentiation) 
and/or at the level of specific sectors of activity.  Economic activity, i.e. GDP 
and production of goods and services by sector, is assumed exogenous to 
PRIMES and do not vary by scenario. This assumption corresponds to the so-
called partial equilibrium analysis. 

8.3 Linking GEM-E3 and PRIMES.  

The energy sector of GEM-E3 is rather aggregated and the energy volumes 
and prices are measured as economic indices (as in National Accounts). 
Energy is disaggregated following the definitions of Input-Output tables and 
not as in Energy Balances. Consequently, although the energy system is 
included in the general equilibrium model, GEM-E3 cannot produce energy 
system simulations as accurately as the PRIMES model, lacking details and 
engineering evidence. Therefore, it is better to calibrate the GEM-E3 energy-
related projections to those obtained by the PRIMES model. Unfortunately 
this is not a trivial task because there is no one-to-one matching between 
energy balances and input-output tables and also because there exist 
significant overlapping in system coverage by the two models: for example 
despite their methodological differences both models incorporate energy 
demand and supply.  Despite these difficulties, we have established a 
correspondence between the models allowing using them in an iterative 
sequence, as follows: 

 First a Baseline economic scenario is produced by using the GEM-E3 
model. A special code is used for this purpose, based on goal-oriented 
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non linear programming. The code, called automatic baseline generator 
(described in section 11), helps producing projections which are 
calibrated to a desired GDP, emissions and sectoral activity dynamic 
path. It is reminded that a general equilibrium model is not capable of 
producing forecasts, as dynamic econometric models are, but only for 
counter-factual analysis (i.e. drawing conclusions by comparing 
projections – scenarios). 

 Secondly, PRIMES is used to produce a Baseline energy projection by 
using as exogenous parameters the economic activity projections of 
GEM-E3. 

 Within the logic of partial equilibrium analysis, PRIMES is used to 
produce counter-factual energy system projections, for example 
reflecting the energy efficiency target. The energy system projection 
implies changes in energy consumption by sector and changes of fuel-
mix in supply and demand sectors, compared to baseline. It implies 
also changes in energy system costs and prices. 

 Subsequently, several parameters used in the GEM-E3 models are 
changed to reflect the change of energy structure produced by the 
PRIMES model. In addition, the policy changes reflected in the energy 
counter-factual scenario of PRIMES are also introduced in GEM-E3. 
Finally, other macroeconomic adjustments, as for example the choice of 
closure rule for the current account or the public finance, are also 
introduced. So, GEM-E3 is used to quantify the counter-factual 
scenario within the logic of general equilibrium analysis. As a result, 
economic activity and GDP projections are altered compared to the 
baseline scenario. 

 Finally, these altered economic activity projections are introduced in 
the PRIMES model and a new energy system scenario is produced. 

 This iterative process may continue until convergence is reached, i.e. 
until no changes are produced in the data exchanged by the two 
models. However, because of the high complexity of the models and the 
long computer time required to run them for all the EU member-states, 
the iteration stops after the second run of the PRIMES model. At this 
stage, the energy and economic system results are reported and 
compared to those of the baseline scenario. Impact assessment 
conclusions are drawn from this comparison.  
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9 Update of the model database. 

9.1 Data requirements and Sources. 

Both the European and World version of GEM-E3 has been updated to the 
most recent available data (i.e. 2000 EUROSTAT IO tables and 2004 GTAP 
v7. IO tables respectively). Additional data to the IO tables were required in 
order to fill the GEM-E3 database, these were extracted from various data-
sources (mentioned below).  

The GEM-E3 data requirements are: 

- Input-Output tables. 
- Bilateral trade matrices. 
- Investment matrices 
- Consumption matrices 
- Labor market data: active population, unemployment rate, 

unemployment benefit skills. 
- Data for the bottom-up representation of the electricity sector: 

engineering data on the cost structure of power producing technologies, 
data on electricity production of each technology (technology market 
shares) 

- Interest rates. 
- Inflation rates.  
- Capital stock. 
- Institutional transactions within economic agents. 
- GHGs and their associated marginal abatement cost curves. 

