
FORSCHUNGSINSTITUT FÜR EUROPAFRAGEN RESEARCH INSTITUTE FOR EUROPEAN AFFAIRS

WIRTSCHAFTSUNIVERSITÄT WIEN UNIVERSITY OF ECONOMICS AND
BUSINESS ADMINISTRATION VIENNA

Working Papers

IEF Working Paper Nr. 7

FRITZ BREUSS AND KARL STEININGER

Reducing the Greenhouse Effect in Austria:
A General Equilibrium Evaluation of

CO2-Policy-Options

March 95

Althanstraße 39 - 45, A - 1090 Wien / Vienna
Österreich / Austria

Tel.: ++43 / 1 / 31336 / 4135, 4134, 4133
Fax.: ++43 / 1 / 31336 / 758, 756

e-mail: europafragen@fgr.wu-wien.ac.at



2

Impressum:

Die IEF Working Papers sind Diskussionspapiere von MitarbeiterInnen und Gästen
des Forschungsinstituts für Europafragen an der Wirtschaftsuniversität Wien, die
dazu dienen sollen, eine noch nicht publikationsreife Arbeit im Fachkreis zur Dis-

kussion zu stellen. Die Working Papers geben nicht notwendigerweise die offizielle
Meinung des Instituts wieder und dürfen nicht ohne Zustimmung des Autors/der
Autorin zitiert werden. Sie sind gegen einen Unkostenbeitrag von öS 100,- in der
SERVICE-Fachbuchhandlung, Augasse 2-6, 1090 Wien erhältlich. Kommentare

sind an die jeweiligen AutorInnen zu richten.

Medieninhaber, Eigentümer Herausgeber und Verleger: Forschungsinstitut für
Europafragen der Wirtschaftsuniversität Wien, Althanstraße 39 45, A 1090

Wien; Für den Inhalt verantwortlich: Univ.-Prof. Dr. Stefan Griller,
Althanstraße 39 45, A 1090 Wien.

Nachdruck nur auszugsweise und mit genauer Quellenangabe gestattet.



Contents

Reducing the Greenhouse Effect in Austria:
A General Equilibrium Evaluation of CO2-Policy-Options

Fritz Breuss and Karl Steininger

I. Introduction.......................................................................................................................1

II. Climate Change and Macroeconomic Costs of Mitigation ..................................................3
A. The Greenhouse Effect: Fundamentals and Recent Scientific Evidence .......................3
B. Austria's Greenhouse Effect Contribution ...................................................................6
C. The Macroeconomic Costs of Controlling CO2-Concentration ....................................8

III. The Model.........................................................................................................................9
A. Production Technology.............................................................................................10
B. Price System.............................................................................................................11

1. Q=EF Energy Composite ...................................................................................11
2. U=KQ Capital-Energy Composite ......................................................................12
3. Y=LH Labor-Capital-Energy Composite ............................................................12
4. Other Price Definitions ......................................................................................12

C. Marginal Costs .........................................................................................................13
D. Profit Maximization .................................................................................................14
E. Goods Markets .........................................................................................................15

1. Domestic Demand .............................................................................................15
2. Export and Import Demand ...............................................................................15
3. Goods Market Equilibrium ................................................................................16

F. Factor Markets .........................................................................................................16
1. Factor Market Equilibrium ................................................................................16
2. Demand for Fuel Imports ...................................................................................17

G. Market for Emission Permits ....................................................................................17
H. Taxes and the Budget ...............................................................................................18

1. Taxes.................................................................................................................18
2. Compensation Scheme .......................................................................................19
3. The Budget ........................................................................................................20

J. Current Account and GDP ........................................................................................21

IV. Data Base ........................................................................................................................21
A. Social Accounting Matrix .........................................................................................21
B. Energy Expenses and Energy Supply ........................................................................22
C. CO2 Emissions .........................................................................................................22
D. Elasticities of Substitution ........................................................................................22
E. Productivity Growth .................................................................................................23



IEF Working Paper Nr.

II

V. Policy Simulations ...........................................................................................................23
A. Reference Scenario ...................................................................................................23
B. CO2 Policy without Compensation ............................................................................24
C. CO2 Policy with Compensation .................................................................................26

1. Uniform Compensation ......................................................................................26
2. Compensation Differentiated by Sectors .............................................................26

D. Investment Stimulation .............................................................................................27

VI. Conclusions .....................................................................................................................28

References ...............................................................................................................................29

Abbreviations ..........................................................................................................................31

Bisher erschienene IEF Working Papers ..................................................................................32

Bisher erschienene Bände der Schriftenreihe des Forschungsinstituts für Europafragen ...........33



Contents

Reducing the Greenhouse Effect in Austria:
A General Equilibrium Evaluation of

CO2-Policy-Options
Fritz Breuss and Karl Steininger*)

I. Introduction
For the last 15 years environmental policy in Austria has experienced
substantial successes in selected areas: Austria has taken the lead in Europe
in SO2 emission reduction (reduction by 81  percent between 1980 and
1992); already two thirds of Austria's vehicles are equipped with catalytic
converters, counterbalanced by increasing vehicle kilometers overall NO x
emissions have thus been reduced by 18  percent, CO emissions by
14 percent1); river quality has substantially improved in densely populated
and highly industrialized areas by waste water treatment.
With respect to a strongly growing international concern, addressing the
greenhouse effect, action is still ahead. Austria committed to reduce
emission levels of the most important greenhouse gas, CO 2, to 20 percent
below the 1988 level by 2005 when signing the Toronto agreement in 1988,
but emissions have increased by roughly 4  percent since, putting them
30 percent above the reduction objective in 19932). Moreover, as will be
pointed out below, this reduction objective itself is arbitrary and will have
to be much stricter in the long run. IPCC, the intergovernmental UN forum

                                           
*) Fritz Breuss, Research Institute for European Affairs; Karl Steininger,

University of Graz.
1) CO emission reduction in the traffic sector is counterbalanced primarily by

increases from small furnace emissions; all reduction data refer to the period 1980
to 1992. UBA (1994)-2, p. 3.

2) UBA (1994)-12, p. 3. In 1994 the CO2-emission data base 1955-1993 was
revised, singling out the now considered three different sources of process
emissions (base metals sector: blast furnace use of coke, belonging to the cate gory
of fossil emissions; non-fossil process emissions in the cement and mag nesite
industries) in a separate category; aggregate emissions have changed slightly
compared to the old data base.

