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I Introduction

The HERMES II model1 for Belgium is the second official version of a macroecono-
metric model developed by the Belgian Federal Planning Bureau (FPB). The first
version was built during the period 1982-19862. In the meantime, the model has
been maintained and developed on a regular basis. The model is suitable for the
FPB’s medium term forecasts and simulations of economic policy alternatives.

The purpose of the original project was to construct an instrument for economic
analysis of the Economies of the Member States of the European Community. To
this end, a standardized version of the HERMES model was designed and imple-
mented in six Member States (simplified models were developed for the other
countries). The individual HERMES models permit a detailed macroeconomic and
sectoral analysis of a Member State’s economy. In addition, the standardization
of the model structure allows each individual model to be linked up with other
HERMES models in the European economy, thereby enabling the analysis of cross-
multiplier effects between the countries. Simplified macromodels for the USA, Ja-
pan and five other regions of the world have been constructed. The integration of
all these models permits an international analysis of economic effects. The inte-
gration of the whole system is performed by means of a separate bilateral trade
flows model, called HERMES-LINK (Macrosectoral Link)3.

The current version of HERMES-Belgium has been called HERMES II, because the
model underwent several adjustments in the recent years. Two major improve-
ments are in the field of the environment and the structure of the branches.
Regarding the environment, the model has been adapted in order to analyze the
evolution of CO2 emissions per branch and per agent and to test the effect of the
introduction of fiscal and other measures aimed at reducing the level of CO2 emis-
sions4. Regarding the branches, a further disaggregation of the market services
has been achieved last year in order to better take into account the evolution of
the Belgian economy. Other properties of the original model, such as the alloca-
tion of private consumption and the energy block, have also been thoroughly
revised last year. At the same time, the new input-output table (for 1990)5 allowed
for a complete reestimation of the production block. Due to the conversion of the
model into 1990 prices, all existing regression estimates have been actualised
systematically. 

1. Harmonised Econometric Research for Modelling Economic Systems.
2. For a presentation of the first version of HERMES, see Bossier et al (1989).
3. HERMES-LINK is presented in Commission of the European Communities (1993).
4. One of the key characteristics of HERMES I is the systematic treatment of energy. The objective of 

the authors was to develop a tool which would permit the study of the interaction between 
energy and the rest of the economy and provide quantitative answers to questions about the 
impact of the fall in oil prices in 1986 on the real part of the economy, the evolution of Belgium’s 
energy dependance after the first two oil shocks, the possible effects of a third shock, etc.

5. For a description of the 1990 input-output table, see Federal Planning Bureau (1999).
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Finally, HERMES II exists in two versions of the national accounts, i.e. in ESA79 as
well as in the new ESA95 (see chapter II). The former version of HERMES II was fi-
nalized in 1999, whereas the current version was completed this year. As ESA95
implies important changes, notably for the evaluation of GDP and its components,
HERMES II had to be completely reestimated.

This working paper does not intend to give a complete, encyclopedic description
of HERMES II. The purpose is to remain selective and survey the main blocks. The
text is organised as follows: in chapter II we start with a description of the general
characteristics of the model. Chapter III deals with the main blocks of the model.
We focus on production, employment, prices and wages, households’ demand,
external trade, energy and emissions and, finally, the public sector. Chapter IV
summarizes and offers some concluding remarks.

Simulation exercises will be presented in a next working paper.
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II General characteristics of the model

Figure 1 gives a general simplified flowchart of the complete model. HERMES is a
medium-term demand oriented model in which supply elements play an impor-
tant role. The activity of the branches is determined mainly through the demand
side. Production capacity is also demand determined in the long run, although
supply effects are present. Adjustment of production to existing capacity plays a
role in the explanation of prices, investments and imports. HERMES incorporates
fundamental neoclassical mechanisms for the determination of the marginal tech-
nical coefficients, the explanation of investment and the computation of
capacities. Supply side effects are also incorporated in export equations.

FIGURE 1 - A flowchart of HERMES
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Starting from internal and external demand, the model computes the marginal
profitability of production capacity. For this purpose, it calculates the optimal al-
location of the branches’ resources between the different production factors
(capital, labour, energy and other intermediary inputs) on the basis of anticipated
factor prices. Production costs constitute the main determinant of prices in
HERMES. Other determinants in the short run are capacity utilization rates in each
branch. Once demand on the various markets and prices have been computed the
model allocates total resources between the different agents and computes their
disposable income, taking into account taxes and social contributions paid to the
State and social transfers received by each of them.

HERMES II contains about 3100 equations (of which 450 behavioural equations)
and more than 380 exogenous variables. The model’s size is mainly a conse-
quence of breaking down the economy into 13 branches, which are groups of
homogeneous units of production. Another way to break down the economy is to
use the concept of sectors: institutional units are grouped into sectors for which
a complete set of current, capital and financial accounts is available. HERMES II dis-
tinguishes five different sectors: households, non-profit institutions serving
households, corporate enterprises (regrouping non-financial and financial corpo-
rate enterprises), public administrations (split themselves into four entities) and
the rest of the world.

The model’s size is also the consequence of the development of specific parts:

- Household consumption: the total consumption budget is allocated to 15
main categories of consumption, some of these categories being them-
selves disaggregated. This gives at the highest level of disaggregation 22
consumption categories (see table 1). The complete consumption module
contains about 300 equations;

- The energy module is also very detailed. Aggregate energy demand of
each economic agent (firms, government, households) is computed and
allocated between 8 energy products; energy production is also modelled.
The energy module contains about 450 equations;

- Public finances constitutes one of the main blocks of HERMES, with not less
than 650 equations. This block distinguishes the different public authori-
ties (federal government, regions and communities, local authorities and
social security) and, for each of them, computes the financial capacities.

Table 1 summarizes the main characteristics and subdivisions of HERMES II.
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TABLE 1 - Main characteristics and subdivisions of HERMES II

General characteristics

- 3106 equations

- 387 exogenous variables

- 4 production factors: labour, capital, energy, other intermediary goods and services

- 13 branches

- 15 main consumption categories, 22 in total

- 8 energy products

Branches Consumption categories a

a. At the highest level of disaggregation (22 categories).

Agriculture Food

Energy Non alcoholic beverages

Intermediate goods Alcoholic beverages

Equipment goods Tobacco

Consumption goods Clothing and footwear

Construction Rent

Transports and communications Coal

Trade and horecab

b. Hotels, restaurants and cafés.

Fuel for heating Petroleum products

Credit and insurance Gas

Health care Power

Other market services to households and firms Domestic services

General government services Furniture and household equipment

Other non-market services Personal transport equipment

Operation of Petrol

personal transport Diesel

equipment Other

Transport services

Communication services

Medical care and health service

Recreation, education, culture

Other goods and services

Tourism abroad

Energy products and environment Institutional sectors

Coal Households

Coke Non-profit institutions serving households (NPISH)

Crude oil Corporate enterprises

Petroleum products - Non financial corporate enterprises

Natural gas - Credit institutions and insurance enterprises

Derived gases General Government 

Electricity - Federal government

Renewables - Regions and Communities

CO2 emissions - Local authorities

- Social security fund

Rest of the world

{

{
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The change over to the ESA95 and its impact on the databasis  

Since 1999, the Belgian national accounts are computed in a totally new framework: the European Sys-
tem of Accounts 1995 (ESA95). This system replaces the ESA79 which was used until 1998 (the national
accounts of 1997 were still published in the old framework). Although this change is supposed to give a
better and more complete picture of the economy, it implies important changes, notably for the evalua-
tion of GDP and its components:1

- Private consumption: the adoption of the new methodology implies a large reduction of households
final consumption. Indeed, the health expenditures which are assumed by public authorities are not
included in the private consumption expenditures any more2. Differences with the preceding figures
are also due to the use of new data sources and of new computation methods. Consequently, the
new estimation of private consumption is about 14% less than the old estimation (for 1995);

- Public consumption: with the new ESA95, all health expenditures which are taken over by public au-
thorites are transferred into the final expenditures of public administrations (as social allowances in
kind). Moreover, the notion of consumption of fixed capital is considerably extended3. Therefore the
new public consumption is about 48 % higher than the old estimation (for 1995);

- Gross fixed capital formation: the estimation of gross fixed capital formation is also largely increased
w.r.t. its estimation in the old system (+15.5 % compared to the old estimation- year 1995). This in-
crease is explained by the inclusion (in the estimation) of a few factors, not taken into account
before: the purchase and development of softwares (as well as data basis); literary and artistic orig-
inal works should also be included in the gross fixed capital formation; the same goes for the
puchase of durable military goods (previously registered as intermediary goods). Moreover, the
ESA95 also uses completely different data sources (than before) for the estimation of GFCF;

- Exports and imports are also largely increased in the new system (but the balance is left almost un-
changed). This is explained by the fact that transaction on goods are registered in “gross terms” for
temporary imports and exports;

- GDP is, itself, slightly increased: the introduction of the new methodology increases GDP with about
0.8% (year 1995).

Other differences appear when computing GDP from the revenue’s angle. In this case, one can observe
a large increase of net taxes paid on production and imports. This difference is explained by the inclu-
sion of the withholding tax on real estate (included before in the taxes on income). In the same way, the
gross operating surplus is decreased by the same amount. The estimation of the compensation of em-
ployees is also revised; the new estimation is 1.2% higher than the old figure. This difference is
explained by the use of more detailed and more precise accounts than before.

Another important difference between the two systems concerns the use of basic prices in ESA95. Basic
prices are used to evaluate production and acquiring prices are used to evaluate intermediary and final
consumption. Basic prices do not include any tax on products and include all subsidies on products.
Acquiring prices include net taxes on products as well as commercial and transport margins. Therefore,
GDP at market prices is defined as the sum of value added of different activity branches plus the balance
of taxes and subsidies paid on products. In the old system, production prices include all taxes (except
VAT) less subsidies and, consequently, value added also includes such taxes. This modification makes
difficult to compare value added of different branches computed in the two systems, particularly when
taxes and subsidies on products are important.

Finally, the ESA95 uses a new classification of branches. Activities are generally classified into 31 cate-
gories, but other classifications exist, notably the disaggregation into 60 products or activities. It is never
easy to compare branches computed in the old and in the new system. Differences can occur for many
reasons: use of a new price system, use of new data sources4 and/or new classifications. Comparisons
of figures coming from the ESA79 version of HERMES with figures published in the framework of the new
HERMES, must then be taken with caution.

1. For a more complete presentation of the ESA95, see e.g. Commission des Communautés Européennes (1996).
2. However, the ESA95 considers a new notion: the “effective final consumption of households”, which is equal to the sum of their final 

consumption expenditures and of the social allowances in kind received from public administrations and from NPISH.
3. In the old ESA79, the consumption of fixed capital did not include assets like roads, bridges and other civil engineering works.
4. For instance, the use of new data surveys has improved to a large extent the estimation of production and value added of services. 

This implies sometimes a complete and large revision of the old figures.
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III The main blocks of HERMES II

A. The production block

In this section we describe the determination of factor demand. For each branch
four kinds of production factors are distinguished, i.e. labour, capital, energy and
other intermediary inputs. However, a distinction has to be made between the ap-
proach implemented on the manufacturing and energy branches and the
modelling of the other branches (i.e. agriculture, construction and market servic-
es). In the first case, a putty-clay technique has been applied, whereas for the
other branches a more empirical approach of the putty-putty type has been
adopted.

1. Factor demand in the manufacturing and energy branches

a. Framework: a putty-clay approach

The point of departure for the derivation of factor demand is an ex ante two-level
SATO production function1 with four factors of production: labour, investment,
energy and other intermediary consumption. It is assumed that this production
function is a twice differentiable, strictly quasi-concave and positive function. It
is further assumed that it is separable with respect to the partition of inputs pro-
posed. This implies that the marginal rate of substitution between two inputs
which are part of one of the aggregated inputs is independant of the other aggre-
gated inputs. 

Two groups of inputs are considered: investment and energy, from one hand, and
labour and other intermediary input, from the other hand. The two inner func-
tions are CES functions for each of the groups of factors considered, whereas the
outer function (which links the two groups together) is of the Cobb-Douglas type.
Technical progress is assumed to be Hicks-neutral. This gives the following linear
homogeneous production function:

[1]

1. See Sato (1967).

Q''t Aegt αI t
ρ– 1 α–( )E''t

ρ–+( ) γ ρ/– βL''t
δ– 1 β–( )M''t

δ–+( )

1 γ–( )–
δ

-------------------
=
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where

It, L"t, E"t and M"t denote the marginal inputs (resp. gross capital formation,
labour, energy and other intermediary inputs) corresponding to the new
production capacity;

Q"t denotes the new production capacity;

X”i,t denotes the marginal input (i=labour, energy, intermediary input) corre-
sponding to the new production capacity;

g is the rate of technical progress;

 is the distribution parameter for the class I-E;

 is the distribution parameter for the class L-M;

 is the share parameter between the two inner classes;

 and  are the CES parameters from which the substitution elasticities can
be derived.

