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PREFACE

This report is a slightly revised version of a paper presented at the Seventh International
Conference on Input-Qutput Techniques, Innsbruck 9-13 April 1979. The study is part of a project
run by the Central Buerau of Statistics in cooperation with faculty members of the Institue of
Economics at the University of Oslo. With the MSG-model as a starting point, the aim of the pro-
ject is to construct a model which is tailored for energy analyses in addition to more traditional
studies of Tong-term economic development.

This report gives a brief outline of the model, and surveys in more detail the modifications
and the new elements of the MSG-model.

The comp]ef% equation system, estimation techiques and results, and model simulations will
be presented in later reports.

Central Bureau of Statistics, 0slo, 21 December 1979

Petter Jakob Bjerve



FORORD

Denne rapporten er en noe revidert versjon av et notat til "The Seventh International
Conference on Input-Output Techniques" som ble avholdt i Innsbruck 9.-13. april 1979. Med utgangs-
punkt i MSG-modellen har Statistisk Sentralbyrd, i samarbeid med forskere fra Sosialgkonomisk Insti-
tutt, arbeidet med & utforme et makrogkonomisk modellverktoy som er spesiellt innrettet mot energi-
analyser.

Denne rapporten gir en oversikt over hovedtrekk i modellen og redegjer i tillegg for modi-
fikasjoner og nye elementer i MSG-modellen.

Det detaljerte ligningssystemet, estimering og modellberegninger vil bli presentert i egne
rapporter.

Statistisk Sentralbyrd, Oslo, 21. desember 1979

Petter Jakob Bjerve
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1. INTRODUCTION

The pattern of direct energy use in Norway is rather simple. 0il1 products are mainly used
for transport and heating, while hydro electric power covers the rest of the energy demand from indu-
stries and households. This pattern has long traditions, both the industry innovations at the beginn-
ing of the century and the post war reconstruction programs initiated the expansion of heavy industries
bases on hydro electric power. The government has a decisive influence on the development and operation
of electricity production in Norway. However, the analytical tools provided for analysing energy econo-
mics on a macro level in Norway have so far been rather unsatisfactory. Existing macro economic models
include only rough descriptions of energy in money terms, while sector models for energy supply have
note taken careful account of the overall economic development.

The Central Bureau of Statistics is the main supplier of operational models for economic plann-
ing and analysis on a macro level in Norway. The Bureau is also responsible for the preparation of
national accounts and energy accounts. One major task in the development of better tools for analys-
ing energy development is to integrate energyflows, in physical as well as money terms, in operational
macro-economic planning models. It is thereby possible to forge energy sector planning and overall
macroeconomic analysis into the same framework.

The aim of the project presented below is to study the long term interaction between economic
growth and energy production and use.l) The point of departure has been an existing multi-sectoral
growth model, called MSG.2) The main features of the model are presented in chapter 2.

Compared with the MSG-model several parts have been modified or added to provide the MSG-E
model described in this paper. The model has been restructured with a revised industry classifica-
tion to include new elements in the modelling of energy flows and the generation and absorption of
energy. The input-output part, based on national accounts, traces flows of energy and non-energy
commodities measured in constant prices as inputs to industries and final demand. To identify the
flows of energy in physical terms differential distribution costs and the occurrence of price discrimi-
nation has to be accounted for.

On the demand side for energy the production model for each industry has been developed to
allow for substitution between various energy inputs and between energyand other inputs. For most
industries the specification of the production structure is at present based on the neoclassical theory
of production. However, the energy intensive industries will in later versions of the model be treated
in more detail by elaborating sector models, partly based on engineering approaches and process analyses.

The household consumption model has been developed to include effects on energy demand of changes
in stocks of consumer durables.

The energy supply model is at present only elaborated in any detail for the production of elec-
tricity. In the description of the supply of hydro electric power, the model benefits from calcula-
tions carried out by the Norwegian Water and Electricity Board. The results are used to estimate a
cost function for the electricity producing sector. In addition the model specification requires in-
formation of resource use in the transportation or distribution of electricity from power stations to
the various users. i

A short discussion on the use of the model is included at the end of this paper.

The authors wish to thank Olav Bjerkholt for valuable comments and suggestions on our draft
manuscript.

1) In another project in the Central Bureau of Statistics the emphasize is on the short to medium
term relationships between energy demand and economic development (see Hervik (1979)). This energy
model translate the results from the national budgeting and planning model MODIS IV for energy flows
in constant values into physical units in great detail. The model is used to provide short to medium
term forecasts for energy consumption and to check the consistency between the overall economic, plan
and the existing sector plans for energy supply. 2) See Johansen (1974). This model orginated as

an empirical study of the growth potential of the Norwegian economy in Johansen (1960). It was later
turned into an operational model, mainly for the use of the Ministry of Finance, and known as the MSG

model. The last version was completed in 1975 (see Lorentsen and Skoglund (1976)). The model described
in the present study is referred to as the MSG-E model.



2. A BRIEF OUTLINE OF THE MODEL

The operational model which serves as the point of departure (the MSG model) takes as exogenously
given the growth in productive capacity for the economy as a whole, summarized by the growth in labour
force, capital stock and the trends of technological progress. The main strength of the model is its
ability to trace out the long term growth paths of the economy, especially the distribution of labour,
capital and production over a disaggregated set of industries, the changes in the household consumption
patterns, and the development in the corresponding equilibrium prices.

The major changes compared with the present MSG model are partly general improvements and partly
determined by the energy orientation of the MSG-E model. These changes are discussed in detail in chap-
ters 3, 4 and 5. A general presentation of the MSG-E model is given below emphasizing the main behavioral
relationships.

A system of partly non-linear, simultaneous equations forms the core of the model. It is often
a somewhat dubious task to explain the economic logic of a simultaneous system. One has to start some-
where and reason through, but inevitably one needs some loops back since the model has no head or tail.
A simplified diagram of the structure of the model is depicted in figure 1.

For a guidance through figure 1 assume that all sectors produce at constant returns to scale,
minimize costs and set prices equal to unit costs. Start in the upper left hand corner of the diagram
and assume given wage rates, trends of technical change and returns on capital. The producers then have

enough information to choose the cost minimizing technique in terms of input coefficitens and to deter-

mine prices that cover costs.
For given final demand the scale of production by industry is determined as in simple traditional

input-output models. Industry demand for capital and labour services is also derived. Imports are
calculated from import shares, differentiated by commodity and by purchasing sector. Actually, final

demand is partly exogenous, such as exports and government expenditures and partly endogenoug, such
as private gross investments and household consumption.
Private gross investments are determined in a closed loop with the scale of production by indu-

stry. The scale of production by industry determines capital service and capital stock by industry and
by kind of capital good. This againdetermines private gross investments by commodity.])