For comparison: In the period of 1987-1993 Germany reduced its CO 2
emissions by 15 percent (FAZ, February 15, 1995).
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to seek agreement on climate change, points out that ultimately world-wide
CO2 emissions have to be reduced by over 50 percent from the current
rate3). Similar targets are envisaged by the European Union. In its latest
fifth action program several suggestions for CO 2/energy taxation are made 4.
Before actual policy becomes politically feasible, its sectorally divergent
effects have to be analyzed and on this basis policy options have to be de-
veloped, which represents the motivation for the research at hand.
The specific policy instrument can be chosen from a broad range. How ever,
the stricter the reduction objective, the more relevant is the criterion of cost-
effectiveness of the instrument. We therefore choose the two efficient
policy instruments for our analysis, a CO 2 tax and/or permit scheme. The
investigation is characterized by sectoral disaggregation and instru ment-
effectiveness via price change. For this purpose an energy focused
computable general equilibrium (CGE) model for the Austrian economy is
constructed, setting emission limits and the policy options to fulfill these
targets are analyzed.
We use Bergman (1990, 1991) as our inspiration and model basis. Ex-
pansions refer to the detail in sectoral structure and separate export and
import modeling, and especially the introduction of compensation pay ments
on labor cost.
The paper is organized in the following way: The next section presents
selected data on the relationship between greenhouse effect and CO 2 emis-
sion. In Section three the model is exposed. The data base used for cali-
bration and simulation is described in Section four. Section five presents the
results of policy simulations for three variants of compensation. Con-
clusions are drawn in the final section.

                                           
3) IPCC Second Assessment Report 1995 (1994, draft), Summary p. 10. The

sooner emission levels can be reduced, the lower the atmospheric concen tration
can be kept, which is the only relevant parameter in this stock-flow question. The
requirement of more than 50  percent reduction refers to a stabili zation of
atmospheric concentration within the range of 350 to 750  parts per million by
volume (ppmv; currently: 360  ppmv).

4) See Breuss (1994).
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II. Climate Change and Macroeconomic Costs of Mitigation

A. The Greenhouse Effect: Fundamentals and
Recent Scientific Evidence

The so-called greenhouse gases (water vapor, CO2, N2O, CH4 and tropo-
spheric O3) allow incoming sunlight to pass through virtually unhindered.
The earth absorbs this heat and partially re-radiates it within the infrared-
spectrum. Part of this re-radiated heat is retained (trapped) by the green-
house gases. The natural greenhouse effect (roughly +33 °C) causes the
earth to be inhabitable at all in raising the average temperature above zero
to 14,6 degrees Celsius.
Since the industrial revolution human activities have increased the concen-
tration of greenhouse gases in the atmosphere substantially (anthropogenic
greenhouse effect). The strongest impact relates to the increase in atmos-
pheric CO2-concentration from pre-industrial 280 ppmv (parts per million
by volume) to currently 360 ppmv, which was caused by use of fossil fu els
and - to a smaller degree - by deforestation. Fossil fuel burning adds carbon
to the pre-existing atmosphere-ecosphere carbon cycle, deforestation
removes a reservoir (sink) of carbon; therefore both increase atmos pheric
concentration. Current concentration is higher than it has ever been during
the last 160,000 years5).
Over the same period (i.e. since 1750) atmospheric concentration of
methane has increased by 115  percent, that of N20 by 7 percent; CFCs were
not present in the atmosphere before 1950. Adjusted by their lifetime and
radiation-trapping potential, the relative contribution of anthropogenic
greenhouse gas emissions is shown in Table  1 with the reference world-
wide.

                                           
5) ÖSTAT (1994), pp. 50-51.
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Table 1.  Anthropogenic Emission Substances and their
Greenhouse Effect Contribution

Greenhouse gas Anthropogenic main sources Relative contributiona)

CO2 fossil fuel use, deforestation 72.5 %
N2O fossil fuel and biomass use, fertilizer

use
12.5 %

CH4 (methane) bacteriologic processes
(anthropogen: rice fields, livestock
breeding, landfills), energy use

10.0 %

CFCs industrial production as cooling
substance

5.0 %

a) ÖSTAT (1994a), p. 50; calculated on the basis of IPCC global warming potential and 100 year
time horizon, emission levels of 1990.

If current emission trends are unchanged IPCC concludes that global mean
temperatures will likely rise at a rate of 0.2 - 0.3 °C per decade, a global
warming rate faster than any in the last 10,000 years 6).
Recent scientific evidence supplies the following insights 7):

o Not the ultimate warming, but the rate of warming has been slowed by
a higher than usual CO 2-up-take by oceans and by the biosphere,
with the latter constituting the larger scientific puzzle, yet there is
evidence for biomass increase at least in European forests during the
1970s and 1980s, which explains the increase in biomass up-take.

o Aerosols of natural (volcanoes), but primarily anthropogenic sources
(originating in energy use related SO 2 emissions) block out sunlight
directly, thus diminishing a temperature increase. This is seen as a
main explanation for the pattern of recent temperature increases.
Monastersky (1992), covering roughly one half of continental sur-
face, found the temperature increase to occur primarily at night time:
minimum continental temperature rose by 0.84 °C between 1951 and
1991, while maximum (daytime) temperature rose by only 0.28 °C.
However, potentially resulting unevenly distributed warming patterns
across industrialized continents, oceans and the south ern hemisphere,
where there are no or less sulfur emissions, could also influence
atmospheric circulation and weather patterns.

                                           
6) World Resources Institute (1994), pp. 204.
7) See e.g.: Schuurmans (1994); World Resources Institute (1994), Chap-

ter 11.
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o The volcanic dust of Pinatubos' 1991 eruption brought cooling in 1992
and 1993. In the northern midlatitudes, where its aerosols have been
most concentrated, surface temperatures were reduced by about
0.5°C.

o Stratospheric ozone-depletion involves greenhouse-cooling, roughly
matching the CFC warming effect. Again, a geographically uneven
temperature impact results.

o From the reconstruction of earlier climates a somewhat positive cloud
feedback (i.e. enhancing the temperature increase) is derived.

o Temperature increases involve the potential of stalling major ocean
currents that currently ensure ocean mixing which in turn cause the
CO2 take-up capacity of oceans. This indicates a potentially strongly
positive feedback effect.

o The natural variability of past climate has been found higher than
presented. Regional changes from a few degrees warmer to about
5°C colder than the present occured within a few decades during the
last interglacial. It is yet not known whether these changes had a
more than regional character. An explanation is suspected to lie in
ocean circulation patterns, such as mentioned above.