This function is of the putty-clay type, i.e. there are substitution possibilities ex an-
te, but not ex post1. Once a certain amount of capital has been put into production,
it will continue to operate during its lifespan in cooperation with constant
amounts of the other inputs. The chosen input combination to obtain a gross in-
crement of the production capacity remains unchanged for the whole life time of
that particular investment (i.e. the marginal technical coefficients are variable ex
ante, but fixed ex post), so that substitution decisions are only possible at the mar-
gin. Input variations are only due to the introduction of new vintages (gross
investments) and to the scrapping of unprofitable old vintages. The factor pro-
portions can be derived on the basis of the duality principle: the producer choses
a production technology on the basis of the anticipated factor prices in order to
minimize the anticipated cost of the newly installed equipment.

Using a classical cost minimisation procedure starting from equation [1], one can
obtain a demand function for each of the four marginal technical coefficients
K”i,t=X”i,t/Q”t (for i= labour, energy and intermediary input) and K”t= It/Q”t
(for investment).

Table 2 gives the estimations of the main parameters, obtained from the derived
demand functions. Note that  and  are not directly estimated. We estimated,
instead,  and .

TABLE 2 - Estimation results of the demand systems

1. On putty-clay and putty-putty models, see e.g. Bliss (1968) and d’Alcantara (1981).

α

β

γ

ρ δ

ρ δ
σ 1 1 ρ+( )⁄= θ 1 1 δ+( )⁄=

Intermediate goods Equipment goods Consumption goods Energy

0.99 0.98 0.98 0.98

0.51 0.17 0.19 0.23

0.11 0.30 0.13 0.47

0.70 1.00 0.86 0.60

0.18 0.07 0.60 0.11

α
β
σ
θ
γ
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Note, for each branch, the high level of , suggesting a low energy share in the
total cost of industries.

On the basis of these parameter estimates, it is possible to calculate direct and
cross-price elasticities of factor demand (marginal, not total). Table 3 presents the
elasticities computed for the manufacturing and energy branches. The figure at
the intersection of line i and column j gives the demand elasticity of factor i to the
price of j. Note that these factor substitutions are only possible ex ante, because of
the putty-clay context.

TABLE 3 - Direct and cross-price elasticities  at the margin

Direct price elasticities are obviously negative. On the basis of the cross prices
elasticities it can be seen that investments and energy demand are complements:
an energy price increase leads, ceteris paribus, to a decrease in investments. Labour
appears to be a substitute for the other production factors: increasing labour costs
leads to a higher demand for the other input categories and vice versa.

When the optimal factor inputs have been determined, they provide the point of
departure to compute effective demand for each production factor. The model
first derives investments which enable the computation of the marginal produc-
tion capacity Q”t:

Q”t = It x K”t [2]

where It is actual investment and K”t is the technical coefficient for capital. On the
basis of Q”t , marginal full capacity demand for the other production factors can
be derived:

X”it = K”it x Q”t [3]

The desired factor demand depends on full capacity demand as well as the capac-
ity utilization rate QR:

X*
it = f(QRt, K”it x Q”t) [4]

α

Intermediate goods Equipment goods

                   I E L M I E L M

I -0.30 -0.19 0.05 0.05 I -0.59 -0.29 0.03 0.03

E -0.52 -0.63 0.13 0.13 E -0.34 -0.64 0.04 0.04

L 0.43 0.43 -0.42 0.27 L 0.15 0.15 -0.87 0.16

M 0.39 0.39 0.25 -0.45 M 0.78 0.78 0.80 -0.23

Consumption goods Energy

I E L M I E L M

I -0.28 -0.15 0.05 0.05 I -0.77 -0.31 0.08 0.08

E -0.50 -0.63 0.17 0.17 E -0.12 -0.59 0.03 0.03

L 0.18 0.18 -0.71 0.15 L 0.38 0.38 -0.39 0.21

M 0.59 0.59 0.48 -0.37 M 0.51 0.51 0.28 -0.32
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where

[5]

with Qt representing the effective production in time t and QPt the production
capacity

[6]

where Q’t is the scrapped capacity in time t (in this version of HERMES, Q’t is equal
to Q”t-i, where i is the average scrapping age).

Finally, the link between desired demand and actual demand is specified accord-
ing to an error correction mechanism (ECM). The final equation form, specifying
the relation between the effective factor demand (Xi), the marginal production ca-
pacity (Q”), the marginal technical coefficient of factor i (K”i), the optimal level
(full capacity level) of X ( ) and the utilization rate (QR) can be written:

[7]

where ( >0, 0< ), or (  and ).

b. The computation of energy demand and employment by branch

Energy demand Table 4 gives the estimation results of equation [7] in the case of energy demand1.
The results are given for the three manufacturing branches.

TABLE 4 - The demand for energy: estimation results

Note that the mean lag (which only makes sense if a priori conditions on coeffi-
cients are verified) is low for intermediate and equipment goods and is longer for
consumption goods.

For the energy branch, the energy consumption is a simple sum of the consump-
tion of the different energy products, themselves explained by the transformation
activity of the branch (refineries, electricity plants, blast furnace and coke-oven
plants,...)2.

QRt Qt QPt⁄=

QPt QPt 1– Q″t Q′t–+=

Xi

∆ Xi t,ln κ1 ∆ K″i t, Q″t 1 δi–( )Xi t,+( )ln( )
κ2 K″i t 1–, Q″t 1– 1 δi–( )Xi t 2–,+( )ln Xtln–( )
κ1ψ QRtln κ2 κ1–( )ψ QRt 1–ln α

+

+ + +

=

ψ κ2 2< 0 κ1 1≤ ≤ 0 κ2 1≤<

1. Note that the same kind of equation is estimated for labour and other intermediary goods and 
services.

Intermediate goods Equipment goods Consumption goods

0.797 0.906 0.452

0.753 0.737 0.482

0.936 1.039 0.808

mean lag 0.270 0.128 1.137

κ1

κ2

ψ

2. See the presentation of the energy module (section F).



11

The same kind of relation was estimated for labour demand (expressed in
number of hours worked).

Labour demand The model computes, first, the total number of hours effectively worked for each
branch. The number of jobs per head is then calculated, knowing an average la-
bour time duration per branch.

Table 5 gives the estimation of equation [7] for labour demand in the case of in-
dustrial branches.

Compared to older results, productivity cycles (measured by the mean lag) seem
to be much shorter than before, indicating a more rapid adaptation of employ-
ment levels to the optimal target of the firms.

TABLE 5 - The demand for labour: estimation result

c. The computation of investment demand

Investment demand by 
branch

Gross investment is related to an accelerator mechanism and on a marginal profit
condition. Both are medium term determinants, weighted by technical
coefficients:

[8]

where I*
t denotes the equilibrium level of investment, Qt the effective production,

πt the anticipated growth rate of the output price (PQt) and πit the anticipated
growth rate of the ith input price (PXit). The link between optimal and actual in-
vestment (It) is specified by means of a partial adjustment mechanism.

It/It-1 = (I*
t/It-1)λ + µt [9]

The investment functions also include the degree of capacity utilization as a short
term cyclical indicator. The main estimation results for the investment functions
are given in table 6.

Investment demand by 
product

Investments are also disaggregated by product. In HERMES I use was made of a
transition matrix with coefficients derived from the input-output table of a spe-
cific year. As a consequence these coefficients (indicating for each branch the
proportion of each kind of product required to realize its investment project) were
fixed.

Intermediate goods Equipment goods Consumption goods Energy

0.750 0.502 0.900 0.210

0.990 0.588 0.953 0.500

0.890 1.142 1.056 1.656

mean lag 0.253 0.847 0.105 1.580

κ1

κ2

ψ

I∗t α0 K″t 1– ∆Qt 1–( )
α1 PQtπt K″i tPXitπi t

i
∑– 

  α2
×=
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Investments are disaggregated into 3 kinds of goods, i.e. buildings (B), equipment
(M) and vehicles (V), so that for each branch s:

Ist = IsBt + IsMt + IsVt [10]

It is assumed that B, M and V have a complementary relationship. In order to im-
pose this condition the investment function specification has been applied to the
most important product category (IsM for the manufacturing branches and IsB for
the energy branch). The other categories are modeled as components, by estimat-
ing them in function of the most important product category (IsB = f(IsM) and IsV
= f(IsM) for the manufacturing branches) by means of an ECM.

Deliveries to investment Investments can also be considered from the supply side’s point of view (deliver-
ies). This will be presented briefly infra.

Labour demand Labour demand will be discussed in section B, where the model’s possibilities to
simulate employment policies will be described.

2. Factor demand in the other branches

Framework: a more 
empirical approach

For non-industrial branches it is generally less obvious to apply a putty-clay ap-
proach, both for theoretical reasons as for the measurement problems of the
variables required for estimation (e.g. in manufacturing it is relatively easy to
gauge output, whereas for services this is less obvious). It was thus preferred to
adopt a simpler approach for the service branches, as well as for agriculture and
construction.

Factor demand in the other branches is straightforwardly determined by produc-
tion and relative factor prices. Although less underpinned than the putty-clay
approach, this method remains consistent with the optimizing behaviour of the
producer, who wants to minimize costs to realize his output. Factor demand can
directly be determined by means of a cost function (obtained via the duality prin-
ciple), as it only requires to take the derivative of the cost function to the factor
price (Shephard’s Lemma).

The approach is putty-putty, which means that there is no ex post rigidity of the
input combinations. Factor substitution remains possible at any time for all
inputs.

Investment demand by 
branch

For the putty-putty branches a more traditional specification has been adopted:

It/Kt = λ(It-1/Kt-1) + α + γ∆ln Qt + δ(GOSt/(Kt x PKt)) [11]

with K denoting the capital stock at constant prices, GOS the gross operating sur-
plus and PK the cost of capital.

Table 6 summarizes the main parameter results of the investment functions.
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TABLE 6 - Investment functions: main estimation results

Investment demand by 
product

Investment by product is modelled in a similar way as for the manufacturing
branches (see supra). For each branch the chosen investment specification is ap-
plied to the most important product category (i.e. buildings, or IsB, for each of
these branches) and the other components are modelled as being complementary.

Deliveries to investment The bulk of ΣIsB (with s representing all branches) is delivered by the construc-
tion branch, whereas ΣIsM + ΣIsV is mostly delivered by the branch of equipment
goods. Minor deliveries are also made by the branches of Consumption goods,
Transport and communication and Other market services. With QIi being the de-
livery by branch i to the investments of all branches s, including the public sector
(IG) and the households (IR), it must hold that:

[12]

with s denoting all branches and i denoting the delivering branches.

α1 α2 γ δ λ

Agriculture 0.03 0.002 0.32

Energy 0.05 0.005 0.57

Intermediate goods 0.89 0.18 0.51

Equipment goods 0.98 0.16 0.58

Consumption goods 0.98 0.10 0.38

Construction 0.20 0.010 0.41

Transport and communication 0.10 0.042 0.78

Horeca 0.05 0.026 0.76

Credit and insurance 0.04 0.005 0.85

Health care 0.00 0.000 1.00

Other market services to housholds and firms 0.05 0.003 0.78

IsB
s
∑ IsM

s
∑ IsV

s
∑ IR IG+ + + + Is

s
∑ IR IG+ + QIi

i
∑= =
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B. The modelling and simulation of employment policies

1. The impact of employment policies in the model

Employment policy can be passive (with the main purpose of preserving the
standard of living of the unemployed) or can be active (with the main purpose of
encouraging the unemployed to find a job). Active policy comes in three types:
reducing the relative cost of labour in order to get a favourable substitution effect
on labour, direct job creation and redistribution of labour time. All these policies
- which may be financed in various ways - may either consist of general measures
or may be aimed at specific sectors or at specific categories of producers or
workers. 

Employment policy today basically means to raise the labour intensity of eco-
nomic growth, either by moving along the labour demand curve or by shifting
the labour demand curve to the right. Employment policy has been mainly active,
aimed at either specific branches, or specific workers, or both. For a model to
evaluate the net impact of these policies on employment and to calculate the in-
duced effects properly, it needs to take into account both aggregate behaviour and
sector-specific behaviour in micromarkets.

The impact of a change in 
labour costs

A macrosectoral model like HERMES, which identifies 11 private market branches
and one private non-market sector and therefore takes into account the specific
behaviour in each production sector, is well equiped to analyse the effects on em-
ployment and public finances because it captures the structural changes in
economic activity and the induced change in labour intensity of growth.

