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Abstract

Knut H. Alfsen, Torstein Bye and Erling Holmay (eds.)

MSG-EE: An Applied General Equilibrium Model for Energy
and Environmental Analyses

Social and Economic Studies 96 ¢ Statistics Norway 1996

The economic research activity of Statistics Norway has been directed to a considerable extent
towards the development of operational tools for policy analysis and planning. Given the
importance of various environmental problems in the current policy debate, perhaps with the
so called greenhouse effect as the "front runner*, it is not surprising that the development of
economic models encompassing energy and environmental issues has been a prime concern for
Statistics Norway.

This book presents some results from work carried out in this direction. The first part (chapter 1
to 3) describes the background and structure of an integrated economy-energy-environment
general equilibrium model for the Norwegian economy called MSG-EE (Multi-Sectoral Growth -
Energy and Environment). The second part (chapter 4-7) illustrates the use of the model for
various policy analysis (understanding economic growth, carbon taxes, electricity markets and
transport). Chapter 8 summarizes and concludes.

Keywords: General equilibrium, integrated economy-environment models, CO, taxation,
transport modelling

Acknowledgement: We acknowledge the generous support given at various stages of this
work by the Ministry of Environment and the Research Council of Norway.



MSG-EE Social and Economic Studies 96

Sammendrag

Knut H. Alfsen, Torstein Bye and Erling Holmey (red.)

MSG-EE: En anvendt generell likevektsmodell for energi- og
miljganalyser

Sosiale og gkonomiske studier 96 * Statistisk sentralbyra 1996

Et hovedsiktemal med forskningsvirksomheten i Statistisk sentralbyra (SSB) er & utvikle
operasjonelle verktay for politikkanalyser og -planlegging til bruk for forvaltningen og andre.
Med den rolle miljgsparsmal har fatt i den politiske debatten, og kanskje szerlig spgrsmal
knyttet til den sdkalte drivhuseffekten, er det naturlig at utviklingen av integrerte gkonomi-
energi-miljg modeller har hatt hay prioritet i SSB. Denne studien rapporterer fra arbeidet med &
utvikle en slik modell, kalt MSG-EE. Navnet star for "Multi Sectoral Growth - Energy and
Environment"”.

Modellen skiller seg fra tidligere versjoner av MSG-modellen farst og fremst ved en mer
detaljert behandling av produksjon og etterspersel av elektrisitet og transport. Elektrisitet kan i
modellen produseres enten pa basis av vannkraft, eller i termiske kraftverk basert pa bruk av
naturgass. Transporttjenester produseres i den sektoren som etterspgr tjenesten (egentransport)
og/eller kjgpes fra kommersielle transportselskaper (leietransport). Leietransporten er delt opp i
vei-, sjg-, luft- og banetransport i tillegg tit post og teletjenester.

Kapittel 1 gir en kort bakgrunn for arbeidet med modellutviklingen, mens kapittel 2 og 3
heholdsvis beskriver modellstruktur og empirisk forankring og utforming av modellen. Kapittel
4 viser langsiktige konsekvenser av den gkonomiske veksten i Norge for energibruk og utslipp
til luft. Kapittel 5 tar opp spersmalet om kostnader ved reduksjoner i CO,-utslipp, mens kapittel
6 analyserer markedet for elektrisitet i Norge under ulike regulerings- og avgiftsregimer.
Kapittel 7 tar sa opp enkelte sider ved transportutviklingen i et langsiktig makrogkonomisk
perspektiv. Kapittel 8 avslutter med en kort oppsummering og noen konklusjoner for videre
arbeid.

Emneord: Generell likevekt, integrerte gkonomi-miljg modeller, CO, avgifter, kraftmarked,
transportmodellering

Prosjektstatte: Norges forskningsrad (SAMMEN) og Miljgverndepartementet har bidratt med
finansiering av prosjektet.
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1. Introduction™

1.1 The problem

One of the main environmental problems of today is related to the man-made
enhancement of the greenhouse effect, mainly caused by emission of so-called
greenhouse gases. Chief among these are carbon dioxide (CO32), methane
(CHy), nitrous oxide (N2O) and chloro-fluoro-carbons — CFCs for short. Being a
wealthy, industrialized country, Norway has to take the responsibility for a
reasonable part of the sacrifices necessary to reduce global problems. Although
only accountable for some 0.2 per cent of the global CO5 emissions, Norway has
nevertheless been a fierce emissary in trying to promote a binding agreement on
the reduction of greenhouse gases, at least from the industrialized countries.
Since reductions in emission levels are suspected to be more expensive in
Norway with electricity production based on hydro power than in most other
countries, great weight has been put on formulating cost effective national and
international policies. The elaboration of such policies may be made easier by
the availability of suitable empirically based nummerical models incorporating
essential elements of the working of the Norwegian economy and its
interlinkages to energy markets and air pollution problems.

Local, regional and global air pollution problems are of course intimately
connected. For instance, measures to control the emission of CO9 will
automatically reduce the emissions of local and regional air pollutants like
sulphur dioxide (SOg), nitrogen oxides (NO;), cabon monoxide (CO) and
particulate matter. This is so because the only economically viable means of
reducing CO; emissions in the foreseeable future, is to reduce the combustion of
fossil fuels - an important source for all air pollutants. Furthermore, changes in

“All the people working in the Research Department of Statistics Norway deserve thanks,
both for directly providing support for the work and for keeping up a stimulating working
environment. In particular we want to thank Birger Strom for excellent computer work when
the model was implemented and calibrated.
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the use of fossil fuels will affect the demand for electricity, currently almost 100
per cent hydro power based in Norway.