With recent evidence overall pointing out (a) delayed temperature impacts
of current emission activities and (b) a growing potential of ultimately
larger climate variability the weight of precautionary action is growing.
Correspondingly, the objective of the United Nations Framework Con-
vention on Climate Change, signed by over 150 countries and legally
binding since March 1994, is the "stabilization of greenhouse gas concen-
trations in the atmosphere at a level that would prevent dangerous anthro-
pogenic interference with the climate system" 8). At the outset this can be
achieved by a developed country by "limiting its anthropogenic emissions
of greenhouse gases and protecting and enhancing its greenhouse gas sinks
and reservoirs"9). The particular response options differ across countries in
feasibility and cost.

B. Austria's Greenhouse Effect Contribution
While the greenhouse effect evidently is truly global, each country is to
evaluate its contribution at the scale of its size and level of economic ac-
tivity. For Austria, the major greenhouse contribution is due to CO 2-

                                           
8) United Nations Framework Convention on Climate Change, Article  2.
9) Ibid., Article  4.



IEF Working Paper Nr.

6

emissions. As Diagram  1 shows, the natural carbon cycle within Austria's
borders is more than doubled by fossil fuel emissions.

Diagram 1.  Austrian Carbon Cycle
(Aggregated Stocks and Flows)

Source: Landeskammer für Land- und Forstwirtschaft Steiermark

With respect to the remaining greenhouse gases for the industrialized
country Austria's relative contribution of CFC emissions is larger than
world-average, while methane and N 2O contribution is lower, as given in
Table 2.

Table 2.  Austrian Anthropogenic Greenhouse Gas Emissions
and their Relative Greenhouse Effect Contribution

Greenhouse gas Anthropogenic main sources Relative contributiona)

CO2 fossil fuel use 64.9 %
N2O fossil fuel and biomass use, fertilizer

use
  1.7 %

CH4 (methane) energy use, bacteriologic processes
(anthropogen: livestock breeding,
landfills)

  6.0 %

CFCs industrial production as cooling
substance

27.4 %

a) calculated on the basis of ÖSTAT (1994a), p. 50-52, IPCC global warming potential and 100
year time horizon, emission levels of 1990.

As for CFCs the Vienna Convention and subsequent Montreal Protocol al-
ready require industrialized countries to phase out production by 1996, in
the following we shall restrict ourselves to the remaining gas of major
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greenhouse impact, CO2. Effective CO2 policy will reduce fossil energy
use, and thus impact some sources of methane emissions as well.
Diagrams 2 and 3 depict Austrian yearly CO 2 emissions, their source
structure by economic activity and the accumulated effectiveness of CO 2
emissions since 1955 (i.e. increase in atmospheric CO 2 concentration due to
Austrian CO2 emissions, based on an average residence time of 125
years)9a).

Diagram 2.   Austrian CO2 Emissions 1955 - 1993
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Diagram 3.  Austrian CO2 Emissions:
Accumulated Effectiveness since 1955
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9a) We wish to thank Erich Grösslinger from the Umweltbundesamt for data

supply on CO2 emission structure.
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C. The Macroeconomic Costs of Controlling CO2-Concentration
The literature contains five different concepts of the cost of reducing
emissions, or enhancing sinks, of greenhouse gases. Within each cate gory,
costs then rise with the reduction objective. IPCC supplies the fol lowing
overview structure, with costs depicted in Diagram 410):
A) The highest cost estimates assume no reducible market imperfections
and inefficient recycling of tax revenues. A carbon tax is added to the ex-
isting tax structure and the revenue is used for government programs or to
reduce the deficit. Most macroeconomic modeling follows these assump-
tions.
B) The carbon tax can be used to reduce other taxes in a manner that
stimulates economic growth. With such efficient tax recycling, the net cost
of emission reductions is lower and can even be negative. In empiri cal terms
Köppl et al. (1995) calculate a positive impact (a negative cost impact) for a
modest energy tax for Austria if revenues are used for com pensating wage
costs and enhancing investment 11).
C) The third category of cost estimates acknowledges the existence of
market imperfections in the energy, transportation and agriculture sectors
that inhibit energy efficiency and fuel switching measures, and assume that
these imperfections can be reduced by emission reduction measures. A
range of emission reductions between 10 percent and 30 percent are
generally assumed to come at no net costs or with economic benefits out of
this title. In a partially comparable study Haberl and Sikora (1993)
quantified the energy savings potential for Austria in 1990 between 23
percent and 39 percent, to a large degree economical at current prices.
D) If existing market imperfections are eliminated and the savings are used
to stimulate economic growth, costs are further reduced (i.e. positive
impacts are enhanced).
E) Emission reductions to control greenhouse gas concentrations also im ply
reductions of other pollutants and thus yield additional benefits. De pending
on the sources and local conditions, IPCC quantifies these ancil lary benefits
(lowered emission of urban smog precursors, acid rain and toxic
compounds) to amount between 30 percent and 100 percent of the primary
benefits of reducing the greenhouse gas emissions 12).

                                           
10) IPCC (1994, draft), Summary pp.  12-13.
11) Köppl et al. (1995), "Hauptvariante I", pp . 98 et seq.
12) IPCC (1994), Summary p. 13.
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This review of macroeconomic costs of greenhouse emission reductions
indicates that the true impediment for its implementation is no longer a
question of the large overall costs, but rather founded in its uneven sec toral
impacts, with a strong emphasis on export markets (Köppl, 1994; Manne
and Martins, 1994). As indicated above for mitigation, environ mental tax
revenues could be redistributed as wage tax rebates. The fol lowing model
will help to shed light on related questions by quantifying respective
impacts.

Diagram 4.   The Costs of Reducing Greenhouse Gas Emissions depending on
Modelling Assumptions

Key: according to classification given in the text
Source: following IPCC (1994, draft)

III. The Model
The CGE model for Austria is based on the assumption of full competition
on goods and factor markets. It is based on ideas put forward by Bergman
(1990, 1991) for Sweden and for the first time used in the case of Austria
by Steininger  (1995). Our model covers 19 input-output sectors for the
benchmark year  1990. Foreign trade is modeled on the Armington as-
sumption in all sectors. The model deals explicitly only with one kind of
emission, CO 2. In principle however, it is also able to handle other emis-
sions like SOx and NOx. The special feature of this model is the inclusion of
a compensation schedule, whereby CO 2 taxes can be compensated for by
reductions in wage tax costs. In addition, in a further variant we use part of
emission revenues in order to stimulate investment.
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A. Production Technology
The technology of production is based on a nested constant elasticity of
substitution (CES) production function for factors and Leontief production
function for intermediate inputs in each production sector. The elasticities
of substitution between different inputs may differ across sectors. In this
model, however, they are assumed to be the same in all sectors.
The relation between inputs and outputs is given by sectoral production
functions of the following Leontief type

(1) X
Y
A

X
aj

i

j

ij

ij

=
RS|T|
UV|W|min , .