For given prices the commodity composition of household consumption depend only upon total house-
hold consumption, which is determined in such a way that full capacity use in ensured. The total produc-
tive capacity for the economy as a whole is determined by the exogenous total labour force and total

capital stock and the given production efficiency.

The above description may be regarded as the first iteration step in solving the equation
system. Starting with arbitrarily chosen rates of return on capital and wage rates, the techniques
chosen and the prices determined would generally not lead to an equilibrium solution. When producers
optimize their use of labour and capital services for given remuneration to factors their total factor
use will not equal given factor supply. Consistencymay be achieved, however, by letting the index of
overall returns on capital be endogenousz). Gradually adjusting returns on capital imply changes in
prices and input coefficitens. The final iteration will trace out a balanced picture of the economy
with neither shortage nor surplus of commodities, labour and capital3). ]

The MSG-E model also includes submodels for capital depreciation, indirect taxes and changes in
commodity stocks. Special options to "control" the model results for the deficit/surplus of the balance
of trade (e.g. adjusting the import shares or the export estimated) are introduced. In some sectors,
mainly primary industries, decreasing returns to scale are assumed. This impose another 1link between
prices and quantities since unit costs in these sectors depend upon the scale of production. Som commo-
dity prices are given outside the model, and the production levels and/or investments of some indu-
sties are exogenous.

1) A submodel for depreciation is also included (not indicated in figure 1). 2) The rate of return
on capital in sector j can be written Rj = ij where p. is the relative rate of return (exogenous struc-

ture coefficient) and R is an endogenous index of overall returns on capital, for simplicity normalized
to one in the base year. 3) As formulated above, the crucial 1ink between the price and quantity side
of the model is the index of the overall level of returns on capital. This link could be broken by giv-
ing rates of returns exogenously, thus dividing the model into a price-model and a quantity model. One
of the resource restrictions, preferably for capital, would thenhave to be relaxed and total capital
stock endogenously determined. The model could then be characterized as a demand oriented model, whereas
it now is better characterized as supply oriented. The equation system would remain unaltered. For
medium term planning such a demand oriented version of the MSG-E model may be more appropriate.




Some of the special cases referred to above (decreasing returns to scale, exogenous priceé,
exogenous estimates for production and investment) apply to the energyproducing sectors, and will be
further discussed in chapter 4.

A complete representation of technological and behavioralrelations within households and in-
dustries would exceed the 1imits of a manageable model. In MSG-E the interplay of sectors in a growth
process is focused; behaviour and technology within sectors are given a rather simple representation.
To supplement and check the results of the MSG-E model, detailed sector models will therefore be worked
out.

It should be noted that several general weaknesses of the existing MSG model will be inherent
in MSG-E. For instance, all exports are exogenous. Energy intensive industries are major export in-
dustries, which means that the assessments of exports directly influence the development of energy
use. However, several ongoing projects are aiming at modifying and improving various parts of the
model. Results from these projects will gradually be implemented in MSG-E.

FIGURE 1. Structure of MSG-E

Wage Technical Total Total Exogenous Import
rates change capital labour final shares
stock force demand
v \ v v v
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3. BASIC CONCEPTS

The Norwegian national accounting system, which is in very close adherence to the new SNA (see
the United Nations (1968)) forms the conceptual framework of the MSG-E model. The model includes an
accounting system, i.e balance equations and definitional relations, which to a great extent are iden-
tical with the real flows of the national accounts. The financial flows are at present not included.
A major part of the statistical data required for estimation, including base year values, is supplied
by the national accounts.

3.1. Sectors, commodities and primary factors])

The inter-industry transactions of the economy form a central component of the MSG-E model.
In accordance with the accounting framework the inter-industry transactions are represented by a
pair of rectangular commodity-by-industry matrices, one for input of commodities to industries and
one for output of commodities from industries. The representation of commodity flows of the economy
also includes output of commodities from import categories and input of commodities to final demand
categories.

The commodity flows of the model may be described as flows between (functional) sectors. The
sector concept is first of all used for the classification of establishments and similar economic units
into production sectors (industries). The model has 32 production sectors, including five general
government production sectors. Special attention is paid to the specification of major energy produc-
ing and energy consuming industries. The major energy producing industries include sectors for the
production of electricity, the production of crude 0il and natural gas, and the refining of crude oil.
The major energy consuming industries (energy intensvie industries) include sectors for the production
of pulp and paper, the production of metals, and the production of chemicals.

In addition to a classification of establishments, the sector concept is also applied to broad
categories of goods and services classified by origin or use, i.e. one sector for imports, exports,
household consumption, general government consumption, private investments, and general government
investments, respectively.

In the model an important distinction is drawn between production sectors (industries) and
commodities. The commodities of the model include all commodities of the Bruxelles nomenclature and
in addition groups of services. The commodity classification is arrived at by adopting the "main
producer" principle, i.e. letting all goods and services with the same industry (production sector) as
the main producer form one commodity. The classifications of production sectors and commodities are
thus closely related.

Strictly followed this procedure will give the same number of commodities as the number of
industries, i.e. square commodity-by-industry matrices.2) However, in a counle of cases energy commodi-
ties have been separated from other commodities with the same main producer. Also commodities represent-
ing imports for which there is no domestic production (non-competitive imports) are included as separate
commodities.

Altogether there are 40 commodities in the model. Five of these may be characterized as energy
commodities, namely electricity, crude oil (incl. natural gas), coal, petrol and fuel oil. The produc-
tion sector for refining of crude oil has both petrol and fuel 0il as separate output commodities while
coal is a separate output commodity in the production sector for mining.

In addition to commodities each production sector has input of primary factors, i.e. of labour
and capital services. In the model there is just one category of labour input, while the model dist-
inguishes between three main categories of capital goods in the specification of input of capital servi-
ces ("buildings and constructions", "machinery" and "transportation equipement"3).

1) A more comprehensive discussion of these concepts is given in Bjerkholt and Longva (1979).
2) This does not mean that there is a one-to-one correspondence between commodities and industry out-
puts. At the chosen level of aggregation there will still be significant non-zero off-diagonal elements

in the commodity-by-industry output matrix, i.e. mulitple output in industries. 3) In addition capital
in shipping and capital in crude oil production form separate categories.




3.2. Activities and the basic quantity equations

The rather disaggregated representation of the commodity-by-sector flows makes it possible to
focus upon the interplay of sectors in a growth process. This interplay is believedto be of crucial
importance for the study of links between economic growth and energy use. It is also possible to give
the energy commodities and the energy producing and consuming sectors a proper representation.

In addition to the intra sectorial substitution, substitution possibilities within each sector
is included in the model. In the submodels for producers' and consumers' behaviour we therefore ex-
plicitly assume the existence of production possibility functions for the production sectors and a
utility function for the household consumption sector.

