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Abstract
Fnergy Conservation, Employment, and Income

The problem considered is whether energy conservation hag in
aggregate positive or negative effect upon employment and national
income. The macroeconomic study of the national economy has conven-
tionally assumed that resource availabllity is not relevant to naticnai
policy or aggregate income. The emphasis in macroeconomics on cyeclical
fluctuations of a few quarters or years duration has meant that struc-
tural characteristics in particular kinds of activities are difficult to
isolate in a manner relevant to public policy. As a conseguence, macro-—
econcmics has focused upon tax, expenditure, and monetary policies to
stimulate or restrain investment, consuvmption, and government activities
without regard to the nature or composition of that which is the object
of policy. By inference, the utilization of the Philiips curve concept
will predict that an exogenous source of energy price increases (such as
OPEC oil pricing or declining U.S. resource availability) will result in
higher levels of unemployment for every inflation rate. Macrceconomics
generally implies that energy use and investment must both increase if
employment and income are to grow.

In contrast, recent micrceconomic gtudies of the relationship
between energy, labor, and capital in manufacturing coneclude {in general)
that broad possibilities for substitution between factors exist in the long
run. We may anticipate that macroeconomics will begin to reflect the poten-
tial for Tactor substitution and the importance of resocurce limitations.

Since the oil price increase in 1974, the U.S. economy has experienced
the greatest disemployment in energy using sectors, and the greatest price
increases have taken place in these same sectors. Alsc since 197k, real
petroleum product prices have declined while natural gas, coal, and elec-
tricity prices have risen. DPresent capital tax subsidies lower the effec-
tive prices of capital and energy, while employment taxes raise the effec-
“tive cost of labor. Given the existence of substitutabhility between labvor,
energy, and capital, these price distortions reduce employment and stimulate
energy use. The present business recovery is influenced by conventional
macroeconomic fiscal policy, by existing factor price distortions, and by
the three year decline in real petroleum product prices. As a conseguence,
it 1s probable tha’h the nature of the current recovery will make the future
transition to a less energy intensive econcomy more difficult.
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1. Conservation

The meaning of conservation is primarily philosophical, an sttitude
about the humsen community and the natural envirvonment. Throughout America's
history it has had two emphases which have often been in confliet. One line
of thought, developed in the early part of this century by John Muir and the
Sierra Club, saw the natural envircnment as having special significance for
humanity's adaptation to sceiety. Watural environments, this view holds,
often merit their own special rights and privileges which should protect them
from major development activities,

The secend view of conservation is represented by Gifford Pinchot. Tt
holds that development of natural resources is in general a positive thing,
but asserts a public interest in the matter which is in addition to (or in
gonflict with) private rights to development.

' Sometimes the two viewpoints will coincide: .to promote strip mine
‘regulation, or advocate continued Federal ownership of Federal forest land.
At other times the two aspects of conservation are in sharp conflict. In fact,
these two views of conservation first entered into serious opposition over an
energy problem, the Heteh-Hetchy project. Simply stated, the one view valued
the Hetch-Hetchy valley as the equal of the other yosemite, Yosemite Valley.
The second view v?lued the site for its potentiel as an inexpensive source of
water and power.l

Tt seems that the development of the concept of energy conservation is
& modern marriage of the earlier schools of thought. Energy conservation seems
to presume that energy is necessary for economic welfare, but at the same
time it carries an important element of "less is better." This latter tendency
probably relates the use of finite energy resources (uranium, gas, oil, coal)
to environmental impsact, and perhaps as well to unarticulated values about
gsocial structure.

Beonomics tries to unite each view of conservation while working with
the economics of private development. Economists have developed the concepts
of amenity rights, opticns, and generational equity to reflect the values of
the first school. And the public regulation and development perspective has
led to the development of benefit-cost analysis and other methods which attempt
to welgh public and private gains and losses.

The basic purpose has been to develop criteria for overall economic
efficiency which consider relevant aspects of monetary and non-monetary values.
It should be ncted that the analysis of the interaction of public and private
values has a long tradition in economics, being expressed in a comprehensive
menner by Ciriacy-Wantrup in 1952¢/ and arising out of earlier work in the
United States and Europe. It should not be presumed that economics has suce
cegeded in this endeavor of creating a ledger for the debits and credits of
wilderness, health, income, and assets. I mean only to say that economics
has addressed the problen. '

i/ John Muir, "Let Everyone Help to Save the Famous Hetch-Hetchy Valley,"
San Francisco, 1909.

2/ 5. V. Ciriacy-Wantrup, Resource Conservation: Economics and Policies,
Berkeley, 1952.




All this is introductory to the problem of defining energy conservation
in an economic framework. Darmstadter and Schipper seem to mean that energy
congervation is any act that reduces energy use, or reduces it below what was
otherwise anticipated.é. This is the view we noted above. If energy prices
rise and less energy is used, energy conservation is taking place., But does
this mean that if an energy price falls and demand rises that waste is taking
place? If energy conservation is a positive attribute of social behavior, what
is its negative, its cpposite? Do we value equally growbth or decline in use
of clean and dirty fuels, or renewable and finite rescurces?

An economist is unlikely to provide interesiing answers. Our approach
is to attempt to place these things in the rvalculus of public and private
gain and loss, and to see if there may be clear conditions under which specific
actions may promote or retard economic efficiency. (Again, recall that we
mean efficiency in the context of both, and perhaps conflicting, public and
private values.)

In eccnomic terms, at least six types of energy conservation can be
described. Energy conservation could mean shifting demand functions with
unchanged coefficients, greater long run energy price response or lesser income
response, reduced demand in reaction to price increases, or a reduction in the
time required for demand to adjust to new circumstances. Finally, in a broad
context, we could consider congervation to be any lower level of energy use than
that which had been expected. These six concepts are shown in Figure 1.

Figure 1-A shows a shift in an energy demand functﬂon in which the para-
meters (and price and income elasticities)are unchanged;~/ Less energy is
consumed at the same price level. This is the Mount/Tyrrell finding with
respect to energy demand functions in lQTh,é/ Figure 1-B shows demand
function D7 with a greater responsiveness tc price than function Dy. In fact,
there are indicationg that price responsiveness itself increases ag prices
rise.2’ Figure 1-C shows demand function D with a lesser income response.

In a manner analogous to the price response, the income response may decline
as incomes rise.l: Figure 1-D simply shows a fixed demand function with less

3/ "Energy Demand and Conservation," Energy Demand and Conservatbion
Panel Report, National Academy of Science Commitiee on Nuclear and
Alternative Energy Systems, Ch. 2, draft, April 1977; also Lee Schipper
and Joel Dardstadter, "What is Energy Conservation?” Lawrence Berkeley
Laboratory, January h, 1977.

4/ An elastieity is approximately defined as the percentage change in demand
caused by a one percent increase in an economic factor. For example, if
an income elasticity is +0.5, a 1% increase in income causes an increase
in demand of ons-half of 1%.

5/ Tim Mount and Tim Tyrrell, "Energy Demand: Conservation, Taxation, and
Growth," Appendix B in Energy Demand and Conservation Panel Report, op cit.

6/ T. D. Mount et al., "Electricity Demand in the United States: An Econometric
Aralysis," Osak Ridge National Laboratory, Oak Ridge, Tenn., June 1973, p. 10.
Suppose @ = oPB, In Fig. l-~A, the shift in demand means a; is less than o,
but the price response 8 is unchanged. TFig. 1-B has B3 {the price response)
with a greater magnitude than Bp in the range of actual demand.

T/ Idem.



FIGURE I. ENERGY CONSERVATION
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FIGURE |. CONTINUED
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Figures !-A to |-D show new energy Q, resulting from the various types of conservation. The
amount of conservotion is always the difference befween Qgand Q. In Figures |-E,I-F,
conservation is the product of changing energy use over time and is equal to the shoded
area,



energy being purchased at the higher price. This latter phenomenon explains
much of the geographic variation in energy use and part of the recent change
in energy growth rates. _

Figure 1-E shows djifferential change over time in response to different
lengths of time necessary for adjustment in consumption. Starting in year O

with price P and energy use ., the price increases to P,. The new equili-
brium level of use {other things being constant, which of" course they are not}
is 4,. 1In general, because of the slow rate of replacement of machines,

vehitles, and applianceg, and the time necessary for consumer classes to deter-
mine their responses to changed economic conditions, the movement from Q. to @
is not immediate but takes place over many years. 1T the time necessary for
adjustment is short, energy use will be lower in succeeding years than with a
longer adjustment pericd, althousgh both paths eventually reach Q hJ - Public
education programs may have substantial effeect upon this time lag in’response,
and this lag may itself decline as prices rise.

Figure 1-F simply shows conservation defined as departure from previous
trends. In addition to the economic influences enumersted here, I'igure 1-F may
reflect temporary climatic or business cycle variation, or long run societa%/
changes in birth rate, household formation, geographic patterns, and so on.

Thus it is apparent that in considering the effect of energy conservation
on employment or income, we must congider the econcmic mechanisms by which energy
is conserved. I energy use falls hecause of a decline in income levels, the
relationshic between energy conservation and employment will be gquite different
than the case where energy prices rise and energy use falls in a period of rising
inceomes. .