X j  is gross output in sector j; X ij  is input of sector i output in sector j;
j = 1...19 sectors.
Aj  is the Leontief production function scale parameter for the aggregate of
the four types of domestically intersectorally mobile factors of production
(capital, labor, electricity and fuels) in sector j;
aij  are the Leontief input-output coefficients for the intermediate inputs.

Yj  is composite input in sector j;

The composite Yj  is based on the following nested CES production func-
tions structure

(2)
Q CES E F

H CES K Q

Y CES L H

j j j

j j j

j j j

=
=
=

( , ),

( , ),

( , ).

E j  is electricity, Fj  is fuels, K j  is capital and L j  is labor.

In addition to the 19 sectors with the same structure of the production
function, two additional sectors are separately dealt with in this model: the
electricity and the fuel production.
Total electricity supply (E) is given by

(3) E E X E= +1990 .

E is the total amount of electricity; E1990  is the endowment of electricity in
the base year 1990;
X E  is the production of substitute electricity, which is zero in the base year.
Substitute electricity in future years is produced only when the price for
electricity covers its cost of production.
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For the production of (additional) substitute electricity capital demand is
given by

(4) K k XE E E= .

kE  is the capital-output ratio in the production of substitute electricity.
The imported fuel needed for the production of substitute electricity is given
by

(5) F a XE
M

FE E= .

aFE  is the fuel-output ratio in the production of substitute electricity.
Total fuel supply ( F ) is given by

(6) F F F FM
E
M H= + + .

F M  is imported fuel; F
H

 is exogenously given fuel from domestic extrac-
tion.

B. Price System
Applying the CES production structure, three types of implicit prices are
defined.

1. Q=EF Energy Composite
The first is the implicit price of composite energy, that is, the CES aggre-
gate of electricity and fuels (Q = EF composite). The sectoral implicit
prices differ according to the differences in technology. The definition of
the prices of composite energy, PQj  is

(7) { }P P PQj Qj E Qj Fj
Qj Qj Qj Qj Qj= + −− − −δ δσ σ σ σ σ1 1

1
11( ) .

PE  is the price of electricity; PFj  is the price of imported fuels used in sector
j (sector index because of intersectoral differences with respect to the
emissions associated with fuel use);
σQj  is the elasticity of substitution between electricity ( E j )and fuels ( Fj) in
the "production" of composite energy; δσ

Qj
Qj  is the distribution parameter

(calibrated from electricity share in sectoral EF composites).
j means 19 input-output sectors of production.
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2. U=KQ Capital-Energy Composite
Again sectoral differences in terms of the price of the composite input
capital-energy (H = KQ) are due to technology differences across sectors.
The definition of PHj  is

(8) { }P P PHj Hj K Hj Qj
Hj Hj Hj Hj Hj= + −− − −δ δσ σ σ σ σ1 1

1
11( ) .

PK  is the price of capital services; σHj  is the elasticity of substitution be-

tween capital (K) and composite energy (Q); δσ
Hj

Hj is the distribution pa-
rameter (calibrated from capital share in sectoral KQ composites).

3. Y=LH Labor-Capital-Energy Composite
On the highest level of input aggregation the implicit price of Y (Y=LH), the
labor-capital-energy composite input, PYj  is defined by

(9) P P tw PYj Yj L j
C

Yj Yj
Yj Yj Yj Yj Yj= + −− − −δ δσ σ σ σ σ( ) ( )1 1

1
11{ } .

PL  is the price of labor services; σYj  is the elasticity of substitution be tween
labor (L) and the composite input H; δσ

Yj
Yj  is the distribution parame ter

(calibrated from labor share in sectoral LH composites);
tw j

C  is the wage cost correction factor.

4. Other Price Definitions
The model requires some other price definitions. The first is the definition
of the consumer price of fuels, PF

D

(10) P P t PEM hF
D

F
M

e
H

e e
H

e
= + +∑ ( ) .

PF
M  is the price of imported fuel (exogenous); tem

H  is the emission tax in the
household sector;
e is the kind of emissions (in this model only CO 2); PEMe  is the price of
emission permits;
he

H  is the fuel emission coefficient in the household sector.
The sectoral price of fuels, PFj  , used in the definition of the EF composite
price, is defined as

(11) P P t PEM fFj F
M

e
j

e e
j

e
= + +∑ ( ) .
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te
j  is the emission tax in the sector j; f e

j  is the fuel emission coefficient in
the sector j.
The price of goods from sector j for domestic users is denoted by Pi

D . The
corresponding producer price is denoted by Pj  and the world market price
for similar or identical goods is denoted Pj

W .

The Armington assumption implies that there is no direct relation between
domestic and world market prices. Furthermore, it is assumed that the price
for domestic users is identical to those of domestic producers: P Pj j

D= .

Import prices are defined as tariff ridden world market prices in the fol-
lowing way

(12) P P tj
M

j
W

j
M= +( ).1

t j
M  is an ad valorem tariff rate on imports of sector j.

C. Marginal Costs
As the technology is specified to exhibit constant returns to scale, the
marginal and average cost of production in sector j are given by

(13) C P A e P a bj Yj j i
D

ij
i

j
jt= + +− ∑λ .

C j  is the marginal (and average) cost of production in sector j ;

Aj  is the Leontief production function scale parameter in sector j;

Pi
D  is the domestic user price of sector i output in sector j;

b j  is the indirect tax (net of subsidies) per unit of sector  j output;

λj  is a measure of the annual rate of productivity change;

t is the number of years from the benchmark year (e.g., for the simulation
1990-2005 t = 15).
The production of substitute electricity is assumed to be based on a con-
stant-returns-to-scale technology. The particular features of this technol ogy,
i.e. whether it should be based on coal, natural gas, or some other fuel, is
assumed to be an exogenous political decision. The same applies to the
emission properties of substitute electricity production. The mar ginal cost
of substitute electricity, CE  , is defined as

(14) C P a P k t PEM fE FE
M

FE K E e
E

e e
E

e
= + + +∑ ( ) .
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PFE
M  is the price of imported fuels for substitute electricity; aFE  is the fuel-

output ratio in substitute electricity (the input of imported fuels per unit of
output of substitute electricity);
kE  is the capital-output ratio in substitute electricity (the input of capital
services per unit of substitute electricity output); te

E  is the emission tax in
the electricity sector; f e

E  are the fuel emission coefficients in the substi tute
electricity production sector.

D. Profit Maximization
Producer behavior is modeled on the basis of the standard assumption about
profit maximization behavior. This assumption implies the following
constraints:

(15) P Cj j− ≤0 .