The data sources used to complete the GEM-E3 database are: EUROSTAT, 
GTAP v.7., IMF, OECD stat, EU-KLEMS, AMECO and ILO. This part of the 
report presents the general methodology adopted to reconciliate the data from 
the different sources to the specific requirements of the GEM-E3 model.    

9.2 GEM-E3-EU- Social Accounting Matrix 

The GEM-E3-EU model is based on a SAM that is expressed at producer 
prices7. The available data from EUROSTAT were: i) Supply table at basic8 
prices with a transformation on purchasers price ii) Use table at purchaser9 
prices  and (iii) Symmetric input output tables at basic prices.  The following 
section provides details on the transformation from basic to producer prices 
table. 

                                                   

 

7 output includes all taxes related to production excluding VAT and transportation cost. 

8 output net of all taxes 

9 producer prices + all taxes and subsidies on products + VAT and transportation costs. 
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9.2.1 Transformation of IO at basic prices to producer prices.  

A schematic representation of the supply and use tables available from 
EUROSTAT are depicted in Error! Reference source not found. and 
Error! Reference source not found.. These tables together with the 
symmetric input output table at basic prices were used in order to compute 
the taxes less subsidies on products table. An indirect method was used to 
compute the amount of taxes less subsidies that each sector pay to buy one 
unit of intermediate good.  In particular a RAS procedure was applied in the 
intermediate demand and final uses matrix. The initial matrices, which form 
the basis for the RAS, were derived from the symmetric input output table 
expressed at basic prices. The row total (total demand) was derived from the 
supply table after adjusting for the taxes less subsidies on products. The 
column total (total intermediate demand) was derived from the symmetric IO 
after adjusting again for the taxes less subsidies on products.  Using RAS to 
compute the taxes less subsidies on product matrix implies that the amount of 
tax that each sector pays to buy one unit of intermediate good is proportional 
to the expenditure. Figure 2 provides a schematic representation of the 
approach.  

Figure 2: computing the taxes on products matrix 

  

 

 

 

 

 

Then by subtracting tables (a),(b) from (c) and (d) respectively the taxes les 
subsidies on products matrix is derived.   

9.2.2 Treatment of direct purchases abroad from residents and 
cif/fob adjustments. 

The EUROSTAT tables provide statistical detail for transactions such as the 
direct purchases abroad by residents and the cif/fob adjustments on imports 
that are not treated explicitly in the GEM-E3-EU model. This section provides 
details on the handling of these accounts so as to incorporate them in the 
GEM-E3-EU SAM. 

From the supply matrix the direct purchases abroad by residents and the 
cif/fob adjustments on imports are available. Both transactions represent 
imports for the total economy.  In order to allocate them to imports by 
product the following assumptions were made: (i) Check that imported goods 
are used for household final consumption.  (ii) Compute the share of direct 
purchases abroad by residents to these imports (by  product), (iii) Compute 
the share of cif/fob adjustments on imports  to total imports. Then imports 
computed in step (ii) and (iii) are added to the imports by product provided in 
supply table.  

Intermediate demand 
at basic prices 
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Final 
demand at 

basic  
prices (b) 

Total demand  
at producer 
prices (Row 
constraint)  

Total Intermediate 
demand at producer 
prices (Column 
constraint) 

RAS 

Intermediate 
demand at 

producer prices 
(c) 

Final 
Demand at 
producer 
prices (d) 
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From the USE table the purchases on the domestic territory by non-residents 
transaction is available. This transaction represents exports for the total 
economy. In order to allocate it to exports by good the following assumptions 
were made: (i) Compute exports by product if there exists final consumption 
by product. (ii) Then compute the share of purchases on the domestic territory 
by non-residents to the exports computed in step (i). 

9.2.3 The institutional transactions. 

The Institutional sectors are depicted in table Table 7.  The institutional 
accounts cover all the transactions between the institutional sectors of the 
economy.  

Table 7:  Institutional sectors. 

ESA 95 

code 

Database code Description 
S.1  Euro area 
S.11  Non-financial corporations 
S.12  Financial corporations 
S.13  General government (does not include public corporations) 
S.14 + S.15  Households, including non-profit institutions serving 

households S.2  Rest of the world 
 In order to build the table ―transfers between sectors‖ two sets of tables were 
used: 

I) The full set of tables (ESA95) for the full sequence of accounts of each 
institutional sector.  