The effects of a change in labour cost will be illustrated in a next working paper,
which will contain a series of simulations, such as the reduction of the employers’
social security contributions.

The pure substitution effect1 of a change in labour cost is obtained from a partial
simulation, involving the labour price and labour demand equations. This simu-
lation procedure also allows for the calculation of the ex ante price elasticity of
labour demand2. The results are presented in table 7: the own-price elasticity of
labour demand (in absolute value) is the highest in construction and the service
sectors, which happen to be more labour intensive than other branches.

1. i.e. the impact on employment of the relative factor price change only (without the induced 
effects due to the impact on economic activity).

2. These elasticities are not to be confused with the labour price elasticities of the manufacturing 
and energy sectors presented in table 3, as the latter only hold for the production factor decisions 
‘at the margin’.
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TABLE 7 - Ex ante a price elasticity of labour demand

2. Modelling “low wage” workers and special jobs

The labour cost of specific segments of the labour force, such as the low skilled
(i.e. low wage earners if wages are assumed to reflect qualifications) can be target-
ted as well. In order to evaluate the effects of measures focused on specific
segments of the labour market, the model should distinguish at least two types of
labour, each with a distinct set of cost and substitution elasticities. HERMES does
not yet allow for this kind of labour market segmentation in a direct way.

Measures aimed at the cost 
of “low wage” workers: the 
MILOU module

As a substitute for introducing non-homogeneous labour in HERMES, a separate
module (the MILOU1 module) has been developped. MILOU is mainly based on the
assumption that demand for low wage employment is more cost sensitive than
for high wage employment. Linked with HERMES, it is a useful tool of analysis for
the impact of lowering low wage social security contributions, be it that the re-
sults have to be interpreted with some caution2.

The HERMES-MILOU model operates in two stages. Firstly, the MILOU module cal-
culates the ex ante effects on the employment and average gross wages in each
sector. The magnitude of the ex ante effects relies on the labour demand equations
borrowed from HERMES, the weight of low wage employment in total sectoral em-
ployment, sectoral productivity cycles, parameters - fixed by assumption - that
measure the sectoral cost elasticities of demand for low wage earners relative to
the cost elasticities for other wage earners, and the sectoral decrease in the low
wage labour cost, induced by the decrease in social contributions. By definition,
the ex ante effects do not take into account the feedback generated by HERMES. Fi-
nally, the results of the ex ante evaluations are fed into HERMES for an evaluation
of the induced effects.

t t+4

Agriculture -0.07 -0.12

Energy -0.02 -0.29

Intermediate goods -0.02 -0.29

Equipment goods -0.02 -0.24

Consumption goods -0.02 -0.23

Construction -0.42 -0.41

Transport and communication -0.45 -0.48

Trade and horeca -0.27 -0.52

Credit and insurance -0.18 -0.40

Health care -0.29 -0.46

Other market services to households and firms -0.20 -0.50

a. before induced effects.

1. Model for the Investigation of LOw wage Unemployment.
2. See Bréchet et al (1995).
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Future modelling regarding 
“low wage” labour

A project in progress is the modelling of substituting “low wage” labour for “high
wage” labour within the structure of HERMES. The model would be “top-down”
in the sense that the average wage cost determines total employment and that
CES-substitution determines the allocation between “low wage” labour and “high
wage” labour. The proportions at which low wage and high wage are used and
the wage rates feed into the average wage cost.

In spite of regulatory barriers, it is likely that various special job schemes such as
“service jobs” and to some extent “start jobs” as well (see infra) will be partly sub-
stituted for normal low wage jobs. Hence, the issue is whether “service jobs” and
“start jobs” had better be integrated in the low wage labour/high wage labour
substitution model.

Ad hoc treatments of the 
direct creation of “special 
jobs”

Some of the direct job creation measures - for instance, public sector employment
- are easy to incorporate into a macroeconomic model. This is not always the case
for policies which mean to create jobs by developing new, labour intensive activ-
ities by targetting specific activities or specific producers or workers. Prime
candidates for such policies are the so-called “proximity services”, which can be
produced by households for auto-consumption without resorting to paid labour
but which can also be produced by workers outside the private sphere. The im-
pact of this kind of measures is especially delicate to evaluate as no econometric
estimation of these marginal or not yet existing activities is available yet.

Therefore, one has to rely on exogenous calibration if such measures are to be tak-
en into account in the HERMES model. The calibration has to be based on
assumptions about the potential demand, the weight of the different factors of
production in output, the wage rates of the jobs targetted by the measure, produc-
tion prices, subsidies or other means of financing, and even the substitution or
opportunity effects. Each measure aimed at the creation of “new jobs” needs an
ad hoc treatment, which, by all means, must respect the coherence between the 3
ways of calculating GDP (the demand, production, revenue approaches). The
present version of HERMES distinguishes 3 kinds of special employment schemes:
“service jobs” (nicknamed “Smet jobs” after the minister who introduced them,
situated in Trade and Horeca and Other Market Services), “social maribel jobs”
(situated in Health Care and Other Market Services) and “local employment
agency jobs” (as part of Other Non-Market Services).

Future modelling regarding 
“special jobs”

Some important changes are considered or are about to be implemented. Firstly,
three submodels are being developed to deal more adequately with service jobs
and social maribel jobs. Both special employment schemes are introduced formal-
ly in all branches. Secondly, after the federal government’s revamping of an
existing employment requirement scheme for young unemployed (“start jobs”,
nicknamed “Rosetta jobs”) in 2000, there is a clear need to model this employ-
ment scheme as well. Importantly, the short time span of the time series makes
estimation of separate behavioural equations for special jobs impossible. There-
fore, we have to rely on other methods such as calibration.
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Special employment schemes: the current state of modelling

i. Service jobs

The “service jobs” scheme provides an incentive for private sector firms to employ elderly unemployed
during a limited space of time, long enough to encapacitate them with the skills that enhance their em-
ployability. These jobs are not meant to be part of the normal work tasks and hence should not crowd
out employees on normal labour contracts. They are essentially low paid jobs are on a part time basis
(1/2 of 4/5), are exempt from employer social security contributions and additionally subsidized to the
tune of 17,500 BEF resp. 22,000 BEF a month per worker by the Employment Office.

From 1998 till 1999 the subsidy was paid out directly to the employees while the employers only paid
the remainder of the contractual wage. As from 2000, the employees receive the entire wage from the
employers while the employers are now the nominal beneficiaries of the subsidy. This change in proce-
dure only changed the accounting but did not matter economically. 

Employment and wages are treated exogenous and serve as corrections in the behavioural equations
of Trade And Horeca and Other Market Services. The nominal wage rate is far lower than the average
wage rate. 

ii. Social maribel jobs

The social maribel job scheme is a conditional wage cost reduction scheme, mainly in the health care
sector. The institutions that are accredited under the scheme are entitled to a social security contribution
rebate under the following conditions. Firstly, there should be a net increase in employment relative to
a benchmark. Secondly, the rebate is solely to finance the wage cost - including normal social security
contributions - of additional employment. Thirdly, there is a budgetary limit , determined by the number
of employees already employed in a benchmark year and a nominal subsidy per head. The subsidy per
employee has been steadily increased from 3,250 BEF per quarter in 1997 to 12,000 BEF per quarter per
fulltime equivalent in 2000. Individual budgets can be pooled among several institutions to maximize the
use of the scheme. The scheme has seen some changes, mostly accounting in nature: from 1997 to
1999, the social maribel rebate was booked as a reduction of employer social security contributions but
is now registered as a wage subsidy. 

In the context of HERMES, “social maribel jobs” are only that part of employment that is financed with the
transfer. Apart from that, social maribel jobs are very much like other jobs, i.e. they enjoy the same wage
rate typical of that sector, are subject to the same social security contribution rates and are entitled to
equal future pension rights. 

Though social maribel jobs are prominent in both Other Market Services and Health Care, they are dif-
ferently modelled. The social maribel jobs that are part of Other Market Services are treated exogenous.
In contrast, the social maribel jobs that are part of Health Care are lumped together with normal jobs
and are considered endogenous.

iii. Local employment agency jobs

These services, booked as Other Non Market Services, are treated as exogenous. Up to a limit (44
hours a month), the unemployed are allowed to top up their unemployment allowances with income
earned from supplying low-skilled maintenance services to households, while keeping the status of “un-
employed”. Local employment agencies act as intermediaries between the service providers and the
purchasers of the services. Anno 2000, it looks as if the system of local employment agencies will be
phazed out and will be replaced by a newly introduced “local service” programme, which subsidizes the
demand for services that are now provided by the local employment agencies and will be provided by
regular employees employed by regular firms.
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Service jobs and social 
maribel jobs

The first model is developed to calculate ex ante forecasts for the number of
employed in the service and social maribel job schemes, which are subsequently
to be used as input in the two other models. De ex ante forecasts are obtained from
partial simulations, mainly involving sectoral employment equations. The
solutions are rescaled by means of observations dated prior to the forecast
horizon. The assumption is that demand elasticities are alike for service jobs,
social maribel jobs and normal jobs.

The second submodel and the present model are similar in that service jobs and
social maribel jobs are treated exogenously and serve as corrections in the em-
ployment equations. However, the second submodel is more precise in
measuring the relative labour prices and the input of labour in real terms.

The third submodel is far more ambitious because it endogenizes service jobs and
social maribel jobs. Endogeneity relies on trippling sectoral equations, imposing
the same elasticities on each category of employment. The approach is bottom-up
and precludes substitution between normal jobs and special jobs.

Start jobs Firms employing 50 people or more are obliged to top up the number of workers
hired in a benchmark year with “start jobs” by at least 3%. This measure is aimed
at the young unemployed, but may encompass other categories of unemployed
as well. Compliance is fostered by financial incentives. On the one hand, sanc-
tions for non compliance are financially punitive. On the other hand, employers
can have their social security contributions reduced if low skilled unemployed
are hired to fulfill the “start job” quota.

3. The redistribution of working time: the 2RT procedure 

Another type of employment policy concerns the working time redistribution be-
tween the employed and the unemployed. Although labour demand in the
HERMES model is defined in terms of number of hours and then converted in
number of jobs, some methodological problems remain. Indeed, the net effects on
employment of reducing (or re-organising) working time depend highly on the
impact on hourly productivity, the degree of wage compensation and the intensi-
ty of the use of equipment. HERMES as such does not deal with this kind of
feedback.

To circumvent this problem, a procedure called 2RT has been developped. When
linked to the HERMES model, the redistribution of employement can be analysed,
be it that some interpretational caution is warranted1. This procedure is based on
5 parameters, determined by either policy or by assumption: the average yearly
rate by which individual working time is reduced; the wage compensation rate;
the variation measured in percentage points of the utilisation rate of the equip-
ment after a one percent lowering of working time; the gain in hourly
productivity following the reduction of individual working time and, finally, a
smoothing parameter for the productivity cycle so that the adjustment of effective
employment to its desired level is faster than estimated.

1. See Lebrun (1996) and Lebrun and Masure (1997).
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C. Prices and wages

1. Prices

Prices are determined at different levels. Each level determines the next, either
through a behavioural equation or through an identity.

a. Production prices

In each productive branch, the equilibrium production price is determined as a
mark-up to the average production costs PBs. The mark-up is assumed to be con-
stant. The import price is also considered in order to capture the effects of price-
takership. The production price equation also includes demand influences, prox-
ied by the deviations of capacity utilisation (QRs) from its sample average (QR*).
A change in this variable level may affect the mark-up, contributing to speed up
or slow down the dynamic process towards equilibrium over the long term.

The short term equation for PQFs can be written as follows:

∆ln PQFs,t = γ1 (α ∆ln PBs + (1-α) ∆ln PQMs)t + γ2 (β + α ln PBs + (1-α) ln 
PQMs)t-1 + γ3 ln (QRs,t/QR*s) [13]

If the long term specification implies an elasticity of prices to costs equal to unity,
this is not the case in the short term. The speed of adjustment will then depend
on the value of  and .

