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Oil Prices and Economic Stability — Simulation
Experiments with a Macroeconomic Model

by Tomas Nordstrém and Bengt-Christer Ysander

1 THE PROBLEM OF ENERGY POLICY

The need for a national energy policy, for government interfering
with the supply and demand of energy, is - at least in the case
of Sweden - mainly due to the instability of the oil prices. A pri-
mary task of economic analysis is therefore to trace the impact
of changing oil prices on the national economy. The major chal-
lenge of national energy policy is to devise ways of reducing or

accomodating this instability and uncertainty of oil prices.

These are bold, and undoubtedly oversimplified statements. Let us
try to develop and clarify the reasoning behind them, introducing
at the same time the aim and methodological approach of the

present study.l

The Instability of Oil Prices

The real price of oil declined steadily from the end of the war
up to 1970. At the same time the advances in nuclear technology
opened up prospects of an inexhaustable source of cheap electrici-
ty. Aside from partnering and monitoring the ventures in nuclear
technology - and controlling the exploitation of natural energy re-
sources - the national governments had little cause for interven-

ing in the energy markets.

All this changed in the early 70s. The oil price hike in 1973 -
compounded by rising costs and safety concerns for nuclear
power - brought home the lesson that cheap energy and stable

energy prices could no longer be taken for granted. Since then
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real oil prices have been fluctuating widely with a new all time
record in 79-80 and a slump in 1983, Fig. 1.1 shows the dramatic
change that took place both in regard to level and stability in
the prices confronting Swedish oil importers. The detailed story
of what happened in '73, how the initial price rise on the Rotter-
dam spot market, due mainly to the Suez embargo, was translated
into a huge permanent rise of contract prices, still remains
controversial. We do not know for sure the relative importance
of the raw material boom, of the OPEC-cartel and the seven sis-
ters, of strategies aiming at transferring money and of policies

for strategic control.

What we do know is that conditions in the international oil mar-
ket have changed radically with respect to price stability. To a
large extent it seems to be a case of uncertainty breeding on un-
certainty. A tendency towards a shortening of contract times, a
convergence of contract prices, an increased sensitivity for chang-
es in spot prices and a growing propensity to inventory specula-
tion, all contribute to this impression. This inherent market insta-
bility is accentuated by the political instabilities of some oil-pro-
ducing countries creating risks of major supply disturbances. It is
further boosted by the tendency of cartel prices to "overshoot",
setting off cyclical changes in world economic activity and energy

demand.

The volume of existing forward oil markets in London and New
York is still far too small to contribute in any substantial way to
a stabilization of oil prices. The buying and selling of future con-
tracts could not be expected anyhow to cope with the price in-
stabilities arising from major supply disruptions. Nor has the oil-
saving efforts of the industrialized countries necessarily made
these countries less vulnerable to supply disruptions, less insensi-

tive to price in precarious situations.

There are thus many reasons to assume that the international oil
market will remain instable also during the coming decade. In

the long run, extending the horizon to the turn of the century,
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real oil prices will be determined by the marginal costs of pro-
ducing oil from secondary deposits, and will therefore undoubtedly
tend to rise. In the meantime we may however reasonably expect
wide and sometimes abrupt fluctuations. As a representative, al-
though somewhat extreme example of these possible price chang-
es, we have in the following simulation study chosen to focus at-
tention on an abrupt 60 percent oil price hike, occurring in 1991
after several years of relatively stable price developments. We
can thus be said to project into the future a renewal of the '73

experience.

We have not found it necessary to look as closely at the possibili-
ty of a major sharp price decline. There are very obvious asym-
metries between the case of a price hike and that of a correspond-
ingly large price decline. The impact on the international mar-
kets of a price decline will primarily be connected with the liquid-
ity and solvency problems of some less developed oil producing
countries and by certain general "withdrawal symptoms" in the in-
ternational monetary system. We have little of empirical evidence
from which to make concrete projections for this case, but
the little we have seems to indicate that - assuming a responsi-
ble monetary management - the expansion of the "winners" would
tend to outweigh the contraction of the loosers in regard to

world trade.

The asymmetry becomes even more pronounced when we turn to
the direct impact on the Swedish economy. In as far as a domi-
nant part of the policy issues raised by an oil price hike is con-
cerned with containing and controlling the inflation and the defi-
cit problems, there are simply no corresponding problems in the
case with a price decline. The major task of the government in
such a case would be to try to stop individual investors from mis-
interpreting the temporary low prices and from going on an energy

spending spree.
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Tracing the Impact of an Oil Price Hike

In analyzing the impact of an oil price hike we have worked with
several alternative assumptions as to the world economic environ-
ment. As for oil price development, apart from the possible price
hike, we have used both rising real price trends and a stagnating

one.

Figure 1.2  Simulated real* oil price developments 1980-2000.

1.2 a Without oil tax 1.2 b With oil tax
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* The prices for imported oil have been deflated with the world
market price for finished goods (SEK) as used in the reference

case.
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Fig. 1.2 illustrates the alternative oil price assumptions used in
the simulations. In the reference case we have assumed abslowly
rising real oil price - alternative 1 in the Figure. The reference
case jis used as the main standard for measuring the impact of
an oil price hike - alternative 2. We also made simulations with
a stagnating and a fast rising oil price - alternatives 3 and 4 -
for the purpose of evaluating the importance of long-term price
trends and of the time profile of price change respectively. When
studying the effects of imposing a cumulative oil tax during the
80s, two alternative policies were used in the 90s for the case
where no oil price hike occured. Either the accumulated tax
level is kept unchanged - alternative I - or successively reduced
down to zero level at the turn of the century - alternative Il

In modeling the repercussions of the price hike on the interna-
tional markets, we have drawn both on the experience of the 70s
and on experiments performed with the LINK model (Sarma, 1983).
A shortlived boom in raw material is supposed to be followed by
several years of slowed-up growth in world trade. By measuring
the impact on the Swedish economy with and without internation-
al repercussions we can at least exemplify the possible relative

importance of the world market disturbances - the indirect ef-
fects.

When it comes to analyzing the direct effects of oil price chang-
es, there is one major question which confronts you right from
the start. Is it the new high level of oil price which is the main
perceived threat or is it the abrupt and unexpected way it jumps
up? The general experience of the two price hikes in the 70s
seems to point to the latter.2 In particular much of Sweden's pre-
sent difficulties, manifested by a mounting deficit both in public
budgets and in external exchange and by a shrinking and underuti-
lized export industry, can be viewed as arising out of a failure
to cope with the stabilization problems caused by the oil price
hikes (Eliasson, Sharefkin, Ysander, 1983). As we shall see later

this intuition is confirmed by comparing, in the simulations the
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impact of a sudden oil price hike with that of a gradual and anti-

cipated increase of oil prices over the entire 80s.

If macroeconomic stabilization is the main worry, then the stabili-
zation policies pursued - or not pursued - will obviously be of de-
cisive importance for the final outcome.? In the simulation we
have worked with three different policy instruments: Wage, tax
and public consumption policies. We have not included an active
exchange policy among our policy instruments since it appears in
the model to be a substitute rather than a complement to wage

policy.

What we then first do is to model and measure two "extreme" al-
ternative outcomes. In the one case no policy changes are made
after the "oil crises", which means that inflation will slowly be
forced down by unemployment, while the foreign debt continues
to cumulate. The welfare implications of this "worst case" is
then compared with a "best case", where an optimal employment
of available policy instruments contains the crises and restores
balance in external payments and in the labor market within

three years.“

The impact problem is thus narrowed down to a question about
how probable it is that we will in fact be able to cope adequate-
ly with the stabilization problems.

In the following simulations we have tried to use as "substitute
measures" for this probability - or rather for its inverse - the de-
velopment of real wage, employment and public consumption re-
quired by the stabilization program and interpretable as symptoms
of the concomitant political strains.

The chances of coping will be diminished if further restrictions -
due e.g. to binding promises to various voter groups - are placed
on the available policy instruments. If the central government
has its hands tied by political commitments to groups of consum-

ers and wage earners, this will in general increase the amplitude
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of the policy changes needed and with that the "political strains",
or the improbability of coping effectively with the crises. In
the simulations we have in this fashion successively climbed down
a ladder of political feasibility, placing restrictions on wage poli-
cy, on public consumption and finally on tax policy. The relative
outcome of these experiments demonstrates how limited flexibili-
ty in fiscal and budgeting policy may affect and inflate the im-
pact problem.

In thus modeling the impact of an oil price hike we are however
exemplifying only some special cases. We only treat one major
price upheaval, not the prospect of general price instability. More-
over the model does not take into explicit account the ways in
which anticipated future instability modifies current behavior.
The investors in the model e.g. are assumed to have simple adap-
tive price expectations, which means that the risk and uncertain-
ty surrounding future oil prices are not to any substantial extent
foreshadowed in their current investment plans. Our experiments
really deal only with the rather special case where a period of
stable prices have effectively lulled all anxieties so that the oil

price hike takes everybody with complete surprise.

Policies to Counter Instability

If instability of oil prices is the major problem, it then follows
that the main thrust of energy policy must be directed towards
countering the effects of that instability - always assuming that
a small country like Sweden cannot hope alone to modify the be-
havior of the international oil market. Such an energy policy can
aim at reducing the total risk involved as well as pooling the

risk for individual risk-bearers.

These aims are of course already reflected in today's energy poli-
cy in Sweden. By taxing energy and by subsidizing oil-saving in-
vestments and development costs we both encourage total oil sav-

ing and redistribute some risks - mainly the risk of cheap future
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oil - among the taxpayers. Both the consistency and the efficien-
cy of these policies may however be questioned. The level of
energy taxes often seems more determined by fiscal considerations
than by long-term aims of energy price stabilization. Investment
subsidies may be an unprofitable way of hedging against possible
oil price slumps and moreover often requires decisions on choice
of technique and fuel, that should rather be left to decentralized

decision-makers in the market.

The question might reasonably be raised, why central government
should interfere at all with the market and its agents by way of
energy policy. Leaving aside those arguments for state support of
technological development and infra-structure investments which
are not specific for energy investments, a first line of approach
stresses asymmetries in information. Putting it crudely - the cen-
tral government may know better, may have more foresight, have
longer horizon and may be more expertly staffed than the indi-
vidual agents in the economy. The "track record" of central gov-
ernment forecasting and action in the energy field may not be
particularly convincing compared with that of big companies, but
it could still be the case that e.g. households and local govern-
ments tend to be even more biased or myopic. The Swedish expe-
rience over the last decade seems indeed to indicate that local
governments sometimes need central guidelines to venture into

new areas of energy opportunities.

Even if we leave out informational asymmetries there are some
rather solid reasons for central government to aid in stabilizing
energy prices. Let us just mention two. The first is a simple risk-
pooling argument. The oil price risks are now very unevenly dis-
tributed in the economy. Some investors e.g. in oil substitutes
stand to loose considerably in the event of an oil price slump -
which may contribute to dwindling investments - while the oppo-
site is true of heavy oil users and their customers etc. Given a
certain common degree of relative risk-aversion the economy as
a whole stands to gain by having some kind of risk-pooling instal-

led.” The second kind of argument is one that will be underlined
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by our results in the following. If oil saving not only pays for
the individual, but also helps the total economy by easing the sta-
bilization strains, then these "external effects" of the saving ef-

forts should somehow be signalled by the government.

In the present Swedish context this latter line of reasoning could
be further pursued. A "tariff" on imported oil implies - at least
in the short run - a certain terms-of-trade gain, which will be
larger the more price sensitive Swedish oil consumers are and
the less price sensitive our foreign customers are. In as far as
we must adhere to a very hard-fisted domestic demand policy
over the next few years in order to support an export-offensive,

a "forced" oil saving may help in easing this adjustment.