This is the producer price marginal cost inequality, i.e., pure profits are
nonpositive in the tradable sectors j.

(16) ( ) .P C Xjj j− = 0

This condition states that output is positive only if profits are equal to zero.

(17) X j ≥ 0 .

This is the complementary condition for tradables j, i.e., output is non-
negative.
Given the cost function for substitute electricity ( CE ), profit maximization
implies

(18) P CE E− ≤0 .

(19) ( ) .P C XE E E− = 0

(20) X E ≥ 0.

X E  is the output of substitute electricity and PE  is the price of electricity.

E. Goods Markets

1. Domestic Demand
The domestic final demand for good i of sector j is denoted D j , while ex-
ogenous demand is denoted D j . Intermediate demand is given by the
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technology assumptions. Domestic final demand is given by a linear ex-
penditure (LES) system so that

(21) D D
P

I P D P D P Dj j
j

j
D j

D
j E E F

D
F

j
= + − − +∑


β

;

(22) D D
P

I P D P D P DE E
E

E
j
D

j E E F
D

F
j

= + − − +








∑β
;

(23) D D
P

I P D P D P DF F
F

F
D j

D
j E E F

D
F

j

= + − − +








∑β
.

I is the disposable income for domestic end-use purposes less savings (in
this model total expenditures, i.e. private plus government consumption and
private plus government investment);
D DE F,  are the final use demands for electricity and fuels; β β βj E F, ,  are
marginal expenditure shares for good j, for energy and fuels.
It is assumed that household demand can be described by a linear expendi-
ture (LES) system in which the constants  (D ) are equal to 50 percent of the
base year (1990) consumption levels, and the marginal expenditure shares
(β) are equal to base year average expenditure shares.

2. Export and Import Demand
For export demand the Armington assumption applies to all sectors. The
demand for export, Z j , is given by

(24) Z Z
P
P

ej j
j

j
W

t
j

j=












0

ε
γ

.

Z j
0  is an export function constant (base year export) in sector j;

ε j  is the price elasticity of export demand; γj is an exogenous rate of
"growth" of export demand in sector j.
The demand for imports, M j , is modelled by

(25) M M
P
P

ej j
j
M

j

t
j

j=












0

η
θ .

M j  is an import function constant (base year import) in sector  j;
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η j  is the price elasticity of import demand; θ j is an exogenous rate of
”growth” of import demand in sector j.
In order to get total imports, fuel imports ( F M ) have to be added.

3. Goods Market Equilibrium
The goods market equilibrium condition is given by

(26) Xj a X D G Z Mij j j j j j
j

= + + + −∑ .

G j  is exogenous demand in the sector j.

F. Factor Markets
The demand for the factors of production (capital, K, labor, L and elec-
tricity, E are derived on the basis of Shephard's lemma, i.e., factor de mand

= 
∂C

P
Xj

f
j , where f is an index for the factors of production.

1. Factor Market Equilibrium
On the basis of Shephard's lemma the factor market equilibrium condi tions
for the given (intersectorally mobile) capital ( K), labor (L) and electricity
(E) is given by

(27) K
C
P

X k Xj

K
j E E

j

= +∑ ∂
∂

;

(28) L
Cj

P tw
X

L j
C j

j
= ∑ ∂

∂( )
;

(29) E
C
P

X
D
t

j

E
j

E
VAT

j

= +
+∑ ∂

∂ ( )
.

1

X E  is the output of substitute electricity to supply electricity additional to
the 1990 base level ( X E

1990 0= ); tVAT  is value added tax on energy final
demand.

2. Demand for Fuel Imports

Import demand for fuels ( F M ) is given by

(30) F
C
P

X D
t

D D D FM j

Fj
j

F
VAT F

S
F
E

F
PR H= +

+
+ + + −∑

∂
∂ ( )

.
1
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DF
S  is the fuel self demand of the energy sector; DF

E  is the fuel input to
produce electricity at the 1990 level; DF

PR  is fuel demand for process use,
not combustion, i.e. the use of coke for iron reduction in blast furnaces in
the base metal sector.
The import demand for fuels for substitute electricity is defined in Equa tion
(5).

G. Market for Emission Permits
Following Bergman (1990, 1991) we assume that the government makes
use of so-called emission trading. That means that emission permits corre-
sponding to maximum allowed total emission are given or sold to the CO 2
emitters. For the CO2 emissions a sufficient amount of emission permits
must be held. As the emission permits can be traded, a market for emis sion
permits will be established. If the market for emission permits is per fectly
competitive, a single market price is the result.
Total CO2 emissions, Te , are given by

(31) T f
C
P

X f D f X E E E e COe e
j j

Fj
j e

H
F e

E
E e e

S
e
PR

j
= + + + + + =∑

∂
∂

; .2

Ee  is emissions in the production of electricity at the 1990 base level
(exogenous);
Ee

PR  is process-related emissions, calculated via constant emission coeffi-
cient related to production level; relevant for CO 2 only in sectors stone &
ceramics (cement and magnesite production) and basic metals (use of coke
for iron reduction);
Ee

S  is emissions due to the energy sector self demand of fuels (exogenous);

f e
H  is fuel emission coefficient for household consumption.

The upper emission limit Te  (i.e. the Toronto target for CO2 emissions for
the policy scenario) can be interpreted as the total supply of emission
permits for CO2. If the price of such emission permits is denoted by Π e ,
the equilibrium conditions for the emission permits markets are defined by

(32) T Te e− ≤0 ;

(33) Π e e eT T( ) ;− = 0

(34) Π e ≥ 0 .
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The nonnegative price of emission permits is positive only if the constraint
on total emissions is binding.

H. Taxes and the Budget

1. Taxes
The model defines several kinds of government revenues.
Indirect taxes are related to sectoral output

(35) IN t Xj
t

j
IN

j= .

IN j
t  is the amount of indirect taxes net of subsidies per sector  j;

t j
IN  is the indirect tax rate per sector j.

A value added tax is levied on the final use demands for electricity ( DE )
and fuels ( DF ).

(36) VAT t
D D

t
VAT F E

VAT= +
+

( )
( )

.
1

tVAT  is the VAT rate for energy (20 per cent).
Enterprises and wage earners together carry wage costs in form of wage tax

(37) WT P L tj L j o
WA

j
= .

L j  is the amount of labour employed in sector  j; to
WA

j
 is the sectorally dif-

ferent wage tax rate (including social security contribution) at base level.
The government collects tariffs on imports according to

(38) TAR t M P t
F F

t
Pj

M

j
j j

W
F
M

M
E
M

F
M F

M= + +
+∑ ( )

( )
.

1

tF
M  is the import tariff for fuel imports.