TABLE 8 - Elasticities in the production price equations

γ1 γ2

Mark-up 
coefficient β

Share of 
production 

costs α

Adjustment 
coefficient γ1

Adjustment 
coefficient γ2

Capacity 
utilization 

elasticity γ3

- Agriculture 0.00 0.85 0.56 0.58 0.05

- Energy 0.02 0.90 0.71 0.29 0.01

- Intermediate goods 0.01 0.69 0.82 0.44 0.20

- Equipment goods 0.01 0.95 0.78 0.85 0.25

- Consumption goods 0.01 0.80 0.95 0.18 0.10

- Construction 0.03 0.90 0.89 0.40 0.05

- Transport and communication 0.02 0.90 0.72 0.40 0.02

- Trade and horeca 0.15 0.27 0.20 0.20 0.05

- Credit and insurance 0.02 0.60 0.80 0.19 0.07

- Health care 0.05 0.82 0.63 0.55 0.02

- Other market services to households and firms 0.05 0.70 0.45 0.68 0.18
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b. Production costs

The production costs PBs are, themselves, a function of the prices of the different
production factors which enter the production process. This identity is written as
follows:

[14]

where:

QEOs is the demand for energy of branch s, in constant prices;

PQEs is the price of energy demand of branch s;

QOOs is the demand for other intermediary inputs of branch s, in constant
prices;

PQOs is the price of other intermediary inputs;

Hs0 is the number of hours worked per man-year (effective number for
industrial branches, conventional-corrected for the other branches), for
base year 1990;

WRs is the wage cost per employee, for branch s; WRs0 is the wage cost per
employee for branch s, for base year 1990;

PHs is the cost price index per hour worked of branch s;

DPUs is the consumption of fixed capital of branch s, in current prices;

PIs is the price of investments of branch s;

PKs is the cost of capital of branch s.

c. Capital cost

The definition of capital user cost is given hereafter. It classically combines invest-
ment price, the marginal capital-output coefficient (for industrial branches), a real
interest rate, a depreciation rate (fixed to 0.1) and the implicit rate of taxation of
corporate enterprises (less subsidies).

[15]

where:

PIs is the investment price for branch i;

KKs is the marginal capita-output ratio (only for industrial branches);

RLBE is the long term interest rate;

 is the implicit rate of taxation for corporate enterprises;

subr is the implicit rate of subsidies for corporate enterprises.

PBs t, QEOs t 1–, PQEs t,× QOOs t 1–, PQOs t,×
Hs t 1–, WRs0( ) Hs0⁄( ) PHs t,××
DPUs t 1–, PIs t 1–,⁄( ) PKs t,×

+ +
+

(

) QFOs t 1–,⁄

=

PKs t, PIs t, KK s t,× RLBEt ∆ PIs t,ln–( ) 0,1 0,5 τt i– subrt i––( )
i 0=

1

∑+ +
 
 
 

×=

τ
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d. Absorption prices

The link between the production prices and the - final and intermediate - demand
prices is made by the so-called absorption prices PAs. The absorption price is the
deflator of the domestic production plus net imports. This equation can be writ-
ten as follows:

[16]

where:

QFUs is the effective production of branch s, in current basic prices;

QMUs is the import of branch s, in current prices;

ITQs is the net taxation on production, for branch s; ITQs0 is the net taxation
on production of base year 1990;

ITMs is import taxation, for branch s; ITMs0 is the import taxation of base
year 1990;

QXUs is the export of branch s, in current prices;

QMOs is the import of branch s, in constant prices; QMOs0 is the import of
branch s, for base year 1990;

QXOs is the export of branch s, in constant prices;

QFOs is the effective production of branch s, in constant basic prices; QFOs0 is
the effective production of branch s, for base year 1990.

The absorption prices determine the different final demand prices (private con-
sumption and corporate and households’ investments) and the intermediary
consumption prices of the branches.

e. Export and import prices

Export and import prices are presented in section E.

f. Other delivery prices

The prices of the consumption categories follow a weighted sum of the absorp-
tion prices of the delivering branches, with constant transition coefficients and
the indirect taxes (VAT).

[17]

where ccsc is the transition matrix for consumption and ITCRc the VAT rate for
consumption category c.

PAs QFUS QMUs ITQs ITM s QXUs–+ + +( )
QFOs QMOs ITM s0 QMOs0⁄( ) QMOs0×

ITQs0 QFOs0⁄( ) QFOs0× QXOs–
+ +

+
(

)

⁄=

∆ PCc t,ln α0 ∆ ccscPAs t,
s

∑ 
 ln ∆ITCRc t,+ +=
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The consumption block is presented in more details in section D.

The price of intermediary inputs is equal to a input-output weighted sum of the
prices of deliveries to intermediary branches of all non-energy branches.

[18]

where PQQs is the price of deliveries to intermediary branches of branch s and
cqs’s the technical coefficients of the input-output matrix.

The price of deliveries to intermediary consumption follows the corresponding
absorption price

[19]

with an ECM applied to this relation to compute the short run prices.

Finally, the investment price per branch (and product) follows a weighted sum of
the absorption prices of the delivering branches, with constant transition coeffi-
cients for investments and VAT.

[20]

where ITIQR is the VAT rate for investment products (if relevant).

2. Wages

In determining wages, we have tried to incorporate both the influence of struc-
tural factors (the path of labour productivity, not only within the branch, but also
in relation to productivity trends in the economic system as a whole) and that of
factors reflecting tensions in the labour market or of an institutional nature. Equi-
librium wage setting can be specified as follows

 [21]

where

WBFR is equal to WRs/(1+SSFRs); WBFR represents the total wage net of the
social security contributions paid by employers, WR the wage cost per
employee and SSFR the implicit rate of the employers’ social security con-
tributions.

UR is the unemployment rate;

WST represents the structural variable, defined as:

[22]

PQOln s t, α β cqs'sPQQs'
s'
∑ 

 ln+=

∆ PQQs t,ln α0 ∆ PAs t,ln+=

∆ PIs t,ln α0 ∆ cis'PAs'
s'
∑ln ∆ITIQRs+ +=

∆ WBFRs t,ln α0 α1∆ PCHln s t, α2URt α3WSTs t,+ + +=

WSTs t, WBFRs t, PQVs t,⁄( )∗ln WBFRs t 1–, PQVs t 1–, ∗⁄( )ln–=
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in which

[23]

is a linear combination between productivity per branch and average national
productivity and permits to capture the effect of the so-called ‘contamination ef-
fect’ between the branches. A value  that is lower than unity allows the effects
of interdependence between the labour markets in the different branches to be
taken into account. Values of  equal to one indicate situations of market
isolation.

[24]

is a similar combination between the value added deflator per branch and the av-
erage national value added deflator.

The dynamic adjustment of the wages is described by a partial adjustment
mechanism:

[25]

α1 is constrained to 1 and PCH is replaced by the health index. Table 9 gives the
contamination and Phillips effects obtained with this equation.

TABLE 9 - The contamination and Phillips effects in sectoral wages

The contamination effect seems to be generally important, except for equipment
goods, energy and agriculture. Also note that the Phillips effect is rather high for
agriculture, equipment goods and construction. This effect seems to be, on the
contrary, limited for credit and insurance and intermediate goods. No Phillips ef-
fect could be obtained for energy.

WBFRs t, PQVs t,⁄( )∗ln η QVOs t, Ns t,⁄( )ln 1 η–( ) QVOTt Nt⁄( )ln+=

η

η

PQVs t, ∗ln η PQVs t,ln 1 η–( ) PQVTtln+=

∆2
WBFRs t,ln λ α0 α1 PCHtln α2URt α3WSTs t, ∆ WBFRs t 1–,ln–+ + +( )=

Agric. Energy Interm. 
goods

Equip. 
goods

Cons. 
goods

Construc-
tion

Transp. 
and comm.

Trade and 
horeca

Credit and 
insurance

Health 
care

Other 
market 

services

partial adjustment parameter λ

0.95 1.00 0.95 0.95 0.83 0.93 0.70 0.64 0.85 0.55 0.95

Phillips effect α2

-0.98 0.00 -0.31 -1.46 -0.78 -1.30 -0.62 -0.60 -0.13 -0.60 -0.82

structural parameter α3

0.05 0.93 0.33 0.15 0.25 0.37 0.37 0.07 0.05 0.20 0.20

contamination parameter 

0.50 0.62 0.15 0.75 0.31 0.20 0.20 0.20 0.32 0.10 0.10

η
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Note that in the version of HERMES used for projections (and for main variants),
nominal wages are exogenised in order to take into account the wage norm. This
norm stipulates that the nominal wage cost increase can not exceed the weighted
average wage growth of Belgium’s three main trade partners (i.e. Germany,
France and The Netherlands). It is assumed that this norm holds when building
a projection1. Imposing this norm affects the simulation results, as the wage evo-
lution is kept under control (competitiveness is safeguarded).

The gross wage rate is then used to compute the wage cost per employee

[26]

where SSFRs is the implicit rate of employers’ social security contributions for
branch s (SSFRs= SSFs/(WBs-SSFs)) and PHs is the wage cost per hour of branch
s (PHs is normalized).

[27]

Finally, the wage bill per branch (WBs) is the product of the wage cost per hour
and the total number of hours worked by employees:

[28]

where WBOs is the total quantity of hours worked by employees of branch s dur-
ing year t.

1. Medium term calculations are based on projections of the European Commission.

WRs WBFRs 1 SSFRs+( )×=

PHs WRs Hs⁄( ) WRs0⁄=

WBs WBOs PHs×=
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D. The demand of households: consumption and investment

1. The macroeconomic consumption function

Private consumption is first determined at its macroeconomic level (this point).
The obtained global amount is then allocated to the different consumption cate-
gories (see point 2 infra)1.

Consumer behaviour in the new model is based on the life cycle hypothesis of
consumption. According to this hypothesis rational consumers attempt to
maximise their intertemporal utility and find it optimal to smooth their
consumption over time. Their consumption decision is based on a discounted
stream of current and future expected net income (PI) and on their current stock
of financial wealth (FW). Private consumption (C) can be represented as follows:

[29]

If, as assumed by the life cycle hypothesis, all consumers were foreward looking
with perfectly functioning financial markets they would be able to smooth their
lifetime consumption. In reality a substantial proportion of consumers does not
behave in this way for a variety of reasons e.g. market imperfections, uncertainty,
myopia and backward looking behaviour. Thus over the long run consumption
is a positive function of lifetime (human and non-human) wealth while in the
short run it appears also to be constrained by current disposable income.

This long term equilibrium relationship between consumption, income and
wealth is incorporated in the dynamic short term specification as an ECM, with 
the error correction coefficient (cfr. equation [30]).

In the short run we added the inflation and the unemployment rate. The inflation
rate appears to induce households to consume less in order to maintain their real
wealth. The unemployment rate can be considered as a consumer confidence in-
dicator that negatively affects private consumption. We found different
propensities to consume for the different components of income in the short run:
the propensity to consume out of labour income and transfer income is fairly
high, whereas the propensity to consume out of financial income is much lower.

We approximated the permanent labour income by current labour income and
the financial wealth by the financial assets held by households2.

The macroeconomic consumption function used in the model is the following (all
variables are observations from year t unless otherwise indicated):

1. For an overview of the aggregate private consumption, see e.g. Bayar and Mc Morrow (1999). 
Different aspects of private consumption in Belgium have also been analysed in Bossier et al 
(1995).

2. The financial assets held by households include time and savings deposits, foreign assets, term 
deposits, savings certificates and insurance certificates subject to previous deduction, Collective 
Investment Undertaking, bonds and tax-exempt insurance certificates.

C ρ PI FW+( )=

λ
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[30]

with:

C = private consumption in constant prices per capita;

LIH = labour and transfer income in constant prices per capita;

AH = financial assets held by households in constant prices per capita;

FIH = property income in constant prices per capita;

PCH = consumer price index;

UR = unemployment rate (definition FPB).

The estimation results for equation [30] are the following:

TABLE 10 - Coefficients for the macroeconomic consumption function 

Currently we revise the aggregate consumption function and continue to focus
our attention on wealth considerations (human and non-human wealth), dynam-
ics, the impact of expectations and questions such as liquidity constraints,
uncertainty and the role of current income. This work is still in progress. Results
can not be presented yet.

2. The consumption allocation module1

This section describes how total aggregate consumption is allocated over its dif-
ferent components as a function of relative prices and total income. The starting
point of our modelling strategy is the assumption that there exists a long run
equilibrium, but that rigidities prevent immediate adjustment to this long run
equilibrium.

In paragraph a a specification of the long run equilibrium is presented. Here we
introduce the CBS version of an econometric allocation system, which explains
quantities in terms of a scale effect and relative prices, and which allows us to im-
pose the various restrictions derived from the theory of rational consumer
behaviour in a rather flexible way. In paragraph b an ECM for our allocation prob-
lem is derived, while in paragraphs c and d some econometric issues estimating
this ECM are discussed, i.e., the Two-Step Engle-Granger estimator and groupwise
separability. Finally, the analytical framework is applied to a dataset consisting of
disaggregated household consumption. The estimation results, in the form of
overall short and long run income elasticities and overall compensated and un-
compensated own price elasticities are presented in paragraph e.