One way for central government to counter the adverse effects
of oil price instability and uncertainty would be to guarantee a
certain domestic oil price development - within suitable margins -
over the next decade, and adjust oil taxes - or subsidies as the
case may be - accordingly. The guaranteed price path could e.g.
be such, that the expected value of the guarantee was equal to
nil and the guaranteed price at the turn of the century - or the
projected extension of the guarantee to that year - equalled the
expected international market price. There are several possible
time profiles of guaranteed price that could meet with these re-
quirements. If we expect the 80s to become the lean years for
domestic consumption, but hope to be able to raise living stand-
ards during the 90s, we could utilize the terms-of-trade gains
from a rising oil tax during the present decade, while allowing
tax levels to go down - if no oil crises occurs - in the 90s.
Since such a "price umbrella" would automatically shelter the de-
velopment and use of oil substitutes and of oil-saving devices
there should be room for considerable cuts in current energy sub-

sidy schemes.

One way of looking at the price guarantee is as an offer to do-
mestic customers of favorable forward contracts - hedging price

hike risks. At the same time there would be a hedge against the
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risk of price slumps, since the forward contracting is, as it were,
obligatory and spot operations are made unprofitable. The govern-
ment may to a certain extent reinsure itself by operations on the

international forward markets and by long-term contracting.®

The exact terms of the guarantee could be phrased in several ways.
They could e.g. be limited to maximizing the- annual percentage
change in real prices, be confined by the amount of tax in the
domestic price and/or be such as to leave domestic oil prices

free to fluctuate within a - 10 percent of a preset price path.

The experiments we have performed with the model are necessari-
ly simplified and stylized compared with such flexible schemes.
Just as we confine our study to one singular price hike in '91 we
also focus our interest on a rather special form of tax scheme.
We add a cumulative oil tax during the eighties, so that by '91 -
if the oil crises occurs - we can just off-set the price hike by
lifting off all tax. If there is no price hike we can alternatively
keep the tax level unchanged or reduce it successively so as to
stabilize or lower oil prices in the 90s.” This kind of experiment
certainly cannot tell us the whole story. What it does is to pro-
vide an insight into the costs and benefits of a price guarantee

in a specific but still representative case.

Our model experiments labor under another, and perhaps more se-
rious handicap, when it comes to illustrate the possibilities of
stabilizing domestic oil prices. Since, as we underlined above,
price expectations in the model are formed in a simple adaptive
way we do not catch the probably very important expansive ef-
fects of limiting price uncertainty for the economic agents. On
the other hand we probably tend for the same reason to overesti-
mate the amount of misdirected choices of technique and invest-
ments that unstable price trends and market signals would call
forth. We may therefore end up by slightly overestimating both
costs and benefits of the price stabilization schemes.Although we
have no firm evidence to quote in support, we tend to think that
in the final balance this model handicap will mean that our re-

sults understates the case for oil price stabilization.
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NOTES
I For a short resumé of study results cf., Ysander, 1983.

2 Comparisons made between the effects of gradual vs abrupt oil
price increases in e.g. Jacobson and Thurman, 1981, also lend sup-
port to this interpretation.

3 The theoretical analysis by i.a. Svenson, 198!, and the simula-
tion experiments by J.D. Sachs reported in Bhandari and Putnam,
1982, exemplify studies that instead focus on intertemporal wel-
fare and balance-of-payment effects.

% The optimal choice of instruments in this case turns out to be
wage policy and tax policy, which are rather complementary in
respect to the two targets. With two targets and with two instru-
ments changed in a linear fashion, the policy solution moreover
turns out to be unique or nearly so. We thus avoid the choice be-
tween alternative stabilization policies (cf. Gramlich, 1979 for a
discussion of the dimensions and issues of that choice).

> For a thorough development of this argument within the con-
text of Neumann - Morgenstern utility theory cf. Hey 1981 and
Borch 1968. The general conclusion could also be derived from
alternative approaches to decision under uncertainty (cf. e.g.
Kahneman - Tversky 1979, Simon 1978, Schackle 1979.)

6 The hedging argument could also be couched in terms of trans-
action costs. To insure against all kinds of price risks involved
for substitutes and complement commodities would require a
quite extensive network of future markets. Even if such a "free
market alternative" was available it could be profitable to save
transaction costs by a common oil price guarantee.

7 The crises scenario we have chosen to treat could be regarded
as a "maximal perceived threat". Particularly we assume that no
retrenchment of real oil prices from the high level attained in
1991 has yet occurred by the year 2000. Any downward adjust-
ment towards a slowly rising long term equilibrium price is thus
postponed till after the turn of the century. This does in fact
tally reasonably well with our overall experience for the 9 years
1973-82, but also means that the impact measured includes effects
of a raised price level during the 90s, as well as consequences
of unexpected fluctuations.
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2 THE MACROECONOMIC FRAMEWORK

To evaluate the economic effects of different oil price develop-
ments and oil tax policies we have used a fairly disaggregated
growth model for the Swedish economy.1 The ISAC-model, which
will be briefly described in the next section, was originally built
for medium and long term analysis. For the simulations discussed
in this report, however, some short run dynamics - primarily relat-
ed to wage and price formation - was added to account for the

immediate impact of sudden external price hikes.

Also a submodel for energy supply and demand, was added to
ISAC. However, in order to keep down total model size, only
those parts of the energy system essential to our main interest -
primarily industrial demand of energy - were treated extensively.
Thus energy demand for house heating as well as for transport
was dealt with in an aggregate and simplified way. On the supply
side, production of primary as well as secondary (refined) energy

is again rather crudely modeled.

Finally, to account quantitatively for the impact of world events
and the effects of different policy measures, one needs also a
"zero point" or reference simulation as a measuring rod. Levels
of future economic variables are undoubtedly more uncertain than
differences between levels. This does not imply, however, that ab-
solute levels are unimportant and that a reference case could be
chosen at random. One important example of this in the simula-
tions reported here, is the restriction on future nuclear power
capacity in Sweden. In a slow growing economy this may be of
little importance, while a fast growing energy demand will call
for compensating energy sources. A reasonably designed reference
point for the simulations may also convey important information

by itself.
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The Macro Model

The model used for the simulation experiments is fairly large. A
comprehensive account of the model is given in Jansson, Nord-
strom, Ysander, (1982). The purpose of this section is to describe

its main structure and dynamic properties.

Figure 2.1 is an attempt to illustrate the overall structure of
ISAC. The figure shows the main variables and submodels and
their inter-relations. The block diagram is built around a multisec-
toral balance for the economy which assures that supply equals
demand. The exogenous determinants of the developments of the
model economy can be divided into two sets. The first set of va-
riables are external to the economy in the sense that neither the
development of the economy nor political decision-making exerts
any influence on them. These variables, marked by single-squares
in the figure, are world markets (prices and trade volumes), dis-
embodied technical change, labor supply and, finally, a rate of in-
terest that is assumed to be imposed on the economy from

abroad.

The other set of exogenous variables is made up of policy instru-
ments, indicated by rhombs. They are the exchange rate, central
government consumption and various kinds of fiscal parameters af-
fecting the household sector through taxes and transfers and also
acting on the local government sector through i.a. the grant sys-

tem.

Finally there is a policy instrument influencing the long run wage
rate although not controlling short run fluctuations.

Given these two sets of exogenous variables every item of the
sector balance will be determined. The demand for intermediary
goods in industry (INS) is given by current production (X) and the

matrix of input-output coefficients. The model allows for substi-
tution between energy, capital and labor in production processes.

The rest of the i/o-matrix is constant over time.
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Investments in industry (PI) are determined by profit expectations

as well as by current capacity utilization. Real capital is describ-
ed by vintages with different technical properties. Through the
vintage mechanism the volume of investment will affect average
capital- and labor-productivity. Productivity growth also depends
on the rate of scrapping of old vintages which is assumed propor-
tional to the quasi-rents earned in each vintage. So far the vin-
tage approach has only been implemented for branches in the manu-
facturing sector while capital in other branches is treated as ho-
mogenous in each branch. In the same way investment functions
are specified and estimated only for manufacturing branches but
elsewhere determined either as an exogenous trend or as related

to production in some simple manner.

Private consumption (PC) is determined by a rather detailed spec-

ification of income and expenditure in the household sector. The
main source of gross income is wages and salaries from industry,
thus providing the multiplier link shown in Figure 2.2 between
the activity level in the economy and private consumption expen-
ditures. An exogenous change in fiscal parameters (FP), e.g. a re-
duced income tax rate, will increase household income. Since the
savings ratio is exogenous, most of the tax reduction will be
translated into consumption expenditure, thus increasing demand
for commodities. Some of these will be imported, but domestic
production and employment will increase, creating more wage in-

come and so on.

The size of the multiplier can also be affected by the wage in-
flation resulting from a higher activity level in the economy.
This mechanism, which is not shown in Figure 2.2, will on the
one hand, positively affect total wage income through higher
wage rates. On the other hand, it will also limit the real multi-
plier effect by deflating nominal income through higher infla-
tion, and still further through increased imports and reduced ex-
ports following the rise in the domestic price level. The net
real effect of these secondary mechanisms after 2-3 years may

be positive or negative depending i.a. on the price elasticities in
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Figure 2.2 The production-consumption loop
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foreign trade and on the sensitivity of wages to increased pres-
sure in the labor market. Other important sources of household
income are wages, salaries and transfers from the public sector.
After deduction of various taxes households are left with dispos-
able income. Real consumption expenditure is distributed between
fourteen consumption categories by a linear expenditure system.
The feed-back mechanism between the production system and con-
sumption demand through the household sector explains much of
the model's short term response to an exogenous disturbance,
whether in the form of e.g. a change in world market growth or
through a change in some fiscal measure towards the household

sector.
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Figure 2.3 The local consumption - labor market loop
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Public sector demand for intermediary and investment goods (IG,

OI) is partly a policy variable (central government), partly endo-
genous (local government). The local government model, as it is
presently implemented, tends to produce fairly strong oscilla-
tions in the economy through its interactions with the labor mar-
ket on the one hand and the household sector (via the endogenous
local tax rate) on the other. These links are shown in Figure
2.3.

Suppose central government increases the categorical grants to
local governments, in the figure indicated by a change in fiscal
parameters (FP). The immediate impact will be to decrease local
governments' net costs of production and hence induce them to

step up real expenditures. The grants will also improve their fi-
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nancial situation making tax increases unnecessary. Since no
other fiscal measures are assumed, i.e. the original grants increase
is not financed by increased taxes from central government,
the activity level in the economy will go up and so will employ-
ment. The resulting wage inflation will partly "finance" the local
government expenditure increase by eroding household income and
by worsening the external balance. But the wage increase will
also lead to increased net costs of production for local govern-
ments and slow down their expansion. However, because of the
two year lag in the disbursement of centrally collected local tax-
income, the financial situation of local governments will tend to
improve again later when wages are moderate as a consequence
of weak demand. Thus, with a two year lag, the inflated house-
hold income will feed back to local governments, acting as a stim-

ulus to increased expenditures.

Some explorative experiments have been carried out with this sub-
model (Nordstrdm-Ysander, 1981). The simulations in this study
still work, however, with the assumption of exogenous local gov-

ernments.

Changes in stocks ( S) are modeled in a very simple fashion with

total stocks in the economy being set in proportion to production
in some "stockholding" branches. Mostly, however, the model is

run with exogenous stock investments.

Finally the sector balance- for industry includes imports and ex-

ports (M, EX). These are, of course, of great importance consider-
ing the large export- and import-shares, especially for manufac-
turing branches, in the Swedish economy. We assume that price
differentials between imported and domestically produced goods
can persist over long periods, and also that Swedish exporters are

not necessarily price-takers on the world market.2

One implica-
tion of these assumptions is that imports and exports will depend
on relative prices and that domestic producers can price them-
selves out of domestic as well as foreign markets - as indeed they

did in the middle of the 70s.
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Used together with the wage equation, the foreign trade func-
tions introduce a mechanism, indicated in Figure 2.4, that tends
to dampen the effects of world market disturbances. The immedi-
ate impact of a general world market price increase, for examp-
le, will be higher domestic inflation through imports and a pressu-
re on the labor market due to improved relative prices and to an
induced increase of net demand from abroad. This will, however,
create both inflation expectations and wage drift in the labor
market, then pushing up wages. The higher wages will not only re-
move pressures on the labor market, but will also reduce the ini-

tial surplus on foreign account.

