"

NBER WORKING PAPER SERIES

ENERGY PRICES, INFLATION, AND RECESSION,
1974-1975

Knut Anton Mork

Robert E. Hall

Working Paper No. 369

NATIONAL BUREAU OF ECONOMIC RESEARCH
1050 Massachusetts Avenue
Cambridge MA 02138

July 1979

This research was supported by the Center for Energy
Policy Research at Massachusetts Ingtitute of Technology,
where Mork is a member of the research staff. Hall's work
is part of the Program on Economic Fluctuations at the
National Bureau of Economic Research. The opinions
expressed are those of the authors and not those of the
Center for Energy Policy Research or the National Bureau
of Economic Research.



o

NBER Working Paper 369
July 1979

Energy Prices, Inflation, and Recession, 1974-75
ABSTRACT

The energy price shock depressed real output by two percent
in 1974.a;ahby five percent in 1975, according to .our results.
Prices rose by four percent in 1974 and by another two percent
in 1975. These conclusions are derived from an aggregate model
of the U.S. economy with an explicit role of energy in production.
The distinction between expected and unexpected shocks is an
important part of the model. We also examine monetary and fiscal

policies that might have offset the energy shock.

Knut A. Mork Robert E. Hall
Energy Lab. E38-404 Hoover Institution
Massachusetts Institute Stanford University

of Technology Stanford, California 94305

Cambridge, Massachusetts 02139
617/253-8022

415/497-2215



Revised May 1979

I. INTRODUCTION

The rapid escalation of energy prices in late 1973 and early 1974 has a
dominant role in most accounts of the deeb recession and high inflation of
the mid-1970s. This paper presents a quantitative appraisal of the response
of real output, prices, and employment to the energy price shock. It
considers both the substitution away from energy as an input to production
that occurred because of the shock and also traces the monetary and general
macroeconomic effects. Two of the most important mechanisms considered are
the adverse impact of higher energy prices on the permanent incomes of
consumers and the reduction in investment brought about by higher interest
rates. The analysis of these and other channels of influence of energy
prfces is carried out within a compact macroeconomic model of the U.S.
ecdnomy with an explicit treatment of energy.

Our findings suggest that the energy price shock depressed real output
by two percent in 1974 and by five percent in 1975, and so accounts for at

least two-thirds of the total decline in real output from trend that occurred
\in those years. Consumption declined permanently by about three percent ih
response to the decline in real incomes associated with the 1n¢rease in !
price of a product which the nation imports, on net. Investment fell
temporarily but by a much larger percent. Prices rose by four-percént in
1974 because of the energy shock, and inflation worsened by another two
percent in 1975. Together with the impact of the termination of price
controls, energy prices can account for all of the enormous acceleration of
inflation observed in 1974, but falls short of explaining the continued
inflation in 1975. The deep recession of 1974-75 could have been offset

or moderated by suitable policies. 1In particular, the announcement in 1974

of a monetary expansion to take place in 1975 could have postponed the
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inflation until 1975 and eliminated the recession. This conclusiaon
demonstrates our model's abi]ity to handle the éxpectationa] issues that are
now recognized to be so‘impoftant in studying the influence of aggregate
policy, but, of course, the conclusion rests on the stark assumption that
the public would believe an announcemént of future policy. A fiscal
expansion could also have moderated the recession, but at the cost of
inflation of almost 20 percent in 1974. The bias in our model toward a
monetary rather than a fiscal offset comes from its inéorporation of a full
treatment of the adverse effect of expansionary fiscal policy on aggregate
supply. We also look at the possible success of policies to cohnteract the
inflationary impetus from the energy shock. We conclude that contractionary
money policy would probably not haVe»been capable of fully offsetting energy
inflation, and only an impracticably large fiscal éontraction would have
done the job. |

Our work follows in the footsfeps of a number of innovétive earlier
studies. One of the first to predict the recession as a result of the
eﬁergy shock seems to have~been‘Robert-Gordon (1974). A number of later
studies have fo]]owed.} Some of these have made important theoretical
contributions, 1ike Gordon (1975a), E. Phelps (1978), Solow (1978), and
Findlay and Roderigues (1977). Others have employed quantitative models to
simulate the 1974-75 experience. These include Pierce and Enzler (1974),
Berner et al. (1975), Perry (1975a, b), Eckstein (1978), Fair (1978), Klein
(1978), and from a slightly different perspective Hudson and Jorgenson
(1978). Contributions of the more informal type include Haberler (1975),
Serot (1978), and Okun (1975). The present paper is, to our knowledge, the
first attempt to give a unified treatment of the issues associated with

factor substitution on the one hand and monetary and general macroeconomic
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aspects on the other. We have dohe this by constructing a medium-sized
macroeconomic model of'the'U.S. with an explicit treatment of energy. The
modeling of energy demand i# similar to the.various general equilibrium
energy-economy models (cf. e.g. Hudson and.Jbrgenson (1977) excent that our
model has a simpler, one-sector structure. The price of energy is taken as
exogenous, which is convenient for studying the macroeconomic effects.

The macroeconomic structure of our model includes a financial system,
which enables us to study various aspects of inflation and monetary policy.
The model incorporates the hypothesis of rational expectations, but it is
also somewhat Keynesian in treating money'wages as predetermined in the short
run. In a purely classical economy where wages clear the labor market

_instantaneous]y, an unexpected enekgy price increase would reduce the level
of output as a way of substituting away from energy. Because of an accelerator
effect on investment, this impact would be larger in the short than in the
Tong run. However, there would be no effect on employment or prices. When
the price of one factor, energy, increases, the price of other factors,
especially the wage, would fall to offset it. Fu]]temployment should always
prevail, and the price level should be linked directly to the money stock.

In our model, on the contrary, wages respond slowly to unexpected changes

in energy prices (and to all other surprises in the economy). During the
period following an energy price increase but before the accommodating change
in the wage, labor is priced too high for full employment. Furthermore,

with wages sticky, an energy price increase increases the price level, so
that the real money supp]ytis Towered, which has an additional contractionary
effect on the economy. Our model deals explicitly with these aspects of the
effect of an energy price shock; investment and interest rates play an

important role in the relation between the sticky wage rate and the



resulting levels of prices, output, and émployment.

When energy is partly imported, as in the U.S. of the 1970s, another
consideration links output and employment to an unexpected increase in energy
prices -- higher prices make the U.S. poorer and so reduce the level of
consumption in real terms. Often this is compared to the imposition of a
tax on U.S. consumers. with the proceeds going to foreigners. As the U.S. is
made poorer, energy-supplying nations become richer. They acquire claims
upan the U.S. and face the choice of accumu]atingvthe claims (as government
or corporate bonds, stocks, direct investments and so on) or cashing them in
for goods produced in the U.S. Our model does not attempt to ekplain the
choices of 0il producers in this reéard, but uses a guess that oil producers
spend a relatively small fraction 6f their new income on U.S. goods. This

seems. consistent with observations on actual behavior in recent years.