II) A matrix presentation of the most important transactions of the system. A 
matrix presentation permits each transaction to be represented by a single 
entry and the nature of transaction to be inferred from its position. Each 
transaction between two institutional sectors is represented with a column 
and a row pair. The convention followed is that resources are shown in the 
rows and uses are shown in the columns. For instance (see Table 8), taxes on 
income (D5) are payable by the Households and received by the government.  

Table 8: D5 Taxes on Income - Germany. 

  H F G W TOTAL 

H      0 

F      0 

G 217040 34590 0 2430 254060 

W      110   110 

TOTAL 217040 34590 110 2430 254170 

 

The institutional transactions are grouped in two main categories: current 
account transactions and accumulation accounts. The current account covers: 
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- The production account which refers to all transactions related to production  
(balancing item: Gross value added). 

Received (Resources) Paid (Uses) 
Output Intermediate consumption 
Gross Value Added Taxes less subsidies on products 
 

- The generation of income account which shows how the proceeds of the 
production are allocated to the various income categories  (balancing item: 
mixed income/gross operating surplus). 

Received (Resources) Paid (Uses) 
Compensation of Employees Net Value Added 
Other Taxes on Production Other Subsidies on production 
 

- The allocation of primary income account which shows receipts and 
expenditures related to various forms of property income such as interests, 
dividents, rents 

 (balancing item: balance of primary incomes) 

Received (Resources) Paid (Uses) 
Property income Net operating surplus 
Interest Property income 
Distributed income of corporations Interest 
Dividends Distributed income of corporations 
Withdrawals from income of quasi-
corporations 

Dividends 
Net balance of primary incomes/Net 
national income 

 

Withdrawals from income of quasi-
corporations  Net balance of primary incomes/Net 
national income 

 

 

- The secondary distribution of income account shows how the primary 
income of an institutional sector changes because of current taxes on income 
and wealth, social contributions and benefits, and other current transfers. The 
balancing item is disposable income. 

Received (Resources) Paid (Uses) 
Current taxes on income, wealth, etc. Net balance of primary incomes/Net 

national income 

 

Taxes on income Social contributions 
Other current taxes Actual social contributions 
Social benefits other than social 
transfers in kind 

Employers' actual social 
contributions Other current transfers Other current transfers 

Net non-life insurance premiums Net non-life insurance premiums 
Non-life insurance claims Non-life insurance claims 
Current transfers within general 
government 

Current transfers within general 
government Current international cooperation Current international cooperation 

Miscellaneous current transfers Miscellaneous current transfers 
Net disposable income  
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- The use of disposable income account shows how disposable income is spent 
on consumption or saved  (The balancing item is saving) 

Received (Resources) Paid (Uses) 
Adjustment for the change in net 
equity of households in pension funds 
reserves 

Net disposable income 

 
Net saving  
 

- The external account brings together all transactions involving both euro 
area residents and non-residents, viewed from the perspective of the non-
residents.  

Received (Resources) Paid (Uses) 
Exports of goods and services Imports of goods and services 

 
External balance of goods and 
services 

 

 
 

- The capital account, is an accumulation account. It is divided into a change 
in net worth due to saving and capital transfers account and an acquisition of 
non-financial assets account. The first adds any net receipts of capital 
transfers to net saving. The balancing item is the change in net worth due to 
transactions. The acquisition of non-financial assets account records gross 
fixed capital formation (investment in non-financial assets), changes in 
inventories, and any net acquisition of valuables and other non-produced, 
non-financial assets (e.g. land). The balancing item of the capital account is 
net lending/net borrowing. 

Received (Resources) Paid (Uses) 
Capital transfers 

 

Net saving 

 
Capital taxes Capital transfers 

 Investment grants Capital taxes 
Other capital transfers Investment grants 
Changes in net worth due to saving 
and capital transfers 

 

Other capital transfers 
9.2.4 Treatment of FISIM. 