Prices and Wages

Obviously price and wage formation play an important role for
the solution of the model. Prices are based on average rather
than marginal costs. Unit cost is taken to include "normal'' pro-
fits, i.e., the mark-up over average operating costs is equal to
average capital cost share. Theoretically this kind of pricing can
be underpinned by assuming market imperfections and adjustment
costs. It also seems to be well in accordance with observed beha-

vior.

For a small country, however, with large export shares one would
not expect producers to just pass on their costs to the world mar-
ket without regard to competitors' prices. The price equations in
ISAC also allow for an influence from price competition being
specified as a geometric average of unit cost and world market

price (in Swedish currency):

p .7 r b e+ (1-0) - PW

where dotted variables are growth rates. The size of the para-
meter o is of crucial importance. o equal to unity implies pure

mark-up pricing with strong effects on foreign market shares from
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Figure 2.4 The foreign trade-labor market loop
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domestic cost inflation. With equal to zero, producers are, on
the other hand, assumed to follow world market prices. In this
case exports will always grow with world trade while domestic
wage inflation will cut down profit shares.

In the discussion above, costs were treated as unaffected by the
world price increase. But price increases abroad will of course
influence domestic inflation. One way this will be done is through
imported goods. Another is through price increases by domestic

producers, taking the opportunity to raise their profit margins.
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The model economy, however, also includes an internal source of
inflation with a kind of expectations augmented Phillip's curve.
The overall wage rate growth is explained by last year's consum-
er price growth, current rate of unemployment, profit levels

and finally productivity growth.

Phillip's curves can be specified, and justified, in a great many
ways. Two features of this particular specification should be
noted, since they are important to the model behavior. The first
one is the rather unsofisticated formation of expectations that is
assumed. The one year lagged consumer price variable could also
be thought of as a compensatory mechanism for past inflation,
especially since the estimated parameter did not differ signifi-
cantly from unity. The second noteworthy characteristic of the
chosen wage equation is the absence of lags in the unemployment
variable.3 These two properties both contribute to make wages
sensitive to inflationary pressures. They thus confer a certain sta-
bility to the economy, making e.g. the domestic repercussions of

external inflationary shocks fade away in a rather short period.

NOTES

1 The ISAC-model, Industrial Structure and Capital Growth, has
been developed at the Industrial Institute for Economic and Soci-
al Research by the authors together with Leif Jansson. ISAC has
been used in the Institute's medium term surveys and will partly
be integrated into the system of models for medium and long
term analysis used at the Ministry of Economics. The model is
described in Jansson, L. - Nordstrém, T. - Ysander, B.-C. (1982).

2 The rationale for these assumptions are discussed in
Jansson, L. - Nordstrém, T. - Ysander, B.-C., (1982).

3 Various lags were tried when estimating the equation, cf.

Jansson, L: "The Wage Equation in the ISAC Model", Mimeo, IUJ,
1981.
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3 THE ENERGY SYSTEM 1980-2000

The ISAC model was originally not designed for energy analysis.
In order to carry out the simulations described in this report,
energy flows was built into its ifo-structure. Efforts was also
made to estimate energy demand functions mainly in the manu-
facturing and household sectors. As already noted above the sup-
ply side and demand from other sectors were dealt with in a
more aggregate and simplified way. No vintage structure has
been implemented for energy sensitive consumption capital like
houses or cars. In some instances we could only "estimate" the re-
quired energy demand function by calibration i.e. by comparison
with other projections. We do believe, however, that the struc-
ture of the energy submodel gives a fair representation of the
basic mechanisms and problems in Sweden's energy situation and
that the estimated relations are robust enough to reflect accura-

tely, if not exactly, our energy policy options.

Energy Supply and Energy Prices

Primary fuels from domestic (wood, peat) and foreign (oil, coal)
sources are assumed to be supplied in any quantity at given
prices. The assumed price development for primary fuels in the
reference case are given in Table 3.1. Oil prices are assumed to
increase by & percent per year throughout the simulation period.
This implies, that the real price of oil is assumed to grow by L.5
percent per year during the 80s and some half percentage point
faster during the 90s relative to the world market price for fin-
ished goods. Throughout the study we assume that oil prices on the
domestic market grow at the same rate as import prices given
the current rates of oil taxation. This simplification overlooks
the fact that taxes may be related to quantities rather than val-
ues and that domestic refining and transport services are part of
the consumer price. Coal prices are assumed to be proportional
or follow oil prices. The difference in rate of price increase

during the 80s shown in the table simply reflects how the coal
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Table 3.1. Prices of primary fuels in the reference simulation

(Growth rate in per cent)

1980/90 1990/2000

Oil 8.0 8.0
Coal 8.9 8.0
Domestic fuels 6.0 5.0
CPI 6.2 6.5
GDP-deflator 6.7 7.2
World market price

for finished goods 6.4 6.0

price with a certain time lag "catches up" with the oil price hike
in 1978/80. This "catching up" is assumed to take place during
the first years of the 80s. Prices for domestic primary fuels
grow with costs in the forestry branch. Some allowance is made
for improvements in the extraction technology, assuming a slight
increase in productivity growth during the 90s. The price of do-
mestic fuels relative to oil is therefore decreasing at an accelera-
ting rate - from minus 2 percent per year during the first half
of the period to minus 3 percent per year during the second half.
It should be noted, however, that these prices only hold for pri-
mary fuels. Substitution between them is also affected by "con-
version" costs, which may differ considerably. Turning coal or do-
mestic fuels into useful energy requires more inputs (labor and
capital) than if oil is used. Generally, this will make coal energy
prices develop more favorably than shown in the table and ener-
gy produced from domestic fuels develop less favorably in rela-

tion to oil based energy.

Turning to the supply of electricity and distant heating the politi-
cal restrictions imposed on the use of nuclear and hydro power is
accounted for in the model. Total gross production of nuclear
and hydro power (i.e., including internal use in the power sta-

tions) is assumed to increase by almost 4 TWh per year during
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the 80s and then to decline at approximately the same rate from
1995 due to the gradual closing of nuclear power stations. Adding
further exogenous assumptions on industrial production of back-
pressure power, wind power development, possible combined pro-
duction of electricity and distant heating, etc. the production sys-
tem shown in Figures 3.1-2 emerges. Although the assumptions
made and the resulting supply structure may well be disputed, it
seems necessary to account for the rather strong shifts imposed
on the electricity - distant heating production system during the
simulation period by political decisions. This will have strong im-

plications i.a. on the use of fuels - domestic and imported.

As shown in Figure 3.1 production of electricity is assumed to
increase fast during the 80s with the nuclear power still building
up. Although direct use of electricity for heating purposes will
also increase, there will still be capacity left to replace fuels in
the distant heating system. However, when demand for electricity
catches up with the stagnating prodution in the 90s, the use of

electric power to boil water for distant heating will have to end.

The assumed decrease of fuel input in the distant heating system
in the 80s may very well be reversed in the 90s. The same holds
for the fuel input in electric power production. Part of the gradu-
ally reduced nuclear capacity may have to be replaced by condensed
steam or combined power plants using domestic or imported
fuels. The reference case development of fuel use in electric
power/distant heating production is summed up in Figure 3.2. With
the asssumptions made, the figures show a very fast increase in
fuel input and even a slight increase in the use of oil towards
the end of the 90s. This explains an important part of the rising
demand for fuels during the 90s, which will be further discussed
in the next section. Increased use of imported fuels with rising
relative prices, will make the real price of electricity and dis-
tant heating rise in the 90s. This will slow down demand growth
but - according to the model - not enough to prevent large in-

creases in the use of fossil fuels in power plants.
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Figure 3.1 Production of electricity and distant heating

(Reference case)
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Figure 3.2 Use of fuel in the electric power/

distant heating production system

(Reference case)
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Energy Demand

Some thirty sectors are distinguished in the determination of
final energy consumption. For each of these sectors total energy
demand is usually separated into five categories i.e. electricity,
distant heating, oil, coal and domestic fuels (wood and peat). For
producing sectors energy demand is mostly projected as energy
use per unit output (the energy coefficient) times production vol-
ume, while households' consumption of energy is formulated slight-
ly differently.
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The description of energy demand will follow the main sector
groupings in the macromodel. Although this may not be the most
suitable way to analyze energy use these groupings have been
maintained for practical reasons. The main energy consumer sectors

thus are the following:

- Manufacturing sector (14 branches)
- Rest of industry (9 branches)
- Household sector (3 purposes)

- Public sector (2 purposes)

This grouping i.a. implies that the heating of buildings is split up
between all four sectors. Heating of homes will e.g. take place
partly within the "rest of industry" (apartments for rent) and

partly within "household sector" (owner-occupied houses).

The most elaborate part of the energy demand sub-model relates

to the manufacturing sector. The total energy coefficients for

each branch is determined by three mechanisms - the vintage ef-
fect, ex ante substitution between (aggregated) inputs, and finally

ex post substitution between fuels.

The ISAC model utilizes a vintage description of production ca-
pacity and technology for manufacturing branches. Although the
empirical implementation in the present version of the model is
incomplete in some respects it nevertheless takes account of im-
portant parts of the substitution effects. New choices of technolo-
gy in investments due to a shift in relative input prices will be
successively realized as new capacity is installed and old scrap-
ped. Substitution between inputs thus continues many years after
a change in the input price structure. A price shift occurring at
the beginning of the simulation period - usually 20 years - will
have effects throughout the period, since real capital turnover
time is more than 20 years. This also means that part of the ini-
tial capacity - between one fourth and one half - will still be
used after 20 years. One obvious reason for this rather sluggish

rate of substitution is the treatment of machinery and buildings
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as an aggregated real capital stock. A good deal of technical
change is, of course, due to investments in new machinery and
equipment within existing factory buildings. With aggregated real
capital it is, however, not possible to increase the speed of sub-
stitution by investing more in machinery and equipment in response
to price shifts. The model therefore tends to underestimate the

medium term (5-10 years) substitution possibilities in the economy.

Another deficiency in the implementation of the vintage mecha-
nism is the lack of initial capacity distributions. A rectangular
initial distribution is assumed, i.e., input coefficients are set
equal between all vintages. This holds except for labor input
where the marginal coefficient is assumed to be 0.6 times the
average coefficient in all branches. For energy this is a very cau-
tious "estimate" of marginal input coefficients since price deve-
lopments during the recent decade may very well lead to reduced
energy use in today's optimal production technique. The assump-
tions about initial average and marginal input coefficients will
have a decisive influence on the development of aggregated ener-
gy coefficients and thus on the full employment energy demand
levels in the economy. This is illustrated in Figure 3.3, which
shows the effect on the total energy coefficient for the manufac-
turing sector of different assumptions regarding the marginal co-
efficient in the initial distribution. In case B the initial marginal
coefficient is set at 60 percent of case A value. With new ca-
pacity being added through investments, this will result in a faster
decrease of the energy coefficient although the development of
relative prices is identical in the two cases. Thus, different as-
sumptions on marginal versus average coefficients for the initial

simulation year will affect future levels of energy consumption.

As stated before, however, most of the simulations reported in
the following and the conclusions drawn, do not really depend on
absolute levels of future energy use, but rather on differences be-

tween projected levels under alternative assumptions.
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Figure 3.3 Aggregated energy coefficients with

different initial marginal coefficients

in the manufacturing sector
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No?e: The curves show total energy use in physical
units per unit output in fixed (1975 year's) prices
with 1980 value equal to index 100. A is the refer-
ence case discussed below. B shows the effects on
the energy coefficient in the manufacturing sector
if the marginal coefficient in the initial distribu-
tion is assumed to be only 60 percent of the refer-
ence case value.