However, the rather disaggregated representation of the commodity-by-sector flows makes it
hardly possible, nor essential for the quality of the model results, to introduce substitution possi-
bilities between all inputs and outputs of each sector. To simplify we have therefore partitioned the
set of detailed commodity and primary input flows of each sector into mutually exclusive and exhaustive
subsets and a priori imposed the restriction that the production or utility function is separable in
these subsets.1)2) Each subset defines an aggregate of input and output commodities or of primary in-
puts and the substitution possibilites are introduced only between these aggregates. Within each aggre-
gate we assume fixed proportions, i.e. the aggregator functions are simple Leontief functions. In the
following these fixed coefficient aggregates are called activities. The actual specification of acti-
vities in the producer and consumer submodels will be further discussed in chapters 4 and 5.

Formally, the subdivision of sectors into activities is also extended to the import and final
demand sectors others than household consumption. For imports and exports there are one activity for
each commodity flow, while general government consumption activities represent types of government
services. The private and general government investment activities correspond to categories of capital
goods.

In the model we distinguish between commodity activities, i.e. an aggregate of commodity flows
in fixed proportions, and primary activities, i.e. an aggregate of primary inputs in fixed proportions.
The commodity flows between commodity activities include all generation and absorption of commodities
in the economy except changes in commodity stocks. The commodity balances can thus be written as:

X, = oxt, - o3, i=1,..n.

; ASFIN SNy (3.1)

where X:j is output of commodity i from commodity activity j,
X;j is input of commodity i to commodity activity j, and
Xi is net increases in stocks of commodity 1.

n, is the number of commodities.

X

We also introduce the concept commodity activity level as net output of commodities from
activity j, i.e.

s eyt oeym .o
A. = ;Xij gxi. J ]""’"A (3.2)

1) Sufficient conditions and implications for a production function having this property are discussed
by Berndt and Christensen (1973). 2) Subsets for primary inputs and commodity outputs are of course
only relevant for the production sectors. .
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where Aj is net output of commodities from commodity activity j (activity level for activity j). )
A is the number of commodity activities.
The commodity balance equation, including the fixed activity coefficients for commodities
(the basic commodity equation), is then given by

AA = X (3.3)

where Ay = {Aij} is a commodity-by-activity coefficient matrix in which

+ -
Xoo = X, X,
- i ij _ nid
element Aij Aj “5—

(positive or negative) gives net output of commodity i per unit of commodity activity Jj,

b3
)

{Aj} is a vector of commodity activity levels, and

>
n

{Xi} is a vector of increases in commodity stocks

Equation (3.3) follows directly from mainpulations of (3.1) by inserting the expression for

}ij‘ The elements of AX are estimated from base year data.

As mentioned above the model also includes activities for primary inputs (labour and capital).
These primary activities are of course only relevant in the production sectors. The balance equations
for primary inputs can be written as

Y, = 3V, i=1,

i =Yy “eesly (3.4)

where Y;j is primary input i to activity j, and
Yi is total supply of primary input i.
Ny is the number of categories of prima?y inputs.
As for commodity activities the primary activity levels are defined as

B, = zV.. j=1,...,n

i T B (3.5)

where Bj is total input to primary activity j (activity level for activity j)
ng is the number of primary activities.

The balancing equation for primary inputs, including the fixed activity coeffients for primary
inputs (the basic primary equation) is then given by

AB =Y (3.6)

where AY = {X;.} is a primary input-by-activity coefficient matrix in which element Aij gives

iJ
input of primary input i per unit of activity level j,

1) Import and final demand (including household consumption) activities have of course only output and
only input of commodities, respectively. As will be discussed in section 4 the production sectors have
normally separate activities for input and output of commodities. This means that, with a few minor
exceptions, no activity has both inputs and outputs, i.e. for each activity either

+ - . .
?Xij or §X1j in (3.2) is zero.
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@
n

{Bj} is a vector of primary activities, and

—~<
L}

{Yi} is a vector of total supplies of primary inputs.

As for commodities the activity coefficients for primary inputs are estimated from base year
data.

3.3. Value concepts

The value concepts adopted in the model are essential both because of the prominent role played
by the interindustry transactions and because of the modeling of the price dependent substitution within
sectors.

In general the elements of the commodity activity coefficient matrix are estimated from the natio-
nal accounts for the base year of the model. This means that quantities of commodity flows are measured
in unit prices of the base year, i.e. constand unit values. The principal concept for evaluating commo-
dity flows in the model is (approximate) basic values.]) The basic value concept is preferred to pro-
ducers' value or purchasers' value because the trade margins (including transport charges) and commodity
tax rates may vary between receiving sectors of the same commodity and thus may cause a discrepancy be-
tween total supply and total demand in constant unit va]ues.z)

The commodity activity levels are defined above as the constant unit value of net commodity
output of each activity. In the MSG-E model the activities are not, however, evaluated in basic values
but in market values, computed as producers' value of commodity outputs less purchasers' value of commo-
dity inputs.3) The reason for this is first of all that the substitution possibilities within each
sector is specified between activities, not between commodities. Market prices are the relevant price
concept in modeling the producers' and consumers' behaviour.

With commodity flows measured in constant basic values and commodity activities in constant
market values the basic commodity price equation, which is the dual of (3.3)4), can be written as

T (3.7)

where PX is a vector of commodity price indices in basic unit values,

PA is a vector of price indices of activity levels in market unit values, and

TA is a vector of commodity taxes, net, in current value per unit of activity ]eve].s)

The basic primary price equation, which is the dual of (3.6), can be written as

APy = Py (3-8)

where PY is a vector of price indices of primary input by category, and

PB is a vector of price indices of primary activity levels.

1) The Norwegian national accouting system includes a set of value notions, as rgcommended in A system
of National Accounts (United Nations 1968)). 2) Note that apart from trade margins and commodity taxes
there may be genuine pricedifferentiation in the base year. This bias in the ba§e year we1ghts may be
a source of error in the model computations. As will be discussed later price differentiation will be
explicitly corrected for in the case of elctricity. 3) Equation (3.2) must therefore be extended a]so
to include indirect taxes. 4) Note that when a production function is separable in some aggregate in-
puts, the cost function will be sparable in the corresponding price indices. 5) Trade margins are
treated as an ordinary commodity.
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3.4. Energy flows in physical and money terms

The model outlined in this report is designed to be used as a planning tool for the capacity
of the electricity sector. It is therefore particularly important that the supply and demand of ele-
ctricity in constant value terms in the model can be correctly "translated" into physical units, i.e.

kith. In later version of the model such on integration of electricity in physical as well as in money
terms will be extened to other energy flows as well.

As discussed in the preceding section constant basic values are assumed to be the proper volume
measures for the commodity flows. However, due to market differentiated distribution costs and signi-
ficant genuine price discrimination constant basic value is not directly suitable as a volume measure
of electricity.