Tn determining the effect on employment of energy conssrvation, we may
easily consbruect countervailing examples which illustrate positive and negative
impact. In transportation, higher energy prices result in higher costs feor
~venlicles, roadways, terminals, and fuel. In intercity transportation of freight
and passengers by truck and bus, much higher diezel fuel costs make lower operating
gpeeds more efficient. With constant loads and labor paid a time rate, it becomes

8/ In its simplest form, the geometric adjustment function is

el
G = AQ + LB .X,
-1
t j:lJ Jt
This is an equaticon in logarithms, with G, being energy demand in
year t, A the lag coefficient, Xj's the n economic influences, and
Bi's the short run elasticities. A relationship where A = .9 will
take much longer to adjust than if X = .6,

9/ These influences could be defined in such a way as to appear in
Figure 1-A or elsewhere in Figure 1.




profitable to employ more drivers (even with a fixed stock of vehicles)
operating at slower, more fuel efficient speeds. TFor a fleet with constant
vehicle miles, reducing the actual speed from 75 mph to 60 mph should increase
the labor requirement on the average by 20%. However, it is evident that
vehicle miles may not stay constant. Passengers and freight may shif't from
motor vehicles to train, car, or air modes. The labor intensity of these
transportation forms vary, and the net employment effect will refiect the
change in composition and level of transportation.

In agriculture, much higher diesel oil, tracitor, and eguipment prices
may simultanecusly reduce efficient manhours and efficient equipment use for
a given acreage. A corn farmer in western New York may simply drop one appli-
cation of herbicide from his cultivation schedule, thus reducing labor, energy,
capital, and output.

In indusiry, much higher natural gas and petroleum prices may make some
kinds of cperations such as chemical manufacture too costly to cortinue in
some parts of the country. As a consequence, employment is eliminated in the
industrieg which are discontinued.

We have developed two aspects of the labor subgtitution questicn here.
First, how constant or varisble is the relationship of labor and energy in
each type of production? Second, how do energy prices influence employment
by influencing product prices, the demand for different kinds of prcducts, and
therefore the labor used in production? While different illustrations can
show positive or negative effects, the major question here is the net employ-
ment effect upon the econcmy.

‘2. Macroeconcmic Theory

Consider a simple macroeconomlc modellg/ with 20 economic variables as
expresged in these relationships:

(1) sy, t, a) + t(y) + £y, Py, P.) = ilr, y) + & + X(Py= PX)

(2) Mlr; x - £) =mlr, y)
Py
(3) mir, y) = Lz) + x(y)

(L) v =y, X)

, 5

{(5) w =Py F{N)
5

(6) W —h(Py, )

{7 W o=

(8) c=y -8 -t

Equation (1) indicates that savings, taxes, and imports equal investment,
government expenditures, and exporis: s +t + £ =1+ g + x. DBavings are
positively related to real CGross National Product (y), but negatively related
to taxes. Savings decline with higher levels of real assets {(a). Taxes rise
with real GNP.

10/ See William H. Branson, Macroeconomic Theory and Policy, Harper and
Row, 1972.




Investment (i) is negatively related to interest rates (r) but
positively related to real GNP. The demand for imports {f) grows
with higher GNP and higher domestic prices (P_).

However, the demand for imports may eitﬁer rise or fall in
response to increases in foreign prices (Pf)} If the demand for
imported oil is in the short run relatively unresponsive to the
price paid, then an increase in this price will cause a small reduction
in the physical quantity imported but a very large increase in total
revenue collected by foreign groups selling oil to the United States.
Conversely, if the demand for imported oil is very responsive to the
price change, a higher price Py will lower the dollar value of imports.-

These relationships, taken together, define the Investment-Savings
(18) equilibria which link real GNP to interest rates. Tn Figure 2-A,
the different feasible levels of y and r are shown in detail. Figure 2-B
expands the IS curve in the first quadrant.

Assume that the demand for ‘imported oll is relatively insensitive
to price P in the short run. An increase in the OPEC price will shift
the investment-savings equilibria in such a way that lower real GNP will
be assocliated with each interest rate level. Beginning in the southeast
gquadrant of Figure 2-A, an increase in dollars spent on imported oil
will rotate the s + % + f ray clockwise, meaning that for every level
of real GNP there is now a greater demand for savings, taxes, and imports.
This results from the reduced consumption demand and the in-
creased savings demand as well as the greater import expendi-
tures.,

Tn the very short run, export levels are unaffected and the
i(y) + g + x function is unchanged. The immediate effect of imported oil
price increases, then, is to shift the IS relationship leftward. Inevitably
gome of these newly transferred funds will be put to use to purchase
American exports, and the i(y) + g + x functicn in the northwest quadrant
will shift outward, causing an influence on 1S opposite to the import/savings
effect. In the long run, if imported oil demand was very sensitive to Pg,

f might decrease, reversing cause and effect.

However, in the short run of one to five years, higher imported oil
prices raise f more than x and El%ce IS in a new position: compare original
IS and later IS¥ in Figure 2mBy¥L '

Tn Equation (2}, the real supply of money is equal to the nominal supply
of money M(r; x - f) deflated by the price level Py, The nominal supply of
money12 is influenced by two fTactors: the interest rate r and net exports
% - f. The nominal money supply rises with interest rates. Suppose there is a

;;/ An' alternative explanation with the same result would view the higher
oil prices as a tax collected by the OPEC countries. The s + t + T
ray would agein move clockwise, and the analysis would continue to the
same conclusion.

12/ Here money supply M can be viewed as currency in cilrculaticn outside of
banks and checking account depogits. For some purpcses savings account
deposits may be included in the definition of money supply.




FIGURE 2. THE INVESTMENT - SAVINGS RELATIONSHIP
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balance of trade surplus with exports greater than 1mports.l3/ These surpluses
eventually accumulate as foreign exchange depcosits by U.S. banks with the Federal
Reserve System, and this expands the money supply.

The real supply of money must egqual the real demand m(r, y).  Money
demand in eguation (3) has two components: a liquidity demand for money kept
on hand 2(r) which falls as business and families bank money when interest rates
are higher and a transactions demand k(y) which rises with real GNP.

Figure 3-A shows money market equilibrias for these meonetary factors,
defining an equilibrium relationship between real GNP and 1nterest rates in
money markets: the LM relationship.

Agsume TM in Figure 3 represented the original money market equilibria
relationships before an OPEC oil price increase with exports equal to imports.
The price of imported oil rises sharply, causing a balance of payments deficit
and a contraction in the money supply. The new LM* is above the earlier
equilibria.

Tigure 4 summarizes the equlllbrlum for this simple macroeconomic
model. The econcmy is originally characterized by the investment-savings
relationship IS and the money market pattern LM, resulting in equilibrium
Gross National Product v and interest rate r.

The other Equations (4) -~ (7) define employment relationships.

Equation (4) states that real GNP depends upon employment N and capital K.
Equation {(5) shows the demand for labor: profit seeking employers will seek
more workers with higher prices but will offer less employment ab higher
wage levels. Tn (6), labor supply will be characterized by responding
positively to higher wages and negatively to higher prices. FEquation (7)
requlres labor market eguilibrium.

" S0 the original IS-LM equilibrium for 1nterest rates and real GNP
in Figure b T&?o deflnes the associated levels of employment, wages, and
consumption.=

Now consider the different relationships in the investment-savings
and money markets which were associated with the higher oil prices. The
new IS¥ and IM* in Figure 4 define a lower level of real output at a slightly
higher interest rate. As a consequence, employment falls.

The illustration given here-is somewhat_E}milar to the interpretation
of the recent recession given by Arthur Okun. Okun attributed the recession
to the effects of nigher oil prices and higher import expenditures on real
disposable income, the reduction in overall consumer demand caused by
general inflation, the negative impact of the rise in interest rates on home
construction, and the deflationary influence of a declining real money supply.

13/ Here considering transfer payments to foreigners and net capital outflow
to be kinds of ijmports which are not explicitly discussed.

;ﬂ/ The emphasis here hag been on the savings-investment relationship in
Equation (1) and Figure 2. Obviously, Equation (8) suggests that the
same result might be achieved by emphasizing consumption. A term for

net transfer payments to foreigners is properly required on the right
hand gide of Equation (8).

15/ Arthur M, Okun, "A Postmortem of the 19Th Recessiocn," Brookings Papers
on Econemic Activity, 1975:1, pp. 207-221,
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FIGURE 3. MONEY AND INTEREST RATES: THE LM RELATIONSHIP
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supply, a monetary relationship exists between income and interest

rates.
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Fig. 3-8 The northeast quadrant of Fig. 3-4: the LM relationship.



FIGURE 4., EQUILIBRIUM IN LABOR, MONEY, AND INVESTMENT
MARKETS

Fig. 6 shows the interaction of LS relationship (Fig. 28) with the LM
refationship (Fig. 3B}, The resulting real income and the price level

define employment and consumption as well.
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Fried and Schultze emphasized other points: monetary and fiscal policy
might have maintained output and employment in the face of the shock of
higher 0il prices by utilizing a policy on income shares. Since no income
shares policy existed, the dilemma was a choice between price stability or
unemployment. Monetary policy emphasized price ig?bility causing employment
and output to fall and unemployment to increase.~

Macroeconomic theory, then, seems to suggest that higher oil prices mean
less employment and real income than would otherwise be the case. The focus
is clearly upon a few quarters or years, and the question of long run adjust-
ment is essentially beyond the conventional scope of recent macroeconcmics.
The appropriate policy responses are seen to be those which stimulate con-
sumption and investment in the face of the shock of higher energy prices.