In the market for emission permits the model solves for the price of emis-
sion permits, given the exogenous (or politically) postulated emission limit.
The resulting unique permit price could be equivalently imple mented as an
uniform CO2 tax rate for all users. Therefore the total revenues the
government collects in case of an CO 2 limitation policy is given by

(39) EREV T ET e COe e
e

e e
e

= + =∑ ∑Π ; .2

Total emission tax revenues is defined by
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(40) ET t F f t X f E E t D h e COe j
e

e
j e

j
e
E

E e
E

e e
S

e
H

F e
H= ∑ + + + + =( ) ; .2

t j
e  is the emission tax in sector j; Fj  is the demand for fuel in sector j; te

E  is
the emission tax in the electricity sector; te

H  is the emission tax in the
household sector.

2. Compensation Scheme
The model would allow sectoral CO2 tax differentiation. However, such
solutions would represent inefficient environmental policy. We therefore
suggest a different approach to mitigate adverse competition effects in
highly energy intensive and exposed sectors if an uniform CO 2 tax is in-
troduced.
Bovenberg and de Mooj (1994) show theoretically that environmental taxes
cannont yield an often assumed "double dividend" of environmental
benefits and alleviation of existing tax distortions at the same time 13). They
do also show, however, that there exists a "doubled dividend", as they call
it, in the sense that a cost reduction can be achieved by using revenues from
pollution taxes to cut distortionary taxes rather than return ing these
revenues in a lump-sum fashion. The subsequent model, by its empirical
quantification, allows for practical policy framing of such com pensation.
One of the most prominent candidates for CO 2 tax compensation is wage
cost reduction. We allow for sectorally differentiated wage tax compensa-
tion.
For this purpose we define a correction factor for the factor price of labor
by

(41) tw tw ADJWj
C

j
C= 0 .

tw j
C
0  is a policy instrumental variable allowing for sectoral differentiation in

wage tax compensation. If uniform, twoj
C  for all sectors equals one; ADJW

ensures the clearing of the labor market.
As a result the effective factor price of labour is given by P twL j

C .

The CO2 tax compensation scheme allows for the CO 2 policy revenues to
reduce wage taxes, either fully or partially.

                                           
13) Rather, depending on the uncompensated wage elasticity of labor supply

being positive, the existence of (distortionary) labor taxes raises the marginal cost
of environmental benefits above its social benefit (i.e. lowers the optimal tax rate
below the Pigouvian level).
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(42) Ω EREV tw P Le j
C

j
L j= −∑ ( ) .1            e = CO2

Ω  is the share of emission revenues used for compensation. If ### is one,
emission revenues are  fully rebated; if Ω  is zero there is nothing rebated.
Hence, Ω  is a parameter which allows (exogenously) to gear the degree of
budget consolidation after introducing a CO 2 tax.
In an additional variant we use part of the emission revenues in order to
stimulate investment via increasing the capital stock. The reasoning be hind
is that the improvement in the budget can be devoted to improve en ergy
conservation by new vintages of capital.
The additional growth beyond the exogenous growth in the reference case is
determined by

(43) K K EREVe n
n

n

t

* ( ),= + −
=
∑ Θ 1

1

ρ

K* is the capital stock available for the year  2005.Θ  is the share of emis-
sion revenues used to stimulate investment. ρ### is the rate of depreciation
of capital stock. The sum of Ω  and Θ  is not to exceed one.

3. The Budget
Given the exogenous government expenditures for public consumption and
investment ( G j ), the budget balance is defined by

(44) BD IN VAT WT tw P L TAR EREV Gj
t

j
j j

C

j
L j e j= + + − − + + − −∑ ∑ ( ) ( ) .1 1 Θ

WTj  is the full amount of wage tax revenues if there were no wage tax
compensation (i.e. tw j

C  = 1).

J. Current Account and GDP
The balance of current account is defined by

(45) CA P Z P M P F
t

P F
tj

j
j j

W

j
j

F
M M

F
M

FE
M

E

F
M= − −

+
−

+∑ ∑ ( ) ( )
.

1 1

As a closure rule the balance of current account ( CA) is fixed.
GDP is defined by two ways, as the sum of primary factor incomes ( GDP f )
and from the demand side. Total primary factor incomes plus emission
revenues and plus indirect taxes gives nominal GDP f
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(46) GDP P K P tw L T ET IN VATf
K L j

C
j e e

e
e

e
j
t

e
= + + ∑∑ + ∑ + ∑ +Π ;

e = CO2.

Nominal GDP ( GDPn ) defined from the demand side is given by

(47) GDP P D P G P D P D P Z P Mn
j j

j
j j

j
E E F

D
F j j

j
j
W

j
j= ∑ + ∑ + + + ∑ − ∑

− + − −P D D P F P FF F
S

F
E

F FE
M

E
M( ) .

Real GDP ( GDP r )  is defined by

(48) GDP D G D D Z M D D F Fr
j

j
j

j
E F j

j
j

j
F
S

F
E

E
M= ∑ + ∑ + + + ∑ − ∑ − − − − .

IV. Data Base

A. Social Accounting Matrix
The core data structure of a computable general equilibrium analysis is the
Social Accounting Matrix (SAM), representing a combination of input-
output and national income accounting data. For Austria the most recent
input-output-table just published refers to the year  1983, while na tional
income accounting data is available on a regular basis. On grounds of the
latter, one of the authors has imputed a full SAM for Austria for the
year 1990, first employed in Breuss and Tesche (1994).
For the environmental focus of the current analysis the common SAM
structure was expanded by the introduction of electricity and fuels as fac tors
of production. The SAM for the current analysis is given in Table 3. The
model is calibrated using the benchmark data of the year  1990 (Table 4).

B. Energy Expenses and Energy Supply
Energy expense data is based on ÖSTAT (1992b) 14) supplying energy ex-
penses on a 43 sector disaggregation. Energy expenses (net of transfor-
mation energy) aggregated to the 19-sectors-specification and transformed
from 1988 to 1990 levels for fossil fuels and electricity are given in
Tables A.1 and A.2.
Electricity supply is based on ÖSTAT (1990, 1991, 1992a, 1994b). As
hydropower supply was exceptionally low in the base year  1990, for the

                                           
14) Monetäre Aufwendungen für den energetischen Endverbrauch im Jahr

1988, ÖSTAT (1992b): pp. 1027-1035.
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comparative static analysis, a five year average of 1988-1992 hydropower
supply is used instead (Table A.3).
The energy balance distinguishing between domestic and imported fuels for
the year 1990 is given in Table A.4.