The production sector for electricity in the national accounts comprises both the production
part, i.e. the electric power stations, and the distribution part, which encompasses transmission
Tines, transformators and distribution network. Thus, while the basic values for most other commo-
dities are corrected for differences in the amount of trade services including transport charges, this
is not the case for electricity. Distribution costs vary considerably between different uses. Elec-
tricity intensive industries receive power directly from the transmission system at a very high voltage.
Both the capital costs and the phgsica] power losses are therefore relatively low. Electricity consumed
by private households will, on the other hand, be carried over longer distances and through all stages
of the distribution network; labour and capital costs and power losses are thus much higher. Further-
more, as will be discussed in section 4.3, the production structures in the two parts of the electricity
supply sector are rather different. The resource use in the supply sector is therefore dependent on
the composition of electricity demand and an aggregate specification of the electricity supply sector
is not satisfactory.

In order to construct an overall volume measure for electricity it is therefore necessary to
undertake a further separation of the basic values of the national accounts. In the model electricity
supply is divided into two commodities, electricity and distribution services. As will be discussed
in section 4.3 separate production functions are introduced for these two commodities. This specifi-
cation is described in a simplified way in figure 2.

FIGURE 2.
E >
Cl
v
C2
D >

As illustrated in this figure electricity ("E") - corrected for real distribution costs - in
the energy model will be delivered to the electricity consuming sectors C] and Cz.]) Furthermore
electricity distribution services ("D") are delivered to the same users. For each receiving sector
electricity and distribution services are included in the same input commodity activity, i.e. fixed
but purchaser differentiated proportions between electricity and distribution services are assumed.

]) Total physical power losses is considered as a significant input in the production of distribu-
gyon services (see section 4.3). This is illustrated by a flow of electricity from E to D in the
igure.
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An additional problem in bridging the gap between value measures and physical flows of electri-
city is connected with the underlying price discrimination in the electricity market. The differences
in market prices reflect only partly differences in the actual marginal unit costs. The most obvious
deviations exist between (i) deliveries to the energy intensive industries and (ii) deliveries to house-
holds, the service sector and other industry sectors. Due to existing favourable long term contracts
the prices paid by the first of theses groups are relatively low compared with the charges of other
users when real cost are taken into consideration. As a consequence the quantity of electricity - in
physical units - corresponding to the constant unit value terms will depend on what market these refer
to even if basic values are corrected for different distribution costs. In order to establish a con-
stant value measure for electricity which is proportional to kkWh in all markets price discrimination
will also have to be deducted from the basic values. The resulting unit value defines the volume notion
for electricity - it may preliminary be called “"constant standard value". The price discrimination in
the electricity market is introduced explicitly in the energy model as an artificial "tax" or "subsidy"
with differentiated rates. Total net price discrimination is conventionally normalized to zero in the
base year.

Due to the rather detailed treatmentof electricity demand and supply in tie model the time
series data from the national accounts have to be supplemented with information from other data sources.
Electricity supply is represented by one single sector in the national accounts. The model structure out-
Tined abovethus requires a further separation of value flows in the national accounts. For every electri-
city using sector we need information to determine how much of the difference between the actual pur-
chasers' price and a "standard price" (proportional with kWh) is accounted for by real costs of distri-
bution and price discrimination, respectively.

Because of the assumption of fixed coefficients between the different value components of elec-
tricity for each receiving activity, base year data will be sufficient.1) The necessary information to
estimate this breakdown empirically is provided by electricity and industrial statistics supplemented
by technical data from engineering studies.

4. PRODUCTION

Several recent studies of energy demand indicate considerable substitution possibilities with-
in aggregated sectors, both between different energy commodities and between energy and other aggrega-
ted inputs?) In MSG-E such substitution possibilities are introduced as an integrated part of the
model.

The formal specification of the production structure is similar for most of the 27 industry
production sectors of the model. The neoclassical theory of production, formalized by Generalized
Leontief cost functions, and Hicks neutral technical change, are probably sufficient as an approxi-
mation for the description of producer behaviour in summary form in a long-term model. However, for
the energy producing sectors and for some of the main energy intensive sectors this approach has
several limitations. The neoclassical approach will therefore for these sectors be supplemented by
separate process oriented sector models. For the electricity supply sector such a sector model is
from the outset partly integrated in the main model (see section 4.3).

4.1. General model

A primary objective of the models for producer behaviour is to derive demand functions for
each commodity and primary input into each industry and supply functions for each output commodity.
To simplify we have, as discussed in section 3.2, imposed a two-tier structure on inputs and out-
puts of each sector. The substitutionpossibilities are introduced only between aggregates of commo-
dity and primary inputs within each sector, i.e. between activities.

1) However, time series will be necessary to estimate production functions on the supply side.
2) For a survey of such studies, see Blaalid and Olsen (1978).
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On the input side the individual commodities and primary inputs are aggregated into five input
activities, namely one for real capital (three types of capital), one for labour (only one type), one
for materials (all non-energy commodities), one for electricity (two commodities, see section 3.4) and
one for other energy inputs (two energy commodities), for short called fuels. On the output side the
individual commodities supplied by a sector are, with three exceptions discussed later in this section,
aggregated into one output activity.

The model for producer behaviour is defined in terms of these input and output activities.

Since there are fixed proportions between the flows (commodities or primary inputs) composing each
activity the commodity supply and demand and primary input demand are easily derived once the activity
levels are determined.

As shown among others by Diewert (1971) the neoclassical theory of production can be represented
in two ways; either by postulating production functions and necessary conditions for producer equilibrium
or, alternatively, by directly specifying the cost functions of the model. Under certain assumptions
the two procedures will give an equivalent description of the production structure. The introduction
of cost functions is convenient also by the fact that input demand functions (following Shephard (1953))
can be derived simply as partial derivatives of the cost functions with regard to the corresponding in-
put prices. Furthermore, this specification can facilitate the solution of large equation systems.

Such considerations form the background for our choice of postulating cost functions in the energy model.

Below a brief outline of the relations between the specified activities and the corresponding
price indices is given. On the demand side of the producer behaviour model we can for an arbitrary
sector write

M Materials

A, = Z.A i =(E Electricity (4.1)
i i X
F  Fuels
- . [ L Labour
By = Z;Ax ‘*{K Capital (4.2)

where A, are commodity activity levels for aggregated commodity inputs

B, are primary activity levels for aggregated primary inputs.

is the output activity level (assuming only one output activity in each sector), and
Zi are input-output coefficients for the various input activities

The Z-coefficients are endogenously determined by assuming the existence of a set of "well-be-
haved" homogeneous production functions of degree one and that factor demand is determined in such a way
that least cost production pattern is undertaken, i.e. cost minimization. The input-output coefficients
for activities in the sector can then be written as a function of input prices and tecnhical change,
i.e. as

Zi = 5 (Pys P> Ps P Pys €), (4.3)

vihere PM, PE’ PF and PL’ PK are price indices for commodity and primary input activities, respective]y]),
and e represents technical change.