It might be argued that this assessment is too harsh: the gucceeding
discussion of the Phillips curve and of recent empirical macroeccnomic
modeling will buttress these poeints.

OPEC Pricing and the Phillips Curve

Traditionally, the rise in prices of imported oil is seen as reducing
both GNP and emplcoyment. The first effects of an increase in imported oil
prices are to raise the overall price level, reduce consumption, and reduce
the demand for aggregate output. As a consequence, real GNP falls and
unemployment grows. Since energy is "eongerved" by having energy prices
rise as in Figure 1-D, we see the kind of logic which commonly leads to the
conclusion that energy conservation, lower GNP, and unemployment are linked.

It should be emphasized that this reagsoning is circumstantial. The
macroeconomic approach says higher il prices cause (1) reduced energy use
(i.e., "conservation"), (2) lower aggregate demand and production, and (3)
less employment. Therefore, we conclude, macroeconomics says energy use and
employment move together.

Thig linkage between inflation (energy~re}??ed or not) and unemployment
is given special status in the "Phillips" curve=- in Figure 5. According to
this reasoning, rising energy prices mean more unemployment to maintain a
given overall inflation rate.

With respect to the impact of imported oil prices, 1t may be argued
that this source of inflation is unaffected by U.S. econcmic circumstances,
and, as a result, the Phillips curve shifts cutward. An unpleasant conse-
guence is that the post~19T7h curve requires greater ynemployment to attain
the same inflation goal.

16/ Edward R. Fried and Charles L. Schultze, Ch. 1, "Overview," in Fried

and Schultze, eds., Higher 0il Prices and the World Economy, 1975,
p. 57.

17/ The relationship is named from the work of A. W. Phillips.
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FIGURE 5. OH. PRICES, INFLATION, AND UNEMPLOYMENT : THE
PHILLIPS CURVE
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Empirical Models: Brookings, BEA, Wharton

Empirical work is guided by the theory summarized above. In genersl,
applied macroceconomists have reached conclusions similar to those suggested
by the theoretical summary above.

The Breokings Institute does not possess a single view on these issues;
it publishes work from a variety of participating scholars. Considering this
fact, the similarity in view may be somewhat surpf' ing., The first issue in
1975 of the Brookings Papers oigﬁconomic Activity= focused upon the recession.

Modigliani and Papademos present & version of the Phillips curve as '
shown here:

8.2

(9) P = 0.hp + T 0,68Pn

Lt X - .OQhﬁt + .O8lPmn

at-l >t

+L059R, )

® is the inflation rate in the non-food consumer price index (CPI)
. n ® - . . ° . R
in year £, 7 productivity growth in non-farm business, P ¢ 1s inflaticon in
non-food imports, P is the past year's inflation in" 1354 products, and
U, is the "adjusted"’current unemployment rate. (Unemployment is standardized
té the 1955 economy, lowering nomiral unemployment rates by 1/2% to 1%.)
Rising imported oil prices are reflected in P . It is evident that
this equation has precisely the structure noted_abo%%’and shown in Figure 4.
Assuming a constant goal for overall inflation P » Price increases in imported
0il (and thus = higher rate of P ) dictate a ﬁigher unemployment rate,
Other things equal, higher rates 67 growth in energy prices make higher
unenployment agg?ar degirable.
Gramlich=— analyzes a Phillips curve similar to Figure 5. A bhase case
relationship is:

6
- P P -
(10) Py - P, U b, (Peoy =P y) ‘e
Fe-1 o U g7 Pe3-1 b

Here P, is the overall price level, sgy, the GNP deflator. U, is current
unemployment. The suwmstion term reflects the continuing impact cf inflation
Oover a six year pericd. Onte again, rising energy vrices predict greater
unemployment for a given inflation rate. Suppose e, represents a major exogenous
increase in energy prices. Then, in succeeding yea?s, unemployment must be
higher to reach price stability goals. '

Perhaps we should emphasize here that the Phillips curve is a policy-
related construct, Crudely put, decision makers select desirable inflation
rates and economists indicate the unemployment rates necessary to create the
selected inflation rates.

18/ Brookings Papers on Economic Activity, 1975:1.

19/ Franco Modigliani and Lucas Papademos, "Targets for Monetary Policy in
the Coming Year," Brookings, op ecit., pp. 141-166. The subject of their
paper is proper money supply growth: they attribute the recession to
‘Taulty monetary policy.

20/ Edward M. Gramlich, "The Optimal Timing of Unemployment in a Recession,"
Thid., pp. 167-82.
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In the U.S. Bureau of Bconomic Analysis (BEA) and the Wharton macroeco-
nomic models, aggregate relationships similar to Equations (1) through (8) and the
Phillips curve concept are developed.gi/ The last publighed version of the
BEA model postulated this basic relationship for total output, capital, and
labor:

*.56e-002t .3L'T

Ki by

(11) PGNP, = e

This is similar to BEquation (4). PGNP is potential private gross
national product less housing, K is capital stock, and L is potential civilian
employment.

First, note the absence of any terms related to energy or natural
resources. Basically, the national economy runs on capital and labor. Second,
by assumption, the sum of the exponents is 1.0, meaning constant returns te
scale. Third, technical progress takes place at 2/10 of 1% per guarter.

By definition and assumption, neither labor nor capital are substitutable
for energy. Inergy prices enter this model by--when riging=-causing inflation
in personal consumption price indices, which in turn lowers demand for
personal consumption goods, which, in turn, lowers aggregate production and
employnment.

By implicaticn, this kind of macroeconomic model seems to require
energy to be complementary with capital, labor, and income. Increased
energy use is apparently reguired for all three to increase.

The last published version of the Wharton macroeconomic model is gimilar
in concept to the BEA model, although the Wharton model is more developed with
respect to structural deteil. It defined employment in manufacturing and
mining after 1965 as:

(12) 1apn, - nL, ; = 0.192 + .430 InQ, - .235 1nQ 4 - 134(InL,  +.5MT InK )

While the exact derivation of this relationship is not clear, it does
appear te have these characteristics: (1) Tt is derived from an assumption
of production relationships similar to the BEA equation, a Cobb~-Douglas function
cf the form al ue (2) There is a time path of response to changes

Q= aOL .

in each factor. (3) Technical change takes the form of a continuing decline
in labor reguirements for given amounts of capital and cutput.

As in the BEA model, neither energy nor natural resources entered the
production relationships.

Both the BEA and Wharton models have modified versions of the Phillips
ourve discussed in the theoretical outline above. Both have unemployment
lowering wages and lower wages causing less inflation. As we expected, the
empirical macroeconomic models imply that growth in oil import prices reguires

21/ U.8. Bureau of Economic Analysis Staff Paper, No. 22, "The BEA Quarterly
Eeonometric Model," July 1973. Michael D. McCarthy, The Wharton Quarterly
Econometric Forecagting Model Mark IIT, Universiiy of Pennsylvania, 1972.
Empirical macroeccnomic models have more appropriately complex or
realistic specifications of the kind indicated in cur thecreticsal
gummary. The published version of the Wharton model discussed here
had 300 variables and 200 structural and accounting equations.
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Table 1. Macroeconomic Model Predictions of the Consequences of

Continued High 0il Prices, Differences in the Fourth Quarter, 1977

Real GNP, billions

Real exports, billibns

Real disposable persconal
income, billions

Unemployment rate,
percentage points

Treasury interest rate,
percentage points

Inflation, GNP deflator, %

Source:

George Perry (see text).

Federal Reserve
Board .
Model

-$L9
+$17

-$56

+2.4

+2.6

+h.6

University of
Michigan
Model

-$58

+519

-$63

+1.3

+1..0

+5,2



17

higher unemployment to meet a given gosl Ffor price stability.gg/

The implications derived here from examination of the structure of
national income, employment, and prices in maggyeconomic theory and analysis
becomes explicit in the work of George Perry.—~ Perry worked with Jared Enzler
and Saul Hymans to apply the Federal Reserve Board and University of Michigan
econometric models to the problem of the macroeconomic, response to higher oil
prices. Table 1 shows the effects of continued high oil prices through 1977.
As expected on the basis of the preceding discussion, the models both fore-
cast lower output and income and higher unemployment, inflation, and interest.
rates. : '

Thig selected summary of macrcoeconomic theory and analysis has led to
three conclusions of interest. First, the nature of the approach is to focus
economic policy upon large aggregates. It supposes that economic welfsare
may be guided by fiscal and monetary policy which stimulates or restrains
investment, consumption, or government activity. Second, energy and resource
limitations and use have not been explicit parts of aggregate relatiocnships
in published work. Apparent substitutability between labor and capital has
been limited, in part by the manner of model specification. Third, the
present macroeconomic approach to inflation links it to unemployment by means
of the Phillips curve concept. BSince inflation and unemployment are both
policy goalsg, this approach predicts that an exogenous source of inflation in
OPEC pricing or decreasing domegstic energy sources must raise the necessary
unemployment associated with each inflation rate. These three conclusionsg, in
turn, may lead to a position which holds that energy conservation may reduce
income and employment.

In the next section, the microeconomic evidence is reviewed which, in
general, arrives ab opposite conclusiocns.

3. Bubstitutability in Bnergy, Capital, and Labor

2L/

Original work by Berndt and Wood— has focused upon the empirical nature
of observed interactions between energy, labor, capital, and income. They

gg/ Also, BEA, Wharton, and other models assume that wages may increase as
fast as preductivity without increasing inflation, and that expectations
play a role‘in price formation.