The second substitution mechanism is the choice of technique in
new vintages. In each branch, input coefficients for electricity,
fuels, capital and labor are computed from (last years) relative
prices using constant elastic functions estimated from historical
data (cf. Dargay, 1982, 1983). The results of this econometric ap-
proach to the ex ante substitution possibilities should be interpre-
ted with caution for two reasons. The first reason is that, due to
lack of data on technological choice in new plants, our esti-
mates relate to average technology in a branch. Substitution pos-
sibilities, however, are undoubtedly far greater on the margin
than what they seem to be when measured intermarginally on the
whole capital stock. We have tried to correct for this by scaling

up substitution elasticities.]
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The second reason for caution is that estimates have been made
for a period (1950-75) when real energy prices were steadily fal-
ling. This means we cannot know whether substitution possibilities
are symmetric or not. We still use the results for a period when
real prices of energy - or at least of fuels - are steadily in-
creasing. The alternative would be to use engineering data on pos-
sible future production techniques which, however, suffers from
uncertainties related to technical and commercial full scale imple-
mentation, Of course, the two methods should be used together
and checked off against each other.2 This has generally not been
possible to do within the work presented in this report. Some at-
tempts to compare the two approaches have, however, been made with-

in the Energy and Economic Structure project (cf. Ysander, 1983).

The coefficients for electricity and fuels in the manufacturing
sector in the reference case are shown in Figure 3.4. Although
the coefficients are subject to aggregation effects due to chang-
ing industrial structure, the general pattern is clear. The use of
energy per unit output will fall and the fuels coefficient will de-

crease faster than the electricity coefficient.

Having determined the aggregated input coefficient for fuels the
next step must be to distinguish between different kinds of fuels.
To separate the choice of other input coefficients from the choice
of fuel type, means we assume that a decision to use, e.g., coal
instead of oil will not affect labor and capital coefficients. This
is not strictly true in most cases. The rationale behind the chosen
procedure is that estimates of substitution elasticities for dif-
ferent energy types on a disaggregated branch level were not
available when the model was imnplemented. Substitution between
fuels within a branch is furthermore assumed to be possible across
all existing plants, e.g., the type of fuel used in a boiler can be
switched without much change in the technique used in the rest of
the production process. This is a sufficiently accurate description
of the use of fuels in the manufacturing sector except for those
branches, such as iron and steel, where a particular fuel is also

an integrated part of the production process itself.
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Figure 3.4 Energy coefficients for electricity

and fuels in the manufacturing sector.
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For convenience we measure substitution between fuels in terms
of physical energy units which makes it easier to calibrate the re-

ference projection against other projections.3

While the use of fuels per unit output in the manufacturing sec--
tor falls, the share of oil will also decrease due to the unfavor-
able relative price development as shown in Figure 3.5. Coal and
domestic fuels will each increase their share with some ten per-

centage points during the simulation period.l‘t

Energy substitution in the eight industrial branches outside the

manufacturing sector is treated in a more conventional way. Ex

post substitution possibilities between inputs (electricity, fuels,
labor and capital) are given by constant elastic functions in rela-
tive prices. The procedure to determine the share of different
types of fuels - given the input coefficients - is the same as be-
fore. Estimates of elasticities are, however, based on "calibra-
tion" and "informed judgement" to a greater extent than for the

manufacturing sector.
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Figure 3.5 Use of o0il, coal and domestic fuels

in the manufacturing sector

(Percent of total fuel use)
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Figure 3.6 Energy use per unit output in the public

sector and "other industry". Reference case.
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The same ‘holds for energy use in the public sector. Energy use
in the reference case for these two sectors is shown in Figure
3.6. The total energy coefficient is falling - although slowly - dur-
ing the simulation period. The share of oil consumption per unit
output will fall from two thirds to one half. The sluggish decrease
of energy and oil demand is i.a. explained by the fact that
transports are included in this sector making it more difficult to
substitute oil for other energy. Also saving - and substitution -
possibilities in the heating of buildings, which is responsible for a

great part of the sector's total energy use, have been judged cau-
tivosly in the model.
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The last energy consuming sector is the household sector. The

basis for the energy projection in this sector is a linear expendi-
ture system, comprising three energy "goods" directly consumed
by households along with the other eleven consumer goods in the
system. One difficulty, which makes the numerical results harder
to interpret, is that electricity used for heating and other purpos-
es (light, machines, etc.) cannot be distinguished in the statistics
long enough to allow for proper estimation (cf. Dargay-Lundin,
1978).

Since the price of electricity for heating develops favorably dur-
ing the first half of the simulation period, one should expect in-
creased electricity consumption. As shown in Figure 3.7 the model
"predicts" a slight increase in the coefficient for electricity use
in the household sector, despite a fairly strong decrease in total
energy use (per consumption unit) during the 80s. This develop-
ment is primarily explained by the combination of a fast reduc-
tion in house heating - the distant heating coefficient is even re-
duced and a fast substitution toward electric heating. Hence, house-
holds' direct consumption of electricity will increase by more than
40 percent over the decade.

Again it should be noted that energy use in this sector also includ-
es motor fuels. The slow substitution of oil used for this pur-
pose shows up in the figure as a slow increase of "other energy"

which is made up of mainly motor fuels other than gasoline.
Total Energy Use and Aggregate Substitution

The total use of energy in the model economy is determined i.a.
by those assumptions on prices, substitution elasticities, political
restrictions, etc. discussed above. The general economic growth
is, of course, also of paramount importance. The macro-economic
assumptions used to construct the reference growth path will be
described in the next chapter. In this section we will briefly dis-

cuss what all these assumptions imply for total energy use.
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Figure 3.7 Energy use per unit private real consumption

in the household sector. Reference case

(Total energy use per unit real consumption
in 1980 = 100)
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Final demand of energy per unit GDP falls in the reference case -
altogether by 20 percent - throughout the entire simulation pe-
riod as shown in Figure 3.8. Since, however, GDP grows by more
than 50 percent, the level of final energy use will end up at a
20 percent higher level compared to the 1980 consumption. A
large part of the reduction of oil consumption per unit output is
evidently explained by energy saving. Only a minor part is re-
placed by other kinds of energy - notably coal and domestic fuels
(wood and peat).

Turning to the input of primary energy, the picture is much the

same. During the 80s abundance of nuclear power contributes to



- 189 -

Figure 3.8 Final energy use per unit output (GDP)
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a reduction of oil use for the production of distant heating and
electricity as well as for direct house heating. Towards the end
of the simulation period, nuclear power is partly replaced by fuel
based energy, even forcing a slight increase in oil input per unit
GDP. It must be emphasized, however, that levels of energy con-
sumption in the reference case are not primarily meant to be
used as independent projections or forecasts. They do however
seem to fit the "conventional wisdom" about future energy con-
sumption as documented by numerous official studies during re-
cent years. Some of these projections are gathered in Table 3.2.
They show some crude consensus, at least at an aggregate level,

with the one notable exception reported in column F. This study
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Table 3.2  Recent energy projections (TWh)

1990 2000

Nuclear + hydro

power 126 126 124 130 - 103 126 65
Oil 219 225 267 189 230 258 179 106
Coal 43 60 31 55 46 70 107
Domestic fuels 67 70 58 79 77 112 98 95
Other 4 4 3 6 - 19 10 11
Total 459 485 483 459 - 562 520 271
A = This study, reference case

B = SOU 1979:83

C = SIND 1980:17

D = Prop 1980/81:90

E = SOU 1982:16

F = Steen et.al., 1981

projects a level of energy use 20-25 years ahead, that is less
than half the reference case level (column A). This rapid energy
saving is supposedly brought about by implementing those most
profitable techniques, which are energy conserving. Given the
rate of depreciation of real capital and of gross investment it is
possible to calculate future energy use with "best technology"
and to do this for different economic growth scenarios. With a
low marginal energy coefficient the average coefficient will also
decrease with time. The approach is much the same as adopted
in the ISAC- model although more interest is focused on the mar-
ginal coefficients which tend to be lower than those used in our
study. These coefficients are, however, not formally implemented

into a macromodel of the ISAC-type.
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The principal aim with the model experiments carried out in
this study is to compare the outcome under different assumptions
on oil prices. The general economic consequences will be exten-
sively dealt with later. To illustrate some energy substitution
mechanisms the energy consumption effects will, however, briefly

be discussed here.

Let us compare the reference path with an "oil tax" case, where
the price of oil on the domestic market is gradually increased
through the 80s. The tax is assumed to inflate the oil price paid
by consumers by 4.5 percent per year above the reference case.
During the 90s oil prices will grow at the same rate as in the re-
ference case, but the price level will be higher by more than 50
percent. The resulting difference in primary energy use relative
to the reference case is shown in Table 3.3. We see that the oil
coefficients for the whole economy will continue to decrease in
the nineties in the tax case, even though oil prices then are as-
sumed to grow at the same rate as in the reference case. This is
due to the sluggish reaction to price changes and the slow adjust-

ment of real capital structure.

With the vintage capital approach used for investments in the ma-
nufacturing sector, the low marginal oil coefficients chosen in
the eighties will, ceteris paribus, decrease average oil use until
the whole capital stock is renewed. In the oil tax case there is
no tendency for the decrease in the oil coefficient to halt, since
the oil price differential will grow to the maximal 54 percent in
1990. Rather there seems to be an accelerated decrease in average
oil use in this sector, partly as a result of structural shifts

towards less energy intensive branches.

The same continued decrease in oil use during the 90s arises in
the rest of the production system (including production of public
services). However, reduction in oil use is here much slower i.a.

due to a large share of gasoline which is hard to substitute.
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Table 3.3 The effects on oil coefficients from an oil tax

increase during the 80s2

(Reference case coefficients = 1.00)

1990 2000
Manufacturing sector 0.77 0.45
Other industry and public sector 0.84 0.76
Household sector 0.64 0.63
Production of distant heating and electricity 0.80 0.25
Total economy 0.75 0.56

Development of oil use in the household sector when taxes are
raised does not, however, exhibit these lingering effects. Since
much of the households' oil consumption is tied to capital goods,
one would expect continued decrease of oil use during the 90s
with the turnover of the stock of houses and cars. However, no
such vintage mechanism is implemented for capital goods in the
household sector. The model specifications for household energy
consumption will therefore probably overestimate the price-ef-

fects during the 80s and underestimate the long-run effects.

In the oil tax case there is also a fast decrease of oil use in the
production of distant heating and electricity during the 90s due
to particular reasons. Because of the nuclear power build-up, the
use of fuels in this sector will be halved during the 20s, leaving
little room for investments in new plants for coal or domestic
fuels. The full impact of the oil tax will therefore be felt during
the 90s when fuel based production of electricity and distant heat-
ing expands by a factor three. In the oil tax case, the use of
oil per unit output will be one fourth of the reference case level

at the end of the simulation period.
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Finally, from Table 3.3 it is possible to compute a kind of ap-
proximate aggregate price elasticity of oil, assuming that the
elasticity of oil use with regard to GDP is close to unity. Given
the size of the tax increase the aggregate price elasticity during
the 80s could be calculated as -0.6. Since, however, the relative
decline of the oil coefficient continues during the 90s without
any further increase in oil price differentials, the price elasticity
measured over the whole simulation period would be twice as large
i.e. -1.2,

NOTES

! For a related discussion of the costs of adjustment in energy
demand for manufacturing cf. Berndt-Fuss-Waverman, 1979.

2 For a discussion of methodological options and some attempts
at comparison cf. Berndt-Field, 1981.

3 It should be noted, however, that the reference projection was
constructed with an aggregate manufacturing sector and was not
based on detailed studies of substitution possibilities between
fuels for each manufacturing branch.

Y In comparing this development with the prices given in Table
3.1, two things should be noted. The table refers to the price of
the fuel. Since fuel cost is a relatively large share of the produc-
tion cost of energy when oil is used, the price of the fuel will
then have a stronger impact on energy price. Assuming that the
costs . of other inputs (labor and capital) per unit output follow
the general inflation, this implies that there will be a slight
decrease in coal produced energy price relative to oil energy
price - at least from 1985 on - and that the price development
for energy based on domestic fuels will be somewhat less favor-
able than it appears in Table 3.1. There is also a 4 year lag
assumed in the fuels substitution which evens out the 1980-85 dif-
ference between coal and oil. The coal price rise during this pe-
riod will in fact catch up with the oil price thus restoring the
"normal" relation between coal and oil prices.
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4 THE SIMULATION DESIGN
Economic Developments in the 80s and 90s

As a measuring rod for our simulations we have used a "refer-
ence case", i.e. a standard scenario for the development of the
Swedish economy during the next two decades. The assumptions
concerning the international markets and the domestic labor sup-
ply are listed in Table 4.1.