When the production function is linear homogeneous profit maximization fails to determine a
unique supply curve for sector output. On the supply side of the producer behaviour model we instead
assume that in each industry the output will be priced such that the price covers average costs, i.e.
zero excess profit.

We can then write

Py = c (4.4)

1) As discussed above in section 3.3 all activity prices are market prices.
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where ¢ is total unit costs, and

PX is the price of the output activity.

Total unit costs can be written as

c=127,,+17 PE + ZFPF + ZLPL + 17 (4.5)

Mmt CE P+ T

K S

where TS represents net indirect taxes per unit of total output.])

For given input prices the output price is thus independent of the output level and the pro-
ducer supply what is demanded without any changes in prices, i.e. the supply curve is infinitely elastic.

4.2. Econometric specification

The principal features of the production structure outlined above correspond to the model of pro-
ducer behaviour in theenergy model for the American economy developed by Hudson and Jorgenson (1974).

In their model the cost functions are represented by translog price possibility frontiers. In our
energy model for the Norwegian economy we have chosen another functional representation. The start-
point of this project was the MSG model where the production structure is based on fixed coefficients
or Leontief technology for input of commodities and a Cobb-Douglas technology for labour and capital
inputs. A generalized representation of this rather rigid structure is provided by the Generalized
Leontief (GL) cost function, first introduced by Diewert (1971).

In estimating these cost functions an additional a priori hupothesis of separability is in-
troduced by assuming that the two specified energy activities can only be substituted against other
inputs via an aggregate for total energy input. This description is consistent with most recent
studies of energy demand (Hudson and Jorgenson (1974), Berndt and Wood (1975) and Fuss (1977)).

Thus, on the most aggregated input level_only four inputs are specified in the production functions;
labour (L), capital (K), materials (M) and total energy (U). While the aggregator functions for the
first three of these inputs are described simply by fixed coefficient activities, a more flexible
functional form is chosen for the energy activity aggregate to allow for substitution between electri-
city (E) and fuels (F).

When a production function is separable in som aggregated inputs, the cost function will be
separable in the corresponding price indices. The dual to the energy activity aggregate can thus be
thought of as an aggregate price index for energy. Furthermore, if the energy activity aggregate is
Tinearly homogeneous in its components the price index in market equilibrium will equal average energy
costs. This opens for a two-stageoptimization procedure: first optimize the mix of activities within
the energy aggregate and thenoptimize the level of the four aggregated 1nputs.2)3)

Assuming that the production function of an arbitrary sector is homogeneousof degree one, the
GL cost functions can be set out as

1
- ) 2 T 4 =
C = h(t)AEze; (PP L) .3 = L,K,U,M (4.16)

i3
where the P's are price indices for the four aggregated inputs and AX is the output activity level as
defined in section 3.2. The term h(t) represents an assumption of Hicks neutral technical change.

1) TS will also include refunded commodity taxes on commodity inputs, most notable the value added

tax. 2) Homotheticity is a sufficient condition for the validity of the two-stage procedure. The
further restriction of linear homogenity is required to ensure that the product of the aggregate

price and quantity indices equals total energy cost. 3) Since the activities themselves are commodity
and primary input aggregates the cost minimization can actually be viewed as a three-stage procedure.
However, because of the assumption of simple Leontief technology the "optimization" in the first

stage degenerates to provide that there are no waste of resources.
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Differentiating the cost function with respect to the input price, Pi’ gives the demand
function for the corresponding input aggregate. Dividing by the output activity level the input-
output coefficient is derived as

Z, = h(t) stijPi'%Pj : i,3=L,K,U,M (4.7)

It is seen from equation (4.7) that if all the off-diagonal elements of the matrix [Sij]
are zero, the production model reduces to ordinary fixed-coefficient Leontief technology. Thus,
with the specification (4.6) it is possible to test for the existence of substitution among aggre-
gated inputs.

By imposing the restriciton that the coefficient matrix is symmetric, Bij = Bji (i,3=L,K,U,M),
there are ten coefficients to be estimated for each sector. With respect to the parameters the input
demand functions are linear relations, and can thus be easily estimated by simultaneous regression
methods.

The energy submodel is also represented by Generalized Leontief cost functions, i.e. by

Py = §§ bij(Pin)% i,3,2E,F (4.3)

It is assumed that the energy cost functions are linearly homogeneous in the activity aggre-
gate for total energy inputs. This secures the consistency of the two stage optimization procedure and
makes the optimal energy mix independent of the volume of "energy" used.

Equivalent to the derivation of the equations (4.7), the demand for the energy activities rela-
tive to total energy input is derived as functions of the corresponding activity prices by differentiat-
ing the system (4.8) ]). The estimation of the three parameters (the coefficient matrix [bij} is again
assumed to be symmetric) of the sub-model can not be performed directly on the base of the input demand
functions, because total energy input is not observable. However, the cost shares of the two energy
activities can easily be derived as

3
0 = pi% - _Eifiifl___é, i,j=E,F (4.9)
Zizjbij(Pin)

These share functions are estimated by non-linear estimation methods. It is seen from the
equation (4.9) that both actual and predicted shares sum identically to one. The standard solution
to this problem is to delete one equation from the system. Furthermore it is clear from (4.9) that
the matrix [bij] is only determined up to an arbitrary normalization. The scaling of each coefficient
is conventionally determined by deciding that the price index of total energy equals one in the base
year. This is equivalent to imposing the restriction

b

+ 2bop + bep = 1 (4.10)

EE ¥ “°EF T PFF

on the estimating relation.

The estimation of cost functions for the endogenous production sectors is based on national
accounting figures for the five aggregated inputs; labour, capital, materials, electricity and fuels
and for price indices of the same inputs.z) The sectors in the model are aggregates of the sector
classification in the national accounts, and consequently the observations will provide a combined
time series cross-section data set.

1) Multiplying these energy coefficients by the input coefficient ZU in (4.7) gives the specification of

the input coefficients for the two energy activities, postulated in general form by relation (4.4).

2) The price index for labour input is defined as wage costs per manhour while the concept user costs
of capital is applied for the capital input price index. Assuming constant returns to scale the user
cost of capital can be determined in such a way that total costs equal total value. However, the
calculated return on capital will probably be highly influenced by short term fluctuations in the vari-
ables. A major reason for such fluctuations is variations in the utilization rate of capital. As the
MSG-E model is constructed to study long-term developments with the economy running at full capacity, -
the1fina1 estimation of the production structure will use data corrected for time varying capacity
utilization.
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4.3. Energy production

The most important energy producing sectors in the Norwegian economy are the electrivity supply
sector and the sector for extraction and refining of crude oil. Naturally these production sectors are
separately represented in the MSG-E model. In addition to the energy outputs from these sectors coal
is explicitely specified as an output commodity of the mining sector of the model. Some minor products
which might have been characterized as energy goods are included in non-energy commodities of the model.
As will be described below the electricity sector in MSG-E is analysed in a rather detailed way, while
the production of the other energy commodities is given a rather simple treatment in the present version
of the model.