23/ George L. Perry, "The United States," Ch. 2 in Fried and Schultze, op cit.,
—ﬂn Perry assumed that the average crude oil price of‘near—$10/bl in late i§?h
would continue through 1977, and compared this to a forecast with a con-
- tinuation of the $i/pl price of mid-1973.

24/ E. R. Bernd:t and D. Wood, "Technology, Prices, and the Derived Demand for

" Energy," Review of Economics and Statistics, August 1975, 57, pp. 259-68,
and "Technological Change, Tax Policy, and the Demand for Energy," mimeo,
Univ. of British Columbia, 1975. Edward Hudson, Dale Jorgenson, Berndt,
and Wood have shown unusual Judgment in perceiving the significance of
this subject and wmdertaking empirical investigation of it some years ago.
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employ a derivative of a quadratic function to represent manufacturing output
relationghips:

L L o4
(13} 1InC/Q = o + I alnP, + /2T Iy

i=1 * i=1=1 130511

¢ is the total cost of manufacturing output, Q is manufacturing output,
o is a constant, P, is the price of factor i, and a and Yy represent coefficients.
The function In Equation (13) is sometimes termed the "transcendental
logarithmic function," or translog function., From this relationship, Berndt
and Wood derive the market shares for each production factor:

P K
-k _
{1h) Mk = o otk + YkklnPk + YkllnPl + ykelnPe + ykmlan

is capital's share of manufacturing cost. Labor, energy, and materials
have similar functions. Two points should be noted here. First there are
always constant returns to scale. Average cost C/Q in {13) is unaffected by
the level of Q. Second, in the definition of substitutability, demand for
manufacturing output does not fall if factor prices rise.
The emphasis of this work is the degree to which energy is substitutable
with capital and labor. This is measured as the elasticity of substitution:

¥ + M
(15) G = ek eMk

ek MeMk

O is the substitution elasticity for energy eand capital. Tt is the
microecong%}c concept often used to investigate the employment/energy/capital
gquestion.—~ The significance of thls measure is shown in Pigure 6.

If two factors may each substitute for the other, they are competitive.
This is the illustration in Figure 6-A. The demand for each may be unaffected
by the price of the other although the ratio of one to the other changes; this
ig Figure 6-B. Another possibility is that fixed proportions are required,
Figure 6-C. TFinally, energy and capital might be complementary, in that they
must increase or decrease together, and might as a pair be substitutes for
lagbor. Figure 6-D shows energy and capital to be complementary in variable
proportions.

Table 2 shows the substitution elasticities computed by Berndt and Wood
for U.S. manufacturing for 1971, based upon data for 1947~T1l. The results are
in clear disagreement with the implications of the macroeconomic approach.
Labor and energy were moderately substitutable {0, = 0.68), but capital and
energy were not (o = -3.53). According to theseestatistics,-increasing
energy use reduces émployment and requires greaber capital.

Another method of representing these relatlionships is to portray the
effect of an energy price increase on labor demand as in Figure T. Again,
possible relationships are competitive, independent, and complementary. The
sign of these cross price elasticities will always be the same ag the substitu-
- tion elasticities, although relative magnitudes will change. Teble 2 also
shows the values for B/W.

22/ More precisely, Berndt and Wood work with a version of the Allen
elasticity of substitution. As explained by Berndi (personal communi-
cation, February 1977}, o = ¢ /M with e being the cross price
elasticity. ex = Fox' ek
This ¢ = 3¥luk/31nP,. + n where n represents the price elastieity

e ‘
of demand for output. Be¥ndt pcints out that the n term is omitted from
the substituticon studies.
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FIGURE &. SUBSTITUTION ELASTICITIES

Infinite substifution

Q= 8L + BE -

E
Fig. 6-A Energy can completely replace
iabor.
No substitution
L==XQ
E: 3Q
0.,
Q
2 g Gr= 0
3

Fig. 8-C Energy and labor are each
required in fixed proportions
regardiess of prices,

Limited subsftitutability

KBE

Q= acLB"

E

Fig.6-8 Eifher energy or labor can be
used. Best proportions depend
upon prices.

Q= YL+ plKy=E),
K=E

AN

Q, fixed

E

Fig. 6-D Energy and capital are compli-
mentary,and both substitute
for labor.
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Table 2. Berndt-Wood Estimates of Substitutability in
U.S. Manufacturing, 1971, from 1947-T1 Data

Substitution Elasticities

Labor Energy Materials
Capital 1.01 -3.53 0.49
Labor 0.68 .61
Energy NG

Demand Elasticities

Quantity/Price Capitai Labor Energy Materials
Capital ~. Lk .30 -.16 .30
Labor .05 -5 .03 .37
Energy ~-.17 .20 -.49 .46
Materials .02 .i8 .03 -2

Note: A positive value means one factor may replace another. A negative
value means the absence of substitutability: the twe factors are com-
plements and must rise or fall together.
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FIGURE 7. SUBSTITUTION EFFECTS: LABOR DEMAND AND ENERGY

PRICE
L Strong positive substitution L No effect
- Pe e Pg
Fig. 7-A Rising energy prices increase Fig. 7-B Rising energy prices do not
emplioyment. affect employment, but may

lower E/L rafio.

' Strong complemenftary relotionship

Fig. 7-C Rising energy prices couse
- employment to fall.
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Note that the row sums are all zero: if all prices increase proportionally,
factor demand is unchanged. This is a characteristic of {he model, not an
empirical result. Obviously, if all factor prices increase in manufacturing
but less in other types of activity, the demand for manufacturing output will
decline causing demand for 211 factors to fall.

The demand elasticity for emergy is -.5, high for a short run, annual
estimate and probably low for a long run value.

Low capital prices reduce demand for labor and materials and increase
energy demand. IE ?he long run values were 5 times the annual values in Tabie 1,
a capital sub51dy——-of 10% implies an approximate reduction in labor demand in
manufacturing of 3%. A subsidy of 25% to energy priceﬁ }mplies a reduction in
labor demand of 4%, and an increase in capital of 26%. 1

Bdward Hudson and Dale Jorgenson, colleagues of Berndt and Weod in
earlier work, have applied the same methodology to similar U.S. manufacturing
data for the same period. Thej g/flndlngs appear in Table 3 and generally
coincide with the B/W results.—

The problem suggested by the absence of a time path of response in the
preceding studies was the basis for arn international compariscn of 8 European
countries and the U.8. for U selected yvears in the 1955- 69 t_gﬁ span, giving
32 international observations. However, Griffin and Gregory—= were not
satisfied with their materials data and excluded it from thelr analysis.

The results appear to contradict the two other studies. Summarizing
both substitution elasticities and demand elasticities, Griffin and Gregory
do not find capital and labor to be substitutes {in contrast to B/W and H/J),
and Griffin and Gregory do not find capital and energy to be complements (again,
in contrast to B/W and H/J). However, all three fird labor and energy to be
gubstitutes.

Griffin and Gregory make a methodological advance in analyzing inter-
national data with wide variation in capital, labor, and energy use. However,
twe major problems mitigate the value of this advance. TFirst, the standard
errors are high for the important terms. The absclute ratios of coefficients
to standard errors are 1.1 for B, , and .QT7 for B While the coefficient
for B ig 4.2 the value of its S%andard error, tﬁe errors for the substitution
and demand elasticities between labor and capital are all larger than the
estimated values. These are larger standard errors in estimation than are

26/ A capital subsidy is a govermment tax or expenditure policy which
specifically lowers the cost of capital to users. Examples are
accelerated deprecistion allowsnces and investment tax credits. This
is discussed in greater detail in examining factor market distortions
below.

27/ A long run elasticity 5 times the values derived from annusl data would be
eguivalent to a lag coefficient of .8 in a geometric lag equation. A long
run elasticity of .15 (equal to 5 times the E of .03) interacts with an
energy price subsidy of 25% as L.Fe '

(a,/0.) = (2,/2)F, or (a,/qy) = (.75)"" = .96

28/ Cited in James M. Griffin and Paul R. Gregory, "An Intercountry Translog
Model of Energy Substltution Responses," American Fconomic Review,
66:55, pp. B45-57. Unfortunately the originsl Hudson-Jorgenson paper
(Bell Journal of Feonomics, Autumn 1974, pp. 461-514) does not itself
report substitution elasticities.

29/ Griffin and Gregory, op. c¢it.
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Table 3. Hudson—-Jorgenson and Griffin—Gregory Estimates
of Substitutability in U.S. Manufacturing, 1965, from
Post-War Data

Substitution Elasticities

Labor Energy
HiJ  6/G v/g  c/a
Capital 1.09 .06 -1.39 1.07
Labor 2,16 .87

Demand Flasticities

Quantity/Price Capital Tabor Fnergy Materials
HJ . g/c i/3  g/g E/J G/G E/J only
Capital -2 -18 e .05 .02 .13 a5
Lebor .1k .01 -.h5 12 ol A1 .27
Energy -.18 .15 5T . 6L 0T =79 TS

Note: While Berndt/Wood and Hudson/Jorgenson both analyze U.S. manufacturing
data in the pest-World War II period, Berndt and Wood (according to Berndt)
include petroleum refining in their definition of manufacturing, and Hudson/
Jorgenson do not. '
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usually consldered acceptable as a basis for substantive interpretation. The
standard errors reported for the Berndt and Wood substitutiogo?lasticities are
much smaller than the calculated values of the elagticities.=

Seccnd, Griffin and Gregory, by exclud§3§ materials, place T3% of the cost
of U.S. manufacturing in 1965 as labor cost;== Berndt and Wood estimate labor cost
at 28%, and Hudson and Jorgenson at 26%. There is wide variation in calculatgg/
market shares for energy, being 4% in B/W, 1% or 2% +in H/J, and 12.5% in G/G.