∆ Cln λ α LIHln 1 α–( ) AHln Cln–+( )t 1– γ1∆ LIHln
γ2∆ FIHln γ3∆ PCHln γ4∆UR ∆UR 0>( ) γ5∆UR ∆UR 0<( )

+
+ + + +

=

λ α γ1 γ2 γ3 γ4 γ5
0.30 0.99 0.75 0.05 -0.10 -0.55 -0.15

1. The content of point 2 is based on Bracke and Meyermans (1997).
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a. Long run equilibrium

Consider a representative economic agent who allocates his total available means
between n commodities, and assume that the preference ordering of this agent
satisfies the regular assumptions so that a set of differentiable demand functions
exists1.

The CBS version in levels2 of an econometric allocation system reads as follows

[31]

where  is defined as

[32]

with

: quantity of commodity i, 
: real income, 
: price of commodity j, 

n : number of commodities,
wi: the budget share of commodity i.

Note that a subscript t has been added to indicate the observation unit, and that
in order to capture randomness in human behaviour a random component 
has been added to each equation. It is assumed that the covariance matrix of this
random component is independent of t and that there is no intertemporal corre-
lation of the disturbance terms.

1. The set of axioms of choice includes reflexivity, completeness, transitivity, continuity, nonsatia-
tion, and convexity. See for example Barten and Böhm (1982) or Deaton and Muellbauer (1987).

2. The original CBS parametrization was derived in the context of a system in first differences, see 
Keller and Van Driel (1985). The levels version has been proposed by Barten (1989).
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The following set of restrictions can be imposed on the parameters of system [31]

[33.a]

[33.b]

[33.c]

[33.d]

The adding-up and homogeneity condition are a direct consequence of the linear
budget constraint. The adding-up conditions indicate that the aggregate is divid-
ed into its different components, while the homogeneity condition states that it is
relative prices which matter. The symmetry and negativity conditions reflect the
properties of the underlying preference ordering. Symmetry is a guarantee for
consumer's consistency of choice, while the negativity condition emphasizes, for
example, that the own compensated price effect should be negative.

Note that the random components satisfy the condition:

[34]

The CBS parametrization was selected because it provided the best fit.

b. An error correction mechanism

In the previous section a long run equilibrium between quantities, prices and in-
come has been specified. However, such equilibrium is not attained immediately.
Therefore we specified an ECM which explains contemporaneous changes in the
quantities by changes in the scale and prices and by past deviations of the quan-
tities from their long run equilibrium value1:

1. Note that the following adding-up conditions hold: 
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[35]

for i=1,..., n;

and with:

δij = 0 for 

  = 1 for i=j.

Two features estimating the ECM will be highlighted, i.e., the Two-Step Engle-
Granger estimation procedure and groupwise separability.

c. The Engle-Granger Two-Step estimator

The econometric technique used to estimate the ECM [35] is the Two-Step Engle-
Granger estimator1. In a first step the cointegration vector between the quantities,
the scale effect and the relative prices, i.e. equation [31], is estimated with ordi-
nary least squares, and the error correction term  is calculated. At this stage it
should either be tested whether the variables are cointegrated, i.e. whether the re-
siduals of the levels equation are stationary, or a priori be assumed that
cointegration holds. In a second step, the short run adjustment scheme - includ-
ing the error correction term - is estimated. Applied to our model the Two-Step
Engle-Granger estimator runs as follows.

i. The first step: estimating the long run equilibrium

In the first step, we estimate the long run equilibrium, i.e. system [31], and calcu-
late the error correction terms

 for i = 1,..., n [36]

with ^ indicating the point estimate of the corresponding parameter.

1. See Engle and Granger (1987).
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ii. The second step: estimating the short run adjustment mechanism

In the second step, we insert the error correction term [36] into equation [35]
yielding:

[37]

for i=1,...,n,

and we proceed by estimating system [37]. However, note that in view of condi-
tion [34], the second last term in [37] is collinear. Therefore, we proceed by noting
that:

[38]

Inserting [38] into [37] yields

[39]

with .

Hence, equation [39] will be estimated in the second step.

d. Groupwise separability

It is clear that without further restrictions on the parameters the degrees of free-
dom will be small. Therefore we will make the additional assumption of weak
separability of the underlying preference ordering1. 

1. Consider the continuous, differentiable direct utility function . Under the 

assumption of (weak) separability of the underlying preference ordering the utility function can 

be written as , i.e. the sub-util-

ity of a convex combination of commodities of group I does not depend on the consumed 
amount of commodities of group J. 
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Under groupwise separability the consumer faces a decision problem in two stag-
es. In a first stage the consumer decides how much to spend on "durable and
complementary non-durable goods" on the one hand, and "other non-durable
goods" on the other hand. In a second stage he decides how much of the amount
to be spent on durable goods will be allocated to clothing, household utilities, and
transportation. Transportation includes public transportation, equipment, such
as cars, and energy, which includes petrol, heavy fuel and oil. The group of non-
durable goods has been modified and an additional decision stage has been add-
ed. It now consists of "group 1" and "group 2". "Group 1" includes domestic
services, communication, and tourism, while "group 2" includes food, beverages,
tobacco, rent, heating, power, recreation, education, and culture and other ex-
penditure items. See also figures 2 and 3. The consumption category “medical
care and health service” is not represented in the allocation structure. This cate-
gory is explained not only by relative prices and income but also by demographic
variables. The consumption category “rent” is also not represented in the
allocation structure. This category is explained by disposable income only.

FIGURE 2 - The allocation structure of the durable and complementary non-dura-
ble goods

FIGURE 3 - The allocation structure of the non-durable goods
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e. Estimation Results

We summarize the major results in the form of the long and short run overall in-
come elasticities, and the compensated and uncompensated overall own price
elasticities.

The overall long run elasticities are defined as 

- income elasticity: 

- compensated price elasticities: 

- uncompensated price elasticities: 

The overall short run elasticities are defined as

- income elasticity: 

- compensated price elasticity: 

- uncompensated price elasticities: 

The previous equations show that the elasticities of the CBS version change to-
gether with the budget shares. It should then be noted that the value of the
elasticity may change significantly during the course of time, if the budget share
changes significantly during the course of time.

The compensated price elasticities describe the responses of the quantities to
changes in the predetermined prices as we move along the indifference curve,
while the uncompensated price elasticities also take into account the budgetary
effects of a change in the predetermined prices.

Because the consumption category “food” is a necessary good we found weak in-
come and price elasticities. The consumption category “clothing and footwear”
has also relatively weak elasticities for the same reason. For the energy products
we found rather high income elasticities, low short term price elasticities and
rather high medium term price elasticities. For the “services” categories we found
rather high income elasticities and high price elasticities.
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TABLE 11 - Estimation results: elasticities for the different consumption categories of the allocation struc-
ture

3. Housing investment

Residential investment at constant prices (IRO) is also modelled by means of an
ECM, assuming a long term relationship with real disposable income (YDH/PCH)
and a real mortgage rate indicator (RMR). It is assumed that residential invest-
ment has a lagged response to the evolution of its explanatory variables.

ln IROt = α ln (YDH/PCH)t-1 + β ln RMRt-1 [40]

Both determinants also appear in the short term relationship, together with the
evolution of the unemployment rate UR (a confidence indicator) and the price
level of housing investment PIR with respect to the consumption price level PCH
(a decreasing relative price makes housing investment more attractive). All short
term determinants are lagged. This gives the following relationship:

∆ln IROt = λ1 [α ln (YDH/PCH)t-2 + β ln RMRt-2 - ln IROt-1] + λ2 [α ∆ln 
(YDH/PCH)t-1 + β ∆ln RMRt-1] + φ ln(PIR/PCH)t-1 + η ∆URt-1 [41]

Consumption category income elasticity uncompensated price 
elasticty

compensated price 
elasticity

t t+4 t t+4 t t+4

Food 0.43 0.46 -0.44 -0.66 -0.37 -0.59

Non alcoholic beverages 0.75 0.38 -0.41 -0.48 -0.39 -0.48

Alcoholic beverages 0.77 0.46 -0.45 -0.47 -0.43 -0.46

Tobacco 0.74 0.46 -0.44 -0.46 -0.42 -0.45

Clothing and footwear 0.47 0.81 -0.25 -0.79 -0.22 -0.74

Coal -0.09 0.44 -0.50 -0.97 -0.50 -0.97

Petroleum products 0.61 0.93 -0.21 -0.70 -0.20 -0.69

Gas 0.99 0.81 -0.36 -0.54 -0.35 -0.53

Power 0.58 0.61 -0.23 -0.42 -0.21 -0.40

Domestic services 0.83 0.72 -0.46 -0.63 -0.45 -0.62

Furniture 0.57 0.76 -0.31 -0.28 -0.27 -0.24

Personal transport equipment 1.42 1.01 -0.51 -0.57 -0.41 -0.50

Petrol 0.54 0.30 -0.41 -0.29 -0.40 -0.28

Diesel 0.43 0.49 -0.24 -0.43 -0.24 -0.43

Oil 0.19 0.13 -0.75 -0.80 -0.74 -0.80

Transport services 2.19 1.36 -1.45 -1.61 -1.41 -1.58

Communication 1.05 1.03 -0.63 -0.55 -0.61 -0.53

Recreation, education and culture 1.36 0.93 -0.87 -1.11 -0.63 -0.95

Other goods and services 1.24 1.86 -0.47 -0.75 -0.21 -0.37

Tourism abroad 1.65 1.27 -1.23 -0.84 -1.14 -0.77
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TABLE 12 - Estimated coefficients of the households’ investment function

4. The computation of the households’ disposable income

We have seen that households’ disposable income (YDH) is one of the main de-
terminants of private consumption and housing investment. This point briefly
describes how YDH is computed in HERMES.

a. Total disposable income

The following relation gives the aggregated disposable income of households

[42]

where:

REMI is the mixed income (income of non wage workers);

WBU is the total compensation of employees;

YN is the compensation of border workers;

GOSH is the gross operating surplus;

OCUH are the net transfers to the households (other than from the social
security);

IDH is the property income;

SBH are the transfers from the social security;

DTOTH is the income tax;

YSSH are the social contributions;

THI are the transfers to the non profit associations.

α β λ1 λ2 φ η
0.90 -4.0 0.03 0.56 -0.50 -0.15

YDHt REMIt WBUt YNt GOSHt OCUHt IDHt SBHt
DTOTHt YSSHt THI t+ +( )–

+ + + + + +=
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b. components of the disposable income

REMI, the mixed income is, itself, dependant on the evolution of households val-
ue added:

[43]

where:

QVUFH is the value added of households (a fraction of total firms value
added);

WDOM are the wages paid to other non-market services;

DPUH is the households consumption of fixed capital; 

ITPDH are taxes on production paid by households;

SUBDGH are subsidies on production paid by public administrations to
households.

WBU, which represents the total wage bill, is a sum of wages paid by every mar-
ket and non market branch:

[44]

where WBs is the compensation of employees paid by branch s (WBs,t = WBOs,t.
PHs,t).

GOSH is computed as

[45]

where WBFH is the compensation of employees paid by the households
(WBFH=  , where s=branches).

IDH is the sum of three components:

[46]

where IDHI represents the net interest payments; IDHD the dividends distribut-
ed by enterprises and IDHR the other incomes (notably insurance incomes).

d REMItln αd QVUFH WDOM DPUH ITPDH SUBDGH–+ +( )–( )ln=

WBUt WBs t,
s
∑=

GOSHt QVUFHt REMIt WBFHt ITPDHt SUBDGHt–+ +( )–=

αsWBs
s

∑

IDHt IDHI t IDHDt IDHRt+ +=
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SBH is the sum of all transfers paid by the different institutional sectors to the
households:

[47]

where:

SBG represents the total allowances paid to the households by the public
administrations (SBG= , where i= the different levels of general
government);

SBF represents the allowances paid to the households by the enterprises;

SBH_B represents imputed social allowances;

SBI represents the social allowances paid to households by the non profit
institutions;

SBB_B represents social allowances paid by other countries;

SBB_M represents social allowances paid to other countries.

DTOTH, the income tax, is computed in the public finances block. DTOTH is
equal to:

[48]

where:

DTH is the personal income tax paid by the households;

TCP is the horsepower tax paid by the households;

DTO4 is the domestic waste tax;

DTPAT2 is the tax on capital;

DTDIV2 represents other taxes on income.

YSSH represents the total social contributions paid by households. YSSH is the
sum of the following variables:

[49]

where:

SSF represents the employers’ social security contributions ( ,
where s=branches);

SSH represents the employees’ social security contributions;

SSB_M represents the social security contributions paid by Belgian workers
working for European institutions or abroad;

SSB_B represents the social security contributions paid by foreigners.