II. The Model

The results of this paper are obtained by simulation of a macro model of
the U.S. economy with explicit treatment of energy. The model was con-

- structed on the basis of the one u;ed by Hall (1978a), but contains some
important extensions and revisions. The present model treats the economy as
having two- sectors, goods and energy. Only the goods sector is fully repre-
sented in the model. Energy is used as an input to the goods sector and is

thought of as primary energy, such_as crude oil, natural gas at the wellhead,
| and coal at the minemouth. For simplicity, there is a single price of energy,
though it should be recognized that this is only a rough approximation. The
price of energy is viewed as exogenous, and what cannot-bg supplied by the
domestic energy sector is imported. The pfice elasticity of domestic energy
supply is not considered here.‘

The goods sector combines labor, capital, and energy to produce goods.
The term "goods" covers all sorts of goods and services and includes finished
energy products such as gasoline and electricity. Total goods production is
allocated among consumption, investment in the goods sector, government
expenditures, net export of goods, and deliveries to the energy sector. It
differs from real GNP by the amount of the last item, which is small, and
net energy imports.

Within this sector, the critical elements of the model are the tech--
nology consfraint, the price equation, the specifications of the investment
process and wage determination, including lags; the consumption function;
and the demand function for money.

The technology constraint is represented in the form of a unit cost
function

-yt
o™ w, Ppy Py, (1)



where w is the aggregate wage fate, PE the price of energy, and-PK the nominal
renta]rprice of capital. ¢ is sbecified a§ a translog function and has the
following properties. The own price elasticfty of energy demand israbout
-0.3, and the partial elasticities of substitution are about zero for capital
and energy, unity for capital and 1abor, and around one half for énergy and
labor. These arerlong-rdn élasticities; short-run behavior is modeled by
specifying'PK as the shadow price of existing cépita]. Thé Tow va]ue‘for the own
elasticity of energy in»the aggregate is supported by evidence by Mork (1978a)
and by casual reading’of post-1973 data. The unitary elasticity of substi-
tution between capital and labor is strongly supported by the evidence of
Berndt (1976) and many other authors. For the corresponding elasticity

between capital and energy, strikingly different estimates can be found in

various parts of the 1iterature.]

Despite new insights and attempted recon-
c1'11’a-t1’ons,2 the issue seems to remain a subjecf of controversy. Our choice
of a zero elasticity is partly based on the evidence of Hudson and Jorgenson
(1978). Although their model has capital-energy complementarity for the
manufacturing sector, substitutability in service industries and interindustry
shifts in final demand gives a net effect on capital intensity of the

1973-74 energy price increase that is very close to zero. We hope to pursue
this issue at a later stége.

The overall price leve, defined as the money price of goods, is

determined as standard unit cost, described by the price equation
(1-1)p= (et 0 Pes PY) (2)

where T is a tax parameter for indirect taxes. The function ¢ is the same as

]Cf. e.g., Berndt and Wood (1975) and Griffin and Gregory (1975).
ZCf. Berndt and Wood (1979) and Field and Gribenstein (1977, 1978).
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in (1), but the arguments are slightly different. First, fluctuations in the
efficiency wage due to cyclical variations in productivity, are excluded from
the price equation (2) where as the technology constraint (1) includes them.
Secondly, the capital price used in the price equation is a long-run aVerage
of the real rental price times the price level rather than the actual nominal
price as in (1). This formulation corresponds with the following important
findings of the price equation literature: (1) Apart from the effect via
wages, fluctuations in demand have little or no effect on the price 1eve1;]
(2) prices show no sensitivity to cyclical fluctuations in productivity;2
and (3) transitory fluctuations in interest rates do not affect prices.3 In
addition, this specification seems to give a sensible estimate of the partial
impact on the price level of an enérgy price increase, namely the share of
energy in variable cost. 7

Investment demand is derived from the demand for capital. However, in
the short run, the model assumes that the economy's ability to adjust the
capital stock is limited. Part of the investment in the next few years is
already committed today and cannot be adjusted in résponse to new informa-
tion. Specifically, this is modeled by treating capital as an aggregate of
m categories, such that the quantity of category j needs to be determined
j - 1 years in advance. Each category enters symmetrically in the technology
model; but the categories are imperfect substitutes in production, since
otherwise all investment would be concentrated in the category with the
shortest lead time. In the year of the energy shock, investment inm - 1
categories is committed already, whereas investment in the last category is
]Cf. Gordon (1970, 1971, 1977), MNordhaus (1972), Hall (1979).

2For an alternative interpretation of this observation, see Mork (1978b).
3¢f. e.q. Gordon (1975b), pp. 643-44.



determined by the demand for capital of that category as determined by present
and expected future prices and demand; The next year, another category
becomes "flexible" until all capital and investment is determined by post-
energy shock forces after four years. This formulation, which is adapted

from Hall (1978a), does justice to the physical lags in the investment

process without introducing arbitrary lags for expectation formu]ation.]

The lag in wage determination is incorporated in a similar way, except
that’it is the nominal wage, not the quantity of labor serviceé, that is com-
mitted in advance. When wages are set, they clear the iabor market, or come
as close as they can given current information about future demand for labor.
When unexpected events occur, such as the doubling of the price of energy
considered here, the demand function for labor determines the level of em-
ployment, which may then be well below the supply of labor. This can be
interpreted as a characterization of the Keynesian hypothesis of wage
rigidity and is an attempt to embody the view that the labor market achieves
equality of supply and demand in the long run but that the process takes
time. It implies a kind of Phi]]ips,curVe for the'economy. However, in
place of the expected inflation term that has been the source of so much
instability and conceptual ambiguity in the literature on the Phillips curve,
expectations of future labor demand are formed using the model itself. In
particular, feedback from prices to wages occurs in the model to the extent
that price increases signal current or future increases in the demand for
labor (as they typically do).

This formulation, set forth by Hall (1978a), has been extended in two

]The length and shape of the investment lag is exogenous in our model. An

endogenous speed of adjustment, as in Lucas (1967) might have been more
appropriate.




directions. First, a cost of liVing increase has been added to the pre-
committed wage rate. Specifically, for each percentage point of unexpected
price inflation, the committed wage rate is raised by 0.25 percent in the
same year and another 0.25 percent in the year after. Roughly, this corres-
ponds'to a 50 percent escalation clause with a six month lag, assumed to
reflect the time needed for data collection. The inclusion of this feature
is justified by the widespread occurrence of such clauses in the U.S. Tabor
.contracts (cf. Mitchell (1978)) as well as the theoretical argument by Hall
and Lilien (1979) that efficient labor contracts will have this feature,
Furthermore, it allows for a positive feedback from energy prices to wages
in the short run. Since it turns out that an energy price increase lowers
the demand for labor permanently, however, this positive feedback is counter-
acted by a tendency towa;dé Tower wages in the 1onger Eun.