There is surprisingly little variation over time in factor shares in U.S.
manufacturing, according to B/W and G/G. Griffin and Gregory report significant
differences between countries. )

My interpretation of these results is that the Griffin and Gregory findings
may be vitiated by methodological problems. The best technigue might combine both
the B/W - H/J and the G/G approaches. -

To summarize the substitution studies at this point, we have seen three studies
of labor/capital/energy substitutability arrive at differing conclusions. Two, -
based upon annual data for U.S. manufacturing, find capital and energy to be comple-
ments. The third, an international study., finds capital and energy to be substitutes.
As Griffin and Gregory argue, capital in manufacturing and energy may be forced to
move together in the short run, but may be long run substitutes.

A similar interpretation of these results iﬁ/offered by Berndt and Wood in
their recent review of substitutability studies.ﬁ—- They suggest that the 1947-73
era may be characterized asg having experienced technological change which saw new
capital designed to use wmore energy and less labor. Their analysis leads them to
the game conclusion given above: capital and energy may have been complements in the
past and be substitutes with each other and with lgbor in the future.

" On the question of energy-lasbor substitutability, all three agree. All
three probsbly understate substitution elasticities because their method reguires
sectoral output to be constant.

36/ As reported by G/G, p. 851. Hudson/Jorgenson do not report standard errors
for their estimates in the material discussed here.

31/ "Intercountry Price and Input Share Data,” provided by James Griffin, fall,
1976.

32/ For Griffin and Gregory, the denominator for market shares is apparently value
added plus expenditures on energy. For B/W and H/J, the denominator is
apparently value of ghipments plus inventory change.

§§/-Perhaps using conmbined cross section and time series data with explicit lag
response, applied both within the U.S. and internationally, and with examina-
tion of both physical and price variables unrestricted by functional speci-
fication. This appreoach is in part being takern by Ellen Hornig in her study
"The Effect of Energy Pricing on Employment in New York State Manufacturing."

QE/ Ernst Berndt and David Wood, '"Notes on Interactions between Consistent
© Projections of Energy Demand and Aggregate Fconomic Growth," draft, Jan.
1977, prepared fTor the Energy Demand and Conservation Panel, op cit. In
their terminclogy, the relevant concept is utilized capital, a composite
index of energy and capital.
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Comparing this information to our discussion of macroeconomics, we recall
that the assumed nature of the Phillips curve implies that energy price inflation
necessitatgg/hlgher unemployment, and that capital and labor are substitutablie (but
not much).

However, these substitution studiles have not provided inFormation on an
important subject. What is the impact of compositional changes: will energy
conservation, for example, reduce employment in manufacturing but inerease it in
gervices or agriculture and natural resource industries? The Hudson-Jorgenson
work has given published answers to this query. In the original article, they
reported a 50¢/million Btu tax as having these economy-wide results in 1980: T.08%
reduction in energy use, 0.6% increase in employment, 0.5% increase in capital use,
consumer and GNF price increagg? of aobut 1%, and reductions in real consumption
and GNP on the order of 0.5%.=~ However, the basic patterns of economic growth
and employment are essentially assumed in this work. In other words, they hypo-
thesize that the labor force and capital stock will be utilized and examine the
impact of higher energy prices in this context.

Hannon and Bullard have worked with input-output data for the United States
for 1963 and 1967.- This has two obvious limitations. One i1s the linear nature
of the method; within any industry, capital, labor, energy, and materials must be
in fixed proportionsg (as in Figure 6-C) unless by assumpticon they are varied.
Jecond, 10 year old data may be irrelevant. However, it is possible that increases
in energy intensity since 1967 would accelerate the effects found by them. The time
problem is placed in better perspective by noting that Griffin and Gregory's latest
data year was 1969, and both B/W and H/J had 1971 as the latest observed year.

The first step in the input-output approach is to calculate the ratios of .
total energy (direct and indirect) and total labor {(direct and indirect) to
dollars of final demand for 360 industries. In other words, they estimated
the epergy/GNP and labor/CNP ratios for each industry. Figure 8 illustrates
. these estim% ?s. Tt is not an actual relaticnship, but a representation of
théir data.=~ What this shows is moderate substitutability {e.g. Figure 6-B)
throughout the U.S. economy between energy and lsbor. A dollar spent on farm
products will reguire more labor and less energy than a dollar spent on
chemicals.

35/ The elasticity of substitutlion between labor and capital in the BEA
macroeconomic model is always 1.0 as in Figs. 6-B and T-B. Recall
this means capital prices directly affect capital used, but not laber
used. The labor/output ratio is unaffected.

;ﬁ/ Hudson-Jorgenson, pp. 504-506. Similar results were reported by
D. Behling, R. Dullien, and E. Hudson, The Relationship of Energy Growth
under Alternative Energy Policies, March 1976, pp. 135-166.

31/ Hugh Folk and Bruce Hannon, "An Energy, Pollution, and Employment Policy
Model," Center for Advanced Computation, University of Illinois (Urbana),
Feb. 10, 1973 also in Energy Demand, Ccnservation., and Institutional
Problems, M. Macrakis, MIT Press, lQTM Clark W. Builard ITIT and Bruce
Hannon, "inergy Growth in the U.8. Economy," April 1976.

38/ Figure 8 is based upon Folk and Hannon, 1973, Fig. 3, and represents 1963
relationships. Bullard and Hannon report (perscnal communication, May b,
19TT) that the 1967 input-output data show the same pattern. Hannon
believes the small horizontal branch represents services with high wage
activities (e.g., doctors) near the origin and low wage categories {e.g.,
nospital workers) toward the end. The vertical branch has industries
paying low energy prices further from the origin.
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FIGURE 8. ENERGY AND EMPLOYMENT INTENSITY IN THE U.S.
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Note: This is o representotion of o groph published by Foik and Hannon.
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We must remember that this relationshﬂp in the Hannon-Bullard work arises.

only through ccmparisons of sectors. It does not permit energy and labor‘to
vary within sectors, and may therefore understate substitutability.3 '

Three kinds of econcmic models have been examined: macroeconomic models
(and theory), the microeconomic substitution studies, and the input-output =
analysis of laber and energy intensity in final demand. A heuristie
conclusion would utilize the strengths of cone kind of model to supersede tha
weaknesses of another. On this basis, my findings in the matter are as
follows: (1) Current macroeconomic concepts are appropriate in the- sense
that-~in the absence of changes of a structural nature--rising energy prices
cause unemployment, income loss, and inflation, certainly in the short run
of one to five years and possibly for a longer period. (2) The substitution
studies point to an underlying economic reality whereby in the long run
employment in productive activity may increase to replace energy, and income
levels are unchanged or only slightly lessened. (3) The input-output work
serves to delineate the changes in compcsition of consumption which are
associated with incressed demand for labor intensive goods and services
and lessened demand for those that are energy intensgive.

There 1s nothing inherent in the study of macroeconomics which precludes
recognition of resource limitations, substitutebility, and structural
transformation. Nevertheless, until such concepts become part of the working
toois of macroeconomics, we may ignore the apparent long run complementarity
cf employment, energy use, capital investment, and income which characterizes
recent macroeconomic analysis. Conversely, we must not adopt the substituta-
bility conclusions from the microeconomic studies as accurate descriptions’
of short run response.

Distortion in Factor Prices

If, as we have concluded here, employment, energy, and capital interact
in manufacturing and throughaout the economy, then it follows that the prices
of these factors affect their relative attractiveness tc business and
government.

We might address the guestion of the nature of pricing decisions in
the energy industry in order to determine whether relevant markets and
industries might be cﬂaracterlzed as competitive, conventional monopolies,
or growth monopolies. ——/ The question ccould be rephrased in more technical
terms as a problem of whether pricing policies are properly characterized
as competitive (marginal cost pricing), conventionally monopolistic {marginal
revenue-marginal cost pricing), or growth oriented (average cost pricing).
While relevant and of interest in its own right, the subject is beyond the
scope of this discussion.

However, the guestion of the tax treatment of factor costs is
directly relevant. As we shall see below, the energy industry is parti~
cularly capital intensiwve in the sense of assets per employee, and a very
significant part of current gross private domestic investment is energy
related.

39/ Intermediste industries have only smell fractions of GNP final demand.
Hanncn and Eullard, incidentally, do not report numerical results.