Even the use of a clean energy resource like hydro power affects the
environment, both through the impact construction of hydro power plants have
on the local environment and indirectly by affecting the demand for the main
substitute fuel for heating purposes — oil. Also, the remaining hydro power
reserves in Norway are limited and further development is subject to decreasing
returns to scale. Therefore, continuing economic growth and growth in the use
of energy, combined with limited reserves of hydro power, may increase the
price of hydro power relative to fossil fuels and thus boost the use of “dirty”
fuels. The main alternative to hydro power seems to be electricity produced by
use of natural gas (“gas power”) which, although cleaner than oil and coal, is
still a fossil fuel.

For these reasons, the energy markets are of prime concern in the formulation of
sustainable policies in Norway, and this should be properly reflected in the
development of analytical tools employed in the analyses of such policies. In
this book we will describe one such tool; an empirically based computable
general equilibrium model called MSG-EE (for Multi Sectoral Growth - Energy
and Environment). Selected examples of uses of the model will also be given. A
thorough description the energy markets of course constitutes a central building
block of the model. The model can be regarded as a continuation of earlier
modelling work in Statistics Norway (Bjerkholt et al., 1983) which built a
relatively detailed submodel of the production and consumption of hydro power
electricity into the Norwegian macroeconomic planning model MSG-4. This
model in turn, can be viewed as the grandchild of the original MSG model,
developed by Leif Johansen in the early 1960s (Johansen, 1960, 1974). Thus,
the work presented in this book, and outlined in section 1.4 below, forms a part
of a rather long tradition in Norway.

1.2 Integrated economy-environment modelling

A large number of national and international integrated environment-economy
assessments of the greenhouse problem have been carried out in the last decade
or so, usually based on the use of computable general equilibrium models.
Typically, the starting point has been the question of what impacts an increase
in the prices of fossil fuels will have on future greenhouse gas emissions and
economic growth, either on a global scale or on a national scale. Global studies
of this question include Edmonds and Reilly (1983a,b), Manne and Richels
(1991), Manne (1992), Barns et al. (1992), Rutherford (1992), Burniaux et al.
(1992), while studies based on regions of smaller size include among many
others Hogan and Jorgenson (1991), Jorgenson and Wilcoxen (1989), Bergman
(1990), Bye et al. (1989), Glomsrgd et al. (1992), Centraal Planbureau (1989),

12
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Conrad and Schréeder (1990), Moum (1992), and Manne and Richels (1990).
Recent surveys of works in this field are Hoeller et al. (1990, 1991) and Cline
(1992). While most of the studies are exclusively concerned with CO; emissions
from combustion of fossil fuels, some works have included other air pollutants,
e.g., regional or local pollutants such as sulphur dioxide (SO32), nitrogen oxides
(NO;), carbon monoxide (CO) and particulate matter and other sources of
emissions (e.g. Alfsen and Glomsrgd, 1987). This has been done in order to
capture some of the so called secondary effects of climate policies. As shown in
Alfsen et al. (1992) and Pearce (1992), these secondary effects can give rise to
substantial cost savings offsetting some of the economic costs of controlling CO4
emissions.

The modelling basis for the analyses varies from extremely aggregated global
economic models (e.g., Edmonds and Reilly, 1983a,b, Manne and Richels, 1990)
to more disaggregated national economic models (e.g., Jorgenson and Wilcoxen,
1989, Hogan and Jorgenson, 1991, Glomsrgd et al., 1992, Alfsen, 1991, 1992). In
order to analyze possible future emission of for instance NO,, which in contrast
to CO5 emission is sensitive to the physical and chemical circumstances under
which the combustion takes place, a rather detailed sectorial decomposition of
economic growth is needed. Furthermore, in order to capture some of the
benefits of reduced local pollution, one must of course know approximately
where the emission takes place. These are arguments in favour of integrated
economy-energy-environment analysis based on rather disaggregated
macroeconomic models of national economies.

1.3 Integrated modelling work in Norway

Norway has a long history in building and using disaggregated multisectoral
general equilibrium models for policy purposes. The tradition goes back to the
work of Leif Johansen in the early 1960s (Johansen, 1960, 1974) and the work
has since then largely been carried out by the Research Department of Statistics
Norway. Documentation of some past and current economic models are given in
for instance Longva et al. (1985), Offerdal et al. (1987), Cappelen (1992),
Holmgy (1992) and Holmgy et al. (1994). Over time, energy and emission
modules have been integrated in the economic core model, allowing for
consistent analyses of economic, energy and environmental issues based on one
and the same modelling framework. The extended modelling tool has been
extensively used by the government in Norway for making forecasts of economic
development, energy demand and emissions to air.

Early emission forecasts, also covering discharges to water, were made already
in 1972 in connection with the government’s Long Term Programme released
that year. These forecasts were, however, not based on an integrated
economy-energy-environmental model. That only became possible in the mid

13
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1980s, but then only for some selected air pullutants like SO,, NO,, CO and
lead (Alfsen and Glomsrgd, 1987). The forecasts, based on the government’s
current Long Term Programme, showed that without further control policies,
Norway would have problems in reaching sulphur emission targets laid down in
the Helsinki treaty. This situation, together with an awakening awareness of the
climate change issue, was the main motivation behind the initiation of a
comprehensive study of policy options within the field of economic policy,
industrial development and environmental concerns i 1989. The study, called
SIMEN, was the result of a joint effort where, in addition to Statistics Norway,
several Ministries, governmental directorates and NGOs participated. The
results of the study was reported in Bye et al. (1989). At this point, the use of
integrated models for deliberation of alternative economic and environmental
policies was accepted by the government. The set-up of the study was repeated
a few years later, but now with greater emphasis on climate change issues. This
study, called KLOKT, was reported in Moum (1992).