In Norway the electricity supply system is predominantly a hydro-power system. Public authori-
ties have a decisive influence on the planning and operation of the sector.

As mentioned in section 3.4 the electricity sector in the MSG-E model is subdivided in a pro-
duction and a distribution part with separate production functions, one for the production of electri-
city and one for the production of electricity distribution services. The production part of a hydro

power system has the following characteristic features:

i) Nearly all costs can be considered as fixed consisting of real capital outlays while operat-
ing costs (wages and material costs) are low. This as opposed to a production system dominated by
thermal power plants, where variable costs are a major part of total costs.

ii) The planning problem in a hydroelectric power system has two main dimensions. As in a
thermal power system it is necessary to provide sufficient plant capasity to meet peak load demand.
But in addition, the hydroelectric system cannot be controlled except by water storage. The planning
problem is therefore to provide, in addition to the necessary plant capacity, storage facilities that
will be sufficient to meet total annual energy demand.]

iii) A common feature of production based on extraction of natural resources is decreasing
returns to scale. Thus, in formulating the production structure of a hydro power system it is essen-
tial to include the possibility of an increasing marginal cost function.

The production model for electricity is partly described by relationships on the micro level.
In this paper only the derived macro relationships included in the MSG-E model will be indicated; for
a complete presentation of the sector model, see Strem (1979).

The enrgy dimension of the hydro power system is mainly related to the building of water

reservoirs. A given water storage represents a certain volume of potential energy (kWh). Further-
more the load capacity (in kW) of the hydro power system will depend on the characteristics (heights
and diametres) of the tunnels from the reservoirs to the power stations. The final transformation of
water power to electricity requires the installation of turbins and generators in the hydro plants.

The demand for electricity varies during the day and during the year. Integrating the corre-
sponding load curve gives the total annual electricity consumption. To simplyfy the MSG-E model we
assume that the proportion between load capacity in the hydro power system and the annual proauction
of electricity is exogenously given.z) Accordingly the planning problem in the hydro power system is
reduced to one dimension, namely to determine annual electricity production.

From the sector model for the production of electricity the production structure to be speci-
fied in the MSG-E is derived as:
1) A third dimension can be added to the planning problem in a hydroelectric power system because runoff
to the reservoirs varies from period to period. For any given storage capacity there is therefore a

certain risk that deficiences may occur. This uncertainty problem must be handled outside the MSG-E
model in the actual planning of the supply system. 2) Let AXP denote annual electricity production and

( the Toad capacity of the system. The relation AXP = tBQ defines the user time, tB’ as the number of

hours itwill take for demand at peak load to meet the observed energy production. A sufficient conditionfor
tB to be constant is that the form of the load curve is unchanged over time. In the sector model tB is

an endogenous variable derminded by the tariff structure for electricity (peak-load pricing) and the
composition of demand (households have shorter user time than energy intensive industries). MSG-E and
the sector model must therefor be used interatively to reach a consistent solution.
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A = ayphyp (4.11)
Ao = @ pBLp (4.12)
Ap = ogpBgp (4.13)
Agp = TplBep) (4.14)

where AXP is the production of electricity,

AMP is the input of materials,

BLP is the input of labour

BGP is the input of machineries (turbins and generators), and
BCP is the input of constructions and buildings,

agps Oup> L p @re parameters.

By (4.11) and (4.12) the minor inputs in the production process, labour and materiales, are
simply assumed to be proportionate to the output level. (4.13) follows from an assumption of propor-
tionality between the volume of machine installations and the load capacity of the hydro power system,
and exogenously given proportion between the load capacity and energy production. A more flexible func-
tion is specified for input of constructions and buildings in (4.14). Decreasing returns to scale in
electricity production is represented in the model by this re]ation.]

The total costs of production are defined by

C P + P B PupA (4.15)

p = PerBep * PapBap + PLpBLp * Pyphwp

where PCP and PGP denote indices of user costs of capita].z)

PLP is a price index of labour input and PMD is a price index for materials. Assuming cost-

minimization and specifying (4.14) as a constant elasticity function,the cost function can be derived as

P p P - p Y
= [ P M _GP JAXP _CcP » (4.16)
°p %P %P Gcp AT

where aep and y are parameters.

1) In the specification of the production structure (4.11)-(4.14) we have omitted the existence of
tecnnical change. In the operational model factor-augmenting technical change is included. 2) The user
costs in the electricity sector are defined by the ralation Pkp = v(R,t) - PkI (k=C,G) where v is an

annuity factor depending on a marginal rate of return (R) imposed on public investments and the economic
life time of the projects (t), and PkI (k=C,8) are price indices of the investment activities for the

two categories of real capital. This way of calculating user cost of capital implies net profits in
sectors with decreasing returns to scale.
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The estimation of the cost structure {4.16) will be based on time series of calculated costs
of present and potential water power projects. As a tool in the planning of the electricity sector
the Norwegian Water and Electricity Board has developed methods to calculate and rank all konwn water
power projects according to average costs at constant prices.]) Average cost in a "marginal plant"
can be considered as an approximation to the long term marginal cost of the production system. The
schedule of water power projects is therefore used to estimate the y-coefficient in the marginal cost

function specified asz)
P p p P nv-]
aél_\(_l_=(_££ LML 6Py P A (4.17)
XP %P OMP %P “cp

The derived cost curve will have to be somewhat modified allowing for the fact that the
Norwegian electricity supply system at a certain level of energy capacity will be supplemented by thermal
power. In a supply system based for example on 0il, gas or coal, a scale elasticity of one would be
more appropriate; hence the marginal cost will be constant. The complete marginal cost function for the
production of electricity is illustrated in figure 3.
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At the production level AX;’ the costs of increasing the water power production just equal the
marginal cost of introducing thermal power in the supply system. From that point the increasing margi-
nal cost curve is therefore irrelevant.

As outlined in section 4.1 the relations to be specified in the MSG-E model are the relative de-
mand function (4.1) and (4.2) for input activities. In the present case three of these relations are
given directly by (4.11)-(4.13). The corresponding input coefficients (the Z's) equal the inverse of
the o-parameters, hence the input coefficients of the electricity producing sector are independent of
relative input prices.

The demand function for the input constructions and buildings is obtained as the derivate of
(4.16) with respect to the price index PCP' Due to the specification of (4.14) the corresponding input
coefficient will depend on the output level AXP’ but not on relative prices. Thus, marginal costs will
in general not be equal to average costs, and a pricing principle other than (4.4) is introduced. Using
the model it is most convenient to let the electricity price be exogenously given. However, by itera-
tive solutions the model can also be utlilized to trace out optimal investments paths for the electricity
sector in the sence that the price of electricity in the long run should equal marginal costs.