The other extension is an adjustment in the committed wage rate to in-
corporate cyclical movements in labor productivity. This feature makes the
model obey Okun's law but has few other implications and thus will not be
discussed in detail here. |

Consumption in the model is determined by permanent income. Consumers
are viewed as Tooking into the future to evaluate their future incomes, and
then choosing a growth path of consumption that is the highest feasible given
expected future income. The behavior of consumption has the character de-
scribed by Hall (1978b) -- consumers always plan a constant growth rate for
consumption. When new information arrives, they make an immediate once-and-
for-all adjustment to the level of consumption. We assume that consumption
is unaffected by real interest rates, in the sense that the rate of growth
of planned consumption does not depend on the interest rate. Note that the

assumption in Hall (1978a) that consumption is unresponsive to all economic
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events is replaced by an-exp]icitrdependence on permanent income.
Government expenditure and net export of goods are taken to be

exogenous. Among other things this means that, rather than modeling the
pghavior of petroleum exporting countries, we use an outside estimate of
their demand for U.S. goods.

" In the money demand function, the major issue is the specification of
~ the variable that measures the dollar volume of transactions. The use of
nominal gross national product for this purpoée is one of the many reasons
that macroeconomic models in existence in 1973 were unable to deal effectively
with the energy price shock (cf. the remarks by Pierce and Enzler, op. cit.,
p. 16) -- nominal GNP subtracts imports and so cancels out much of the effect
of higher energy prices. We use the dollar volume of output from the goods
sector as a proxy for transactions. This variable makes sense in view of the
fact that much of the money stock is in the hands of consumers, not businesses.
We neglect the small contribution to the‘demand for money that might come
from the energy sector (recall that all energy passes through the goods
sector on its way to final demand).

A technical presentation of the model is given in the Appendix.
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ITI. Actual Performance of the U.S.VEconomy, 1973-77

The upper panel of Table 1 summarizes the actual performance of the !J.S.
economy over the last five years. The data have been recast so as to fit
into the sectoral and conceptual framework of our model. Gross output is
defined as total GNP minus GNP originated in the energy sector (defined as
coal mining and 01l and gas extraction), plus the value of primary energqy
input to the goods sector,] Investment is defined as gross private domestic
investment except structures for mining exploration, shafts, and wells, and
mining and oilfield machinery. Rather than following the practice of double
deflation, which can be misleading over a period with changing relative
prices, all nominal figures were deflated by a common price index. We used
the Consumer Price Index for this burpose and,fof general description of the
price level over the period. We preferred the CPi to the GNP deflator
because it corresponds better to our definition of gross output.z’3

In spite of the differences in definition, the numbers of Table 1 are
very close to the standard macroeconomic variables. This similarity is,
however, the result of several factors working in différent directions. Thus,
the dec]ine in gross output is made larger than the fall in GNP by the
exclusion of the domestic energy sector, whereas the increased value of

energy imports worked in the opposite direction. Furthermore, deflation by

]The value of primary energy and GNP in the energy sector were taken from
Mork's data base (cf. Mork et. al. (1978)). Some extrapolation was
necessary for 1976 and 1977; the possible extrapolation errors are not
likely to have been important.

2As noted by Pierce and Enzler (op. cit.), import price increases affect the
GNP deflator only through the increases in the prices of domestically
produced substitutes. There is no direct effect because imports are
substracted off in the computation of GNP from gross output data.

3We recognize the limitation of the CPI in that it covers consumer goods only.
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the CPI made for a somewhat larger decline in real output in 1974.

The—largest decline in real output took pléce from 1973 to 1974 with a
growth rate of -1.5 percent. The depth of the recession was, however,
reached in 1975 with real prbduction 2.3 percent below its 1973 level. This
hwas also the year of record high unemployment rates. As for the components
of'output, the decline in investment in 1974-75 was most spectacular, as was
its rapid rebound during the recovery. However, the'stagnation of consump-
tion was equally significant. Net exports of goods increased substantially
in 1974 and 1975 but deciined in 1976 and 1977, apparently as a result of
the worldwide recession.

The price level movements over this period are well known. The first
Jump came with higher food prices in 1973 with another Jjump, twice as largé,
partly caused by higher energy prices, following in 1974. Although inflation
sTowed down somewhat after these jumps, prices continued to rise at high rates
in 1975 and'the following years. The development of the value of enerqy
imports from 1972 to 1974 illustrates the transfer of wealth from the U.S. to
oil-exporting countries. Part of the increase is due to an increase in
quantity. This accounts for about half of the increase from 1972 to 1973.
For the following year, however, the quantity increase was minimal. Thus,
the wealth transfer may be roughly approximated as a $19 billion annual

transfer of income.
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IV. Estimates of the Energy Price Shock

Our first step was to prepare a base case describing the possible evolu-
tion of the economy from 1973 in the absence of the abrupt increase in the
price of energy. Table 2 shows the assumptions in the base case and the
model's corresponding projections. The nominal price of energy was assumed
to-increase at the same rate as the general price level. For all years except
1974 this was assumed to be 5 percent, which is the natural rate of inflation
of the model. For 1974 an additional 2 percent inflation was projected as a
result of the removal of general wage and price controls. The committed
wage rate and the money stock were assumed to grow at 6.3 percent and 6 per-
cent per year respectively. Investment commitments for 1974 were assumed to
be somewhat lTower than investment in the mini-boom of 1973 and to grow.
smoothly from then on. The labor force, expressed as the natural rate of
employment, was assumed to grow at about 1.7 percent per year, which is
about the same as population growth in }ecent years.‘ When combined with
a labor productivity growth rate of 1.2 percent, this gives a total natural
- growth rate of slightly below 3 percent. This is lower than the postwar
average but seems well in accordance with recent experience.

The model's projections are based on the absence of any surprises or
shocks. The employment rate is the natural or equilibrium rate, which is
6 percent in our model. The wages actually set (the "flexible wage rate")
equal the committed 1évels; roughly the same is true for investment. Real
output grows smoothly and inflation proceeds at 5 percent.