From the late 1980s or early 1990s, the use of integrated models has thus
become more or less a standard tool in policy formulation process, not only
within the field of environmental policy, but also in the deliberation of economic
policy issues in general, tax policy and even employment issues.

Over the years, however, various weaknesses of the existing model apparatus
has been brought to light by the analyses carried out. Also, the focus of the
political agenda and other conditions in Norway has changed somewhat.

e Transport: Transport has emerged as an environmentally important
activity. In previous Norwgian models this activity has been treated in a
rather rudimentary fashion, first by aggregating all commercial domestic
transport into one economic sector comprising transport by road, air, rail
and sea, together with post and telecommunication services. Secondly,
previous models have not separated fuel use for transport purposes within
the production sectors from fuel use for heating purposes. Clearly, the
different sub-sectors of domestic transport rely on very different
production technologies. Furthermore, over the last few years they have
shown rather different growth rates. A better understanding of the future
behaviour of domestic transport must therefore be based on a more
disaggregated modelling of the transport activities. In addition, by linking
oil used for heating and transport purposes in the way done previously,
severe restrictions has been placed on substitution possibilities between oil
use and other input factors. Also the linkage has hampered the analysis of
potential policies directed against transport activities like road transport.

14
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e Production of electricity: Approximately 100 per cent of the electricity
produced in Norway is based on hydro power, and so far the macro models
have only recognized two alternatives for electricity supply; domestic
hydro power production and import of electricity. Further expansion of
the hydro power system is, however, restricted and substitutes will have to
be considered in the not too distant future. Chief among the alternatives
is gas fired power plants. The environmental consequences of further
expansion of the hydro power supply and introduction of gas power are
very different. An extension of the model framework to include
specification of domestic gas power plant technology and producer
behaviour for selecting the least cost alternative, is important for further
long term analysis of environmental policy in Norway.

o Distributional impacts of environmental policies: Proposals for
introduction of environmentally motivated taxes has been accompanied by
concern for the effects on the income distribution. The consequences of
environmental policies on the income distribution has only been crudely
modelled so far. A better grasp on this issue is important for the
assessment of future environmental policies.

1.4 A brief outline of the book

The issues briefly touched upon above are among the motives for now revising
and expanding the existing models still further. It is our belief that the revised
elements implemented in the model (MSG-EE) will improve our ability to
analyse questions related to the interactions between economic activity, energy
and the environment, both through a better treatment of important economic
activities, and by including some of the feedbacks from the environment on the
national economy. The plan for the rest of the book is as follows.

Chapter 2 gives an overview of the model by first providing a verbal description
before continuing with a more stylized presentation of some of the main features
of the model.

Chapter 3 goes on to fill in the details by discussing the actual formulations of
the more important relations in MSG-EE and their empirical basis. Together
these chapters provides an overview of MSG-EE.

In the rest of the book we employ MSG-EE to give answers to, or at least
illuminate some questions and issues related to economic development, energy
use and emissions to air.

Chapter 4 presents a long term projection for the Norwegian economy towards
2030. This projection is based on the same forecasts as those presented by the
Government in the Long Term Programme 1994-1997 (Ministry of Finance,
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1993). We are foremost interested in whether or not the simulated economic
development is consistent with international obligations and national targets for
air pollution. Related to this issue is the future development of the energy use
as well as its composition. This long term projection will serve as a point of
reference to which the scenarios in later chapters are compared.

In Chapter 5 the economic impacts of increased taxation of CO, emissions are
assessed. The simulations are used to shed light on the trade-off between
reductions in COy emissions and the level of material welfare measured by
traditional indicators such as private consumptions and GDP. We establish a
cost function for COs emissions in Norway, and this is compared with
corresponding measures reported in some international studies.

Chapter 6 studies the potential efficiency gains from a deregulation of the
Norwegian electricity market, and how the market is likely to respond to
national and international environmental taxes. A main question is whether or
when it will become advantageous to introduce gas power in the Norwegian
electricity generating system and the associated impacts it will have on
emissions to air.

Chapter 7 studies in more detail transport activities in Norway and the
restructuring of the transport sector that is likely to follow from higher taxation
of CO4 emissions.

Chapter 8 concludes the book with a brief summary and an outline for further
research and development in the field of applied and integrated modelling.

Lists of production sectors, commodities, consumption activities and household
groups in the MSG-EE model are presented in the Appendix.
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2. The Structure of MSG-EE

The purpose of this chapter is to present the main structure of the MSG-EE
model. We do this in two ways; first by a largely non-technical presentation of
the behavioural blocks, then in the next section, by presenting the equations of
a simplified and stylized version of the model in order to clarify the general
equilibrium structure and closure of the model. The empirical specification of
the behavioural relations in the model are described in detail in chapter 3.

2.1 Basic characteristics; a non-technical overview

MSG-EE is intended to serve as a tool for analyses of the linkages between
economic activity, the use of energy and air pollution in general, and to shed
light upon the particular issues that were addressed in Chapter 1. As pointed
out by e.g. Fullerton et al. (1984), researchers always face a trade-off between
simplicity and accuracy of detail, and in several areas there is no “right”
approach. The art of model building is to make the optimal simplifications; we
want to maximize the amount of relevant information subject to constraints
given by availability of data, computer capacity, solution algorithms and
theoretical insight. What has this meant to the design of MSG-EE? And how
have the substantive issues addressed in Chapter 1 influenced the model
structure?