C. CO2 Emissions
Sectoral Austrian CO2 emissions from combustion have been calculated on
the basis of the final energy balance supplied by ÖSTAT (1993) and are
given in Table A.515). For overall Austrian CO2 emissions, as supplied by
Umweltbundesamt (e.g. UBA, 1994-12), emissions stemming from in-
dustrial processes that are not due to fossil sources have to be added; they
arise in the cement and magnesite industries. One kind of process emis sions
is already included in the above (fossil-origin) data basis: emissions
stemming from blast furnaces in the base metals sector due to the use of
coke for iron reduction. The latter are treated as process emissions also in
our model to point out their special status in the discussion of a CO 2 tax, as
blast furnace technology does hardly allow switches to another input
substance of lower emission-generation, such being different from all the
other fossil-burning-technologies for the purpose of heat or power-genera-
tion.

D. Elasticities of Substitution
For the determination of elasticities of substitution a survey undertaken for
the OECD GREEN model is used. Nicoletti (1990) summarizes studies on
interfactor and interenergy elasticities of substitution and distinguishes
empirical estimates available according to the geographic area they refer to.
For the group of the EFTA countries the literature suggests elasticities in
the range as given in  Table 5.
The current analysis is based on the mean values of these exogenous vari-
ables. Only for capital substitutability a lower value is used, because the
econometric interenergy elasticity of substitution estimates are usually
based on the assumption that capital and energy are weakly separable.
Basically, this rests on a context where firms first choose a cost-minimiz ing
energy-mix and subsequently choose the optimal capital-energy bun dle.

Table 5.  Elasticities of Substitution
                                           

15) Kurt Kratena of the Austrian Institute of Economic Research (WIFO),
Vienna, provided us with sectoral gross CO 2 emission data for 1990 as well as
with the inspiration for the calculations supplied in Table A.5.
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EFTA-countries
(Nicoletti, 1990)

Austrian
CGE-model

Interfactor:
Labor - Capital 0.5 - 0.7 0.6
Capital - Energy 0.4 - 0.8 0.45

Interenergy:
Electricity - Non-Electricity 0.9 - 1.5 1.2

E. Productivity Growth
Sectoral labor productivity growth data are derived from Lager (1993).
Sectoral energy productivity changes were calculated on the basis of the
nominal energy expenses per unit of output supplied by ÖSTAT (1976,
1992c) disaggregated to 43 sectors, and the GDP-deflator. Table A.6 in the
appendix supplies both the productivity changes for the recent past as well
as the estimates used for comparative static analysis for the period 1990-
2005.

V. Policy Simulations

A. Reference Scenario
In order to analyze options of CO2 policy, first a "base case" for the de-
velopment of the economy over the simulation period 1990-2005 is de rived
to be used as a reference scenario. The method starts by calibration of the
model described in Section III for the year  1990 on the basis of the SAM,
energy and emission data as described in Section  IV. The model being
entirely static, it is next solved for the year  2005, employing as sumptions on
the development of the model's exogenous variables. The results are
presented in yearly average growth rates for convenience.
The assumptions on the exogenous variables of sectoral productivity growth
for the economic development for the period 1990-2005 are supplied in
Section IV and Table A.6. Further, the growth rate of total capital stock is
assumed at 2 percent per annum, labor supply to grow at 0.85  percent and
the shift parameter for exports and imports to grow by 2 percent per annum,
reflecting increased international integration and in come growth.
The main results of the reference scenario simulation are summarized in
Table 6.
Overall real GDP growth is at 2.1  percent (average yearly rate), with
sectoral ranges between 0.4 percent (basic metals) and 3.3  percent
(chemicals). Aggregate exports and imports grow at the GDP growth rate.
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The factor price of labor increases, due to its relative short supply, while
that of both capital and electricity decreases. The budget balance had a
deficit of 40 bill.  ATS in 1990 and is expected to have a defi cit of
42 bill.  ATS in 2005.
CO2 emissions rise to 72  mio. t. This level corresponds rather to the upper-
middle range of Austrian forecasts for the year  200516). The reason for this
upward middle bound level are threefold: (a) in substitute elec tricity
production the "worst case" scenario of only thermal power plants is used,
(b) no increase in biomass fuels is introduced and (c) exogenous energy
efficiency increase is set at somewhat below past decades experi ence that
have been shaped by temporary substantial relative price in creases for
energy.

B. CO2 Policy without Compensation
As policy objective level the fulfillment of the Toronto Agreement is cho sen
(80 percent of the 1988 emission level by 2005). The model corre-
spondingly is solved for the emission limit of 45.2  mio. t, which amounts to
a 37 percent reduction by the year 2005 compared to the reference scenario.
The focus of this paper being the analysis of sectoral effects, at this stage
policy accompanying assumptions are chosen to cause an upper bound of
the tax rate and therefore upper bound of sectoral effects: (a) electricity
production is not analyzed in reacting to any CO 2 policy, rather its emis-
sions are assumed constant at the average 1988-1993 level, (b) the same
holds for energy sector self demand, and (c) CO 2 policy is not analyzed in
terms of potential triggering of further biomass energy supply.
The model solves endogenously for the emission permit price which is
equivalent to a uniform CO 2 tax rate. The uniform tax rate ensuring the
Toronto target in 2005 amounts to 1.67 ATS/kg CO217).
The results of these CO2 policy simulations for the year  2005 are compared
with the reference scenario in Table 7. Additionally the comparative static
effects of the policy simulation for 1990 are also listed in Table 7. The
difference of the results of both simulation scenarios is due to the as-
sumptions on the development of the exogenous variables (productivity
growth, factor of production growth).

                                           
16) Forecasts of Austrian CO2 emissions for 2005: UBA (1992): 68.5 mio. t;

BMwA (1990): 76.3 mio. t.
17) The tax rate is equivalent to 72.5  US$/bbl. oil (3.96 ATS/liter gasoline and

4.43 ATS/liter diesel), 337.6  US$/t coal (3.71 ATS/kg coal) and
8.9 US$/1000 cu ft natural gas (3.47  ATS/m3 natural gas).
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There is a similar pattern of output losses in the two scenarios. The sec tors
with the most significant output decline (shaded in Table 7) are the energy
intensive sectors agriculture, mining, paper, chemicals, stone and basic
metals. In order to meet the Toronto target, fossil fuel use has to be reduced
substantially. This implies a strong reduction of output in the pe troleum
sector. The negative impact of the CO2 target for production is reflected
also in the sectoral reduction of CO2 emissions. Any kind of CO 2 policy
hampers the competitive position of industries in a small open economy.
This can be seen in the decline of exports of the energy inten sive sectors in
Table 7. On the macroeconomic level the effects on total output and real
GDP are small, which reflects the usual assumptions of a static CGE model.
Real GDP declines by 0.7 (in the 1990 scenario) to 1.1  percent (in the 2005
scenario). CGE analysis focuses mainly on the sectoral allocation effects.
Shifts are triggered by changes in relative goods and factor prices. As can
be seen from Table 7 the substitution of fossil fuels is stimulated by the
factor price decline of labor and capital. The price of electricity as the
alternative type of energy strongly in crease.
CO2 emission revenues improve the budget balance. For the 1990 sce nario
the balance rises from -40  bill.  ATS to -23.2 bill.  ATS. For the 2005
scenario the balance rises from -42.1  bill.  ATS to -18.3 bill.  ATS.