We assume that the rate of increase in the volume of internation-
al trade will be stable but somewhat lower than in previous post-
war decades. For raw materials and semi-finished goods this will
mean an annual rate of increase of 2.3 and 2.6 percent respec-
tively during the 80s and 90s, while the trading in finished goods
is supposed to increase annually 5.7 and 5.0 percent respectively
and that of services 4.5 and 5.0 percent. There are good reasons
to expect a stagnating supply of labor in the next two decades.
The number of hours worked per employee will continue to de-
crease at a fairly rapid rate during the 80s yielding a 'falling
labor supply in terms of hours. These developments are however
assumed to come to an end in the 90s with a slight increase in
number of persons in the labor force, offset by a small decrease
in the number of hours worked per employee, thus making labor

supply in number of hours almost constant during the decade.

The price of oil is assumed to increase annually with 1.5-2.0 per-
cent relative to the price of finished goods in international
trade. The coal price is throughout the simulations assumed to ad-
just proportionately, although with a certain lag, to changes in
the oil price, thus maintaining the relative level vis-a-vis the oil

price that it had reached before the oil price rise in 1979-80.

‘As described in Chapter 2 a model simulation also requires a
number of policy variables to be given exogenously in order to
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Assumptions for the 80s and 90s

World trade development

Annual increase, %

1980/1990

1990/2000

Volume Price®

Volume Price?

Raw materials and
semifinished goods

Finished goods

Services

2.3 5.5
5.7 6.4
4.5 7.0

2.6 4.1
5.0 6.0
5.0 6.0

@ In international currency.

b Includes the following branches: agriculture, forestry and fishing; mi-
ning and quarrying; manufacture of wood products, pulp and paper;

basic metal industries.

Labor supply development

Annual increase 1980/1990 1990/2000
Number of persons? 32.7 14.2
Number of persons 0.7 0.3
Hours worked per

employee -1.0 -0.2
Labor supply,

number of hoursP -0.3 0.1

8 Yearly change in thousands of persons.

b Yearly percentage growth.
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reach announced targets of economic policy. There is in principle
a great many ways of controlling the economy, i.e. to reach spe-

cific macro economic targets.

We have employed three main policy instruments: wage policy,

wage tax and public consumption.

"Wage policy" really means controlling the long term growth
trend of wages. Technically this is attained in the simulations by
varying the constant term in the estimated relation for the
growth rate of nominal wages. In actual life this could corre-
spond to the efforts, frequently exemplified in Sweden during the
70s, to keep down the nominal wage claims in the collective bar-
gaining by various fiscal adjustments, particularly directed to-

wards the rate of personal income tax.

The second type of policy instrument is the wage tax, which is
assumed to be entirely shifted back onto the wage earners even
in the short run. It can be looked upon as a representative of a
wide variety of tax and transfer measures. It is, however, a natu-
ral candidate since there are strong reasons to suppose that futu-
re increases in central government taxation will predominantly

take this form.

Finally we assume full control not only of central government
consumption and transfers but also of local government expenditu-
res. What this means is that we have simplified the interpreta-
tion of the experiments by treating local government expenditu-

res - and taxes - as exogenous.l

Among our policy instruments we have not included an active ex-
change policy. The reason is that, in the model, changes of the
exchange rate appear to be substitutes rather than complements
to wage policy. The price compensation claims built into the
equation explaining the rate of wage increase, tend to counteract
and, after 2-3 years, almost completely neutralize any change of

the exchange rate. That an active exchange rate policy thus re-
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quires the cooperation of the parties on the labor market to keep
back compensatory claims would seem to agree rather well with

our experiences from the 70s.

Three target variables are considered in the reference simulation:
the rate of unemployment, the balance of payment and the
growth rate of public consumption.

The policies adopted in the reference case - Figure 4.1 - have

had the following main targets. The current balance of payment

Figure 4.1
Target variable values 1980-2000

Reference case

Deficit on current account, percent of GDP at

)
Unemployment, percent of total labor force (----- )

factor values (

Real private consumption, percent of total con-

sumption (right hand scale) {—-—-— }

1980 1990 2000



- 198 -

deficit should be eliminated by 1990 and stay close to zero for
the rest of the period. Unemployment should be kept around
what is considered a "normal" rate of frictional unemployment -
2 percent of the labor force. The assumed strategy for public
consumption has been to let it grow -at a slightly faster rate
than private consumption during the 80s but evening out the ac-
counts in the 90s, thus attaining on the average a roughly propor-
tionate increase over the two decades of public and per capita
private consumption.2

Table 4.2 Real GDP by expenditure 1980-2000.
Reference case

Annual increase, % 1980/1990 1990/2000

Consumption

Investments?@

Imports

1.3
1.8
Exports b.6
2.9
GDP 2.1

2 Including changes in stocks.

Table 4.2 shows the simulated development of the economy in
the reference case. The need to restore the external balance be-
fore 1990 is reflected in the gap between the growth of exports
and imports during the 80s with repercussions primarily on priva-
te consumption growth. In the 90s a faster consumption growth

compensates for the meager previous decade.3

Stagnating Oil Prices

How would this reference scenario change with other assumptions
about oil price development?
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In the standard reference case we have assumed for the oil price
a 1.5-2.0 real growth rate for the rest of the century - if defla-
ted by the price of finished goods. Oil price forecasting is, how-
ever, a highly uncertain business and no one can exclude the possi-
bility of e.g. a stagnating real oil price. However, our main re-

sults do not depend critically on these assumptions,

Our main aim is to analyse the impact of oil price shocks on the
economy and different ways to alleviate the problem they cause.
Most of our conclusions relate to differences between simulations
rather than to absolute levels. The effects of an oil price hike is
here measured by the difference in e.g. private consumption le-
vels between a simulation with the sudden oil price increase and
a simulation without if. Within certain bounds this difference
does not vary very much with the oil price assumption used as re-
ference. We shall, however, briefly discuss the effects of stagnat-
ing oil prices. The exact price assumptions are given in Table
4.3,

Table 4.3 World market prices

Annual Reference Stagnating
increase case oil prices

% 1980/1990 1990/2000 1980/1990 1990/2000
Finished Goods 6.4 6.0 6.4 6.0
Oil 8.0 8.0 6.0 6.0
Coal 8.9 8.0 6.9 6.0

The reduced energy import prices will certainly improve terms-of-
trade for the Swedish economy. The consumption level correspond-

ing to full employment and external balance will accordingly be
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Figure 4.2 Effects of gtagnating oil prices

(Reference c¢ase = 100)

Private consumption (
GDP (----)

Terms-of-trade (—-—-— )

105.0

1980 1990 2000

higher as shown in Figure 4.2. The total gain at the end of the
simulation period will amount to 5 percent of the reference case
private consumption level. The improved terms-of-trade are not
solely due to the oil prices. Since the total oil import biil will
be smaller the need to generate a trade surplus for other goods
is somewhat relaxed. Hence the need to gain market shares by
lower relative prices and deteriorating terms-of-trade will be cor-

respondingly less.

Simulation Experiments

The main experiments we have performed with the model are

summarized in Table 4.4, Below the reference case and the case
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of a gradual oil price increase different variations of the oil crj-

sis scenario are listed in order of increasing adjustment problems,

The oil crisis itself is modeled as a close to 60 percent rise in
the relative oil price, occurring early in 1991 with the gradual
price increase (GO), the same total relative price increase is
reached in 1991 by a steady rise throughout the 80s. In the first
type of oil crisis simulation (O, OI), the oil price hike occurs
without interrupting world trade.

In the second type of oil crisis scenario (OW, OS, TOS), various
cyclical repercussions on other world markets are taken into ac-
count. Based on the experience of the 70s and on some experiments
carried out for this purpose on the LINK model (Sarma, 1983),
the resulting world trade cycle is modeled as a 3-year pattern
led by a short-lived speculative boom in raw material and invest-
ment goods, of dominant importance still for Swedish exports, fol-
lowed by a general trade slump. Over the first 4 years of the
90s the annual increase in the volume and price of world trade
(excepting services) will be, on the average, multiplied by a fac-
tor of 0.5 and 1.0 respectively, compared to the reference deve-
lopment. To facilitate comparisons, we let, in both cases, public
consumption develop as in the reference case, registering the
shrinking room for increased consumption in terms of private con-
sumption.

In the simulations listed in the left-hand column - O, OW - no
policy adjustments are made to compensate for the oil price
hike. The impact measured will thus be the outcome of market

reactions to the changed relative prices.

When instead full use is made of available policy instruments in
order to restore balance in external payment and in the labor
market in three years, the result will be as in the simulations OI
and OS, listed in the middle column,

The 3 variations MW, MP, and MR listed below in the same co-
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Table 4.4 Eleven simulations 1980-2000

Bo oil tax

#o o0il price hike

)il price

iike with

ncreasing

conomic

nd

olitical

djustment

Dsts

A =

No policy adjustment

0il tax

Policy adjustment

REF -
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(increasing/stag-

nating oil prices)

TREF -

0il tax with-
out oil price
hike

UPA

GO -

Gradual oil price

increase UPA
[—- ————————— 1\- ————————————————— e
o - oI -
0il price hike 0il price hike
without world mar- | without world mar-
ket repercussions ket repercussions

UPA
oW - 0s - TOS -
0il price hike 0il price hike 0il tax with
with world market with world market |. i1 price
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UPA
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policy
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Minus also public
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MR -

Minus also the
possibility of
lowering real
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Unrestricted Policy Adjustment
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lumn simulate the effect of successively taking into account re-
strictions on the use of economic policy instruments which, judg-
ing from the experience of the 70s, may well be perceived as
binding by Swedish decision-makers. In MW, we take away the
wage policy instrument, making it impossible to influence the
long-term trends in nominal wage increase. This must then be
compensated for by an active use of the control of public con-
sumption. In MP, this policy instrument is also blocked, public
consumption again being prescribed to follow the reference pat-
tern. Finally, in MR, the need for trade union support is supposed
to force the government to guarantee no decline in real wages,
thus increasing the unemployment needed to ensure external bal-

ance,

Two additional cases, in which an oil tax is used as a buffer a-
gainst the possibility of an oil-price hike, are listed in the right-
hand column of Table &4.4. The oil tax we study has a very sim-
ple construction. It is successively stepped up during the 80s, annu-
ally adding an extra oil price increase of around 5 percent, so
that by the beginning of 1991 it has raised the domestic oil price
as much as the assumed size of an eventual oil price hike.

If the oil crisis materializes - the TOS-case - the tax is used as
a buffer, the lifting of the tax neutralizing the raised import
price. We then measure the benefits by comparing the resulting
development during the 90s with the uninsured case, OS, assum-
ing the same access to policy instruments. If the oil crisis does
not come (the TREF-case), the oil tax remains and causes some
retardation in growth during the following decade. The cost of
the tax insurance is evaluated by comparison with the outcome
in the reference case which, apart from the tax, rests on identi-
cal assumptions. A comparison is also made with the case, SO, of
a gradually rising import price in order to differentiate between
the effect of changed terms-of-trade and that of changed domes-

tic relative prices.
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NOTES

1 For an account of the interaction between local governments
and the rest of the economy and its effects on stabilization pro-
blems and policies, cf. Nordstrém ~ Ysander (1981).

2 For a more detailed discussion of alternative conditions and
strategies for Swedish economic development 1980-2000, cf.
Nordstrém - Ysander (1980).