Table 3 presents the model's estimates of the effects of an unexpected

increase in the price of energy starting in 1974. Here the price of energy

]we do not discuss changes in labor force participation.
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takes an unexpected jump of 68 percent in 1974 relative to its value in the
base case. There is an additional but smaller surprise in 1975, so in that
year the price of energy is 105 percent higher than in the base case. In all
subsequent years the real price of energy is the same as in 1975. These
figures were chosen to approximate the actual events of 1973-75 and are dis-
cussed in more detail below. Mote that the increases are in addition to the
projected increases of 7 and 5 percent respectively in each of the two years.
Monetary policy is assumed unchanged from the base case, but the simula-
tion run underlying Table 3 assﬁmes a permanent downward shift in money demand
of 2 percent starting in 1976 in accordance with recent observat‘ions..l Net
‘exports of goods are assumed to increase but only by a fraction of the
transfer 6f income from the U.S. to foreigners following the 0il price
increase (cf. Table 1). Specifically, the sum of net exports of goods and
government expenditures is assumed to follow its actual path for 1974-76 and

to grow at a constant rate after that.

Overall Impact

The energy price shock generates a sizeable recession in the model. The
energy price increase affects the economy via two principal channels. The
first is a permanent lowering of the growth path of the economy as a result
of labor-energy substitution. The higher energy prices induce more labor-
intensive methods of production, but since the supply of labor is fixed in
the Tong run, this can be done only by lowering output. The reduction in
output carries with it an accelerator-effect on investment. Consumption is
also affected since real income to domestic consumers is reduced by the
amount of increase of the real value of energy imports. This effect is,

Tef. Goldfeld (1976).



-18-

however, mitigafed, first by the substitution away from energy, and secondly
by the fact that some of the energy imports afe financed by accumulating
claims rather than export of goods. For the same reason, exports of goods

is increased, but by less than the increase in energy imports. All these
effects concern only the real part of the economy; the story told above is
eésential]y a one-sector version of Hudson and Jorgenson's multisectoral
studies,] except that our model does not assume that the labor market clears.
More than half of the recession in the model seems explainable this way.

The other channel is ré]ated specifically to the financial sector of the
economy. As wages are largely predetermined when the shock occurs, the
sharp energy price increase causes a jump in the price level. Consequently,
the transactions demand for money increases; stated equivalently, the real
money supply declines, so that, in Keynesian terms, the M-curve shifts to
the left. The financial tightening drives up interest rates, thus dis-
couraging investment. The resulting loss in real wealth deoresses consump-
tion as well. The fall in real money supply-is furthermore increased by
additional increases in the price level triggered by cost of living
escalators in wage contracts, and by a permanent increase in"the real
interest rate of 0.35 percentage points.

The net result of all these forces and their interactions is an extra-
ordinarily high inflation rate combined with a severe recession. For 1974,
the model estimates that the total impact on real output was a reduction of
26 billion dollars, or about 2 percent. This is almost exactly the same
amount as the reduction in consumption, whereas investment decreased by
7 billion and net exports of goods and government exnenditure increased hy
the same amount. The effect on output is largest in the second and third

]Op. cit.




-19-

years after the shock, in 1975-76, when real output is down by 63 and

54 billion 1972 dollars, respectively. The bulk of this is decreased invest-
ment, especially in 1975; but the 3.3 percent permanent drop in consumption
is sizeable enough. The fall in real output is ;ccompanied by a decline in
employment of 2 million workers in 1975 and a corresponding increase in the
unemployment rate of 1.7 percentage points.

The predicted effect on the price level is substantial in the first two
years. The monetary expansion implicit in the shift in money demand from
1976 maintains the effect and increases it slightly. In terms of rates of
inflation, the effect is by far largest in 1974 with 4 percentage points
added to the inflation rate. It tapers off thereafter and hecomes slightly
negative in 1977. The model offers a complete explanation of inflation in
1974, but cannot explain completely the continued high inflation in 1975 and
the following years. | |

Comparing Table 3 with the lower panel of Table 1, the energy price
shock appears to explain about two thirds of.the recession in terms of
decline in real output in 1974 and 1975, and practically all its shortfall
thereafter. As will be shown below, however, a part of the remaining one
third for the first two years can be explained as a decline in the demand for
consumer durables, which is not treated explicitly by our model. This may
increase the 1974-75 figures from two thirds to about four fifths. The mag-
nitude of these ratios depend, however, crucially on how large the total
recession is thought to be, in other words, what the base case should be
like. Thus, our base case incorporates a 9 billion droo in investment from
1973-74. Also, the natural growth rate in our model is Tower than the post-

war average, but close to the average of the early seventies. We find it



difficult to draw firm conclusions about the total magnitude of the
recession. It seems clear, however, that the energy price shock was its
largest sing]e cause; and thét; given the assumptions used here, very little

of the behavior of real output is lTeft unexplained.

Conéumgtion

Consumption is determined by permanent income in our model. This, in turn,
is affected mainly by three factors associated with the energy price increase.
The largest, and perhaps most obvious effect comes from the transfer of income
resulting from the increased value of energy imports. The magnitude of the
transfer is reduced somewhat by substitution away from energy; but the
19 bii]ion figure derived in section III may serve as a good approximation.

The second factor affecting permanent income is the recession itself.

The decline in in?estment induced by the financial tightening represented a
permanent loss of productive capacity and hence income. The third factor

goes the other way and follows from the fact that oil-exporting countries
accumulate part of their new wealth as claims on the U.S. economy rather than
spending it. Since this accumulation is in fact saving, the productive
capacity of the U.S. economy is increased, and hence permanent income.]

The simulated consumption path tracks actual consumption quite well. The
exception occurs mainly in 1975, when actual decline was much larger; and a
similar, but much smaller disérepancy is found for 1974. The main reason

for this discrepancy is probably the failure of our model to account

]This result depends crucially on the assumption that oil exporters will not
attempt to exchange their claims for U.S. goods in the foreseeable future.
If this were expected, the model should have assumed a future increase in
the net export of goods. This would have reduced permanent income for
domestic consumers. :
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explicitly for the special behavior of expenditures for consumer durables.1

As is well known, a decline in permanent income has an accelerator-like effect
on the spending on durables. For the present drop in permanent income, the
resulting one-time drop in spending can be estimated roughly as 15 billions.
If it is assumed that one third of this took place in 1974 and the rest in
1975, the consumption level of 1974 is exp]ained fully, and half of the gap is
closed for 1975.2 The authors hdpe to return to this issue in future work

with the model.

Investment

Since investment demand is derived from the demand for capital as an input
to production, the magnitude of the decline in investment in the model depends
on the elasticity of substitution between capital and energy, which we have
assumed to be practically zero. The drop in investment would have been larger
with capital-energy complementarity and lower if the two inputs are substi-
tutes in production. Although our choice of a zero elastfcity is open for
_attack from both sides, it does give a good tracking of the actual investment

data. We hope to investigate this aspect more carefully at a later stage.