40/ See Exxon Corporation, "Competition in the Petroleum Industry," May 1975;
John M. Blair, The Control of Oil, 1976, D. Chapman, et al., The Structure
of the U.5. Petrcleum Indugtry: A Summary of Survey Data, U.S. Senate
Interior Committee Subcommittee on Integrated 0il Operations, 1976.
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If we express the annual user cost of capital without tax considera-
tions, it is simply

(16) ¢, = ——F—0u =
Koy o (pem) ™ *

Here C, equals an amortization rate for a capital investment which is used
produc%ively for its actual life AL, and then retired without salvage
value. The interest rate is r. '

But the imposition of the corporate income tax rate and the various
capital subsidies associated with it result in a new annual cost of
capital:

_all - s -~ ub - ubr)
(17} Cx = T

The corporate income tax rate is u, the investment tax credit is s, D is
the discounted impact of accelerated depreciation for tax purposes, and b
is the fraction of capital eligible for interest charge deduction either as

b1/

borrowed capital or ag an allowance for equity funds used during construction.—

The effect of social insurance taxes on the cost of labor is
analogous:
(18) ¢, =w+ sib

L

The paid oubt wage rate is w, and the social insurance tax rate is sib.
Mandatory social security, workmen's compensation, and unemployment insurance
nay be 6% to 8% of salaries and wages in aggregate. Retirement, health, and
other insurance benefits may raise the actual employer cost of sib to 25% to
33% of wages. (We may suppose that industries with unlons have on the
average higher employer contributions. ) :

Suppose we illustrate distortions in factor prices by reference to a

decision faced by an imaginary National General Corporation. HNational Genersl's

production process now requires teams of three workers each using tools, and
peing paid $15,000 per year in wages. National General may purchase a machine
to replace them at a cost of $200,000; the machine {lasting 25 years) uses
$5,000 worth of electricity per vear at an average price of 2¢/KWH, and
requires one operator at $15,000 per year.
' If there are nc capital tax subsidies--no investment tax credit,
accelerated depreciation, or equity deductions--the user cost of capital will
be based on the corporate income tax rate (.48) and the interest rate (say,
.09)., The user cost of capital is 19.6% per year, or $39,200 for the machine.
Total armual cost for the machine, its operator, and the electricity is
$59,200.

Without the social insurance tax, snnual wages for the alternative
three-~worker team are $45,000.

If sib = .3, labor costs for the three workers would be $58,500.
The machine operator's cost to the employer would rise also, and total
machine cost would now be $63,700,

41/ Preston, Coen, and Hall and Jorgenson use in Eguation (16) C. = r + § where
§ = 1/AL., Typically, r + § is aboub .03 higher than a. See Ross Preston,
The Wharton Annual snd Industry Forecasting Model, 1972: R.M. Coen, "The
Effects of Tax Policy on Investment in Manufaecturing,” American Economic

Review, Proceedings, v. 58, May 1968, pp. 200-211; R.E. Hall and Jorgenson,

"Tax Policy and Investment Behavior," American Economic Review, v. 57, June

1967, pp. 391-b1k.
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National General, then, would find the three workers to be less costly
than the machine, given the corporate income tax and employer contributions
to social insurance.

However, the capital subsidies will reverse this result. Suppose the
investment tax credit is 11%, the machine has a tax life of 16 years, sum
of years' digits tax depreciation is used, and 50% of capital investment is
eligivle for interest or equity deductions. The user cost of caplital is now
11.1% per year for a capital charge for the machine of $22,200 per year,
The eleﬁgyic utility may be able to lower the price of electricity by 3/4¢
per KWH— reducing annual electricity costs to $3,125 per year. The
operator's labor cost remains at $19,500 with empleoyer's contributions.
Total cost: §$L4,825 per year for use of the machine, clearly less costly
than the three-worker tean.

It is precisely this kind of event which present capital subsidy and
employer contributions cause: capital costs are lowered, energy costs are
lowered, and labor costs are raised. :

Since energy industries are perticularly capital intensive, pregsent
capital subsidies lower energy prices relative to prices of goods which
are less energy intensive. For example, New York's private utilities in
197h, by means of the capital tax subsidies noted here, reduced their
Federal income tax liability to 8/10 of 1% of their pre-tax net income. If
their tax rate had been 48% of pre-tax net income, and if this had been
collected from electric utility customers, it would have raised the price
per KWH by 1/2¢ per KWI.

Harlier in the discussion the possibility of non-competitive markets
was excluded from present considerations as a possible source of factor price
distortion. (Remember, non-competition may either decrease or increase
prices.) .

8imilarly, we should note that environmental costs have not been
considered. Consider the hypothetical possibility that energy use causes’
significant weather modification, environmentally lnduced cancer, mine and
worker heslth and safety problems, air pollution damage, and automobile
accidents. If this were to be so, the unwilling recipients of these events
are subsidizing energy users and energy prices. At present I have no
satisfactory gauge for the actual magnitude of these things, but note that
if they are important, then energy prices are subsidized.

42/ The tax life of a nuclear plant is 16 years. With an actual life
of 25 years, a capacity factor of 65%, and a cost of $650 per KW,
the capital subsidies reduce annual capital charges for nuclear power
by l¢ per KWH, :
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4. The Energy-GNP Ratioc

The ratio of energy consumption to Gross National Product has attracted
considerable attention from observers concerned that energy conservation
policies may cause inccome decline. This concern is based in part upon the
stability of energy use per dollar of GNP durinrg a period in which GNP rose
dramatically. In 1972 dollars, the ratio was 61,000 Btu per dollar in 1953
and 59,900 Btu per dollar in 1975. There was little variation over this
23 year pericd, the highest value being 62,400 and the lowestugf,BOO. At the
same time, real GNP approximately doubled, as did energy use,—

To some extent the energy-GNP ratio is a cousin tc the expectation that
electricity demand doubles every 10 years. Both concepts arose from real
historical experience and resulted from the complex interaction of technology,
economics, and social behavior.

From the preceding discussions of types of conservation, macroecononics,
and substitution studies, it seems evident that there is no particular signi-
ficance to the concept. Evidently, with given or assumed income levels, energy
use may vary widely according toc energy prices, population, climate, social
structure, and sc on. This is patent on an internationsl basis where it has
been shown that'thﬁﬁ? ig wide variation in energy-GNP ratios at various levelg
of GNP per capita.—

Nordhaus' position is almost certainly correct. He analyzed the value
to consumers of wide variationsz in future energy use and compared this to
assumed GNP, His result is that variation in value %o consumg§§ associated

- with variation in energy use is a very small fraction of GNP.—~ If total
energy use in 2010 were to be at its 1974 level (implying a reduction in ver
capita use), economic welfare would apparently be unaffected,

While this is a wvaluable insight, it should not be assumed that the
economic problem has been solved. As I shall argue in the next section,
current economic policy does not draw upon the insight provided by the
material reviewed here. In fact, the opposite may be the case, and recent
developments may needlessly aggravate the necessary transition to an economy
with greater energy conservation and greater employment.

- b3/ U.S. Department of Interior, "Annual Energy Use Drops Again," April 5, 1976
Table Q. '

>

E&j See Chapter II, Energy Demand and Conservation Panel, op ecit., L. Schipper
' and A. J. Lichtenberg, "Efficient Energy Use and Well-Being: the Swedish
Example," Science, Dec, 3, 1976, 19h:1001-1012.

45/ William D. Nordhaus, "What is the 'Tradecff! Between Energy Consumption

' and Real Income?" draft, Nov. 1, 1976. His methed was to calculate the
sum of consumers' and producers’ surplus in each energy sector and compare
this to assumed GNF of $4.5 trillion in 2010. With total energy consump-
tion changing from 137.6 quadrillion Btu in 2010 to 73.0 quadrillion Btu
(because of an energy tax of $3.19 per million Btu), the sum of consumers'
and preoducers' surplus declined $103 billion--2% of the GNP value.
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2. Inflatlon, Energy Conservation, snd Employment: Post-fmbargo Developménts

Since 1973, the major sources of inflation have been energy prices and .
the prices of goods embodying significant energy. BSimilarly, major reductions
in employment are generally in the same industries. Tables L and 5 illustrate
this relaticnship. We may infer that increased energy costs reduced the demand
for energy intensive goods and services. At least in the short ruﬁ ?mployment
and energy use in manufacturing appear tc have been complementary.—

It is guestionable whether the deciine in housing construction 1s energy
related in any degree. It is generally believed that income, business cycles,
and interest rates are the major factors. However, higher energy prices have
raised the costs of extraction, processing, and transporting of all building

.materials, and higher automobile transportation costs and heating costs have
. made suburban housing more expensive to operate.

We may accept the general proposition that the effectiveness of the
1973-T4 embarge and subsequent OPEC pricing are made possible by the depletion
of inexpensive oil and gas in the United States. Simultaneously, costs of
‘producing energy in-the United States rise from both effects--both depletion
of U.8. resources and QPEC pricing. Investment requirements per Btu in oil,
gas, coal, nuclear power, and electricity are all rising.

‘ ~ These points are introductory to Table 6 which shows the current depen-
dence of investment upon energy. Apparently, one-half of current private
business investment in plant and equipment is in energy related 1ndustrles.
Another $6h billion is in the purchase of automobile output. :

If industry is over-estimating growth in demand for energy and ehsrgy-
related goods, the present level of investment will have been unjustified.
This realization, if it occurs, will have a major deflationary impact. In
New York, for exampﬁif the summer peak load for electricity in 1976 was 19.3

thousand megawatis. Capacity as of December 31 was 30.5 thousand megawatts,
Allowing a 20% reserve margin over 20.0 thousand megawatts, 6.5 thousand
megawatts were in excess. Valued at $650 per KW, this would be $4.2 billion
in excess capacity in New York at the end of 1976.