3 The difference in growth rate between exports and imports in
1990/2000 is due to the fact that volumes are expressed in 1975
years prices. The 1990 export volume is 25 percent larger than
the import volume implying a slower growth rate required for ex-
port volume to keep export value increase equal to import value
increase. Also the fairly favorable growth assumptions for world
trade developments actually permit a slight increase in relative
export prices, thus further reducing the necessary export volume
growth rate.
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5 THE IMPACT OF AN OIL PRICE SHOCK

In this chapter we will describe the impact of an oil price hike
on the economy using the reference case as a standard of compar-
ison. Both short term responses and long term substitution ef-
fects will be discussed. Changing oil prices also have important
effects on the world market. These effects may be of great im-
portance to a small open economy like the Swedish. Economic pol-
icy must also be taken explicitly into account since an oil price
crisis makes policy changes necessary, at the same time increas-

ing the pressures on policy-makers.
Impact Without World Market Repercussions

Let us first trace the direct impact of an oil price hike on the
Swedish economy disregarding the repercussions on the world mar-
kets. In 1990/1991 the price of imported oil is assumed to increase
by 2/3 instead of the reference 8 percent increase. Through the
80s and again from 1991 onward oil prices will increase by the
reference case rate. Prices on coal are assumed to follow oil pri-

ces albeit with a certain lag as shown in Figure 5.1.

Although target variables will be displaced by the oil price in-
crease it may clarify the analysis if we start by keeping policy va-
riables unchanged. The question we thus try to answer is: what
would happen with the economy in an oil crises if the Swedish gov-
ernment decided to ignore it and to go on doing "business as

usual"?

The immediate impact of a large oil price rise on the model econ-
omy is to boost inflation, e.g. as measured by the consumer
price index. This comes about in two ways - directly through the
households' use of oil and indirectly through increased costs of
production in the business sector. The inflation impact is shown
in Figure 5.2. After the initial inflation peak in 1991, the infla-

tion rate will gradually approach that of the reference case.
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Real price of o0il and coal
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The dotted lines show price developments in
the o0il price hike case. Real price of oil
(SEK per MWh) in 1980 = 100.0. Nominal prices
are deflated by the world market price for
finished goods.
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However the oil price hike and its inflation impact will set forc-
es in motion which will affect the real development of the econ-
omy and feed back on prices with various lags. One important
mechanism coming into play is the wage formation mechanism.
As is evident from Figure 5.2a the initial impact on wages is neg-
ative. Wage rate growth in 1990/1991 will fall below the refer-
ence case by three percentage points. A fairly strong wage re-
sponse to excess demand in the labor market comes into play im-
mediately while wages respond to prices only after a year. Infla-
tion will deflate private income and will make industry lose mar-
ket shares abroad. This fall in real demand will promptly show up
in open unemployment as shown in Figure 5.2b, thus causing
wages to fall relative to the reference case. There is a fairly
large cut in real wages in 1991 - minus 6.5 percent compared to
the reference case and minus 3.5 percent relative to the wage
level of the previous year. This assumed wage formation mecha-
nism will bring the economy back to full employment within a
few years. Thus, the model asserts or assumes that a total lack
of accomodation on the part of the government will cure the econ-
omy both of unemployment and inflation within 3-4 years. The fall
in domestic real income is however not large enough to offset the
loss of terms-of-trade imposed on the economy by the oil price
increase. The initial deficit on current account will thus persist

as shown in Figure 5.2b. (The exchange rate is assumed fixed.)

The limited fall in consumption demand - 3 percent during 1991
compared to the reference case - is due to the progressive in-
come tax as well as to the inflation compensated transfers which
make up a considerable part of the households' disposable income.
Another contributing factor is the assumption that public wage
increases lag one year behind the business sector. So, some of
the reasons why stabilization after an oil price hike cannot
safely be left to the markets has to do with the fact that "in-
built automatic stabilizers" in the tax and transfer system and var-
ious forms of inflation indexing cushions the inflationary impact
so much as to impede the adjustment of the domestic consump-

tion level, leaving us with an external deficit.
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Figure 5.2 Effects on inflation, unemploymgnt agd
current account from the oil price hike
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Note: The difference in o0il price growth in 1990/1991 com-
pared to the reference case i 54 %. For coal this differ-
ence is spread over three years. Apart from oil and coal
prices all growth rates of international prices are identi-
cal between the two simulations.
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Figure 5.3 Effects on energy use from the oil

price hike. Primary energy input to GDP
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Turning briefly to the energy consequences, the use of oil will
decrease compared to thé reference case. A minor part of the re-
duction is explained by slower economic growth. More important,
however, is reduced energy use per GDP unit and reduced share
of oil in total energy use. As Figure 5.3 indicates, oil use in
TWh/GDP is reduced by 30 percent during the 90s as a result of
the oil price rise in 1991. Total primary energy input will be
10 percent lower. The decline in energy coefficients is gradual
due to the inertia in energy substitution built into:the model, i.a.
through vintage mechanisms the capital formation in the business

sector.
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Impact of World Market Repercussions

In our discussion so far world markets were assumed to be com-
pletely unaffected by the oil price shock. We did this for analyti-
cal reasons to isolate the "direct" oil price impact from "indi-
rect" effects from unstable world markets. The assumption could
be interpreted as reflecting perfect adjustment or stabilization po-
licies being carried out throughout the world. At least at an ag-
gregate level this would imply i.a. that inflation is contained and
that the financial transfers inherent in an oil price hike are orga-
nized without depressing real income and demand. This could of
course be true only at an aggregate level. To ascertain this stabi-
lity, patterns of trade and production would have to change in re-

sponse to shifts in wealth among countries and relative prices

among goods.

Judging from historical experience, crises of the type discussed
here are however not likely to be handled in a cooperative spirit
or to be accomodated smoothly by the international community.
It seems therefore reasonable to introduce some kind of world
market effects into our simulation experiments. This will add con-
siderably to the arbitrariness of the calculations since future in-
ternational policy responses are not easy to predict. Our aim, how-
ever, is only to illustrate the increased strains that domestic po-
licy makers will be facing when international stabilization polici-

es are not pursued in an optimal way.

Based on the experience of the 70s and on some experiments car-
ried out on the LINK model for this purpose (Sarma, 1983), a
world trade cycle is modeled as a three year pattern led by
short-lived speculative boom in raw materials and investment
goods - of dominant importance still for Swedish exports - fol-
lowed by a general trade slump. Over the first four years of the
90s the annual increase in the volume and price of world trade
will on the average be multiplied by a factor 0.5 and 1.0 respec-

tively.
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Figure 5.4 0il price hike and world market repercussions
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Figure 5.5 Effects of 0il price crises and world market

repercussions
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For the rest of the decade, markets are assumed to be stable
but with lower trade growth rates and higher inflation rates than
in the reference case, as shown in Figure 5.4. World markets for
services are assumed to develop with the same patterns as mar-

kets for finished goods.

Initially the assumed world market cycle will in fact somewhat
alleviate the negative effects of the oil price increase for the
Swedish economy. This is evident from Figures 5.5a-c, which
show differences between oil price hike simulations with and

without world market repercussions.

The reason is the raw material boom in the first phase of the
cycle which favors the relatively large Swedish exports of such
goods. The balance on current account will therefore improve so-
mewhat during 1991-1992. When markets turn down, however, the
negative effects will be correspondingly stronger. Since the do-
mestic activity level - given e.g. by the employment rate - will
not improve even during the third year of the crisis, the increase
in domestic unit labor costs will be modest. Compared to a simu-
lation without disturbed world markets, real wages will on avera-
ge decrease by one percentage point per year during the first
five years of the decade. Figure 5.5b-c show that economic imba-
lances - unemployment and external deficit - will be reenforced
by the world market crises. The rate of unemployment caused by
the combined oil price rise and world market repercussions will
amount to 3.4 percent and 2.5 percent respectively in 1993 and
2000. The deficit on current account for those two years will be
respectively 4.2 percent and 3.7 percent of GDP.

Stabilization Policies

We have so far only studied the impact of an oil price hike in
the case where the government takes no countermeasures, but al-
lows the foriegn debt to accumulate. That is obviously an unte-

nable position in the long run and we will now go on to see what
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solution can be offered by an active stabilization policy.

Economic policy in the simulation experiments is pursued towards
two main goals: full employment and balance on current account
for external transactions. The three instruments used to achieve
desired target levels are taxes, real public expenditures and wage-
policy.

Tax policy is modeled as a wage tax. In using public consumption
as an instrument it is tacitly assumed that policy makers exer-
cise full control not only of central government expenditures but
of local government expenditures as well. The ISAC-model does in
fact include an expenditure model for local governments where the
central expenditure control can be substituted by more realistic
policy variables like different kinds of grants. This submodel is

however not used in the present simulations.

The wage policy instrument, finally, is implemented as an auton-
omous wage rate increase that is assumed to be directly or indi-
rectly controlled by the government policy makers. Altogether
this does not yield a very rich framework for stabilization policy

analysis but works satisfactory for our purposes.

Throughout this section we will keep the public expenditure
growth unchanged and analyze the use of tax and wage policy to
reach the specified targets. Variations in public consumption
growth will, however, be necessary when the use of other policy

instruments is restricted, as we will see later on.

The effects of parameter changes in the ISAC-model has been
described elsewhere and shall not. be repeated in detail (cf. Jans-
son, Nordstrém, Ysander, 1982). As is seen from Figure 5.6 a re-
duction of the autonomous wage rate growth (A) will improve the
current account and increase employment in a medium term per-
spective (3-5 years). This is mainly the result of improved compe-
titiveness on the world market. Instruments B and C in the figure

on the other hand will primarily affect domestic demand by in-
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Creased taxes and reduced public expenditures respectively. A

desired improvement of the external balance can be accomplished

with smaller negative effects on employment if measures are di-
rected towards private consumption, due to its higher marginal
import Propensity.l In both cases, however, the incresed unem-
ployment will depress wages, thereby also boosting net exports

through improved international competitiveness.

We saw already (cf. Figure 5.5) that the oil price crisis will
bring about internal as well as external disturbances throughout
the 90s if no counter measures are undertaken. When world
market effects are taken into account, unemployment will reach
a peak level at 3.5 percent in 1993 and will then remain around
2.5 percent. The principal problem will, however, be the current ac-
count which will deteriorate to a deficit amounting to 3-4 percent
of GDP. The outflow of currency will then sooner or later make
policy adjustments necessary. We have here chosen to use para-
meters in the tax and wage functions as policy instruments. We
have also, for analytical reasons, chosen to bring the economy
back on target as soon as 1993 and to keep it close to target
for the rest of the decade. By this standardization it is possible

to compare the austerity required by different policy packages.