1) See Statens Energirdd (1969) and Fagerberg (1978). Of couse these cost calculations take into con-
sideration only techniques that are available today. Thus, in the estimation of the cost structure

(4.16) technical change should and will be neglected. 2) Note that all prices are kept constant in the
estimation of y.
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In the distribution part of the electricity supply sector total physical power losses are re-
garded as inputs in the production process in addition to the inputs of labour, real capital and materi-
a]s.1)

As in the production part input of labour and materials are assumed to be proportionate to the

output volume. Between the two production factors, capital and power losses we assume substitution,
since engineering studies suggest that the power losses can be reduced considerably by reinforcement
or rebuilding of some parts of the distribution network. There are some indications of increasing
returns to scale in the production of distribution services. Some of the construction costs may be
considered as fixed also in the long run; the marginal costs following a future increase in electri-
city demand may accordingly be exceeded by average costs.2

Based on the above considerations the production of distribution services is described by3)
Ao = TpBrpe Agp) (4.18)
Axp = @LoBLo (4.19)
Axp = empPup (4.20)

where AXD is total output of distribution services,
BKD is the input of real capital in the distribution network
AED is the input of electricity (total power losees),
BLD is labour i@put, and
AMD is input of materials (commodities other than electricity)

Assuming the fD-function to be homothetic with a constant elasticity of scale the cost function
is derived as

P Pun- u
LD MD
XD a.._+.._J+A h(p

Ch=A
D D %0 XD 'D

«0°PED) (4.21)

where PKD is a price index for the user costs of capital,
PED is a price index for input of electricity (power losses),
PLD is a price index for the input of labour,
PMD is a price index for the input of materials, and

u is a parameter

1) The capital input in the distribution network is not directly related to the volume of energy deliv-
eries; like the tunnels and machines in the production part it rather determines the capacity of the
supply system. However, as in the production part, the planning problem can be reduced to one dimension
by the assumptionof proportionality between load capacity and the volumes of distribution services.

2) Increasing returns to scale in the production of distribution services must not be confounded with
the effect on production caused by changes on the demand side of the model. The coefficients of the in-
put activities for electricity, which include both electricity and distribution services as separate
commodities, vary between the various receiving sectors. Changes in the composition of electricity de-
mand may therefore change the relation between ‘the production of distribution services and the total
volume of kWh produced. 3) In the general description below we have omitted the specification of
possible factor-augmenting technical changes.
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The h-function is specified as a Generalized Leontief unit cost function.

The relations explicitly specified in the MSG-E model are again the input coefficients for the
production factors. As in the production part the Z-coefficients for labour and materials are defined
simply as the inverse values of the corresponding a-parameters. However, due to the general formula-
tion of the fD-function, the Z-coefficients for the capital and electricity inputs are functions of
the output level of distribution services and the prices of the two inputs.

The estimation of the input demand functions is mainly basedon data drawn from electricity
statistics of Norway, which provide information of labour and material costs and physical power losses.
Investments in the electricity sector are subdivided in production plants and distribution network
respectively; thg statistics thus provide information for the calculation of BKD‘

The parameters of the hD-function are estimated by the same method as described in section
4.2 for the functions for energy activity aggregates.l) The estimation of the scale parameter u is,
as for the production of electricity, based upon engineering studies.

In addition to electricity the energy commodities of the model include crude oil (including
natural gas), petrol, fuel o0il and coal. Compared with the detailed and specific representation of
the production structure for electricity the production of other energy commodities are, in the present
version of the model, treated in a rather simple way.

For the extraction of o0il, which is an important and mainly export oriented off-shore industry,
both total output, (i.e. the output activity) and the input activities for materials, energy, and labour
services are exogenously given. In addition gross investments are also exogenousz). This means that
both the production Tevel and the input structure are determined outside the model. The price of
crude oil is exogenously given which implies that return on capital in the extraction of crude oil is
endogenous (determined as a residual).

The production sector for the refining of crude oil is the main producer of both fuel oil and
petrol. We are assuming that the two commodities are produced non-jointly, i.e. with separate produc-
tion functions. By adding an assumption of separability in inputs and outputs of the production sector
as a whole it is implied that the two individual production functions are identical3). Two additive
output activities, one for each output commodity, are therefore specified. The price indices of fuel
0i1 and petrol are set equal and determined in the way indicated by equation (4.4), i.e. as equili-
brium prices.

Even though coal at present is a minor domestic product, it is, due to possible future imports
for the production of electricity, given a separate treatment. The domestic production is included as
a separate non-joint output activity in the mining industry. Both production and price are exogenously
given. For all sectors where production is determined exogenously, import is determined as the differ-
ence between production and domestic use plus exports.

5. HOUSEHOLD CONSUMPTION

As on the production side of the model a multi-tier structure is imposed on the inputs of the
household consumption sector. The individual input commodities are aggreaged into 18 activities. Once
the levels of these activities are determined, the demand for each commodity can be derived from the
assumption of fixed proportions within each activity. The household demand system included in the core .
of the MSG-E model is an approximation to a more elaborate sector model for household consumption. The

1) The user cost of capital in the distribution network is calculated in the same way as for the cost
structure of the production part, i.e. by applying the rate of interest imposed on public investments
and by specifying a relevant depreciation formula. The relevant price for power losses is the long term
marginal cost in the production of electricity. The costs of producing an additional kWh should be
balanced against the costs of reducing the power losses with a kWh by reinforcement or rebuilding of

the distribution network. 2) With constant rates of depreciation the gross investment estimates
determine the development of the capital stock. 3) See Hall (1973).
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amount of details in the sector model makes it too cumbersome to be formally integrated in the main
equation system of MSG-E. The household consumption sectormodel is used to estimate parameters of the
approximate demand system of the main model, and when needed the two models can be run in parallell
updating each other. In the first section below we shall describe the main features of the approximate
demand sytem of the main model, while a brief outline of the sector model for household consumption

is given in section 5.2.

5.1. The demand systemof the main model

In the main model, as well as in the sector model, two concepts of total expenditure are de-
fined. Vg is the national accounting concept defined as the value of commodity purchases, including
durable goods. Imputed costs (interest and depreciation) are used only for housing services]). The
other concept of total household expenditure, VC’ is equal to Vg except that purchases of cars, ng,
are deducted and imputed costs of car services (interst and depreciation) VCk’ are added, i.e.

N

vo= o Ly

¢ = V¢~ Vek * Ve (5.1)

VCk is defined as the toal "user cost" of cars, i.e. by

v A (5.2)

=\)PN
Ck C Ck "Ck
where
ACk is the value of the stock of cars at constant values.

ng is the price index of purchasing a car, and

ve is an annuity factorz) inserted to transform the price of purchasing a car into user costs.

Since household consumption is a flow concept VC is theoretically the most appropriate concept
to use in the consumption model. For instance, it is more reasonable to assume direct subsitution be-
tween use of private cars and use of public transportation than between purchases of cars and use of
public transportation.