Price Level

Our model indicates that the effect of the energy price shock on the

1The main reason why we did not include this in the model is technical. Adding
consumer durables as a third asset in addition to money and capital would

have added considerably to the complexity of the model because of its

rational expectations property, so that the solution method presently used
would have been highly inadequate.

2The discussion of this aspect in the literature (cf. Eckstein (1978), Perry
(1975a), Okun (1975)) has concentrated on automobile sales, which dropped
substantially in 1974, One has to be cautious, however, so as not to
confuse income and substitution effects in automobile demand, since a good
deal of the change that took place was from larger to smaller cars, and
possibly from automobiles to other, less energy-intensive consumer goods.
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general price level was quite substantial. In fact, it can be claimed that the
extraordinary inflation in 1974 can be explained completely by this event and
the removal of general price controls. Table 4 shows a decomposition of in-
flation in 1974 and 75. Out of the 11 percent inflation in 1974, the model
attributes 2.8 percentage points, or about one fourth of the total, to the
direct impact of higher energy prices. Another 0.7 percentage points are attri-

buted to the permanent increase in the real cost of capita-l,1

and a similar
contribution comes from wage increases. The wage increase itself is a weighted
average of the increase due to cost of living clauses and the decrease in the
market-clearing wage. This decrease is somewhat lower thanwit would have been
- if the monetary éxpansion implicit in the shift in money demand had not been

. assumed.2 Ad&ing all these effects gives a total contribution to inflation

of about 4 percentage points. Together with the effect of price decontrol

and natural inflation in the model, this gives an inflation rate in 1974 that
is very close to the observed increase in the cbnsumer price index.

The 1975 inflationary expefience is not so easily expiained by our model .
There was another direct impact of energy price increase about half as much as
in 1974, and wages Continued to increase somewhat in the model. There is,
however, a gap of 2 percentage points of inflation for 1975 that we are unable
to explain as a result of the energy price shock.

The impact on the price level depends of course crucially on the measure-

ment of the energy price increase itself. It is worthwhile to consider this

problem in a little more detéil. The price of energy covers all forms of

1we are aware that previous attempts to find an interest rate effect in the
price equation have not been very successful (cf. section II above): Our
price equation reflects this finding by excluding the current real interest
rate and using a long-run average instead. Failure to include this long-run
average would have produced a serious logical inconsistency in our model by
forcing firms to run permanent deficits.

2On the other hand, this shift also gives a slight permanent reduction in
the real interest rate, which tends to reduce the price level.
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Table 4

Decomposition of Inflation 1974-75

1974 " 1975
‘Total increase in 1nf1ation exp1a1ned , ’
by the-model 4.2 1.8
Direct impact of energy price :
increase ; 2.8 1.4
Effect via increased long-run
cost of capital 0.7 0.0
Effect of wage changes 0.8 0.4
Cost of living increases 4 0.8 0.7
Reduction in equilibrium wage -0.1 -0.3
Removal of price'contrqis 2.0 0.0
“Natural" fnf1ation 5.0 - 5.0
Total inflation of the CPI | 11.0 9.1

Residual ) -0.2 2.3
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primary energy: crude oil (and imported petroleum products), natural gas,

coal, and hydroelectric and nuclear power. The observed crude oil prices for
this period were affected by the price equalization program. It has been
argued, however, that this program was not fully effective in regulating the
price of oil to final users because the prices of petroleum products are largely

determined by the world markét.1

Rather than taking sides in this discussion,
we looked at the published prices of petroleum products, calculated backwards
what the increase in crude prices would have been to give the observed product
price increase, and termed this the effective increase in crude oil prices.

This was 110 percent from 1973 to 1974 and 16 percent the following year. For
coal, the wholesale price index was assumed satisfactory, which gave 52 and

16 percent increases for the two years, respectively. Hydro and nuclear elec-
tricity were evaluated as the fossil fuel cost it replaces, and their prices
were assumed to follow that of coal. The most serious problem existed for
natural gas because the observed prices obviously did not clear the market in
the relevant period. At this point we made the assumption that the effective
price of gas followed that of crude oil. We then computed a preliminary energy
price index as a Divisia index of the coal and oil prices. This gave an increase
in the price of primary energy of 99 percent in 1974 and 16 percent in 1975.

We recognize, however, that, because of regulations and controls, only a part
of the 1974 increase reached the final users in that year. This is particularly
true for fuel used for electricity and utility gas, because energy deliveries
from utilities typically cannot be resold in the open market. Consequently, we
assumed that the effective real increase in the price of energy in 1974 was only
80 percent of what our preliminary index indicated, but that our energy price
level for 1975 was fully effective. This gave the energy price numbers in

Table 3.

Tef. C. Phelps and Smith (1977).




V. Comparison of Models

Table 5 presents the estimates of sik‘different models of the impact of
the energy price shock on inflation, aggregate output, investment, and con-
sumption. For results other than our own in Table 3, the sources are
Eckstein (1978) for the DRI model, Perry (1975b) for the FRB and University
of ‘Michigan models, Pierce»aﬁd Enzler (1974) for the MPS model, and Fair
(1978) for Fair's model. “Making the estimates comparable offered some
problems. First, inflation is measured by different indices in.the various
models. This is discussed further below. Secondly, the sector division of
our model is somewhat different from the rest. We assume, though, that
relative changes in GNP and gross output of our model are roughly comparable,
and that the same is true for investment in the goods sector as against
overall investment. Thirdly, since the models have different baseline
projections, deviations for the real variables are presented as percentages
of the actual levels. A speciaT problem was encountered for the MPS model,
which was simulated from 1967 rather than 1974. For this model, deviations
for the real variables were computed in percent of the actual levels of 1967
etc., but presented as results for 1974 and the following years. Finally,
different deflators had been used, resulting in real figures in 1958 and
1972 as well as 1973 dollars. Using the 1972 deflators of the three years,
these were all converted to 1972 dollars.

Because of the different measures used, it is difficult to compare the
estimates of the inflationary impact of the energy price increase. As
discussed above in section II, the GNP deflator tends to give a lower esti-
mate than measures of consumer prices, because imports are subtracted off in
the construction of the GNP deflator. This difference becomes apparent in

Eckstein's figures, who presents estimates for both the GNP deflator and the
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Table §

Effects of the energy price shock as estimated by

various different models

Differentid]s in percent of actual levels.