The changes in tax and wage-policies necessary are rather selfevi-
dent. Although the crisis by itself will lower real wages, the de-
crease is not large enough to offset ﬂ]e rising energy costs in pro-
duction and the deteriorating terms-of-trade. As shown in Figure
5.6 a downward adjustment of the "autonomous" wage rate increase
will improve the external balance as well as the employment
situation. To reach the targets in 1993 tax rates must also be rais-
ed. Thus economic policy must depress real wages and private
consumption shares of GDP, even further than what would be the
case in an "uncontrolled" development of the crises-ridden econo-
my. This is illustrated by the shaded areas in Figure 5.7. Policy
measures will have to be rather harsh during the first three
years of the crisis. Real wages, which grow by more than 3 per-

cent a year in the reference case, must decrease by more than 2
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Figure 5.6 Effects of policy instruments on target

variables
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percent per year during 1990-1993. For the rest of the decade
real wages may grow at approximately the reference case rate.
Also tax policies must be hard-fisted enough to force down pri-
vate consumption and make room for the net export expansion ne-
cessary to restore external balance. Although GDP growth is not
much changed by the policies measures, private consumption will
decrease by 1.6 percent per year between 1990 and 1993. It should
be emphasized that labor supply is exogenous in the model and
thus not affected by taxes or wages. When the crisis has been

contained after three years, the economy resumes a "normal"
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Figure 5.7 policy measures to reach target values in

an oil crisis
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growth path although from a lower consumption level than in
the reference case. This difference is a rough measure of the
welfare loss incurred by the combined oil price and world market
crisis through deteriorating terms-of-trade. It will reach a max-
imum of 14 percent of the reference case level in 1995 and will

on the average be 10 percent.2

Of course, if all countries would accommodate the oil price hike
without deflating their economies, the hardships would be miti-
gated. As stated above we may approximate such a development -
including a balanced trade between oil exporting and importing
countries - by assuming that world markets for other goods are
unaffected by the oil price rise. This will substantially reduce
the necessary changes in policy parameters as well as the per-
sistent loss in terms-of-trade and consumption levels due to stag-
nating world markets. The difference between the outcome of
the two oil crisis cases - with and without world market repercus-
sions - are summarized by the shaded area in Figure 5.8. In both
cases targets are reached in 1993 and maintained for the rest of
the decade. The figure thus shows direct and indirect effects
from an oil price crisis in terms of welfare losses (as measured
by private consumption) and policy requirements (as measured by
the real wage rate). With the assumed size of the oil price rise
and its world market repercussions, the major part of the impact
on the Swedish economy - about 3/4 - will consist of the direct
oil price effect. However, Figure 5.8b shows that the required
real wage adjustment is magnified by the world market effects.
While the real wage rate levels in 1995 must be 9 percent below
the reference case level when the oil price hike is not accompa-
nied by disturbances in world trade, real wages will have to fall
another 7 percent if such disturbances has to be accomodated.
During the f{first two years of the crisis real wages will have to
fall by 4 percent as a direct effect on the economy from the oil
price rise, while it takes a reduction of real wages by almost 10
percent during these two years to handle the combined crisis. Ob-
viously this will increase the risk of not coping and of therefore

incurring further welfare losses.
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Figure 5.8 Direct and indirect effects from an oil crisis
(Reference case = 100)
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Effects of Policy Restrictions

So far we have assumed the policy instruments to be completely
at the disposal of the policy maker with no restrictions on their
use. Policy problems in real life tend to be more complex. There
are political trade-offs and the preferences of organized voter
groups to take into account. Such interdependencies could be in-
corporated into the simulation exercises through optimization
over some explicit loss-function. For several reasons we have
here chosen a much cruder analytical approach. One reason is
that such loss-functions are hard to specify and even harder to
estimate (cf. Gramlich, 1979). The main reason, however, is tech-
nical. Since ISAC is a fairly large model, formal optimization
would have added considerably to solution costs.

Instead we will in the following simply discuss the consequences
of successively giving up or restricting the use of policy instru-
ments. The gradual shrinking of the policy space will make it im-
possible to reach both targets in all cases. We have then choosen
to meet the external balance target and measure the cost of the

restrictions in terms of unemployment.

The experiments are carried out in the following way (cf. also
Table &4.4). During the "“crisis" period 1991-1993 various restric-
tions are put on the use of policy variables. The policies pursued
still aim at reaching in 1993 both the external balance and the
employment target. When both cannot be reached the employ-
ment target is abandoned. For the rest of the simulation period,
i.e. 1994-2000, no restrictions are imposed and targets are (ap-
proximately) attained. By measuring the "harshness" of the poli-
cies required in terms of consumption and real wage, we try, in a
very rough and indirect way, to estimate the risk of not coping
with the crises, of the policies being blocked or impeded.

In the first experiment (MW) no wage policy is allowed, i.e. we
cannot control the autonomous wage growth. Wages will not only

fluctuate according to "market forces" but also develop according
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to an exogenous long term trend. To reach the targets we must
then use the third instrument available - public consumption ex-
penditures. If we cannot improve our competitive position by mea-
sures directly affecting production costs, i.e.,, wage rates, the
only way to eliminate the external deficit in the short run with-
out increasing unemployment is to save imports by substituting pub-
lic for private consumption. This solution is illustrated in Figure
5.9, where all variables are related to the unrestricted oil crises
case (OS). Note that the current account target is reached in

these experiments and is therefore not shown in Figures 5.9-11.

The necessary redistribution between private and public consump-
tion is drastic. Public consumption growth rate must increase
from 2.1 percent to almost 7 percent per year during the crisis
period 1991-93. To release labor for this public expansion from
the rest of the economy, taxes must be raised substantially. As a
result private consumption in 1993 is 8 percent below the OS
case. Since the private consumption level in the OS case is al-
most 5 percent below the 1990 pre-crisis level this further de-
crease implies an average yearly reduction of total private con-
sumption by 4,5 percent during 1991 and 1993. Even though con-
sumption levels will be restored to the unrestricted levels to-
wards the end of the decade it would. obviously be difficult to
find support for and to execute such wild swings in public con-

sumption.

Inflation will be higher during the crisis period than in the OS-
case (cf. Figure 5.9b) since wage inflation is not controlled. Real
wage growth will on the average exceed the OS case by 2.3 percent
per year between 1991 and 1993, still however implying zero real

wage growth from 1990.

In the second experiment (MP) we also assume that rapid shifts
in public sector growth are impossible. To make it simple we
proscribe that public consumption cannot be used as a policy in-
strument at all. This leaves us with only one policy variable -
tax policy - and with no hope of reaching both targets except by

chance. Since we have decided to stick to the external balance,
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taxes must be raised to make room for the necessary export ex-
pansion. The tax raises will save imports through reduced private
consumption and depress wages through increased unemployment.
Lower wages in their turn increase net exports and improve the
current account. As Figure 5.10 shows, private consumption need
not be quite as contracted as in the MW case during 1990-1993.
At the same time public consumption will be much lower and unem-
ployment almost twice as large. Towards the end of the decade,
the economy will again settle on a growth path close to the unre-
stricted OS case. Real wages will decline during 1990-1993 al-

though not so fast as in the OS case, as shown in Figure 5.10b.

In our final experiment, the MR case, we add, on top of all the
preceding policy restrictions, the political prescription that real
wages should not be allowed to fall. Strictly speaking this is not
a policy restriction in the model but rather an ad hoc restriction
on one (or several) of its behavioral equations. Nevertheless we
believe that the effects of such a lower bound on real wage rate
growth is of great interest, whether it is imposed by central poli-
cy makers or by the parties on the labor market. This restriction
will reduce the effects of raised taxes on the balance of pay-
ments. The resulting unemployment cannot fully exert its down-
ward pressure on wages. Thus the net export expansion that comes
from improved competitiveness will be weaker, and it will be left
to the income effect on imports to ascertain a balanced current
account. This will call for a larger reduction in private consump-
tion and in total demand than in the MP case, as seen in Figure
5.11. Unemployment will exceed 5 percent in 1992 - almost twice

the level in the OS case.
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gure 5.10 Minus public consumption (MP)
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Figure 5.11 Minus real wage adjustment (MR)
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NOTES

I This is the simple "technical reason" for giving the combina-
tion wage and tax policy first priority in selecting an "optimal"
policy program for two instruments. There are of course other
ways of evaluating program packages, and our choice here should
not be thought of as indicating any value judgement in this re-
spect.

2 This case (0S) will be compared to the oil tax case (TOS) in
Chapter 6.
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6 THE USE OF AN OIL TAX AS INSURANCE

There are many alternative ways in which you can try to insure
against the adverse effects of an "oil crisis". Some ways were in-
deed already suggested above, e.g. improving counter-cyclical
measures and preparing for sharp changes in fiscal policy.
Another natural suggestion is to force domestic producers and
consumers to adjust gradually to an anticipated long term rise in
oil price. This could merely mean promoting flexibility in invest-
ments involving the use of energy and persuading, by the use of
some 'indicative planning", investors to tailor their investments
to fit expectations of higher future oil prices. As we suggested
in our introductory discussion, there may, however, be good rea-
sons for the government to go a step further and extend some
kind of guarantee for a slowly rising domestic oil price, both as
a way of reducing total risk and as a form of risk-pooling. This
can be done in many ways. The example we have chosen to illu-
strate in our simulation is a rough sort of "oil price insurance" -
a cumulative oil tax. The use of increased domestic oil taxation
as a means of accelerating energy saving and the use of substitu-
te fuels is a dominant theme in the current Swedish discussion on

energy policy.

The oil tax we study has a very simple construction. It is succes-
sively stepped-up during the 80s, annually adding an extra oil
price increase to domestic consumers, so that by the beginning
of 1991 it has raised the oil price altogether 54 percent above in-
ternational levels - the same as the assumed size of an eventual
oil price hike.

If the oil crisis materializes - the TOS case - the tax is used as
a buffer, the lifting off of the tax neutralizing the raised import
price. We then measure the "benefits" by comparing the resulting
development during the 90s with the "uninsured" case OS, assum-
ing the same access to economic policy instruments. If the oil

crisis does not come - the TREF case - the oil tax however
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remains, causing some retardation in growth etc. during the follo-
wing decade. Simulation experiments show that a major part of
these adverse effects could be eliminated if the tax e.g. was suc-
cessively lifted off during the 90s, ensuring a return to inter-
national price levels at the turn of the century. To assume that
uncertainty about oil price development should suddenly end in
1991 seems however not only arbitrary but also hard to interpret.
The cost of the tax "insurance" is evaluated by comparing with
the outcome in the reference case, which, apart from the tax,

rests on identical presumptions.

It should perhaps be emphasized that we have chosen this particu-
lar tax construction more out of analytical convenience than for
its merits as a concrete proposal. The oil tax in our simulation
does have the disadvantage of driving up the domestic oil price
to a level in 1990 that may be attained in the international mar-
kets only 20-30 years later. A more realistic proposal would per-
haps be to align the guaranteed rate of increase of domestic oil
price with the anticipated long term price trend, so as to make
the expected level of international and domestic oil price at the
turn of the century, roughly the same. It may also turn out to be
impossible for fiscal reasons to make the guarantee absolute. A
compromise solution could be to limit the fiscal "risk" to the
amount of oil tax, thus setting an absolute floor for the oil price
development, insuring effectively against a price slump, but only
alleviating the problems for the individual investor raised by a
major price hike.

Since our simulations could anyhow only provide an example and
never hope to give a proper evaluation of more flexible schemes
and proposals, we have chosen the rather extreme case where a
full guarantee -will work even in the face of a major price hike
without involving net subsidies,
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The Cost of an Oil Tax

The oil tax is assumed to affect the price of oil to all consu-
mers at an equal rate, i.e. their buying prices will increase at
the same rate compared to the reference case. This will introduce
an increasing price differential on the domestic market during
the 80s between oil and other primary energy sources as shown
in Figure 6.1. In real terms the oil prices paid by consumers will
rise steeply while prices of domestically produced fuels will even
decline somewhat due to a favorable productivity development as
the scale of production increases. This will induce substitution

away from oil to a greater extent than in the reference case.

The reduced use of oil will mitigate the inflationary impact of
the oil tax but will not eliminate it. Without compensatory econ-
omic policy, the oil tax will affect total demand and employment
in two ways. To begin with it will raise consumer prices and re-
duce real disposable income compared to the reference case.
Also the industrial sector's international competitiveness will be
adversely affected by increased energy costs. The result will be
loss of market shares both on foreign and domestic markets, The
development through the 80s is given in Figure 6.2. At the end
of the decade real private comsumption expenditures will be al-
most 3 percent below the reference case level. Total exports

will be down 2 percent.

The weak export demand will however not bring about a deficit
on current account. As shown in Figure 6.2b the external balance
will actually improve. There are two reasons for this. Firstly, the
substitution away from oil will considerably reduce the cost of
imported energy although some oil will be replaced by coal. The
savings on import costs will amount to more than 2 percent of
the total import bill in 1990. Secondly the deflated private con-
sumption volume will further depress the import need. These two
effects combined will prevail over the deteriorated competitive-
ness in Swedish industry, due to higher oil costs, and lead to an

improvment in the balance of payment.
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Figure 6.1 Real prices of primary fuels
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Unemployment will rise somewhat due to reduced demand and at
the end of the decade there will be unused resources as well as
an external surplus due to the oil tax imposed. This implies that
there is room for a more "expansionary" economic policy during
the decade, than was carried out in the reference case. It turns
out that it is possible to attain full employment and balance on
current account by a reduction of income taxes if the long term
wage trend is simultaneously adjusted somewhat downwards. The
outcome of such a policy change is described in Figure 6.3.

From the second half of the 80s and throughout the rest of the
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Figure 6.2 Macroeconomic effects of an oil tax
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simulation period the level of private consumption consistent
with full employment and external balance will be almost one

percent higher if the oil tax is introduced.!