Finally, THI is the transfers of households to the non-profit institutions.

SBH SBG SBF SBH_B SBI SBB_B SBB_M–+ + + +=

SBGi
i

∑

DTOTH DTH TCP DTO4 DTPAT2 DTDIV2+ + + +=

YSSH SSF SSH SSB_M SSB_B–+ +=

SSF SSFs
s
∑=
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E. The external trade block

The external trade block contains equations for import and export volumes per
branch, as well as corresponding export and import prices. This block is of crucial
importance for the model, given the openness of the Belgian economy.

The basic specification of all export and import equations is based on two tradi-
tional determinants: the demand volume (the internal demand for imports and
the world demand for Belgian goods and services for exports) and the price com-
petitiveness of producers. This general specification is enriched (for the
manufacturing branches) by the introduction of supply effects. 

1. Imports

The long run import equation of branch s includes the total demand for its prod-
ucts and an index of price competitiveness, measured by the ratio between
import price by branch s and the corresponding production price. Furthermore,
the residual and cyclical component of imports (possibly due to supply bottle-
necks) is explained by the introduction of the capacity utilization rate (for
manufacturing goods).

This gives the following relation at the equilibrium:

 [50]

Where QMOs represents the equilibrium level of imported quantity of goods (or
services) produced by branch s, Ds the (total) demand for products of branch s,
PQMs the import price of product s and PQFs the domestic production price of
product s.

In the short run equation, utilization rates are introduced, for the manufacturing
industries, to take into account supply effects. The short run relation is obtained
by applying an ECM to the long run relationship.

Table 13 gives the long run elasticities obtained for all branches, except energy1.
Most demand elasticities are higher than 1, probably reflecting an increase of im-
port contents of all branches. Also note the relatively low level of long run price
elasticities except for the consumption goods branch.

1. The treatment of energy imports is explained in section F.

QMOsln α0 α1 Dsln α2

PQMs

PQFs
---------------ln+ +=
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TABLE 13 - Parameters of import equations

2. Import prices

Import prices are supposed to depend on world prices and on internal prices,
with a unitary elasticity constraint. The target can be written:

[51]

where PWMD is the external price (computed as a weighted sum of export prices
of Belgian commercial partners).

The value of  permits to measure the respective influence of internal and ex-
ternal prices on the determination of import prices. If  is equal to one, the
import price only depends on internal prices, when  is equal to zero, the im-
port price is completely indexed on the external prices.

The short run relation is obtained by applying an ECM to the long run equation.
Table 14 gives the values of  obtained for the manufacturing branches. In all
cases,  is small, indicating that manufacturing import prices are mainly ex-
plained by external prices.

TABLE 14 - Import prices- value of α1 for manufacturing sectors

Demand elasticity Relative price elasticity

Agriculture 1.32 -0.05

Intermediate goods 1.21 -0.19

Equipment goods 1.20 -0.30

Consumption goods 1.63 -0.81

Construction 1.02 -0.15

Transports- communications 0.87 -0.15

Other servicesa

a. Trade and horeca, Credit and insurance and Other market services.

1.38 -0.50

PQMsln α1 PQFsln 1 α1–( ) PWMDln+=

α1
α1

α1

α1
α1

α1

Intermediate goods 0.18

Equipment goods 0.12

Consumption goods 0.15
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3. Exports

The model used for the manufacturing branches starts from an ex ante demand
and an ex ante supply equation. The final equation is derived as a transaction
curve between planned demand and supply. Exports of services are restricted to
the demand model.

Ex ante demand Demand factors which are retained represent the world demand and the compet-
itiveness position. It is obvious that there exists a close relationship between the
increase in world demand for one country’s goods (QWXD) and the growth of the
actual volume of exports of this country. The relative price term (the export price
PQXs divided by the world price PWXD) is used as a competitiveness indicator.
Domestic producers will lose market shares on their foreign markets when their
own export price exceeds the main competitors’ price.

The equation can be written as:

[52]

with 

Ex ante supply The planned supply of exports is supposed to be determined by capacity growth
and the profitability of exports. A growth of production capacities as well as an
increase in exports profitability tend to increase Belgian manufacturing exports.

This gives the following relationship

[53]

with and >0.

where QXOSs is the planned supply of export, QPs is the output capacity and PBs
is the production cost.

The actual export volume equation is obtained as follows. We suppose that each
producer minimizes his cost relative to his export activity

[54]

where QXOs is the actual export volume of the manufacturing branch.

The first term of the right hand side of the last equation captures the idea that
each producer will balance the marginal costs of a loss of additional exports ver-
sus the marginal costs of additional production in the case of excess ex ante
demand. Following the second term, each producer will balance the trade-off be-
tween the costs of (for example) additional marketing efforts and the costs of
unsold production, in the case of excess ex ante supply.

∆ QXODsln α0 α1∆ QWXDln α2∆
PQXs

PWXD
------------------ 

 ln+ +=

α1 1 α2 0,<,∼

∆ QXOSsln βO β1∆ QPsln β2∆
PQXs

PBs
-------------- 

 ln+ +=

β1 β2

minCs γ1 ∆ QXOsln ∆ QXODsln–( )2 γ2 ∆ QXOsln ∆ QXOSsln–( )2
+=
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Differentiating this equation w.r.t. QXOs and rearranging it permits to obtain the
final form of the equation determining the volume of exports for manufacturing
industries.

[55]

4. Export prices

Export prices are determined simultaneously with export volumes, as a weighted
average of world price and of domestic costs. Moreover a capacity utilization rate
is included in the equation as a proxy for the profit margin.

The equation is the following:

[56]

with  ,  ,  and 

where QRs is the utilization rate.

When  is large, the domestic export price follows strongly the competitors’ ex-
port price; the exporter behaves as a price-taker and is constrained by supply (
is large in export volume equation). When  is large, the exporter behaves as a
price-setter, fixing the export price in function of production costs. In this case, ex-
ports are determined by the demand side of the market (  is large in export
volume equation).

By assumption,  is set equal to  and  to  (and, consequently,
). This means that the extent to which a producer is price-taker or

price-setter also determines the extent to which he is constrained by supply or de-
mand on the export market. Note that, in order to reduce the ridigity inherent to
this kind of two regimes model, we have replaced  by , with t a trend
variable.

The estimation results of exports module are given hereafter. Table 15 gives the
results obtained for industrial sectors, except energy1.

Note that for all three branches,  is not significant. For all branches, a demand
regime seems to be predominant. However, for intermediate goods, a supply re-
gime is gradually gaining in importance. Demand factors display relatively high
elasticities: the world demand elasticity is always larger than one, mainly in the
intermediate goods branch (but, for this branch, the demand regime gradually
looses in importance- see above). On the contrary, the contribution of supply fac-
tors seems to be more limited, mainly in equipment and consumption goods.

∆ QXOsln θ1 α0 α1∆ QWXDln α2∆
PQXs

PWXD
------------------ 

 ln+ + 
 

θ2 β0 β1∆ QPsln β2∆ PQXs PBs⁄( )ln+ +( )+

=

1. The modelling of energy exports, which is made at a disaggregated level, is explained in 
section F.

∆ PQXsln ψ1∆ PWXDln ψ2 ∆ PBsln ψ3∆ QRsln+( ) ψ0+ +=

0 ψ1< ψ2 1< ψ2 1 ψ1–= ψ3 0≥
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ψ1 θ2 ψ2 θ1
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θ1 θ1 δt+
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TABLE 15 - Estimation results for the export sub-model - goods

Estimation results for the services are given in the table 16.

TABLE 16 - Estimation results for the export sub-model - services

As we mentioned before, the export model for services is restricted to a demand
regime. Note that the world demand elasticity is surprisingly low, when price
elasticities display a more standard value (in the range of -0.5, -0.6).

Condition of Marshall-Lerner

The condition of Marshall-Lerner tells us whether the foreign exchange market is stable or unstable.
From price and volume equations, il can be verified if a devaluation gives, ceteris paribus, an improve-
ment of trade balance (or if positive effects coming from competitiveness gains prevail on negative
effects associated with the terms of trade deterioration). This condition can be written1:

[57]

where:

 is the elasticity of exports prices to world price;

 is the elasticity of import prices to world price;

 is the price elasticity of exports;

 is the price elasticity of imports.

This condition seems to be verified with HERMES (S is positive for all branches). If the external block is
simulated separately, a depreciation of 10 % gives an improvement of the trade balance equivalent to
2 % in the medium term. This relatively weak result is explained by the fact that price elasticities are
generally small.

Intermediate goods 0.75 -0.009 3.33 -0.90 0.30 0.59 0

Equipment goods 0.98 0 1.10 -0.25 0.45 0.50 0

Consumption goods 0.98 0 1.20 -0.26 2.50 1.75 0

θ1 δ α1 α2 β1 β2 ψ3

Transports, communications 0.92 -0.67

Other servicesa

a. Trade and horeca, Credit and insurance and Other market services.

0.62 -0.54

α1 α2

1. See e.g. Assouline et al (1998) or Salvatore (1987).

S εpx 1 εpx–( )εx εpm 1 εm–( )–+ 0>=
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F. Energy and greenhouse gases ( GHG) emissions

Energy products play a dual role in the HERMES model as production factors in the
production function for each branch and as a production branch itself. For each
of the eight energy products (see table 1), demand, prices and an input-output
equilibrium, in quantity and in value terms are calculated. The latter leads to a
central application of the energy module in the model: the compilation of annual
physical energy balance sheets according to the EC format (from which, in turn,
can be derived CO2 emission sheets). 

This section is organized as follows: we first present the main relationships of the
energy module; then, we describe more precisely the energy allocation model
which was selected and estimated for HERMES; finally, we present and discuss the
environmental module.

1. Main relations of the energy module

a. Computation of total energy needs

The computation of total needs per energy product represents one of the key re-
lations in the energy module.

FDEi=EOsEi.αi,s+ECOEi.βi+EOJEi+EELEi+EOjEi+ESOEi+EBUEi+EPTEi+ 
EMPEi+EXOEi.γi [58]

where:

FDEi is the total demand of product i (in terajoules (TJ));

EOsEi is the consumption of product i by branch s (in constant prices);

ECOEi is the consumption of product i by private consumption (in constant
prices);

EOJEi is the consumption of product i by the energy branch (in TJ);

EELEi is the transformation of product i into electricity (in TJ);

EOjEi is the transformation of product i into product j (other than electricity);

ESOEi is the stock change (in TJ);

EBUEi is the consumption of bunkers (only for petroleum products; in TJ);

EPTEi is the distribution losses (only for electricity; in TJ);

EMPEi is the consumption of product i for non energy needs (in TJ);

EXOEi is the export of product i (in constant prices);

αi, βi and γi are conversion coefficients (from constant prices to TJ).

Note that EOjEi, ECOEi and EXOEi are expressed in billions of constant BEF and
must be converted into TJ (by means of conversion coefficients) to compute FDEi.
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b. Energy demand by branches and households

i. Branches1

Demand per product i of branch s is computed from total energy demand of
branch s (which is computed in the production block, together with the other pro-
duction factors) and from an allocation model (presented in point 2 below).

EOsEi= MEi,s . QEUs/PEi,s [59]

where MEi,s is the share of product i into total energy cost of branch s (for s=
1,...,12); PEi,s the price of product i for branch s and QEUs the total energy demand
(or energy cost) of branch s in current prices. 

QEUs is equal to QEOs . PEs, where QEOs, the total energy demand in constant
prices is computed in the production block and PEs, the average price of energy
for branch s is presented below.

ii.Households

The energy demand per product of households is computed from the house-
holds’ allocation module (see section D, point 2). This module calculates the
volumes of energy consumed for heating purposes (CO4), power (CO5) and per-
sonal transportation (CO9). 

Energy consumed for heating

The energy module allocates the total energy consumed for heating between the
different forms of energy products distinguished by the model. The model also
translates the quantities consumed from BEF to TJ:

ECOEi = f (CO4), for i= coal, petroleum products and gas [60]

where CO4 is fuel for heating (in constant prices).

Electricity (power)

ECOEi = f (CO5), for i = electricity [61]

where CO5 is electricity consumption (in constant prices).

Energy consumed for personal transportation

The households allocation module divides the energy consumed for personal
transportation into three categories: motor spirit (cat. 1), gasoil (cat. 2) and other
products (cat. 3):

CO9 = CO9,1+CO9,2+CO9,3 [62]

1. Except energy branch.
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The energy module translates the quantities consumed (in constant prices) into
physical terms (litres).

iii.Energy branch

Energy consumption by the energy branch only contains the consumption of the
branch for its own use (the transformation process is treated afterwards).