C. CO2 Policy with Compensation
The severeness of effects in selected economic sectors results in the
searching for compensation schemes. Often a budget-neutral variant is
prefered (new "environmental" revenues to be fully compensated for in
terms of other rebates), and it is primarily suggested on an aggregate level,
mostly in terms of reducing the cost of labor. In the following we will
choose a sectorally differentiated approach in order to capture the sectorally
divergent effects shown above.

1. Uniform Compensation
The first step is to introduce compensation as explained in the model pre-
sented in Section III. We will initially employ full CO 2 revenue rebate on
wage tax costs, uniform across sectors. The general equilibrium model
ensures market clearing of the labor market. Due to a fixed labor supply any
wage tax compensation to the same amount raises employees' real wage.
Thus the only effect of uniform wage tax compensation in our model
structure is the transfer from government revenues to labor income. With all
the other results remaining the same as given in Table 7 also for the case of
uniform compensation, the two differences occur in the budget balance and
price of labor. Due to compensation outlays the budget balance reaches a
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level similar to the reference case (-39.2  bill.  ATS in the 1990 scenario and
-44.2 bill.  ATS in the 2005 scenario).
The price of labor (inclusive rebated cost) rises by 0.8  percent in the 1990
scenario and by 0.4 percent in the 2005 scenario. The idea of compensa tion
is to reduce the labor costs proper, which is shown in Table 7. Net of
rebated cost the price of labor decreases.

2. Compensation Differentiated by Sectors
The policy makers may choose different types of compensation criteria. We
suggest a compensation rule that tries to eliminate the loss of sectoral
competitiveness due to the introduction of a CO2 tax. In order to obtain this
result we apply the following compensation factors which are re flected in
the parameter of sectoral productivity growth tw j

C
0  as explained in Equation

(41) in Section II: agriculture 0.95, mining 0.70, textiles 0.99, paper 0.92,
chemicals 0.95, stone 0.96, basic metals 0.82 18).
By compensation domestic prices decline in the sectors strongly favored in
the differentiation scheme and rise in those weakly or not favored. Abso lute
sectoral CO2 emissions need to decline in all but the one most favored
sector (mining) to counterbalance the increase in process emissions in the
basic metals sector. This reduction in sectoral emissions is triggered by an
increase in the necessary emission tax rate from 1.67 to 2.32  ATS/kg CO2.
This increase in the necessary tax rate and thereby increase in necessary
factor substitution also implies a stronger decline in real GDP than in the
case of uniform compensation. Real GDP is lowered by 1.1  percent (1990
simulation) and 1.8  percent (2005 simulation) (see Table 8).
The output level results are as desired, that means the sectoral pattern of the
reference scenarios are roughly replicated. The remaining major shifts only
concern the energy producing sectors, with the petroleum sector declining
and the energy and water sector, supplying electricity as the pri mary
substitute for fuels, increasing.
Although the economy is hit harder in this case of compensation, the im pact
for the budget balance is slightly positive. The deficits amount to
37.8 bill.  ATS and 41.4 bill.  ATS respectively. This is due to higher la bor
income which increases total wage tax revenues.

                                           
18) These factors have to be compared to twoj

C = 1 for the case of uniform

compensation for all sectors.
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D. Investment Stimulation
In a mixed strategy we combine the sectorally differentiated wage cost
compensation described above with a stimulation of investment. As men-
tioned in Equation  (43) in Section III, in each year 30  percent of the emis-
sion revenues are allocated to form additional capital for production. In-
crease of capital stock only happens exogenously in a static model, al though
in our model the source of funding is explicitly modeled.
The effect of this exercise is a compensation of the output and GDP losses
of a CO2 policy in the hitherto mentioned variations. The results are shown
in Table 9. Real GDP in 1990 declines by only 0.5  percent and in the 2005
scenario due to capital accumulation it increases by 2  percent. Due to the
asymmetry in factor accumulation the price of labor increases stronger than
in the above cases. Correspondingly the price of capital de creases. The
price of emission permits increases to 2.52  ATS/kg CO2 in the year  2005
(Table A.7). The budget balances (-36.8 bill.  ATS in the 1990 scenario and -
39 bill.  ATS in the 2005 scenario) are only slightly below the base line
levels.

VI. Conclusions
The model presented in this paper allows realistic simulations for CO 2
policy options for Austria. It is based on a static perfect competition CGE
model, calibrated for 1990 Austrian data. Special attention has been given
to the implementation of the link of economic and energy data. As a new
feature the negative consequences of the CO2 taxation as far as competi-
tiveness in a small open economy is concerned are tried to be mitigated by
compensation via wage tax rebates. This is achieved by a sectorally dif-
ferentiated compensation scheme. As a result competitiveness in the en ergy
intensive sectors can be established by a differentiation in the reduc tion of
wage taxes ranging from 1  percent to 30 percent. Differentiation, as
compared to uniform compensation and inspite of maintaining full re-
funding of emission revenues, also triggers a positive government revenue
effect. Aggregated output losses due to CO2 policy can be mitigated or also
overcompensated by stimulating investment in new capital vintages. Such
effects have been demonstrated in this paper.
As we used a single country model we were not able to simulate effects of
coordinated CO2 policy actions, e.g. in line with suggestions of the
European Union.
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Abbreviations
ATS Austrian Schilling
bill. Billion, billions
BMwA Bundesministerium für wirtschaftliche 

Angelegenheiten
°C Degrees Celsius
CES Constant elasticity of substitution
CGE Computable general equilibrium
cu. ft. Cubic feet
EFTA European Free Trade Association
GDP Gross domestic product
IPCC Intergovernmental Panel on Climate 

Change
LES Linear expenditure system
mio. Million, millions
OECD Organization for Economic Cooperation 

and Development
ÖSTAT Österreichisches Statistisches Zentral-

amt
ppmv Parts per million by volu me
SAM Social Accounting Matrix
UBA Umweltbundesamt
WIFO Austrian Institute of Economic Research
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