2.1.1 Theoretical foundation

First, these issues have a long-term perspective. Therefore, it is more important
to incorporate mechanisms explaining long-term trends than short-run
fluctuations of the economy. Consequently the natural choice for the applied
researcher is to base the model on the theory of economic growth which is a
special discipline of General Equilibrium theory. Contrary to typical
macro-econometric models in the Keynes-Klein tradition, the driving forces of
growth in the macroeconomic aggregates are expansion of the endowments of
primary input factors in the production process. This supply side oriented
approach is particularly relevant when studying the utilization of natural
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resources such as waterfalls for hydro power production and depletion of oil and
natural gas. Applying this theoretical framework does not mean that we
consider the achievement of a general equilibrium to be realistic even in the
long-run. We do not see any reasons for not observing unexpected shocks and
business cycles in the future as we have done in the past. However, we believe
that the underlying trends around which the economy fluctuates, are better
explained by general equilibrium theory than any other theoretical framework
presently available for implementation in a numerical large-scale model. The
adoption of general equilibrium theory in a realistic empirical representation the
Norwegian economy puts MSG-EE in the category of Applied General
Equilibrium (AGE) models.

While the interest in large scale macroeconomic models in the
Keynes-Klein-Tinbergen tradition has waned at academic research centres, but
not that much in advisory bodies for government or business (Mankiw, 1988),
AGE models have became increasingly popular in the 1980s. These models have
mostly been applied to policy issues in the fields of development economics,
international trade, resources and taxation. An impression of the large number
of AGE models that have been developed over the last decades and of their
structure can be obtained from surveys like Fullerton et al. (1984), Shoven and
Whalley (1984, 1992), Bovenberg (1985b), Bergman (1988), Melo (1988),
Pereira and Shoven (1988), Bandara (1991) and Henderson (1991). The first
successful example of an AGE model was the MSG model developed by
Johansen (1960). As a matter of fact, Johansen’s model can be regarded as the
great-great-grandfather to MSG-EE, which is a special version of the fifth
official generation of the MSG-model. However, the differences between these
model generations are many and important as will become clear to anyone who
compares the subsequent exposition with the work of Johansen.

The major strength of an AGE model is its solid theoretical foundation.
Behaviour of agents is modelled explicitly and is based on microeconomic
optimization principles. Parameters in utility functions and production
functions are structural parameters, representing tastes and technology.
Therefore, the model may be less vulnerable to the Lucas critique (Bovenberg,
1985a). These aspects are of course highly desirable for any applied study, but
they are particularly important when addressing the long run effects of the
changes in relative prices induced by taxation of emissions of air pollutants.

2.1.2 Aggregation

The description in Chapter 1 of the air pollution problems facing Norway
clearly calls for a disaggregated approach. More concretely, the model specifies
47 commodities of which 10 are non-competing imports and 4 are public goods.
The number of industries is 33, see Appendix A. Indeed, as stated also by
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Jorgenson and Wilcoxen (1990), we believe that a large scale, i.e. disaggregated,
model is essential for studying for instance carbon tax induced impacts on
energy use and environmental damages. Disaggregation applies to the industry
classification because industries differ greatly in energy and emission intensities.
Furthermore, a detailed commodity classification is desirable because different
kinds of emissions are related to the use of specific goods, such as gasoline and
autodiesel, fuels for heating purposes, etc. However, a realistic description of
the substitution possibilities between these activities is necessary if a
disaggregated model of factor demand is to be superior to models which rely on
the simplifying assumption that pollutants are emitted in fixed proportions to
industry output levels. It is easier to obtain reliable and autonomous estimates
of industrial production structures the more homogeneous the firms within each
industry are. However, homogeneous industries can only be obtained at the cost
of a more disaggregated model.

With a high degree of dispersion between the emissions of air pollutants that
can be related to the specified activities, the model captures the fact that
reductions in the emissions can be obtained through substitutions at many
levels of the demand structure. For instance, consider the case of a tax on fossil
fuels. Even if the individual industries have small possibilities to substitute
fossil fuels for other inputs, price sensitivity in the demand for final products
will contribute to shifts in the industry structure so that the aggregate use of
fossil fuels declines.

When choosing the classification of industries and commodities in a long-term
model, one should, at least in principle, take into consideration that the
observed industries represent only a small subset of the potential number of
industries. This point is especially relevant for small open economies that may
gain large benefits from specializing the industry structure and thereby
exploiting their comparative advantages. Norway is, in addition to Iceland,
perhaps the most typical example in Western Europe of an economy with a
highly specialized industry structure with respect to production of tradeables.
The main exporting industries are resource based like the production of oil and
gas, fishery, forestry and manufacture of pulp and paper articles, and energy
(hydro power) intensive industries like manufacture of metals and industrial
chemicals. In addition, the combination of being a very open economy, the
geographic localization and high savings propensity has probably given Norway
some comparative advantages for shipping through learning by doing. In
principle, our model should therefore provide an explanation of the present
industrial structure as an endogenous result and not only describe it according
to the base year statistics. This would require that we specify potential
industries, or technologies, not yet observed presumably because they are not
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able to give a satisfactory remuneration to the input factors under the present
conditions. By “present condition” we do not only mean world market prices
and technology. All kinds of protection and direct and indirect industrial
support given by the government should also be included.

The specification of the technology for gas power production in MSG-EE is in
accordance with these lines of reasoning. Gas power production has so far not
been introduced in Norway. But, as argued in Chapter 1, the technology is
considered to be the most profitable alternative to hydro power, and in a
growth scenario it may well become more profitable than further expansion of
the hydro power capacity. However, gas power is the only non-existing industry
which technology has been incorporated into the model. Therefore, MSG-EE
may be regarded as the outcome of a specialization process corresponding to the
solution of an underlying model specifying technologies of a larger number of
presently active and non-existent industries.