EOJEi = f (EPSEj), for i = coke, petroleum products, natural gas, derived gas 
and electricity [63]

where EPSEj is the (derived) production of product j (in TJ); j= 1,...,8.

c. Transformation activity

i. Transformation inputs

The energy module computes the inputs used to produce electricity, but also the
inputs going to other transformers.

EELEi = EQDJi /RENDi [64]

where EELEi is the transformation of product i into electricity; EQDJi the produc-
tion of electricity (in TJ) coming from product i and RENDi an efficiency
coefficient for the conversion of product i into electricity.

Following energy products can be used for the electricity production: hard coal,
petroleum products, natural gas, derived gas, nuclear heat and renewable energy
(biomass).

Other transformation activities concern in Belgium: coke-oven plants, blast-fur-
nace plants, patent fuel and briquetting plants1 and refineries. The inputs
necessary to these transformers are computed from output transformer (derived
production) weighted by an efficiency coefficient.

EOjEi = f (EPSEj . RENDj) [65]

for i and j different from electricity.

1. The activity of patent fuel and briquetting plants in Belgium is negligible.
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d. Derived production 

i. Electricity

Total electricity production is explained by the evolution of total electricity needs
and by a relative price comparing the production costs of electricity in Belgium to
the price of total electricity resources (including imports).

EPSEi = f(FDEi, PEFEi/PFMEi) [66]

where i= electricity; PEFEi the production cost of electricity in Belgium and PF-
MEi the price of total electricity resources.

Note that EPSEi has still to be allocated between the different forms of electricity
EQDJi. This allocation is exogenous in the present version of HERMES.

ii.Other products

Like in the case of electricity, the production of other products is explained by a
relation including the volume of energy needs (for the product concerned) and a
relative price. This is especially the case for refineries and coke-oven plants. The
computation of derived gas production is a bit different. The production of coke-
oven gas depends on coke production, when blast-furnace gas production de-
pends on iron and steel activity in the country (and on the use of coke by this
industry).

e. External trade

i. Exports

Exports are explained by the level of national production and by the export price
divided by the absorption price (as a proxy for the profitability of foreign markets
relative to the domestic market).

EXOEi = f (EPSEi, PEXEi/PAEi) [67]

where PEXEi is the export price of product i (computed as a weighted average be-
tween the internal costs and the world price of product i); PAEi is the absorption
price.

Note that EXOEi is expressed in billions (in constant prices).

ii. Imports

Imports make sure that, for each energy product, uses and resources are equal to
each other. They are obtained as the difference between the uses and the domestic
resources to cover those uses. For products which are not imported, such as man-
ufactured gas, imports will simply be zero as domestic production covers the uses
by definition, while all uses will be imported if there is no domestic production
at all (e.g. for crude oil).
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f. Prices and taxes

Prices are determined for each energy product and each consuming branch. Pric-
es of product i consumed by branch s are a function of absorption price computed
for product i. Absorption price is, itself, a weighted average of internal product
price and net import price. 

[68]

where PEi,s and PAEi are the long run values of energy price per product and ab-
sorption price. An aggregated energy price (PEs) can then be computed as a
simple weighted average of the individual energy prices (PEi,s).

The computation of energy prices for households is a bit more complex, because
they include VAT and excises, as well as energy taxes. A price for each energy
product, excluding all taxes is first computed. This price depends on the absorp-
tion price. Taxes are added to give the final price paid by the consumer. This gives
the following (long run) relationship:

[69]

where PCOEi is the equilibrium price of product i, all taxes excluded and PAEi the
equilibrium value of absorption price.

PECOEi= (PCOEi+ ENTAXi+EXCi).(1+ITCRi) [70]

where:

PECOEi is the price for households of product i, all taxes included;

ENTAXi is the energy tax on product i (if relevant);

EXCi is the excise on product i;

ITCRi is the VAT rate on product i.

g. Other variables

i. Consumption of bunkers1 (in TJ)

The consumption of bunkers (only petroleum products) is explained by a long
term relation including the evolution of world trade and a relative price term,
measuring the competitiveness degree of Belgian petroleum market.

[71]

where QWXD is the world trade volume; PEFEi the production cost of petroleum
products and PWXD the world price.

1. Energy consumption for navigation.

PEi s,ln α β PAEiln⋅+=

PCOEiln α β PAEiln⋅+=

EBUEiln α β QWXDln γ
PEFEi

PWXD
------------------ 

 ln⋅+⋅+=
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ii.Distribution losses (in TJ)

The distribution losses only concern electricity. The evolution of distribution loss-
es is explained by the evolution of the electricity production level. The long term
relation can be written:

[72]

for i = electricity

iii.Non energy consumption (in TJ)

The final non-energy consumption is composed of two products: petroleum
products and natural gas. Non-energy uses are mainly concentrated in the chem-
ical branch. Their evolution will therefore depend on the activity in the
intermediate goods branch.

iv.Stock change (in TJ)

For each energy product (except electricity), a stock change can be observed. The
stock change is exogenous in the present version of the model.

2. An allocation model for the energy products

The analysis of the substitution behaviour between energy products takes a cen-
tral place in the model. We have seen (section A) that the total energy demand of
each industrial branch is computed with demand functions derived from two-
level CD-CES production functions, in which energy is supposed to be weakly sep-
arable from the other inputs. At a second stage, expenditure on energy is broken
down into expenditures in the different energy products. To this end, we use a
unit energy cost function, without imposing a priori restrictions on the structure
of demand. The chosen function is the translog specification, which is written

[73]

where PE is the price per unit of energy and PEi is the price of energy product i.

We assume that the cost function is homogeneous of degree one in prices, that im-
plies the following restrictions on the parameters:

     

If we assume cost minimising behaviour, we may obtain the demand functions
for each energy product, expressed as their share in the total energy cost
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[74]

in which  .

The possible deviation of short term demand from the long term target suggests
to introduce a partial adjustment process of the form: 

[75]

where  is the optimal level of the ith product share.

Note that the adjustment parameter is the same for each product in order to verify
the adding-up constraint .

Price elasticities can be computed from the estimated parameters. The elasticities
vary by way of expenditures shares.

and 

where  represents the elasticity of the demand of fuel i with respect to the price
of fuel j.

Sample mean price elasticities obtained for all branches (with the exception of ag-
riculture-only one fuel identified-, transports and construction) are given in the
following table. Note that the size of elasticities obtained for coal can be largely
influenced by the low share of this product in the total energy demand. Generally
speaking, (long term) price elasticities are low in absolute terms and much lower
than in the preceding version of the model. With one exception (consumption
goods), the mean own price elasticity for coal does not exceed 0.60, while other
fuels display in general less sensitiveness: electricity demand is never very sensi-
tive to its own price and practically inelastic for two branches. The own price
elasticity of gas is also low while the own price elasticity of oil is hardly higher.
Fuels are often (not always) substitutes, but the magnitude of substitution can be
very limited: for instance, gas demand is little sensitive to the oil price; this is also
the case for electricity w.r.t. price of other fuels. Complementarity seems to pre-
vail, for the majority of the branches, in the case of the couple electricity-coal, but
the magnitude of this complementarity is rather limited.
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TABLE 17 - Sample mean price elasticities

3. The environmental module

The environmental module is designed to model the interactions between the
economic activities, modelled in the other part of the model, the emission of pol-
lutants which come from these activities and the environmental policies which
should be introduced.

a. Measuring the state of the environment

In this point, we specify the technical relations between the various forms of en-
ergy consumption and the emission of air pollutants.

Intermediate 
goods

Equipment 
goods

Consump-
tion goods

Trade and 
horeca

Credit and 
insurance

Health care Other 
market 

services

Non-market 
services

coal-coal -0.47 -0.52 -3.26 -0.52 -0.64 -0.56 -0.60 -0.60

coke-coke -0.28 - - - - - - -

oil-oil -0.25 -0.31 -0.26 -0.13 -0.12 -0.25 -0.20 -0.24

gas-gas -0.24 -0.36 -0.99 -0.13 -0.12 -0.16 -0.13 -0.07

electricity-electricity -0.09 -0.26 -0.12 -0.30 -0.22 -0.30 -0.17 -0.09

coal-coke -0.55 - - - - - - -

coal-oil 0.97 0.92 -1.87 1.31 0.58 0.66 0.89 1.22

coal-gas -0.75 -0.59 0.63 0.52 0.24 0.35 0.28 0.36

coal-electricity 0.80 0.20 4.50 -1.32 -0.18 -0.45 -0.57 -0.98

coke-coal -0.05 - - - - - - -

coke-oil 0.19 - - - - - - -

coke-gas 0.03 - - - - - - -

coke-electricity 0.11 - - - - - - -

oil-coal 0.18 0.06 -0.01 0.03 0.02 0.02 0.03 0.12

oil-coke 0.33 - - - - - - -

oil-gas 0.20 0.01 0.13 0.02 0.02 0.05 0.03 0

oil-electricity -0.46 0.23 0.13 0.23 0.09 0.18 0.08 0.12

gas-coal -0.05 -0.07 0.02 0.06 0.11 0.05 0.17 0.26

gas-coke 0.03 - - - - - - -

gas-oil 0.09 0.01 0.87 0.01 0.24 0.23 0.81 -0.12

gas-electricity 0.17 0.43 0.08 0.05 -0.22 -0.13 -0.84 -0.07

electricity-coal 0.05 0.01 0.02 -0.11 -0.01 -0.01 -0.05 -0.13

electricity-coke 0.06 - - - - - - 0

electricity-oil -0.13 0.13 0.10 1.03 0.26 0.33 0.36 0.23

electricity-gas 0.11 0.12 0.02 0.09 -0.03 -0.02 -0.14 0
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i. CO2 emissions from energy use

The carbon dioxide (CO2) emission factor for a fuel depends on:

- the carbon content of the fuel;

- the fraction of carbon (C) oxidized in the combustion process;

- the fraction of carbon sequestered in non-energy use of fuels.

The carbon content of fuels is generally issued from figures proposed by the
IPCC1. For the evaluation of CO2 emissions from fuel combustion, the carbon con-
tent has to be adjusted for the fraction of carbon which is not oxidized in the
combustion process. IPCC adopted an average of 1 % for the different fuels, based
on different studies.

Under these assumptions, average emission factors for the fuels can be derived
from the carbon content figures (1 tonne of C gives 44/12 tonnes of CO2), with cor-
rection of 1% for carbon which is not oxidized in the combustion process. 

We formalize hereafter the relation between fuel consumption and CO2 emissions,
as it is introduced in the model. CO2 emissions of fuel i is given by the following
relation:

[76]

where:

 is the factor to convert carbon into carbon dioxide;

Ci is the carbon emission of fuel i in tonnes ( );

 is the carbon emission factor for fuel i;

Ei is the consumption of fuel i, inTJ ( );

 is the conversion coefficient for fuel i from constant prices to TJ;

Qi is the consumption of fuel i, in constant prices.

The next figure shows the total emissions which are computed by the model for
the period 1970-1998 (in millions of tonnes of CO2). As can be seen, CO2 emissions
have considerably decreased between 1979 and 1985. This reduction can be ex-
plained by high relative energy prices, which have induced a reduction of energy
consumptions per unit of output, but also by the transformation of the electricity
branch (penetration of nuclear energy to the detriment of classical thermal power
stations) and by the restructuration of heavy - and energy consuming- industries.
From 1986 onwards, CO2 emissions seem to be increasing again. This rise should
be explained by low energy prices (which do not encourage energy efficiency ef-
forts any more) and by an increase of the classical thermal power stations’ share
in the production of electricity.

1. See Intergovernmental Panel on Climate Change (1995).

CO2 i, γCi γβ iEi γβiαiQi= = =

γ

C βiEi=

βi

Ei αiQi=

αi
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FIGURE 4 - CO2 emissions (millions of tonnes)

ii.Other GHG emissions

We know that CO2 is responsible for a high percentage of the radiative forcing but
other energy-related emissions can be considered and included in the model (like
sulphur dioxide SO2 and nitrogen oxides NOX).

Other greenhouse gases, related to the activity of specific branches can also be
added, such as methane CH4 and nitrous oxide N2O. These different gases are not
yet completely introduced in the present version of HERMES.

b. Modelling emission reduction scenarios

Different instruments can be considered in the framework of policies aimed at re-
ducing GHG emissions. The use of market-based instruments for the control of
carbon emissions is now widely accepted and, among them, environmental taxes
(the so-called pigouvian tax) have been widely studied. Other market-based in-
struments concern for instance tradable permits.