Pierce and
Eckstein = Perry = Perry Enzler! TRts
DRI FRB  Michigan MPS Fair Paper
(Consump- (Price
(GNP (GNP (GNP tion price (GNP of gross
Inflation def.) ~(CPI) def.) def.) def.) def.) output)
1973 0.4 0.3 - - - 2.5 -
1974 1.6 2.5 1.3 1.8 2.6 8.3 4.2
1975 2.0 1.7 0.8 2.3 -0.0 4.5 1.8
1976 - - 1.1 1.2 -0.4 - n.3
1977 - - 1.1 0.0 -0.8 - -0.3
GNP/Gross Qutput
1973 -0.4 - - - -0.2 -
1974 -3.1 -2.0 -1.5 -1.1 -1.4 -2.1
1975 -5.2 -3.0 -4.0 -2.7 -5.3 -5.1
1976 - -2.9  -5.0 -2.42 - -4.2
1977 - -3 4.8 -2.1° - -3.7
Investment:
1973 1.0 - - - - -
1974 -7.2 -3.8 -2.3 - - -4.0
1975 -12.8 -7.4 -10.7 - - -38.2
1976 - -3.8 -12.4 - - -17.5
1977 - -2.7 -8.6 - - -12.8
Consumption:
1973 -0.4 - - - - -
1974 =3.7 -2.6 -2.3 -1.9 - -3.4
1975 -5.0 -3.7 -4.4 -4.4 - -3.5
1976 - -4.6 -5.6 -3.4 - -3.4
1977 - -5.1 -5.6 -3.1 - -3.4 -

]Simulation actually starting in 1967.

2Figures for fourth quarters.
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Consumer Price Index as well. Furthermore, Fair's estimate is based on a
slightly different definition of fhe shock {n that he compares actual inflation
to predicted inflation with all import prices growing at 6 percent per year.
However, even accounting for this difference, Fair's estimates seem unreasonably
high, implying that import prices were'responsible for three quarters of all
inflétion in 1974. Comparing our model to the remaining ones we find that,
even after accounting for the conceptual differences, our estimate of the
inflationary impact is substantially higher, whereas the other models agree
fairly well among themselves. |

Given the disagreement about the effect on inflation, the estimates of the
real effects are remarkably close. All models predict a significant recession
as a result of the energy price shock, but no model depicts this shock as its
single cause. It may also be noted that the more recently published results,
whose authors benefited from hindsight, indicate a deeper recession. Hopefully,
this means that economists have learned some lessons over the past few years.

The real effect of the energy price shock is different in our model not

so much in magnitude as in structure. With a slightly unconventional formula-
tion of money demand1 and a relatively high interest elasticity of investment
demand, the drop in investment becomes the most significant feature of the
recession in our model. Indeed, our model predicts a drop in investment for
1975 tnat is three times as large as in the DRI model and very close to what
actually happened. The Michigan model has figures similar to the DRI model
for investment, and the FRB model somewhat less. Pierce and Enzler do not |

report results for investment separately; but judging from the changes in

]Pierce and Enzler have a similar formulation but apparently did not get
the same results.
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consumption and GNP in theirrpaper, the effect on investment cannot haVe
been large. Fair does not,report &ny-resu]ts on GNP components.

A1l models predict significant effects on.consumptfon.] It is
interesting to note that models with more or Tess Keynesian consumption
functions give results that are very similar to our permanent income formula-
tion with rational expectatidns. It fs.c]early suggested by the numbers of
Table 5 that the assessment of the real effects of energy price changes is

quite robust with respect to many basic mode]lassumptions.

lEckst‘ein's effect on consumption is based on comparison with unrevised actual
figures published at an early date. If we compare with the revised figures,
his numbers for consumption would decrease to -1.4 percent in both 1974 and
1975. This is the result of the fact that, from March to July 1976, actual
growth in consumption for 1975 was revised upwards from 0.9 to 1.9 percent.
As Eckstein pointed out to us in private conversation, this means that data
revisions were almost as large as the effect of the energy price shock.
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VI. Policies to Offset the Macroeconomic Impacts of the Energy Shock

The effects of the -energy price shock on output, employment, and prices
could have been altered by manipulation of macroeconomic policy instruments.
For example, with monetary or fiscal expansion, the effects on output and
employment could have been attenuated or even eliminated. Table 6 shows the
resﬁ]ts of two such policies, both aimed at stabilizing employment at around
6 percent in>a11 years.

The two policies are expansion of the money supply and a government
spending program. The monetary expansion alternative seems by far the most
attractive of the two. If gives higher real growth and much lower infla-
tionary response than the fiscal expansion. Thé necessary monetary expansion
has a somewhat curious>form: no extraordinary money growth is needed in the
year of the shock, if an announcement is made that money supply will grow by
an extra 2.4 percentage points the year after, 1.2 percentage points in the
third year, and then return to its normal growth rate. The inflationary
response of this policy is also somewhat surprising, in that inflation is
predicted to go down rather than up in the year of the shock. The explana-
tion for this is that monetary expansion lowers the real interest rate per-
manently and that thié effect dominates the Phillips curve effect for this
year. Obviously, this response is a conjecture and has not been inferred
directly from the data.

Fiscal expansion can also stabilize the unemployment rate. However, a
significant part of the employment effect in this case is a substitution
effect as fiscal expansidn increases the real interest rate substantially.
Real growth suffers. Furthermore, the resulting inflation rates are

forbidding. The same timing problem as above between the first and the
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’second year occurs with the opposite sign, but this does not change the over-
all picture very much. Finally, there is a problem of how to carry out this
policy. As a pure spending program it cou]d-be done as shown in Table 6,

but it is clear that the amounts of extra spending needed are extremely
large. In practice, tax cuts have been more popular among political decision
makers; but there seems no simple answer to how an increase in spending
equivalent to the one in Table 6 could have been obtained within a framework
of permanent income consumpfion.

The other possible policy goal is of course to stabilize inflation. On
the surface, monetary restraint seems the most obvious candidate for this
purpose. However, although monetary policy is the perfect instrument for
affecting the price level in the 1ong run in our model, the short run is not
so simple. It turns out that the monetary contraction needed to depress wages
sufficiently in our model also pressures the real interest rate upward perma-
nently, so that the negative effect on prices is offset. We were-able to
simd]ate a monetary response that brought inflation rates for the first two
years back to their base case levels only by introducing a monetary expansion
in the third year that would be even more extreme than the contraction needed
in the first two. Although this did the trick of keeping down the real
interest rate, we do not find this alternative credible for actual policy-
making. Hence, we conclude that eliminating the energy-induced inflation in
1974-75 by monetary'po1icy would not have been practically feasible.