Financial intermediaries provide services for which no explicit charge is made 
(i.e. the service income generated by charging different rates of interest to 
borrowers and lenders). Financial intermediation indirectly measured 
(FISIM), up-until 2005, has been recorded as intermediate consumption of a 
notional industry and was reported separately. But EU legislation (see [1],[2] 
in references) requires that this approach be changed in order to improve the 
measurement of GDP . According to the legislation the use of FISIM must be  
allocated to user sectors/industries. As a result, the use of FISIM is no longer 
recorded entirely as intermediate consumption, but also as final consumption 
and exports (as a consequence of this change in the FISIM measurement GDP 
is higher).  The total amount of FISIM is no longer shown explicitly in tables 
of national accounts data. Thus the published EUROSTAT tables used for the 
GEM-E3 database update incorporated FISIM to user sectors/industries.  

9.2.5 Bilateral Trade matrix.  

The COMEXT database has been used to compute the bilateral trade matrix 
for the GEM-E3 branches for year 2000. COMEXT covers detailed trade data 
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(CN8 eight digit detail as reported by the EU member states. Data were 
extracted at the highest available detail and then aggregated to the GEM-E3-
EU regional and sectoral specification.  The problems encountered  related to 
the quality of the data where  exports as given in COMEXT in certain cases 
were different from those reported in the IO tables. Since the COMEXT 
database covers only trade in goods we assumed the bilateral trade of services 
matrix based on the aggregate information on services provided by the IO 
tables. 

9.2.6 Consumption matrix. 

The consumption matrix translates the demand per consumer category into 
deliveries by branch. The columns of the matrix represent the Classification of 
Individual Consumption According to Purpose  (COICOP) groups, whereas 
rows represent consumption products. The total consumption by product and 
by purpose was extracted from the EUROSTAT database. Consumption 
matrices could be retrieved for Greece and UK. These matrices were used as 
the basis in order to compute the consumption matrix of each country. In 
particular a RAS procedure using the Greek and UK matrix was applied for the 
construction of the consumption matrix of all member states.  

9.2.7 Investment matrix 

The investment matrix translates the demand of investment goods by the 
branches into deliveries by branches.  Investment matrices were available only 
for Greece and UK. For the computation of the rest of the matrices the 
information available was the investment by branch and by product. Since 
there were insufficient information on the transformation matrix a RAS 
procedure was adopted. The initial tables for the RAS procedure were based 
on the Greek and UK investment matrix modified appropriately in order to 
serve the specific investment structure of each country. 

9.3 GEM-E3-World SAM. 

9.3.1 The Input Output tables 

This section provides the calculations required to transform the GTAP data to 
the appropriate format of the GEM-E3 input output tables. The GTAP v.7. 
data are expressed in 2004 billion $ and distinguish three valuation concepts 
namely:  

agent prices :costs of intermediate and primary inputs +  production 
taxes. 

market prices :agent prices + product/output tax + producer tax 
world prices (f.o.b.) :market prices + export tax 
world prices (c.i.f.) :market prices + export tax + c.i.f. 
 
The rearrangement of the GTAP data so as to produce the GTAP-SAM is 
represented in  
 and is based on the methodological framework provided by McDonald et al 
(2004).  
It should be noted that GTAP does not identify taxes or tax rates explicitly 
rather it expresses all its data in agent, market and world prices. Thus based 
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on these valuations it was possible to extract from the GTAP database the 
following tax categories: output tax (ty), export tax (tx), import duties (tm), 
indirect taxes (ti), factor use taxes (tf), taxes on government consumption (tg), 
taxes on private consumption (tp). 

Taxes were calculated in the following way: 

ty   = prodtax /vom 
tx   = vxwd - vxmd /  vxmd 
tm   = (vims - vxmd * (1+tx)- vtwr) /(vxmd * (1+tx)+ vtwr) 
ti   = (vafa - vafm) / vafm  
tf = (evfa - vfm) / vfm 
tg = (vdga + viga - vdgm - vigm) / (vdgm + vigm) 
tp = (vdpa + vipa -vdpm - vipm ) /(vdpm  + vipm) 
 
where,  
 
prodtax :production taxes 
vom :value of output at market prices 
vxwd :value of exported goods from region r to region s at world prices 
vxmd :value of exported goods from region r to region s at market prices 
vims :value of imported goods from region r to region s at market prices 
vtwr :value of international transportation costs. 
vafa :value of intermediate consumption at agent prices 
vafm :value of intermediate consumption at market prices 
evfa :value of factor payments at agents prices 
vfm :value of factor payments at market prices 
vdga :value of government consumption of domestically produced goods 

at agents prices 
viga :value of government consumption of imported  goods at agents 

prices 
vdgm :value of government consumption of domestically produced goods 

at market prices 
vigm :value of government consumption of imported  goods at market 

prices 
vdpa :value of private consumption of domestically produced goods at 

agents prices 
vipa :value of private consumption of imported  goods at agents prices 
vdpm :value of private consumption of domestically produced goods at 

market prices 
vipm :value of private consumption of imported  goods at market prices 
 