While the discussion here hag shown the apparent contemporaneous
complementarity of energy, labor, and capital, recent research on energy
conservation has resulted in a clarification of the relaticnship hetween
original investment and energy in end uses. Figure 9 shows the capital
and cost necessary to achieve better fuel economy in automobiles.&_/ At
present gasoline prices, the least expensive car over its lifetime would
use 27 miles per gallon. Buyers of many present cars are presumably reducing
theiyr perscnal investment but losing discounted future fuel savings. If
gasaline prices rise to $1.10 per gallon, scmewhat greater 1nvestment in fuel
economy will result in minimum cost

e - : .
L6/ In Table 5-A, the increase in mining employment of 150 thousand is
equal to the increased employment in coal, oil, and natural gas,

&I/ Peak demand ir 1975 was 20.0 thousand MW; the highest‘to date was 20.4
in 1973, :

Eﬁ/ Chapter 5, Energy Demand and Conservation Panel Report, op cit.,
Figure V-5, Bcenaric C.
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~ Table LA.

Gas fuels

'Chemicals, industrial
© Agricultural chemicals

Fuels and related products
and power

Petroleum products, refined

Chemicals and allied products

Coal :

Electrie Power

Iron and steel

Construction machinery
and eguipment

Paper

Tires and tubes

Metal and metal products

Agricultural machinery and
equipment

Metalworking machinery and
eguipment

Nonmetallic mineral products

Rubber, plastic products

Pulp, paper and allied
products :

Beverages and beverage
materials

Industrial commodities

Intermediate materials,
supplies, ete.

Producer finished goods

Machinery and equipment

Prepared paint

Durable goods, mfg.

Durable goods

Total manufacturing

Concrete products

Transportation equipment

Nonferrous metals

Nondurable goods, nfg.

Clay products

Bource:

2.4805
2.10L45
1.94k26

1.8k0s
1.8167
1.6717
1.6430
1.6162
1.5786

1.5260
1.51.76

1.4996

1.k709

1.L604

1.4565
1.4hk6
1.4430

1.uk20

1.4bkoT
1.4375

1.4309
1.h181
1.4151
1.40ko
1.3930
1.3855
1.36L7
1.3473
1.3460
1.3390
1.3353
1.3339

Survey of Current Business.

Wholesale Price Increases, October 1973 to October 1976

All commodities

Heating equipment

Motor vehicles

Blectrical machinery and
equipment

Gypsum products

Drugs, pharmaceuticals

Finished goods

Fruits, vegetables,
processed

Appliances, household

Nondurable goods

Furniture and household
durables

Consumer finished goods

Furniture, household

Footwear

Dairy products

Leather products

Hides,. skins and leather

"~ products

Inmber and wood products

Fruits, vegetables

Apparel

Textile preducts and apparel

Lumber

Foocds, feeds, processed

Cereal and bakery products

Crude materials for further
processing

Farm products, processed food

13 raw materials

22 commodities

Home electronic eguipment

Farm products '

Meat, poultry, fish

Hides and skins

9 foodstuffs

Fats and oils, inedible

Livestock

Grains

Live poultry

The overall index rose 32.8%

1.3276
1.3253
1.3250

1.3248
1.2298
1.2970
1.2967

1.2867
1.2860
1.2859

1.2607
1.2585
1.2500
1.2420
1.21k2
1.2016

1.1878
1.1847
1.1845
1.1720
1.1619
1.1455
1.1k42k
1.1266

1.0985.
1.0755

1.0718

1.0234
9967
.990k
L9900
L9809
.9570
.9201
.8h1s5
L8153
L7955



33

Table 4B. C(onsumer Price Increases, Qctober 1973 to Octobef 1976

Fuel and coal 1.7938

Gas and electricity 1.5220
Used cars 1.5181
TFuel and utilities -~ 1.4s502
Private transportation 1.3849
Transportation : 1.3672
Household furrnishings .
and operation 1.3489
Medical care ' 1.3435
Services less rent 1.31h0
Housing 1.3041
Services 1.29kT
Parsonal care 1.2875
Home ownership _ 1.2858
A1l items less food 1.2832
Durables 1.2808
Commodities less feod 1.2727
All items less shelter 1.271h
A1l items . ‘ 1.2687
Hondurables less food 1.2677
Fruits and vegetables _ 1.264Y
A11 items less medical care 1.2639
Dairy products ' 1.2578
Shelter 1.2578
Hezlth and recreation _ 1.257k
Comnodities 1.2539
Yondurables ' : 1.2445
New cars : 1.2431
Food 1.2237
Public transportation \ 1.2218
Reading and recreation , 1.2068
Rent _ 1.1668
Apparel and upkeep 1.164L
1.0240

Meats, poultry and fish

The overall index rose 26.9%
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Table 5A. Change in Total Employment, 1973 to September 1976
(thousands; seasonally adjusted)

Contract construction

Durable goods, manufacturing,
production workers ‘

Nondurable goods, manufacturing,
production workers

~Armed TForces
. Agriculture

Transportation, communication,
electric, gas, etc.

Nondurable goods, manufacturing '

nonproduction workers
Durable goods, manufacturing

nonproduction workers
Federal government

‘Mining o

Wholesale trad

Finance, insurance, real estate
Retail trade

Self-employed

Services

Unemployed

Toctal Labor Force

Sept

1973 1976 change
Lo28 3331 =697
8673 - T9T9  -69h
6080 579k -286

2326 2145 -181 -
3452 3286 -166
L6L6 Lhos -151
2160 217h + 1k
31hi 3166 - 25
2663 2751 + 88
638 788 +150
4118 4305 +187
hoT5 k345 +270
12547 13336 +T789
high LoT2 +848
12986 1h755 +1769
4304 7384 +3080
91040 97348 +6308




Table 5 B, Changes in Manufacturing Employment, 1973 to
September 1,976 (thousands; geasonally adjusted)

Electrical equipment and supplies ;176

Transportation equipnment ~150
Apparel, textile products -126
Fabricated metal products - 98
Primary metal industries - 90
Stone, clay and glass - 60
Textile mill products - 5k
Rubber and plastic products - 50
Furniture and fictures ' _ - k2
Ordnance and accessories - 30
Miscellaneous manufacturing - 30
Tumber and wood products o= 22
Printing and publishing - 16
Paper and allied products - 19
Leather and leather products - 17
Tobacco - 2
Chemicals and allied products -0
Petroleum and coal products + 10
Food and kindred products + 10
Instruments and related products + 1k
Machinery except electrical + 16
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Table 6.

Fourth Quarter Expenditure, 1976, Billi

Economic Sector ' Amount

1.

IT.

IIT.

Iv.

VI.

VII.

Energy Producing Industries
Petrcleum, including gas 11
Blectrie Utilities 20
Gag and cther utilities : 3.
Mining including coal mining b

Energy Using Industries
Primary metals 5
Electrical machinery 2
Paper R
Chenmicals T.
Rubver 1
Cement, glass, and stone 1

Transportation
Motor vehicles 3
Aircraft, missiles, and space 1.
Railroad 2
Air transportation 1
Other transportation, inc.
pipelines 3.3

All Industry, including other

Actusl gross private investment, second
guarter 1976 excluding residential and
inventories, including all industry,
agriculture, lumber, educaticn, etc.

Auto output
Domestic, new cars 51.3
Foreign, new cars 1i2.0

Current Investment in New Plant and Equipment, Expected

on Dollars Annual Rate

Total
- 39.6

22.7

13.1

1A5.6
63.9

Investment in autos, energy producing and using

industries, and transportation as per-
cent of actual nonresidential private
investment plus auto ocutput

¥Deecline in nominal (current) dollars from 167k,

60%

Electrical machinery unchanged.

Soﬁrce: Burvey of Current Business, Dec. 1976, Mar. 1977.



Auto life cycle cosfs ¢/mite

FIGURE 9. CAPITAL AND ENERGY COSTS IN AUTOMOBILE
TRAVEL '

A
20 +
Total
15
Pyrchase cost
10 '
Sr Gasoline and maintenance costs
O | 1 | |
] 10 20 30 40

Auto MPG

Note the substitufion of investment cost for- energy cost. Minimum
total cost points fowards more expensive, more efficient cars,

37



38

Similarly for househelid space heating energy use. Hirst and othersﬁg/
report That energy conservation may be purchased by increased capital cost
as shown in Figure 10. They also report a gimilar kind of relationship for
refrigerators, Figure 11.29

Their conclusion--identical in form to the automobile econcomy Figure 9-—-
is that there is a basic relationship between energy conservation and invest-
ment cost, They postulate 2 mild substitutability of the kind exemplified
above by Figure 6-B. I interpret these data to imply that in end uses capital
and energy are substitutable. . :

Therefore we may have both cspital/energy complementarity in energy
production and substitutability in energy conservation. Whether one or the
other is promoted or retarded by public policy depends in part upon the
distortions in factor markets cited above.

Assume that dollars expended in energy conservation through investment
have direct employment impact equivalent to the all industry value in Table 7.
As illustration, $200,000 in energy conservation investment might employ 5
persons; it would employ less than one person in utility operation. Considsring
the asset costs per employee in energy producing industries, stimulating employ- -
ment through investment in these industries seems the most expensive possible
remedy for unemployment.

6. Prospective Policies

My reading of the present consensus on expected economic policies is the
following: (1) maintain or increasze present investment tax credits and
accelerated depreciation provisions in corporate taxation, {2) a corporate
tax credit based upon social insurance contributioms, (3) a personal income
tax reduction to stimulate employment through increased purchases of consumer
goods and housing, (4) continued growth in.state and Federal conservation
programs.