Since fiscal policy has the opposite effect on interest rates, it seems
more attractive for this purpose. Table 7 shows the results of such a simula-
tion. However, the necessary policy response is unrealistically large; indeed,
a near 35 percenf surplus in the federal budget would have been needed in
1975. We conclude that any attempt to eliminate the increased inflation in

this period completely would have been futile.
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VII. Summary and Conclusions o

We have constructed and simulated a relatively small macroeconomic model
of the United States with energy. The important features of the model are a
technology constraint with the three inputs capital, labor, and energy and
with a flexible functional form; a money demand function with gross output
as ‘the transaction variable; a permanent income consumption function;
rational expectations; and some important short run rigidities, notably in
wage and price determination and in the investment process.

Large and unanticipated changes in the price of energy are found to have
substantial disruptive effects on the economy. We have simulated the 1973-74
energy price increase and found the following effects: the rate of inflation
was increased by four percentage points in 1974 and near two percentage
points in 1975. Real output was decreased by 26 billion dollars (1972) in
1974, 63 billion in 1975, énd around 50 billion in each of the following
three years. For 1975, the relative decline was near § percent. The effect
was found to have been largest for investment, but consumption decreased by
a significant 3.3 percent in each year. The effects on employment can be
expressed as an increase in the unemployment rate of near one percentage
point in 1974, rising to 1.7 percentage points in 1974, and tapering off
thereafter. The energy price shoék was clearly a major cause of the 1974-75
recession and inflation. Other forces were present, however, such as the
removal of the last price controls of the Economic Stabilization Program,
and the slowdown of investment activity after the preceding miniboom. The
collective effect of these and other possible factors seem, though, to have
been substantially less than that of the energy price shock.

Qur findings carry obvious implications for the expected effects of



-34-

current events in the world market for oil. At the time of this writing it

is not ehtirely clear how large the price increase is going to be and how
much of it will be unanticipated. It seems 1ikely that the 0il price increase
will be substantially smal]er than in 1974; however, the aggregate cost share
of energy is larger in the U.S. today than it was five years ago, which
suggests a larger effect per percentage point of energy price increase. The

authors plan to follow up the present paper with a study of these events.
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Appendix: Technical Presentation of the Model

The model is a monetary growth model of a type similar to that of
Sidrauski (1967), but with energy as a third factor, rigidities in the short
run, and rational expectations. The static part of the model is made up of
five markets:

- Input markets:

- Labor
- Capital
- Energy

- The market for goods

- Money market
The money market and the market for energy clear in each period; the three
other markets may or may not clear, depending on rigidities.

The rigidities are of three kinds. First, for the goods market, a
standard unit cost pricing rule is assumed rather than marginal cost pr%cing
in the short run. Secondly, only a fraction of the capital stock can be
adjusted in the short run; and the adjustable part is assumed an imperfect
substitute to the unadjustable part. Thirdly, wages are downward rigid.

The dynamic part of the model is made up by capital accumulation and
nermanent-income consumption on the one hand and by rational expectations
price dynamics on the other. The latter is derived from the assumed equality

of the real return to capital and the real interest rate.

Technology Model and Factor Markets

The technology constraint for the goods sector has the form of a unit

cost function

= -ult
¢ = ¢(e W, PE, PK) (A-])
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w and PK are aggregates to be defined below. ¢ is taken to have the

following translag form:

¢ =ag *+ aL(ln W - u1t) +a, n PK *ag en PE

1

\2
ty bLL(ln W - u1t) + bLK(ln W - u1t)2n PK

1 2
+ bLE(ln w - u1t)£n P. + b, (enP,)

E 2 KK K

1 2
+ bKE 2n PK an PE ty bEE(ln PE)

where
vy = 0.012 bLK = 0.0
a = 0.6334 » bLE = -0,0150
ay = 073233 byk = 0.0110
ag = 0.0433 bKE = -0.0T10
bLL = 0.0150 bEE = 0.0260

Cost shares and demand elasticities are variable. Computing cost shares for
1975 using base case and energy shock case prices, and taking means, the

following values of cost shares and demand elasticities are obtained:

SL = 0.660 SKE = 0.002
SK = 0.303 epL = 0.264
Sg = 0.038 €pk = 0.012
gL~ -0.318 €pp = -0.276
&g = 0.303 OLK = 1.0
€1 = 0.021 LE = 0.400
L = 0.660 OKE = 0.041
€y = =0.661
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Factor demand under cost minimization is determined by Shephard's lemma:

R I -
i

The supply of energy is assumed to be infinitely elastic at the exogenously
given price. Rigidities in the investment process are modeled in the
fo]!owing way. There are m categories of capital; the quantity of category j
is determihed J - 1 years in advance. The various categories enter
symmetrically in the technology model but are imperfect substitutes, or else
all investment would be concentrated in the‘category with the shortest lead

time. A simple Cobb-Douglas form is chosen for the capital submodel:

1/m 1/m

K = K] ... ﬁ“

In the year of the shock, the quantities of them - 1 last categories are

(m = 4) (A.3)

predetermined; by symmetry, they all have the level Ei, whereas the first

category has the level R1. The year after, m - 2 categories have the level
Eé and two have RZ’ etc. Defining bt as the fraction of categories having
their level determined by post-shock conditions ("flexible® capital), (A.3)

can be replaced by
K, =K, K ° (A.4)

The aggregate price of capital is determined by the dual of this function,

i.e.,

Pep =Py TP, T (A.5)
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The quantity of flexible capital is determined by the demand equation

A - A _ult
Kt (PKt/PKt) ¢K(e w,, P P,.)Y

t* Pets Pre (A.6)

t

where Yt is output.
Since the quantity E£ ("rigid" capital) is predetermined, its price is

determined by the equation

Y. (A.7)

v = D . 'ult ‘
Ke = (Peg/Pee) ople ™t we, Prys PIY

Investment in rigid capital is derived simply from capital accumulation:
It = I(t - (1 - G)Kt-1 v(s = 0.1) - (A.B?
The average amount of flexible capital in the absence of any investment is
[by_y Kpoy + (by = by g )R 1 17by

where the second term comes from the last category that just became flexible.

Thus,
b b, - b
s - Pt-1 t 7 Pt-1 —
It = Kt - (1 - 8) 5 Kt-] + 5 Kt-1] (A.9)
t t
and total investment is
It = tht + (1 - bt)It (A.10)

Wage rigidity is modeled analogously except that heré it is price,

not quantity, that is predetermined. A similar subfunction is postulated,

L=, Ln”" (n = 6) (A.11)

Wages are thought of as determined by contracts. All contracts last n years,
and contracts are renegotiated by one category each year. Wages are
negotiated so as to clear the market in expectation. The market-clearing

wage renegotiated after the shock is denoted w,, and full employment is

t
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given as the exogenously given natural level of employment Et‘

Contracts negotiated before the shock set a starting wage level of

X

to be paid in the absence of unanticipated inflation. If unanticipated

inflation occurs, a cost of 1iving adjustment is made of the form

* = W =
wt (0 + yDt)wt, Y = 0.5, (A.12)
where

"V(Pt - Fi)/?i in the year of the shock, and
D, =« ’

72)(Py - P/ + (1/2)(P,_y = P_{)/P,_; thereafter.