Based on the interpretation made above about the specified industry and
commodity classification, the rationale for relying on a model like MSG-EE for
long-term projections is that the exogenous changes supposed to take place do
not change the comparative advantages between the industries in favour of any
new industries not represented in the model. Thus, in our simulations air
pollution will not be reduced through reallocation of resources into new and
“cleaner” industries. In MSG-EE such a development has to be simulated in an
ad hoc way by putting new products and new technologies into those industries
already specified, combined with proper adjustments of exogenous technology
parameters. This illustrates a general point in applied modelling: The
simulated figures are the result both of the properties of the formal model and
of the way the model is used.

In addition to the general arguments in favour of disaggregation, the
energy-environmental focus calls for a detailed description of the market for
certain especially important goods such as energy and transport. A detailed
documentation of the modelling work concerning the energy and transport
sectors is given in Chapter 3. Here we confine the exposition to cover the most
important qualitative aspects.

The major energy producing industries include the production of crude oil and
natural gas, the refining of crude oil and sectors producing electricity. The
latter includes electricity production based on hydro power and electricity
produced by use of natural gas. Expansion of the hydro power capacity is
characterized by irreversible investments and decreasing returns to scale.
Electricity consumption implies in reality consumption of three distinct goods;
homogeneous electricity net of transfer cost produced by hydro power or gas
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power, transmission services and distribution services. Unit costs of electricity
consumption will therefore differ between consumers due to differences in the
composition of these components. In addition, various forms of regulations of
the electricity market have resulted in price discrimination between different
consumers, and the model has been designed to study the effects of deregulation
of these arrangements. With respect to disaggregation, such a focus implies
that each of the specified groups of agents on the demand side of the electricity
market should be relatively homogeneous with respect to the degree of price
discrimination that they face. Historically, price discrimination has favoured the
major energy intensive industries: Manufacturing of pulp and paper,
Manufacturing of metals and Manufacturing of industrial chemicals.
Consequently, these industries are individual production sectors in the model.

Since transport is a major source of air pollution, MSG-EE treats the transport
sector in considerable detail. Differences in production technologies have
motivated a disaggregation of commercial transport into Domestic road
transport, Domestic air transport, Domestic rail transport and Domestic sea
transport, together with Post and telecommunication. Railway transport and
post and telecommunication are obviously relatively clean transport
technologies, and a shift in the composition of aggregate transport in favour of
these will contribute to reduced air pollution. Such a substitution may take
place at the micro level as well as being the result of disproportionate growth of
industries with different composition of their transport services. In MSG-EE,
data limitations have prevented incorporation of reliable estimates of the
substitution possibilities between different transport services at the industry
level. On the other hand, the choice of a relatively disaggregated industry
classificatication makes the model relevant for studying substitution caused by
changes in the industry structure.

In order to give an adequate representation of the use of transport services,
transport services produced by the users on their own (own transport) have to
be accounted for in addition to the purchase of transport services from the
commercial transport sectors. Especially for road transport, own transport
constitutes a significant share of the total use. The volume of own transport
services within the individual industries is approximated by the service flow
from the transport equipment together with the input of gasoline and diesel.
Thus, the ambition of including own transport in the model have necessitated
that oil products used for transport are separated from oil used for heating
purposes and that transport equipment is distinguished as a specific type of real
capital.
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2.1.3 The production structure and producer behaviour

The firms within the industries are assumed to behave competitively on both
output and input markets. In general, each sector produces several
commodities. Each sector is labelled according to its main commodity. With
some exceptions, this commodity composition is fixed corresponding to the
description given by the National Accounts (NA) in the base year.

In most sectors, the demand for inputs follows a recursive budgeting procedure
involving several stages, see figure 2.1.

At the “top” level, there are five input factors: capital except transport
equipment, other material inputs, transport services, energy and labour
(man-hours). These factors are optimally combined according to a constant
returns to scale flexible technology which may shift exogenously over time
through technical change. Energy is used for stationary combustion, mainly
heating. It is further divided into electricity and fuel for heating purposes
according to a constant returns CES production function. For most of the
sectors the technology parameters have been estimated econometrically using
time series from the energy accounts. The exact functional forms and the
econometric work are documented in Chapter 3.

Transport services is a composite of five types of transport services, i.e.
transport by road, air, sea, rail and post and telecommunications. Due to data
limitations, the composition is exogenous and equal to the base year description
in the national accounts. The factor input of each of the five transport services
can in principle be supplied by own production and purchases in the market
from the corresponding transport sector. However, the model has no ambition
of explaining the organizational set up for the supply of transport services, and
it is assumed that the use of own produced transport services are linked to the
input of the corresponding commercial services by fixed coefficients. Only own
production of road and sea transport services take place in Norway today, and
this pattern is assumed not to change in any of the policy simulations. In each
industry, the input of services from capital items such as cars, lorries, etc.,
gasoline and autodiesel are allocated to the production of road transport
services. The input of services from ships, boats and marine fuels are allocated
to the production of sea transport services.
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Figure 2.1. The structure of production in the MSG-EE model
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The capital stock in each sector, net of transport equipment, is a sector specific
Leontief aggregate of 8 capital goods. Each of these capital goods is a Leontief
aggregate of the 47 basic composite commodities in the model. Also the other
produced input factors are in principle sector specific Leontief aggregates of the
basic commodities. The bottom stage of the cost minimization involves the
determination of the home share in each commodity. Most of these shares are
price sensitive, since we have adopted the Armington assumption of imperfect
substitutability between domestic and similar foreign products.