In my opinion, (L) reduces energy and increases employment and income.
Item (2) increases employment and income. The first set of policies (1)
stimulate investment and employment in the short run, and in the long run
increase energy use and reduce employment. I suspect we have a "decumulation
effect" working with these capital subsidies. As the macroeconomic discussion
indicates, the imediate effect over a few years is to increase construction
and new equipment activity, increase employment, and raise total output.
However, as the substitution studies show {except Griffin and CGregory), the
long run effect is less employment. Hence the final employment decumulation
curve in Figure 12, With reference to Tables 6 and 7, it appears that the
current high investment in energy production industries would be followed hy
relatively little employment in operations, and this would be a major
component of the employment decumulation effect.

49/ Eric Hirst, et al., "An Improved Emgineering Economic Model of Residential
Energy Use,” April 1977, p. 3L

50/ Idem,
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FIGURE 10. IMPROVED HEAT RETENTION AND COST

Otd buildings

New buildings

] i i L \ | i i I i | 1

6 o 500 000
incremental capitol cost (1975-%)

Fig. 12 Space heating thermal integrity (Y1) for single-family units as a function of ingrecsed
capital cost. Each data point represents a different combination of ceiling insulation,
wall insulation, floor insulation, storm windows, and storm doors for new consfruction.
Incremental capital costs for new construction include ingreases {or materials and
labor minus sovings for smoller heating and cooling equipment. The dashed ling shows
the relationship between TI and incremental capital cost for existing structures,
Source: Eric Hirst {see text ),
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Energy use (lOejoule.é _/~day)

“FIGURE 11, ENERGY USE AND COST IN REFRIGERATORS
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|
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' Initial cost (1975-$)

Electricity use versus retail price for a 0.45m° (16 f2) top- freezer
" refrigerator. Source: Eric Hirst (see text).



Table 7, Assets per Employee, 1975, Fortune 500 Median Values

Electric and gas utilities, New Yorki/ $2TO;OOO

Petroleun refining 2/ 197,000
Mining and crude oil production™ 115,000
Broadecasting and motion pictures T ,000
Beverages - 69,000
A1l industries 38,000

';/ From annual reports of New York's seven utilities.

2/ Combined, presumably bvecause of overlapping ownership.

Source: "The Fortune Directory of the 500 Largest U.S.
Industrial Corporations,” (by Sales), Fortune, May 1976.
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FIGURE 12. THE' EMPLOYMENT DECUMULATION EFFECT
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The impact of a personal income tax reduction will depend in part upon
the simultaneous path of energy prices. As Figures 13 and 14 show, petroleum
product prices have been declining in real terms since 197h. The latest OPREC
decision seemg certain to continue this deciine for the very near future.

However, suppose energy prices resume their inevitable growth. Then the
positive effect on consumer demand of a tax reduction must work against the
negative effect on demand of higher energy prices. Let us assume that the
long run income elasticity of consumption_ demand for energy related goods is .8,
and the long run price elagticity is -1, 1/ If real energy prices grow
regularly--say 3-1/2% per year--this means an illustrative decline of nearly
3-1/2% per year in the demand Ffor these goods. It seems to me unlikely that
any conceivable combination of technological change and tax policy could by
itself exceed this effeet. Inevitably, when real energy prices resume their
growth, consumer demand must shift to other asctivitiles.

A serious national problem has arisen because of the apparent absence
of major growth in agctivities which would become substitutes for energy
intensive goods and services. We have not seen major growth in activities
which are close substitutes for the high inflation, high disemployment
sectors in Tables 4 and 5. Both consumer and investment activity have been
complacent in the security of the recent declines in real petroleum product
prices. _

In Table 6, it is apparent that rail investmgg? is less now than in 197k.
Rail passenger traffic declined from 1974 to 1975.~ There is probably a
mipimum scale for rail transportation to be cost effective compared to trucks,
buses, and auvtomobiles. I am uncertain to what extent this depends on diesel
0il costy, and of different labor and corporate practices. My Jjudgment ig that
this scale has not been met, and rail passenger operations remain largely
uneconomic. : /

Similariy, there is nc shift from automotive to urban transit.2§

The current recovery seems to be built on these factorz: (1) higher
automobile sales and production, (2) growth in suburban housing in the south
and west, and (3) investment in energy producing and using plant and equipment.
In a genersl way, this is a typical recovery, made possible by the three year
decline in petroleum product prices (see Figures 13 and 1b).-

It is not a firm basis for stable growth. I consider it to be quite
fragile, and expect that a lesser petroleum price increase than that of 1974
would have a greater deflationary effect. Further, I expect that minimum
unemployment in this ecycle will be higher than the 1973 level of h.o%.

51/ As Tjalling Koopmans has shown, with cohtinually rising energy prices
and incomes, long run price elasticities must be more negative than -1,
and income elasticities less than +1.

gg/ U.5. Interstate Commerce Commission, Transport Economics

53/ U.8. Department of Transpertation, "National Transportation System
Activity."
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Quite apart from long run OPEC policy, we must expect domestic energy to
become more expensive. In 1976 dollars, Alaskan crudﬁ 0il delivered on the

' West Coast will probably cost $15 to $20 per barrel Delivery to Midwest,
Gulf, or Bastern refineries will be more costly. As Alaskan oil is averaged
into product costs, domestic petroleum product prices must reverse the decline
of the past three years, Of course, thisg cost factor may be important to the
0il companies and OPEC in setting prices for OPEC oil.

While domestic gas prices continue to seek to rise to levels which are
comparable on a Btu basis to oil products and coal, there should be no
anticipation that gas production in the Scuthwest will increase. The resl
price of gas gold by utilities rose 56% from the second quarter of 1973 to
1976. - Qasg sales fell from 3.9 to 3.3 quadrillion Btu's cver this three year
period. Annually, gas production has fallen each year since 1971, Since
natural gas prices in early 1977 remain belcw the values of competitive fuels,
we may expect conbtinued price increases, regardless of whether the economic
rent ig collected publicly or privately. We may not, however, anticipate
inereased producticn from the lower 48 states.

In coal, nuclear power, and electricity, we may anticipate that rising
worker health and safety requlrements and.env1ronmental standards will raise
production costs and prices.

Real energy prices, then, will continue cr resume growth. The present
energy tax propogals and related policiesééfmerely reflect these underlying
realities, attempting to accelerate the process and transfer a major portion
of energy industry income from corpcrations te the public sector.

The economic pelicies which are promoting the present recovery do not
geem to reflect the same reslities. In the absence of an econcmic program
which is complementary to the energy program, the probable outcome is a new--
and perhaps unnecessary-—-recession. An offsetting influence is the potential
employment generated by the conservation and environmental sgections of the
energy proposals. On balance, I think this positive influence is not
sufficient to exceed the negative impact of the tax proposals on automoblle
and appliance output, residential construction, and investment in conventional
energy producing and using industries. {Again, this interpretation must be
geen as assuming no major changes in capital subsidies or employment penalties,
and no major expansion of public or privaete sector activity in urban housing
and public transportaticn.)

To recapitulate: Conservation in a philosophical sense has taken two
partly contradictory meanings, one emphasizing the preservation of natural
envirconments snd the other giving its concern to the public interest in the
proper management and development of natural resources. Inergy conservation
is a concept which embodies both of the earlier perspectives. In economic
terms, energy conservation must be decomposed into its constituent parts since
the relationship of energy conservation to emplcyment, income, and prices will
- depend upon the particular economic influences asscciated with specific types
cf energy conservation.

54/ Author's estimate based upon unpublished information.

55/ Office of the White House Press Secretary, "The President's Energy Program,
April 20, 197T7. Also, "National Energy Act," communication from the
President of the United States transmitting a draft of proposed legislation
to establish & comprehensive national energy policy. April 29, 1977,
Washington, D.C. '
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Macroecconomic analysis suggests that energy conservation is not
particularly relevant to the health of the national economy, and fiscal and
monetary policies may stimulate growth in consumption and investment with-
out particular concern for the composition and nature of goods and services
produced. Further, the Phillips curve concept implies that energy price
inflation requires greater unemployment to maintain price stability. The
microeconomic studies of the interaction of energy, labor, and capital contra=-
diet these inferences, and in genersl find a substantial potential for
substitution over a long time period. It should be expected that the macro-
economics of the future will counsider factor substitution and resource use.

Present tax policy distorts factor prices by lowering capital costs an%
raising labor costs. This has particular gignificance for energy, since

energy industries are the most capital intensive kinds of manufacturing activity.

In contrast, investment opportunities for energy conservation by
consumers are at present unaffected by tax policy. Although the new energy
program proposes tax credits for energy conservation actions, the net effect
of pfesent tax policy interacts with potentisl substitutability on a long run
basis to stimulate capital investment and restrain energy conservation and
employment. ‘

The econcmic recovery of 1976~77 seems conventional, resting upon growth
in investment in energy producing and using industries, automobile production
and sales, and suburban housing. Given the certainty of increases in real

“energy prices, the present recovery may be short lived and is unlikely to make

satisfactory reductions in energy-related inflation ard disemployment.

Tn my opinion, present snd future circumstances require policies which
will promote growth and employment in activities which conserve energy in
transportation, housing, and industry. A firm national emphasis on economic
growth in these activities is not a question of preference; 1t is imperative.
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