Total production in the economy will as expected respond negative-
ly to the oil tax even with compensatory policies being pursued.
This is due to substitution effects reducing labor productivity
with rising energy prices. The decline in full employment GDP
will continue throughout the simulation period due to the gradual
introduction of less labor saving technologies compared to the re-
ference case. This reduced production volume, however, permits a
higher consumption level, since the export required to balance ex-
ternal transactions is almost 4 percent lower than in the reference
case. Again this is possible only because of the improved terms-
of-trade of the economy, which will accompany the substitution
away from imported oil. Terms-of-trade - the export price index
divided by the import price index - in 1990 is almost 3 percent
higher in the oil tax case than in the reference case. Ceteris pa-
ribus this would allow for a redistribution of 3 percent of the vo-
lume of foreign trade to domestic uses. With the large foreign
sector of the Swedish economy this is a sizable share of domes-
tic use. It will however to a large extent be offset by the nega-

tive productivity effects and increased energy-related investments.

Fixed price GDP for the tax- and non-tax cases are compared in
Table 6.1. The loss in productivity does not completely wipe out
the positive terms-of-trade effect associated with the oil tax.
The lower overall production volume will also somewhat reduce
the required investments although the total investment ratio will
rise as a consequence of increased energy related investments in

the oil tax case.

It is obvious already from the figures given that the factors af-
fecting the consumption difference are nicely balanced. One
-should therefore be cautious in drawing conclusions from the

actual outcome of the simulation examples. The most we can say
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Figure 6.3 Macroeconomic effects of an o0il tax with
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Table 6.1 GDP by expenditure
(billions of SEK in 1975 fixed prices)

Qil tax case minus

Reference case reference case

1980 1990 2000 1990 2000
consumption l64.4 185.9 238.8 +1.3 +1.4
Gross invest-
ments 60.5 74.9 92.6 -0.4 -1.4
Export 104.3 163.8 238.4 -4.4 -8.1
Import 97.3 129.9 198.4 +0.2 +0.6
GDpPa 322.0 396.8 496.5 -3.7 -8.7

a Expenditure items will not sum to GDP since those that do not
differ between the two cases are excluded.

is that the expected negative growth effects of the oil tax are
more or less neutralized by other factors notably the effects on
terms-of-trade of increased economizing in the use of oil. If it is
easy and cheap to substitute oil by e.g. domestic fuels, the cost
of the oil tax in terms of reduced productivity and increased
energy investments will be small and the net effect on private
consumption is likely to be positive. The same holds if the price
responsiveness of foreign markets to Swedish exports is small. In
that case a large oil import is "expensive" since it requires large
cuts in relative export prices - or worse terms-of-trade in equili-
brium - to make sure of the markets needed to pay for the oil.
Reduced oil import will thus give rise to sizable improveménts in

terms-of-trade.

The energy consumption pattern emerging from the oil tax simula-
tion is shown in Figure 6.4, Compared to the reference case the
savings of oil are considerable. The consumption level will be
75 percent of the reference case level in 1990. By the year 2000
oil use will have fallen almost another 25 percentage points rela-
tive to the reference case, due to lagged responses to the rising

relative oil price. As can be seen from the GDP-curve the declin-
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«Figure 6.4 Fnergy consumption in the o0il tax case
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ing oil use is not explained by a lower economic growth rate. To

some extent it is caused by a larger reduction in total energy

use than in GDP compared to the reference case. The lion's share

of the oil saving, however, is accomplished by substitution with

other types of energy. In our oil tax simulaton oil use is 120

TWh lower in 2000 than in the reference case. 50 percent of this

gap is filled by coal, 20 percent by domestic fuels (wood and

peat) and the rest by what is usually called savings, i.e. substi-

tution with other factors of production and changes in the compo-

sition of consumption of goods and services.
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Figure 6.5 0il tax vs oil import price increase
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Effects of an Oil Tax Compared to an Import Price Increase

The oil price on the domestic market is determined by the im-
port price and oil taxes. We saw earlier that the economy as a
whole may benefit from an oil tax due to savings on import ex-
penditures. If the domestic oil price increase was caused instead
by rising prices on the world market, oil savings would take
place to the same extent. However, terms-of-trade would then de-
teriorate, thereby shrinking the room for domestic private and pu-

blic consumption if external balance is to be maintained.

The result of a simulation where oil import prices are raised to
establish the same domestic oil price as in the oil tax case is
shown in Figure 6.5.2 Although there will be oil savings they will
not be large enough to prevent a substantial loss in the econ-
omy's terms-of-trade during the 80s. This loss emanates from two
sources. First there is the impact of the oil price on import
prices. Secondly, there will also be a need to lower relative export
prices to gain market shares abroad to pay the increased oil bill.
This is done in the simulation by adjusting wage increases. Ex-
port volumes will then become higher than in the oil tax case,
but at the same time export prices, and hence terms-of-trade,
will be lower. The result is a level of private consumption during

the 90s which is about 7 percent lower than in the oil tax case.

If, however, we compare instead the gradually rising import price
case with a sudden oil price hike, the big advantage of a gradual
price rise is of course the absense of stabilization problems and
the ensuing political strains. A gradual rise will also be antici-
pated and planned for, and will therefore avoid the costs of mis-
guided investments that are incurred by a sudden and unanticipated

price jump.
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The Benefits of an Oil Tax

The cost of an oil tax, in terms of consumption forgone, does
not seem very frightening. On the other hand one would expect
the benefits to be substantial if an oil crisis occurs. The reason
is twofold. First the oil dependence of the .economy will be much
less. Hence the penetration of an oil price hike will be less
severe. Second, if the oil tax is used as a buffer, the inflationary
impulse may be contained, reducing the risk of a self-sustained
wageprice spiral in the aftermath of the oil price hike. This will
greatly facilitate the conduct of economic policy since adjust-

ments in terms of wages and taxes need not be quite so drastic.

How domestic oil price develops in the price hike case when oil
is taxed and when it is not, is measured in Table 6.2. We see
that the price increase felt by consumers during the crisis year
1991 is considerably less in the oil tax case, when the tax is
used as a price buffer. Of importance to the stabilization pro-
blems that will follow in the wake of the crises, .is the reduced
oil dependence of the economy. Measured as percentage of GDP
(at factor cost) the oil import bill in the non tax case is 7.0 in
1990 but only 6.1 when the extra oil.tax is: imposed during the
80s.3 Furthermore, due to the forced export drive, necessary to
pay for higher oil imports in the non tax case, the economy will
be more vulnerable to a slow world trade growth during a crisis.
The oil tax will thus reduce the exposure of the economy to
world market disturbances on the import as well as on the export

side.

Table 6.2 Oil prices paid by consumers in the oil crises case.

(Average annual growth rate)

1989/1990 1990/1991 1991/2000

Qil tax case 12.8 8.0 8.0
Non tax case 8.0 66.3 8.0
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The implications for stabilization policy of the oil tax is illu-
strated in Figure 6.6. To regain full employment and external bal-
ance by 1993 a very harsh policy is needed in the non tax case as
already described in the previous chapter. Real wages must fall
by 2 percent a year instead of the 3 percent growth that is pos-
sible in the undisturbed (reference) case. In 1991, according to the
model, even nominal wages will have to fall - despite a 9 percent
growth in consumer prices - to accomplish the necessary accomo-
dation. Taxes must be raised to depress private consumption and

to make room for the export expansion and import substitution.

By comparison the strains imposed by the crises in the oil tax
case seem more manageable. Real wages may in fact still grow
during the adjustment period. The private consumption share of
GDP will fall drastically during the crisis with or without oil
taxes. In the latter case, however, this fall is accompanied by a
slow GDP growth, making the consumption level fall by 5.5 per-
cent during 1991 and 1992. In the oil tax case unemployment will
be more easily contained and GDP growth will be higher. The fall
in consumption level will therefore be limited to 3.5 percent
during 1991 and 1992.

During the latter part of the 90s the differences between the tax
and non tax cases in consumption levels, real wage growth etc.
will even out. This is simply due to the construction of the simu-
lation examples. We have assumed that balance ‘in the economy
is attained by 1993 and have compared the necessary measures.
However the value of the oil tax may also be estimated in terms
of the risk of having the economy go out of control and the wel-
fare losses this could imply. If - in the non tax case - stabiliza-
tion policy fails and we get a persistently high inflation and,
after some years, increasing unemployment, how would e.g. the
level of private consumption compare to a balanced oil tax case?
Our experiences of oil crises have indicated that these losses
may be severe. However, to construct such cases for the 90s
might stretch the capacity of the model and the imagination of
the reader a bit too far.
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Figure 6.6 Oil tax with oil price hike - consequences for stabili-
zation policy
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NOTES

1 As stated above the tax rate will increase gradually during the
80s to reach 54 percent in 1990 and remain on that level for the
rest of the period.

2 This simulation is very much like the one discussed in the be-
ginning of the previous chapter. However, in that case coal pric-
es were as usual assumed to follow oil prices on the world mar-
ket. To show only the "partial" oil tax-import price difference
we here let coal prices remain unaffacted.

3 The use of primary oil energy in 1990 is reduced by 26 per-
cent in the oil tax case. The oil import bill, however, is reduced
by only 15 percent. The difference is explained by a shift to-
wards more refined products in the total oil import along with a
general shift towards more refined products. With a more detailed
treatment of the domestic refinery sector in the model, likely
shifts in the composition of oil imports could of course have
been incorporated into the calculations.
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7 CONCLUSIONS

" This study starts out from the assertion that instability and price
uncertainty in the oil markets is one of the main problems con-

fronting - and indeed calling forth - energy policy.

The_first part of the study is devoted to tracing the impact of a
represéntative oil price hike on the Swedish economy. Our simula-
tion experiments yielded i.a. the following conclusions.

1. 'The long-term development of oil prices are indeed an impor-
tant determinant.of the rate of growth of the Swedish economy.
Stagnating real prices up to the turn of the century may, as
shoWn in the simulations, add a half percent of annual growth,
compared to the case with a slowly rising (1.5 percent/annum) oil

price.

2. Even more important is the instability of the oil market.
Judging both from the experiences of the 70s and from simula-
tion results, the size of the indirect effects of an oil price hike
via world market repercussions may be half or more of that of

the direct impact on the economy.

3. An "oil crisis" is for Sweden to a large extent a problem of
economic stabilization. What makes an unexpected oil price hike
so much more dangerous than a correspondingly large but gradual
price rise, is the risk of not being able to cope with these
problems. A fast but efficient adjustment of domestic policies

can reduce the welfare losses considerably.

4. The chances of coping efficiently with the stabilization pro-
blems can be shown to depend critically on the flexibility of
available policies. The more the government is tied down by va-
rios commitments, which limit the use of policy instruments, the
more extreme - and therefore the less likely - will the required

policy changes be.
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The second part of the study deals with possible policy devices
aimed at reducing and sharing oil price risks. Our experiments
with a government price guarantee supported by a cumulative oil

tax used as price buffer, indicated i.a. the following.

5. The cost of such an oil tax in the case when no oil price
hike occurs may be smaller than commonly supposed and could
even turn out as a net profit. With appropriate policy changes
the ensuing gains of terms-of-trade may be large enough to more
than offset the deterioration of international competitiveness. We
will however enter the next century with a smaller industrial ca-

pacity.

6. The "benefits" of smoothing the domestic oil price develop-
ment, when a major oil price hike occurs, is considerable and due
both to the enforced increase in total oil saving and to the pool-
ing of price risks. The chances of efficiently dealing with the sta-
bilization problem of an oil crisis are enhanced substantially by

the early introduction of an oil tax and an oil price guarantee.

It should again be stressed that we have not been able in this sim-
ulation study to treat the general problem of oil price instability
and price stabilization. The simulation results are more like a point
estimate of a stylized and rather extreme case. We do think how-
ever that the results indicate fairly well both the mechanisms
and the magnitudes involved and allow for some general conclu-
sions to be drawn as to the desirable direction for future energy
policy.
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