Once the appropriate tax categories were computed then the GTAP data were 

rearranged in order to formulate the GEM-E3-IO as depicted in of the 

ANNEX. 
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Figure 3: GTAP-IO table (expressed in GTAP variables)10 

 

 

Figure 4:  GEM-E3-World SAM format. 

 Industries Labour Capital Consumption Firms Investment. 
Exports 
(F.O.B) 

Total 

 1............n   Household    Government.  H. G. F.   

 1 

 . 

 . 

n 
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consumption 
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prices. 

- - 
Demand of household and 
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- 
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transfers 
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Factor payments 
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ownership. 
Domestic income transfers between 
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- 

Income 
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abroad. 

Income 
of 
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Firms - 

Government Taxes 

- 
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Total 
Supply of 
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Payments of 

factors 
Spending of agents  

 

9.3.2 Bilateral Trade 

In GTAP trade consists of two elements; expenditures on commodities and 
expenditures (i.e vims, vxwd) on transport margins (i.e. vtwr). Exports are 
valued free on board and after the payment of any export duties whereas 

                                                   

 

10 Complete Reference of the GTAP variables is given in the ANNEX. 

Commodities Activities Factors R.H. P.H.
Trade 

Tax

Sales 

Taxes

Factor 

Tax

Production 

Tax

Direct 

Tax
Governmet Capital

Import 

Margin

Export 

Margin

Rest of the 

World

Commodities VIAM + VDAM VIPM + VDPM VIGM+VDGM VIIM+VDIM VST VXWD

Activities VOM

Factors VFM

R.H.

EVOA - 

VDEP

TMTAX - 

TETAX

ISTAX + 

DSTAX FTAX PTAX DTAX

P.H. YH

Trade Tax

VIMS-VIWS + 

[VXWD-VXMD]

Sales Taxes

VIAA-VIAM + 

[VDAA-VDAM]

VIPA - VIPM + 

[VDPA-VDPM]

VIGA - VIGM + 

[VDGA - VDGM]

VIIA - VIIM + 

[VDIA - VDIM]

Factor Tax EVFA-VFM

Production Tax PRODTAX PTAXINV

Direct Tax PTAXFACT

Governmet YG

Capital VDEP SAVE

Import Margin VTWR

VTWR-

VST

VIWS - VTWR - 

VXWD

Export Margin VTWR

Rest of the World VIWS-VTWR
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exports of transport services to the global transport pool are recorded 
separately. The same applies for import commodities which are also valued at 
fob and imported transport services. Imports of commodities are also valued 
fob, with transport services recorded separately.  Consequently there are two 
sets of trade balances: The first represents the trade balance with respect to 
each of the transport services while the second is the trade balance with each 
and every region. 

In the annex the complete bilateral trade matrices computed for the GEM-E3-
World model based on the GTAP v7. data are presented. 

9.3.3 Investment and Consumption matrices. 

For the GEM-E3-World model the investment and consumption matrices 
were constructed based on the structure of the EU respective matrices 
developed for the GEM-E3-EU version.  As it was not possible to extract data 
on consumption by purpose for the full set of the GTAP countries the structure 
of the consumption matrix was used so as to derive in an implicit way these 
data.  
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ANNEX ch. 9 