However, several sectors are not described by endogenous producer behaviour.
In the four specified government production sectors, all factor inputs are fixed
exogenously. Except for the central government sector Defence, these sectors
are further disaggregated into central and local government. Similarly, in the
three sectors constituting the petroleum and shipping activity, employment and
investment have to be given by the model user, whereas fixed Leontief
coefficients determine the input per unit of production of the other factors.
Fixed Leontief coefficients determine input of all factors relative to production
in Petroleum refining. In Hydro power production, fixed Leontief coeflicients
determine input of all factors except capital relative to production. The input
coeflicient of capital in this sector is positively related to the capacity because
of decreasing returns to scale when the hydro power capacity is expanded in an
optimal way.

The assumption of constant returns to scale is similarly not realistic in the long
run for resource based industries such as Agriculture, Fishing and breeding of
fish, etc., Production and pipeline transport of oil and gas. In these sectors, the
output level is exogenous, and exogenous factor specific productivity parameters
may be used to adjust the factor demand for decreasing returns to scale.

2.1.4 Household consumption

A system of household demand functions plays a central role in the model,
determining the allocation of total consumption expenditure among 22 different
consumption activities. Substitution possibilities are introduced only between
these aggregates. Commodity demand follows from the assumption of fixed
commodity by activity coefficients (Leontief aggregation). Finally, a price
dependent distribution between the domestic and foreign commodity varieties
follows according to an activity specific CES aggregation function.

The demand system of MSG-EE is derived from utility maximizing households.
The utility functions are household specific, allowing the model to capture the
effect of both household size and household composition. There are 14
household groups in the model, distinguished by socio-economic and
demographic characteristics. The mapping from various income categories to
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household income is generated by data from the Norwegian Income and
Property Statistics. A separate sub-model transforms exogenous demographic
projections into projections for each of the different household groups.

Figure 2.2. The structure of total consumer demand in the MSG-EE
model
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As for the structure of the utility functions, weakly separable non-homothetic
preferences are introduced, see figure 2.2. At the top level, the households
allocate total consumption expenditure to 15 consumption goods according to a
non-homothetic linear expenditure system (LES) derived from Stone-Geary
utility functions. At the intermediate level, consumption of transport services is
allocated to private and public transport services according to a non-homothetic
LES. At the bottom level, both private transport services and energy are
linearly homogeneous price dependent CES-aggregates, whereas a
non-homothetic LES allocates the expenditure devoted to Public transport
services is allocated between 1) Bus and taxi transport (road transport), 2) Air
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transport, 3) Railways, tramways and subways, 4) Boats and ferries, and 5)
Post and telecommunications. A given level of private transport services
requires services from the stock of cars and petrol and from car maintenance in
proportions which are not necessarily fixed. Energy demand can be satisfied by
different combinations of electricity and fuels. The demand functions have been
estimated econometrically using microeconometric techniques on panel data for
Norwegian households, see Aasness and Holtsmark (1993) and Aasness, Bigrn
and Skjerpen (1995). Chapter 3 provides a more comprehensive description of
the microeconometric estimates and how these have been transformed into the
consumer demand system in MSG-EE.

While the structure imposed implies strong restrictions on the Slutsky matrix
and gives a recursive demand system, important features of the household’s
ability to substitute between specific activities are retained. In particular, it is
intended to be relevant for studies of energy and environmental issues. Since
the indirect utility function is a Gorman polar form (Gorman, 1953), it also
allows for perfect aggregation of the demand systems across households. Hence,
aggregate consumer demand for each consumption good is a function of prices,
aggregate consumption expenditure, the number of children, the number of
adults less elderly in public institutions, and the estimated levels of minimum
consumption for the individual household types. This level of aggregate
consumption expenditure is determined purely from supply conditions; there are
no intertemporal aspects built into household behaviour. Total consumption
expenditure accommodates to ensure full capacity utilization in the economy.

2.1.5 The government sector

Government decisions affect the economy directly through two channels. First,
production in government sectors requires resources. Government production is
split into four sectors: Defence, Education and research, Health care, etc., and
Other government services. Except for Defence, the model also distinguishes
between central and local government production of these services. Both
investment, employment and the purchase of goods and services allocated to
these sectors are exogenous policy instruments in MSG-EE.

Second, the government collects taxes affecting prices and incomes. Due to the
fairly detailed input-output structure, indirect taxes and subsidies are modelled
in great detail. This makes it relatively easy to study the consequences of
indirect taxes on e.g. fossil fuels. The model distinguishes between tax rates ad
valorem and on quantities as well as commodity-related and sector-related
taxes. Commodity-related taxes and subsidies are specified according to
information on the tax base, tax rate and tax payer. Sector-related taxes are
transfers to production sectors and contribute to the factor income. The model
assumes that these transfers are proportional to gross production and the factor
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of proportionality may be interpreted as a sectoral tax rate. Also the system of
capital income taxation both at the enterprise level and at the personal level is
implemented in considerable detail, see Holmgy et al. (1993, 1994). Larsen and
Vennemo (1993) and Holmgy, Nordén and Stregm (1994). The effects of capital
income taxation on production costs and factor substitution are summarized in
the user cost of capital expressions. With respect to taxation of labour,
MSG-EE specifies employers’ contribution to social security and National
Insurance as a component in the wage cost in each sector. The model also
includes an account of direct taxes and transfers to household. These income
flows are, however, modelled with less rigour because they have no direct real
effects on the economy due to the absence of any link (such as the Keynesian
consumption function) between disposable household income and household
expenditure.

2.1.6 The determination of prices

The basic principle for the determination of the domestic prices in MSG-EE is
that in a long run equilibrium where all entry/exit incentives are eliminated,
domestic producer prices have to equal total unit costs. Due to the assumption
of constant returns to scale, combined with exogenous output determination in
those sectors where economies to scale is regarded essential, unit costs are
independent of the scale of production. Total unit costs include both the user
cost of capital and net taxes levied on the sector per unit of production. The
relevant prices of commodities used as inputs are purchaser prices, which
include indirect taxes and trade margins.