Energy-related taxes and charges considered as environmental include:

- excise duties on energy and taxes based on the energy content of the
energy source (as well as specified production taxes on hydro and nuclear
power): the energy tax;

- taxes based on carbon content of the fuel or CO2 emitted in the fuel com-
bustion process: CO2 tax or carbon tax;

- taxes and charges based on sulphur content of the fuel or sulphur oxides
emitted in the fuel combustion process: sulphur tax;
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- taxes and charges based on nitrous oxide (NOX) emitted in fuel combustion
process: nitrogen charge;

- excise duties on electricity production and taxes on electricity consump-
tion: electricity tax.

The mixed carbon/energy tax was proposed by the EU Commission in 19921. In
this proposal, the tax was based on a 50 % revenue from both tax components.
The tax level was 3$ per oil barrel in the beginning and would raise up to 10$ until
the year 2000. The proposal included also taxes on electricity generated by nucle-
ar and hydro power and a possibility to grant exceptions for industry. No
agreement was found and the proposal was finally rejected by the Council of
Ministers. More recently, the Commission proposed to enlarge the existing direc-
tive on harmonisation of minimum excise duty rates of mineral oils to natural
gas, solid fuels and energy products such as heat and electricity. The proposed
taxes were very low and were not based on either the carbon content or the ener-
gy content of the fuel.

c. Formalizing the introduction of energy or carbon tax in HERMES

The introduction of energy or carbon taxation can be written as follows

[77]

where:

 is the price of energy product i for branch s;

 is the price of energy product i for branch s, all taxes excluded;

 is the existing excise, paid on product i by branch s;

 is the energy tax for product i, weighted by the energy content
of i;

 is the energy content of i;

 is the CO2 tax of product i, weighted by , the carbon con-
tent of i;

ITCRi is the VAT rate for product i (if relevant).

For instance, the EU proposal of 1992 was equivalent to the introduction of an en-
ergy tax equal to 0.21 ecu per GJ, while the carbon tax attained 2.81 ecus per tonne
of CO2.

1. See Commission des Communautés Européennes (1992).

PEi s, PEHTi s, EXCi s, ENTAXi s, αi⋅ CO2TAXi s, β i⋅+〈 〉+ +( )
1 ITCRi+( )

×=

PEi s,
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EXCi s,

ENTAXi s, αi⋅
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CO2TAXi s, βi⋅ βi
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G. The public sector

Public finance is an essential part of the HERMES model. The State intervenes at
nearly all stages of the modelling process, such as price formation (VAT, excises,
taxes on energy, subsidies, ...), the computation of net disposable income (via di-
rect taxes, social security contributions or benefits), which can affect the
behaviour of the different categories of economic agents, or the formation of pub-
lic investment policy, which influences the different production branches directly
and indirectly.

The public finance module of HERMES is characterized by a disaggregation of gen-
eral government into five subsectors:

- federal government;

- communities and regions;

- local authorities;

- the social security sector;

- the EU.

For each subsector, the model computes a current transactions account and a cap-
ital account and determines respectively the operating surplus, the primary
income, the disposable income, the current savings and the net financing or re-
quirement capacity. The indebtedness is also computed (for the public
administrations as a whole and for each subsector). Note that the public finance
section is also built according to the ESA95 national accounts classification.

The current transactions of the general government can be divided into resources
and expenditures.

1. Resources

The HERMES model is divided into eleven branches of activities. The resources of
the four subsectors of the general government are modelled, as far as possible, ac-
cording to the macrosectoral approach. Indirect taxes and employers’ social
security contributions are based on the disaggregation of the national economy
into the eleven HERMES branches. Current taxes on income and wealth paid by
households, corporate taxes and employees’ social security contributions, how-
ever, are calculated only at the macroeconomic level.

The calculation of value added taxes is in the first place made at the level of each
consumption category. The computation of excises and other indirect taxes is also
made at a very detailed level. Then, the model allocates the VAT between the sev-
eral branches of the HERMES model by means of a converter matrix of private
consumption. Excises and other indirect taxes (such as import taxes) are also al-
located, if necessary, between the different branches. This method permits the
uses and resources per branch to be modelled correctly.



54

Current taxes on income and wealth distinguish taxes paid by households, taxes
paid by non-profit institutions serving households (NPISH), corporate taxes and
taxes paid by the rest of the world. Taxes paid by households are split up into tax-
es on movable assets, personal income tax and other taxes. The taxes on movable
assets are a function of the evolution of interest receipts of households (for inter-
est incomes) or a function of firms’ gross operationg surplus (for dividends).
Calculation of the other personal taxes depends upon the elasticity with respect
to the disposable income of households (given the progressiveness of the income
tax and taking into account different taxation rates). Corporate taxes also distin-
guish taxes on movable assets and other taxes. Other corporate taxes depend on
the evolution of firms profits and on the corresponding taxation rate. Taxes on
NPISH depend on the evolution of NPISHs’ value added.

2. Expenditures

The different types of government expenditures are all modelled on a macroeco-
nomic level, except subsidies. Expenditures are allocated between the four
subsectors of the general government, in particular wages and salaries, purchase
of goods and services, subsidies and interest payments.

Transfers from public authorities to other institutional sectors are also computed
in detail, as well as transfers between the different levels of general government.
Table 19 shows the different kinds of transfers which are modelled by HERMES.

The net financing capacity or requirement of general government is the result of
the current and capital transactions of each subsector. This variable is notably
used to compute the total financing capacity of the nation.
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TABLE 18 - Resources of the general government: decomposition and calculation in the HERMES model

Variables in the HERMES model Decomposition Calculation

1. Indirect taxes

1.1 VAT allocated between: consumption functions 
per category; some kinds of investments 
and some categories of intermediary con-
sumptions

application of an implicit VAT rate on a corre-
sponding tax base

1.2 Excises two levels: consumption functions; branches excise duties on energy products: calcula-
tion based on taxes levied per litre of prod-
uct; excise duties on non-energy products: 
application of an implicit tax rate on the con-
sumed quantity

1.3 Other taxes on products decomposition per branch and per subsec-
tor of the general government

linked to the evolution of specific branches’ 
value added and to the evolution of GDP

1.4 Tax on income from real estate decomposition per sector, allocation among 
branches afterwards

the evolution depends on consumer prices 
evolution

1.5 Other taxes on production decomposition per subsector of the general 
government; allocation among branches 
afterwards

depends on GDP evolution. for some varia-
bles, exogenous

2. Current taxes on income and wealth

2.1 Personal income tax calculation on a macroeconomic level: dis-
tinction between tax on movable assets and 
other personal taxes 

elasticity linked to the disposable income of 
housholds; depends on the progressiveness 
of the tax; different taxation rates are applied 
to different incomes

2.2 Corporate taxes calculation on a macroeconomic level linked to the legal corporate tax rate and to 
the firms’ operating surplus 

2.3 Taxes on NPISH calculation on a macroeconomic level linked to the evolution of GDP

2.4 Oher taxes on income and wealth calculation on a macroeconomic level linked to the evolution of GDP, or ad hoc 
explanation

3. Social security contributions

3.1 Employers’ contributions decomposition per branch and per subsec-
tor of general government

application of an implicit rate on total wage 
income per branch

3.2 Employees’ contributions calculation on macroeconomic level, decom-
position per subsector of general govern-
ment

implicit rate on total wage income

4. Other revenues

4.1 Interests and dividends decomposition per subsector of general gov-
ernment

linked to the evolution of GDP, or exogenous

4.2 Other current transfers decomposition per subsector of general gov-
ernment

linked to the evolution of consumer prices 
and that of public investments
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TABLE 19 - Expenditures of the general government: decomposition and calculation in the HERMES model

TABLE 20 - Expenditures of the general government: decomposition and calculation in the HERMES model

Variables in the HERMES model Decomposition Calculation

1. Public consumption

1.1 Wages and salaries decomposition per subsector of general govern-
ment

linked to the evolution of public employment 
and the wage rate in the public sector

1.2 Purchase of goods and services calculation on a macroeconomic level; decom-
position per subsector of general government

exogenous evolution in constant prices, 
generally

1.3 Consumption of fixed capital calculation on a macroeconomic level; decom-
position per subsector of general government

indexed on the evolution of prices

1.4 Social benefits in kind calculation on a macroeconomic level; decom-
position per subsector of general government

exogenous evolution at constant prices

2. Subsidies decomposition per branch exogenous

3. Transfers to households decomposition per subsector of general govern-
ment; calculation per type of transfer (unemploy-
ment, insurance of occupational accidents and 
diseases, pensions, family allowances and 
health insurance,...)

for the social benefits, exogenous evolution 
at constant prices, except unemployment 
which is linked to the number of unemployed 
(per category); for other transfers, linked to 
the evolution of prices and, possibly, to the 
evolution other indicators

4. Transfers to NPISH decomposition per subsector of general govern-
ment

linked, generally, to the evolution of prices 

5. Transfers to the rest of the world decomposition per subsector of general govern-
ment

linked to the evolution of prices, of GDP and 
of taxes transferred to EU.

Variables in the HERMES model Decomposition Calculation

1. Resources

1.1 Current savings decomposition per subsector of general govern-
ment

result of the current transactions account

1.2 Capital taxes decomposition per subsector of general govern-
ment

linked to the evolution of prices

1.2 Transfers from other sectors decomposition per subsector of general govern-
ment

exogenous or linked to the evolution of 
prices

2. Uses

2.1 Gross capital formation calculation on macroeconomic level; decomposi-
tion per subsector

linked to the evolution of GDP and of prices; 
partly exogenous

2.2 Net purchase of land and 
intangible assets

decomposition per subsector of general govern-
ment

exogenous or linked to the evolution of 
prices

2.3 Transfers to other sectors decomposition per subsector of general govern-
ment

exogenous or linked to the evolution of 
prices
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H. Interest rates

The three main interest rates used by HERMES are the three-month Treasury bill
rate, the yield on government bonds with contractual maturity of over 6 years
and the mortgage rate. These rates are especially important for the corporate and
households’ investment behaviour and - given the considerable stock of public
debt - for public finance.

∆RSBEt = ∆RSGYt + 0.21 ∆(INFLBEL-INFLGER)t - 0.05 ∆(CACBEL-CACGER)t

∆RLBEt = ∆RLGYt + 0.15 ∆(INFLBEL-INFLGER)t - 0.04 ∆(CACBEL-CACGER)t

∆RMt = ∆RLBEt

The Belgian short and long rates (RSBE and RLBE respectively) are supposed to
vary in exactly the same way as their comparable German counterparts (RSGY
and RLGY) ceteris paribus. Inflation (INF) and the balance-of-payments current ac-
count in terms of GDP (CAC) are also incorporated. An increase in the Belgo-
German inflation differential or a decreasing current account differential are con-
sidered to widen the Belgian interest rates relative to the German yields.
However, both effects - especially the current account differential - seem to re-
main rather limited. All foreign variables are exogenous. The Belgian mortgage
rate (RM) is supposed to vary in the same way as the government bond yield.
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IV Summary and concluding remarks

This working paper presented the main features of the FPB’s HERMES II model for
Belgium. The model is suitable for medium term forecasts and for the analysis of
the effects of both economic policy adjustments and exogenous shocks on a mac-
roeconomic level as well as by branch. HERMES became operational in the mid-
1980s and has been maintained and developed on a regular basis. Recent im-
provements include the analysis of CO2 emissions and the further disaggregation
of the market services.

Other developments which are foreseen in the near future include the introduc-
tion of the input-output table for 1995, with a reestimation of the model in 1995
prices, and the modelling of greenhouse gases emissions other than CO2.

An important feature of this year’s version of HERMES II has been its conversion
to the new European System of Accounts (ESA95), which replaces ESA79. A draw-
back of ESA95 - at least at this moment - is the rather short range of the time series,
which made it necessary to retropolate most of the variables in order to obtain ob-
servations for the 1980s. This was done on the basis of their ESA79 profiles.
Therefore, the parameter estimates of the ESA95 version of HERMES II have to be
interpreted with care. However, the current parameter estimates of the ESA95 ver-
sion of HERMES II do not appear to be fundamentally different from the coefficients
in its ESA79 version (finalized last year), which is based on consistent time series
for the period 1970-1997. Further reestimations will be undertaken as soon as
longer official ESA95 time series become available.

As we mentioned in the introduction, simulation exercises will be presented in a
next working paper. This permits to illustrate the dynamic properties of the mod-
el and to emphasize the impact on the Belgian economy of economic policy
adjustments as well as international shocks. Eight scenarios are considered. Five
of them are fiscal policy measures: an increase in public investment, a reduced
VAT rate for some labour-intensive services, a reduction of the employers’ social
security contributions, an increase in social transfers to households and a tax shift
from the fixed to the variable cost of car use. The other three scenarios focus on
an international shock: an increase in world trade, an oil price increase and an
USD appreciation.
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