GTAP -Variables 

ISEP = Protection - Intermediate Input Subsidies 

MFRV = Protection - MFA Export Tax Equivalent 

OSEP = Protection - Ordinary Output Subsidies 

PURV = Protection - Price Undertaking Export Tax Equivalent 

TFRV = Protection - Ordinary Import Duty 

VRRV = Protection - VER Export Tax Equivalent 

XTRV = Protection - Ordinary Export Tax 

POP = Population 
 

FBEP = Protection - Factor-Based Subsidies 

VIMS = Trade Bilateral Imports at Market Prices 

VIWS = Trade Bilateral Imports at World Prices 

VST = Trade Exports for International Transportation, Market Prices 

VTWR = Trade Margins for International Transportation, World Prices 

VXMD = Trade Bilateral Exports at Market Prices 

VXWD = Trade Bilateral Exports at World Prices 

EVFA = Endowments Firms Purchases at Agents Prices 

VFM = Endowments - Firms Purchases at Market Prices 

EVOA = Endowments - Output at Agents Prices 

FTRV = Taxes - Factor Employment Tax Revenue 

SAVE = Savings - Net Expenditure at Agents Prices 

VDEP = Capital Stock - Value of Depreciation 

VKB = Capital Stock - Value at Beginning-of-Period 
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11 Automated Baseline. 

General Equilibrium Models like the GEM-E3 are characterised by a high 
degree of simultaneity: equilibrium in the different markets is determined 
through a set of clearing conditions generating a set of prices (shadow costs of 
these conditions) that simultaneously equilibrate all markets in all 
countries/regions. Furthermore they contain virtually no exogenous variables 
that would have allowed giving some direction to a given projection. This 
renders the generation of a Baseline around which alternative scenarios can be 
evaluated particularly cumbersome. In order to simplify the manufacturing 
process of baseline scenario improving accuracy and the time of the 
procedure, automate the process as described below. 

The Automated Baseline Procedure (ABP) is based on a linear transformation 
of the general equilibrium model (GEME3) and it uses the goal programming 
to achive the targets of the macroeconomic and sectoral activity. The 
linearized version of the model is only used to compute the exogenous 
variables of the standard model. The ABP uses the following sub elements: 

1st) The GEME3 model: Symbolic representation of the entire GEME3 model 
where GEME3(xt; st| Φt-1) is the complete set of its equations, for each t=1,...T. 
where T is the periods of the GEME3 model, xt is an n-dimensional column 
vector containing all its endogenous variables, while st is a vector representing 
parameters that can be used as instruments, for developing the Baseline, x0, s0 

are the numerical values in the base year, which is known,  
0

: ,
t

t l l

l

x s


  , xt-1, 

st-1 is known as results of the preceding period. The GEME3 solution is used as 
the initial points for linearization. 

2nd) The linearized version of GEME3, LINGEME3: All the key relations of 

GEME3 are homogeneous (CES, Linear Expenditure, Leontieff etc) and 

therefore amenable to straightforward and locally accurate linearisation when 

expressed in terms of differences. It is used the log-linearization method 

LINGEME3(xt; st| Φt-1) at a point (x*t,s*t) to calculate the coefficient matrixes 
*t *t *t *t(x , s ), (x , s )nxn nxmA B  of linearization system Ax Bs b  . Where x is (nx1) a 

vector of state variables
j

j j

j

dx
x dlnx

x
 , s is (mx1) a vector of control variables 

k
k k

k

ds
s dlns

s
  and b is normally an (nx1) vector of zeros. The control 

variables s  represent parameters of the GEME3 model such as: embodied and 

disembodied factor productivities, habit parameters in demand functions, 

exogenous parameters on resource availability (e.g. active population, yet to 

find depletable resources), income distribution parameters, risk premium 

parameters and other parameters which normally define inequality 

constraints. To calculate the coefficient matrixes of the linearized system, it is 
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written code in programming language Pascal in Delphi environment which 

implements the log-linearization in a general equilibrium model (GEME3). 

3rd) GPM: Goal Programming Model. It is an optimization program, which 
has as objective function the logarithmic deviation of the model 
GEME3(xt;st|Φt-1) of the target variables for each period t. The GPM has the 

control variables ts  for each period and the state variables tx , using the 

coefficient matrixes *t *t *t *t(x , s ), (x , s )A B  and minimizes the deviation of state 

variables from their targets by using the deviation variables , 0t tu u    and 

introduces restrictions on control variables. Where 

ln , 1,

0 ,

ln , 1,

0 ,

t t

i i

t t t

i i i

t t

i i

t t t

i i i

y y
if

u x x

else

x y
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u y x

else





  
  

   
 
 

  
  

   
 
 

 

And the GPM is: 
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t t

t t t t

t t t

t t

w u u

Ax Bs b

x u u y

Lowers s Uppers
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Where ty is an nx1 vector of target variables, tw  is an n x 1 vector mapping the 

importance of getting close to growth for a given target variable and tLowers , 
tUppers : are vectors of lower and upper bounds defining permissible ranges 

for the control variables (parameters of the model).  