The determination of the price of electricity deviates from this basic principle.
As explained in more detail in section 3.5, electricity may be produced by two
technologies, Hydro Power and Gas Power. In each period the capacity in both
sectors is predetermined by previous irreversible investment, which implies a
vertical short-run supply curve. The market clearing price may then include
pure profits. Accordingly, the time path for the equilibrium price will depend
on the capacity in the two sectors. The investment policy rule, which has been
most frequently applied in MSG-EE simulations, is to expand the production
capacity up to the level where price equals the long-run marginal cost.
However, the model also allows for exogenous deviations from this investment
policy. Today, electricity is produced by Hydro Power solely, but Gas Power
may become profitable in the future. This possibility is particularly plausible
along a growth scenario because the long-run marginal costs are increasing
along an optimal expansion path of the Hydro power sector, whereas the
long-run technology in Gas power production exhibits constant returns to scale.

The wage rates differ between sectors. Strictly, this is inconsistent with a
definition of equilibrium in a model where a homogeneous labour force can be
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reallocated across sectors without cost. However, the model user has the option
to control the relative wage differentials exogenously.

Another empirical fact is that real rates of return to capital also vary
significantly across sectors in the Norwegian economy. Part of these differentials
is due to distortions caused by the Norwegian system of capital income taxation
(see Holmgy and Vennemo, 1995). However, the effects of capital income
taxation cannot account for all of the variance of the rates of return across
sectors, and it is still an unsolved task to identify how much of the remaining
variance is due to different risk premia and/or to different kinds of
disequilibrium phenomena.

Through the price-cost relations in the model, all endogenous domestic prices
become functions of what we call primary cost components. These are the
sectoral wage rates, capital costs per Norwegian krone invested, import prices,
productivity parameters, indirect tax rates and domestic prices of public
services. Due to decreasing returns to scale in the electricity sector, the
domestic prices are in principle also dependent on the activity level in the
economy through the electricity demand. However, the practical importance of
this quantity effect is small for most domestic prices.

2.1.7 Foreign trade

Since our study concerns a small open economy and focuses on natural
resources, it would be natural to develop our numerical model from the
so-called Heckscher-Ohlin-Samuelson (HOS) model of comparative advantages
based on international differences between the endowments of primary factors of
production. Formally, this is not done in MSG-EE. Instead we have adopted the
Armington approach according to which Norwegian products differ from the
corresponding foreign varieties. The Armington hypothesis is often justified in
AGE-models, because the model results become consistent with observed facts
like intra industry trade and lack of complete specialization. However, it implies
that Norwegian producers face a declining demand curve on the international
markets and that they have some degree of market power. Furthermore, the
domestic price of a tradeable can deviate from the world market price of the
corresponding product. These implications of the Armington approach have
often been attacked as being an unrealistic long-run description of a small open
economy. However, this is not a criticism of the Armington hypothesis as such,
but of the empirical magnitude of the estimated price elasticities of export
demand which typically turn out to be much smaller than one would expect
from the fact that Norwegian exporters have insignificant market power even if
they agree on collusive behaviour.

Slow adjustments to changes in relative prices may, however, have other
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explanations than small price elasticities. Norman (1990) characterizes the
tradition of adopting the Armington hypothesis as a “purely ad hoc means of
describing intra-industry trade flows and reducing the sensitivity of trade flows
to changes in relative prices - essentially, it is an attempt to capture supply-side
imperfections through modifications of the model’s demand side”. He concludes
that “the Armington hypothesis is no substitute for explicit incorporation of
oligopolistic interaction and product differentiation at the firm level”. However,
Branson (1990) and Winters (1990) concludes in their comments to Norman’s
article, that the Armington approach serves fairly well as an approximation to
monopolistic competition if the number of firms is large. It belongs to the future
development of the MSG-EE model to pursue the implications of this criticism.

Export demand is endogenous for most of the manufactures and for some
services, which jointly cover about fifty per cent of total exports. For these
commodities, Norwegian firms face export demand curves which depend
negatively on the ratio between the domestic price and the exogenous world
market price. In addition, an index for world market demand can shift this
demand function. The export demand functions were estimated by Lindquist
(1993). For the rest of the commodities, most notably Crude oil, Natural gas,
Oil and gas pipeline transport and Oil and gas exploration and drilling, Leasing
of oil drilling rigs and Ocean transport, export demand is fixed by the model
user. The same is true for exports of second-hand real capital.

Production of resource based commodities like primary industry products,
Crude oil and Natural gas, is exogenous and assumed to be determined by
supply side conditions. For these commodities, imports are determined
residually as the difference between total demand and domestic supply. Except
for non-competitive commodities, imports of each of the remaining commodities
are determined via import shares. The import shares are both commodity
specific and, in general, depend on the demand components. For manufactured
goods, which cover more than half of total imports, the import shares increase
endogenously if the domestic price is raised relative to the corresponding import
price. Formally, the import shares follow from Shephard’s lemma as the
derivative of the price of the composite good with respect to import price.
However, the relative price dependence of the import shares is only commodity
specific and does not vary across different kinds of domestic use. The
substitution parameters were estimated by Svendsen (1990). For services,
except domestic transport services, the import shares are exogenous.