In terms of VC the budget constraint is written

Vo=1

c (3=1,...,18) (5.3)

3 Pe A

where

A~. is the consumer activity j3), and

CJ
ch denotes the price index of consumer activity j4).

The total household expenditure, VC’ is distributed between the 18 consumer activities accord-

ing to the following system of demand funstionss)

“cij

&Ci
A '(OCVC) nch

ci T % J (,3=1,...,18) (5.4)

1) Housing services is a separate commodity produced in a separate production sector both in the
national accounts and in the MSG-E model. 2) See section 4.3. 3) A1l consumption activities are
calculated in per capita terms. 4) In accordance with (5.2) the price index Pek in (5.3) is defined

as ngk. 5) In the equation sytem of the model the activity "medical care" is an exogenous item.

Furthermore, "foreigners' consumption in Norway" is exogenously given and distributed between the
various consumer activities by constant shares. These details are omitted in the formulation above.
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where

Geis €Ci’ KCij are parameters, and

¢ is an endogenous variable necessary to ensure that the demand functions are consistent with

the budget constraint at any point of time ("horizontal adjustment of Engel curves").

The relations (5.3-4) may be viewed as a local approximation to an arbitrary and more complica-
ted system of demand equations. In particular, it may be used as an approximation to the more detailed
sector model of household consumption described later in this chapter.

It should be noted that if the variable ¢
base year, the parameters £ and «

c in (5.4) is equal to one, as will be the case in the

Cij can be interpreted as total expenditure and price elasticities
respective]y.]) Estimates of the parameters in the equation (5.4) are provided by the sector model as
the price- and income elasticities in the base year. If these parameters are treated as constants over
the simulation period, the approximate demand system will be strictly consistent with the sector model
only at the point of departure. However, the sector model can be used - if deemed necessary - to up-
date the elasticities at various pointsin the siumlation period by inserting prices and total expendi-
ture from the main model.

As noted above A., estimated by the demand system (5.4) is the volume of stock of cars. To

Ck
provide the 1ink between household consumption and production and imports it is necessary to calculate
the purchases (gross investments) of cars by households.

Denoting the assumed rate of depreciation for cars, GCk’ the car purchases, Agk’ follows

from

N

Ack = (¥ Ay = Ag (1) (5.5)
where ACk(-l) is the stock of cars in the previous year.
5.2. The sector model for household consumptionz)

The sector model is based on the "new" approach to consumer theory where households combine
commodities in consumption technology functions to produce the consumption "goods" that enter the
utility function. The systemof demand functions is derived by specifying the indirect utility func-
tion of the quadratic expenditure system (see Pollak and Wales (1978)). The utility function of "the
representative consumer" is assumed to be separable in the consumption goods (activities and activity
aggregates). Assuming that the households are minimizing costs in "producing" these consumer goods
the indirect utility function is separable in the corresponding price indices.

Households are divided into eight groups according to (i) four types of dwelling and heating
equipment and (ii) whether the household owns a private car or not.3 While the utility functions for
the various groups of households in the sector model are assumed to be the same, the technology rela-
tions differ between groups. With this specification it is possible to include effects on aggregate
demand of changes in stocks of heating and transportation equipments. While most consumption produc-
tion functions are simply activities (commodities in fixed proportions, see section 3.2), two of the
consumption goods, "light and heating", and "transportation", are defined as activity aggregates be-
ing produced with more flexible technologies.

1) General expressions for price- and income elasticities at any point of time is found by differentiat-
ing the demand system (5.3-4). 2) A detailed presentation of the sector model is given in Rodseth (1979).
In addition to time series observations from the national accounts, observations for the variables in
sector model are drawn from various cross-section studies, including the current consumer surveys and

a survey of housing conditions from 1973. 3) The model includes relations describing the distribution

of households between the different graups. In later versions of the main model these relations may be
integrated in the consumer demand system to facilitate the updating of the parameters.
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"Electricity" (ACE) and "fuels" (ACF)
demanded by households via the "produced" activity aggregate "light and heating" (A

are defined as separate activities but are assumed to be
CU') In the same
way the activity aggregate "transportation" (ACT) is assumed to be "produced" in the households with

inputs of the two specified activities "petrol and repairs" (A and "public transportation" (A

CR) CP)’

i.e.

A, = F, (A

U U (5.6)

ce*Aer)

Act = Fr (A (5.7)

cT cr*Acp)
The technology functions, which are different for each of the eight groups of private hous-
holds, are specified as linear homogeneous CES-functions. The price indices of the two activity

aggregates, ACU and ACT’ the dual unit cost functions of (5.6) and (5.7), are then easily derived.

6. USE OF THE MODEL

The aim of the project is to design and make operational a model suited for analysing alterna-
tive energy policies. Although energy commodities have many unique features, energy production and
use should not be regarded as a target by itself, but rather be deduced from more primary targets of
the economy. Even if we emphasize the description of energy supply and demand the rest of the economy
is therefore given a relatively disaggregated description in MSG-E. The main advantage of using MSG-E
is its ability to trace out coherent and consistent alternative paths of development. If the model
fails to predict the development of the toal economy, it will also fail to predict supply and demand of
energy, even if energy relations are correctly represented in the model.

Studying alternative energy policies requires that actual policy instruments could be trans-
lated to model parameters. For instance, indirect taxes on electricity by .user are explicitly specified
in the model, which easily allows for analyses of impacts of changed electricity prices via indirect
taxation. With respect to energy analyses it is adjacent to pointat three possible uses of MSG-E:

i) Sector planning of the electricity sector. In the production of hydro electric power the
time lag between investments and new production capacity is 4-6 years. In the short run the principal
problem is to regulate demand for a given capacity. The long run probiem also includes determining the
growth path for the optimal capacity and the break even point between long term margi?a1 costs in pro-

ii) Demand analyses, i.e. effects of changed demand patterns of industries and households.

For example the model may be used to calculate the impacts of eliminating price discrimination on elec-

duction of hydro electric power and production of electricity based on 0il or coa1.]

tricity, thereby squeezing industries based on low price energy input.z) Another example could be to
calculate effects of energy conservation programs imposed on the consumers.

iii) Analyses of resource allocation. Alternative energy policies would mean different alloca-
tions of labour, capital and production between industries and regions. In the model, all production
factors are assumed to be freely moveable. Since both labour and capital, particularly in energy in-
tensive industries, could be regarded as local resources, any considerable reshuffeling of labour and
capital should be checked for realism.

For analyses mentioned above the relevant scope of the model would be 4-20 years, long enough
to allow for changes in economic structure and short enough to assume technology roughly predictable.

1) Partial investment analyses of the hydro power sector may be found in Olsen (1977) and Redseth (1975).

2) An analysis of this kind based on the existing MSG-model is presented inLorentsen, Strem and
@stby (1979). ’
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