F; is the expected price level, specified as the base case forecast. Thus,
defining ft as the fraction of categories with wages renegotiated after the

shock, the average wage per worker is

‘ f 1-fy |
wg - W, t w: t (A.13)

The efficiency wage over the cycle differs from wg because of cyclical
fluctuations in labor productivity. This component of productivity is
approximated by the following formulation. Consider the market for a
category of labor whose contract has not been renegotiated. Disequilibrium
in this market can be measured by the relative difference between the

actual and the market-clearing wage, i.e., hy the ratio
o
wt/wt
The tightness in the labor market as a whole depends also on how many

‘categories have had their wages renegotiated. The following measure is

proposed:
1-f
*/0 t
(wi/w,) .

TThis formula and (A.11) should not be thought of as strictly technological
relationships, but rather as a convenient way of modeling wage rigidity.
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Thus, the average wage rate per efficiency unit is defined as
h=0.8" (A.14)
This is the wage rate that enters in the factor demand equations, whereas

wg is used in the price equation (cf. below).

This gives the following demand functions for labor.

. = -].llt 0 ~ '_'];llt »
L, = e (wt/ut)¢L(e Wes Prys PKt)Yt (A.15)
T, = e ™ WQwx)e (et we, P, P )Y (A.16)
t t/ /oL t’ TEt> Kkt''t .
and total employment is
Lt = ftLt + (1 - ft)Lt, (A.17)
Clearly, when ft < 1, the Tabor market will clear only if w* = Qt'

The Goods Market

The demand for goods consists of consumption, investment, net exports
of goods, and government expenditures. The latter two are considered
exogenous, and investment demand is discussed above. Consumption follows

the permanent income hypothesis. This is modeled as

= c.edt
Ct Coe s
where g = 0.029 is the sum of the rate of growth of the labor force and the

rate of labor productivity growth, C0 is determined endogenously as

described below.
Goods are produced by capital, labor, and energy subject to the produc-
tion possibility constraint (A.1). After a shock accurs, some categories

of capital have predetermined levels so that the firms' marginal cost
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schedule is upward sloping in the short run. Rather than treating this as
the supply schedule for goods,'however, the model specifies a stahdard unit
cost pricing rule and assumes that firms passively supply any amount of
goods demanded at that price. The pricing rule takes the form of the price

equation
(1-<)p= ¢(e'“1twﬂ P-, PV), T = 0.065 (A.18)

where v is a long-run average of the real rental price of capital, P is the
price of goods, and T a tax parameter accounting for indirect taxes. ¢ is

the same function as in (A.1), but its first and third arguments are w°

and
Pv rather than w and PK‘ Since Pk is a market-clearing price for a
(partially) fixed factor, it fluctuates procyclically whereas PV does not.

Thus, there is no demand effect in the price equation.

The Market for Money

The financial sector of the economy is compressed into one equation of

our model, namely the money demand equation. Its form is
en(PY/M) = I 2 L uzt s ¥ = 2.0, up = 0.019 (A.19)

Money supply, M, is thought of as supplied exogenously by the monetary
authority and, in the absence of specific policy actions, to grow at a
constant exponential rate. Money and capital are considered perfect

substitutes so that arbitrage gives

e = Ve/ (0 - dg) = s -0+ an((1 - dyg)Pyyy) |
- an((1 - ¢,)P,) , dy = 0.03 (all t); o = 0.13  (A.20)

Here Vi T I3Kt/Pt is the real rental price of capital, dt is the investment

tax credit, and 6 is the rate of tax on capital as a fraction of its value.
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Compact Mathematical Statement ofAthe Model

Capital Accumulation:

a

Ry = I, + (1 - 5)[(bt_]/bt)kt_1 + ((by = b, _¢)/b )%, 11, (M.1)
g =T+ (-8R, (M.2)

7|
]

Demand for Capital:

A = . A —ult / ' ‘ )

‘¢ = (Pie/Pee) ogle ™17 wen Pres Ped¥e (M-3)

X = P -t .

Ky = (Pee/Pee) o (€™ w, P, PY, (M.4)
~ by _ 1-b

P, =P, CP Ot (M.5)

Kt. Kt Kt

Demand for Labor:

| o= ~ vt o -t
L, (wt/wt)e ¢L(e Wes Pres PKt)Yt’ (M.6)
T = ‘l-llt ‘l-llt . v
L, (wt/wg) e ¢L(e Wes Pros PKt)Yt | M.7)
f, 1-f
0_~"t . 't .
Wi = W w: (M.8)
o, .. hO-f,)
W, = wt(wt/wt) (M.9)
P, -P P, ,-P
wp = [T ey S—tepEL _tl)g (.10)
- Pt Pe1
Supply of Labor:
L=Le", n=0.007 M.11)
Demand for Energy:
= -ut
E, ¢E(e Wes Ppes PKt)Yt M.12)

Supply of Energy:

Pgy exogenous | | (M.13)
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Consumption Function:

= ¢ o9t = n + ;
Ct Coe > 9= tg, C0 chosen so as to attain

steady state for real economy in the long run

Distribution of Output in goods market:

-<
[}

Ct + tht'+ 1 - bt)It + Xt + Gt

Xt’ Gt exogenous
Prite Equation:

| = g(eM1t 0 v
(] - T)Pt ¢(e th Et’ PV),

v long run average of PKt/Pt

Money Market Equilibrium:

| - M = wm Mt
zn(Pth/Mt) = Vg + wltt + “zt’ Mt Moe

Equality of Nominal Return to Capital and Nominal Interest Rate:

, m = 0.058

(M.18)

(M.15)

(M.16)

(M.17) -

ry = vt/(l - dt) -8 -8+ n((1 - dt+1)Pt+1) - (1 - dt)Pt)’

Ve = Pye/Py

(M.18)



-44-

Dynamic Solution of the Model

The solution a1gofithm asSumes initial guesses for the initial levels of
consumption and price level and for the Tong run average of the real cost of
capital Vv, The initial level of K is given historically. The model can then
be solved period by period, and (M.1), (M.2), (M.14) and (M.18) give the
dynémic links between periods.

Since it turns out that the roots of this system are unstable, the
solution basedron initial guesses will give a finite path of price level and
capital stock only by chance. The model therefore searches over several
va1ue$ of initial price and consumption levels until it finds a pair that
gives a finite solution. Thfs proqess.1im1ts the initial price level to a
very tight interval and determines the permanent income level of consumption.
A final set of iterations makes the value of V consistent with the steady-

state value of v.
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