The target variables are user-defined. Those that are of no interest as targets 

can feature with a tw  value equal to zero (and any target value). Also must be 

sufficiently numerous to avoid dual degeneracy (multiple optima), as well as 

must be sufficiently few to avoid having to pre-determine too many values.  

The control variable/parameter restrictions do not normally produce 

infeasibilities if the interval includes zero. For some parameters no variation is 

permissible and upper and lower bounds are set equal to the fixed value 

(normally zero). More complex restrictions may be introduced in the form of: 
tD s z   (a linear restriction system). 

The ABP use the solution ts  of GPM, as well as the dual price of any 
restriction. 
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4
th

) IPGPM: Procedure for improving GPM solutions by relaxing bounds on 
control variables (parameters), depending on the size of their dual values. 

, 1 ,. . _i l i l iS u S u D r
 

    

Where , 1. i lS u


 , is upper bound of control variable for next run (l+1) 

respectively. _ iD r  is scaling factors for upper bound. .iS m


is dual value of the 

upper bound restriction of the control variable. i is the set of all instrument 
variables. scale , _n scale are scaling factors to speed up convergence. 

_

.

, . 0  

max .

_

0 , . 0

n scale

i

i

i i

i

i

S m

scale if S m

S m

D r

if S m









  
  
   
  

  
   

 
 
 
  
 

 

For the lower bound the process uses the dual value of the lower bound 
restriction respectively. 

5th) RL: Second iterative process which seeks to reduce the deviation of state 
variables from the target variables by relinearizing the GEME3 to the current 
solution point. 

The automated baseline procedure is illustrated in the figure below: 
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The GEME3 for the first period is solved using the values of the previous 
period (t=0 base year). Then the model is linearized on this solution (t=1). The 
inputs for the GPM model are the target variables, the upper and lower limits 
of the constraints of control variables and the weights of the deviations from 
the targets (specified from user). Then the GPM is solved, with strict limits on 
control variables. The resulting dual prices of the restrictions of the slack 
control variables restrictions are modifying on by using an exponential decay 
function as it is referred above and a fixed step and then the GPM is resolved. 
The iterative process is repeated until the criteria for termination are met, 
which are: maximum number of repetitions optimized objective function, and 
small of improvement rate of the objective function. In the event of 
termination we apply the inverse transformation the linearization operand on 
to control variables and then the GEME3 is solved with the new parameters. 
Then a check is performed on the deviation of variables from the GEME3 
model and its objectives. If the deviation is not accepted the model is 
relinearized to the new point and the same process is repeated. If the process 
is not terminated prematurely the iterative method is applied gradually at the 
next period t+1 until it reaches the final T. Alternatively if the deviation from 
the target is not improving it is possible (apart from relinearization) to:  

 Change the weights of objectives 

 Change the boundaries of the restrictions of the parameters 

 Change the targets values since the objectives might not be consistent 
with the structure of the model.  

 Change the parameters of exponential function impairment. 

The procedure outlined above has the merit of utilising the dynamic 
properties of the model to the extent that they are consistent with the 
exogenous aggregate requirements as well as adopting a conservative stance 
with regard to parameter changes. More direct and perhaps more elegant 
methods involving solving the model in reverse (solving for a set of 
parameters subject to the requirements) could be adopted but would tend to 
by-pass the dynamic logic of the model and at the same time produce violent 
(and apparently arbitrary) variation of parameters over time that could 
deform the behaviour of the model. 

The benefit of applying the ABP method proved important because it built 
successfully controlled dynamic simulations, such as the reference scenario, 
while in the past this procedure was laborious and of often limited success. 
The method is standardized as a computer program and evaluated with 
success, given that a) the approach of the desired dynamics simulation was 
highly accurate, b) a choice of several variables taken as targets of dynamic 
simulation control was feasible. The experience from the method application 
indicated that despite the fact that the iterative method is empirical, its 
stability regarding the sequential approach of the objectives is satisfactory. 