The exchange rate is the numeraire in the model. Due to the assumption that
domestic and foreign varieties are imperfect substitutes, domestic prices of
tradeables need not be equal to the corresponding world market prices.
Exceptions are the products Crude oil, Natural gas, Oil and gas pipeline
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transport and Oil and gas exploration and drilling, Leasing of oil drilling rigs
and Ocean transport, all of which face perfectly elastic demand on the export
markets.

2.2 A stylized version of MSG-EE

The conceptual and empirical basis for MSG-EE is the national accounts (NA),
and a model simulation provides a description of the development of the
economy according to a detailed national account framework, including a high
degree of detail with respect to policy instruments. This makes the model
operational for analyses of concrete policy changes, and the results can be
evaluated by concepts which have a precise empirical content. On the other
hand, these features contribute to increase the number of variables and
equations, and makes it more difficult to identify the empirically most
important aspects of the model structure. This difficulty is reinforced by the
selective and relatively detailed treatment of various sectors. In this section we
want to focus on the general equilibrium nature of the model. For this purpose
we find it pedagogical to consider the formal structure of a stylized version of
the model. Compared to the implemented model the exposition of the stylised
model abstracts from the following aspects:

e All factor specific productivity parameters are neglected.

e Indirect taxes are represented by a commodity specific tax rate on the
basic value.

e Demand for inventories, re-exports and exports of second-hand capital
goods are neglected.

e The number of households in the different household groups is assumed to
be constant. The demographic variables are therefore suppressed.

e Each sector produces a single commodity.

e The technology in all sectors except Hydro power production exhibits
constant returns to scale.

e Import shares are independent of the use of the commodity.

2.2.1 Producer behaviour and the structure of the price model
Elimination of all entry/exit incentives requires equality between domestic
producer prices and sectoral unit costs. In all industries, except Hydro power
production, the production functions exhibit constant returns to scale, which
implies that unit costs equal marginal costs. It is convenient to treat the
determination of the activities and output prices of Hydro power and Gas power
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production separately. At this stage we therefore let the producer prices of
electricity take on a preliminary exogenous value.

Elimination of entry/exit incentives may, however, not be the case in the base
year or in other years along a path intended to be a neutral projection.
Therefore, a parameter 'yJP is specified for each production sector j capturing
possible deviations from the equilibrium price with free entry/exit

1
(1) ~fBf = = (PLj,PK]-X,PUj,PTj,PV}) +1, jePS\{HG}
J

where PS\ {H, G} is the set of n production sectors excluding Production of
hydro (H) and gas (G) power, and 7]’-) is an exogenous parameter correcting for
(short-term) deviations between the sectoral basic price and estimated total
unit costs in sector j. Furthermore, B]H is the domestic price of commodity j
(basic value), PL; is the wage cost per man-hour, PK ]X is the user cost of
capital net of transport equipment, PUj is a price index on energy for heating
purposes, PTj is a price index on transport services, PV} is a price index on
other material inputs, €; represents an exogenous Hicks-neutral productivity
parameter, and t; is the exogenous net sectorial tax rate proportional to gross
production in sector j.

The sectorial tax rates, t], and the commodity tax rates, are weighted averages
of different indirect taxes. The unit cost function, c; (-), is independent of
output, reflecting the underlying assumption of constant returns to scale.
Electricity supply is given a rather more detailed treatment, which we will
describe later on. According to Shephard’s lemma, the optimal input coefficient
of factor ¢ in sector j is given by

_ 9¢()

(2) Cii = BTij’

where i = L, KX,U, T,V (labour, capital, energy for heating purposes,
transport services and other material inputs, respectively).

The input activity Transport services includes both commercial transport
services purchased in the market for transport services as well as own produced
transport services, i.e. transport services produced by the sector itself.
Although the production sectors are classified as functional sectors, data
(though poor in many respects) indicate significant input of own transport of
road and sea transport in some sectors. We will return to a closer description of
the composition of the transport aggregate below, and more details are
presented in Chapter 3. However, it is convenient at this stage of the exposition
to point out that the inclusion of own transport in the transport aggregate
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affects the definitions of the other input factors. In principle we should identify
the allocation of the sector’s total use of L, K~, U, T and V on the production
of final goods and the production of own transport. Our data did not provide
us with sufficient information for undertaking this task. Instead, we have used
the input of marine fuels as an indicator or proxy for the volume of own sea
transport. The volume of own road transport is measured by the service flow
from transport equipment intended for road transport which is combined with
the transport fuels gasoline and autodiesel. Hence, the capital stock in sector j,
K ])‘ , does not include transport equipment, and transport fuels are netted out
of from the energy aggregate Uj.

Labour is treated as a homogeneous input that can be reallocated between
sectors without costs. Under this assumption, the equilibrium sectoral wage
rates, net of taxes, should therefore be equalized. However, this assumption is
an oversimplification of reality; it is beyond the scope of the model to say
anything about these differentials which are introduced as exogenous variables:

(3) PL;j=~yfw, j€PS

where w is a general index of the level of the wage rate paid by the producers,
and 'ij is an exogenous parameter reflecting imperfections in the labour market,
the fact that labour is a heterogenous input with sector specific composition,
and differences in employer’s tax on labour. Note that differences in wage rates
paid by the producers between sectors, imply that the marginal product of
labour differs across sectors, giving rise to possible gains or losses from
reallocations of labour.

The stock of capital in sector 7 which is used in road transport (buses, cars,
etc.), is denoted K JR. The remaining stock of capital in sector j is denoted K ]X .
The service flow from K JX is employed directly in the production of the sectoral
output. KJR is at a first stage employed in the sector’s own production of road
transport services. These services are in turn combined with other kinds of
transport services. The resulting aggregate of transport services is then
employed in the production of output. The cost of capital is derived from the
intertemporal neoclassical theory of investment, where the producer undertakes
investments in order to 