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I. INTRODUCTION

Just how well the United States can adjust to increasingly scarce fuels may,
in a large part, determine the future health of the U.S. economy. However,
questions relating to the "essentiality" of energy have taken the form of a
debate between advocates of opposing positions. The first view is that energy
from depletable natural resources is necessary for the survival of mankind and
so "we," the present generation, have an ethical obligation to conserve such
resources to the maximum extent possible. Georgescu-Roegen (1975) has
elegantly presented this viewpoint in a number of forms, concluding that
drastic current action is appropriate. Alternatively, Solow (1974), Stiglitz
(1974) and others have taken a polar opposite position based on studies of ag
gregate growth models constrained by depletable resources. They conclude: (i)
that if substitution possibilities are "good enough," no problem exists for
mankind's long run prospects and (ii) that even if natural resources are limit
ing, as long as extraction occurs in a competitive economy, we will undergo an
"optimal" resource depletion, even if that depletion terminates mankind's
economic development. Thus, the only actions necessary now are to improve
the efficiency of markets, particularly intertemporal markets for natural
resources.

This paper represents an attempt to explore the intermediate ground be
tween the two polar positions described above. In particular, we examine
energy substitutability and technical change in a simple general equilibrium
model which incorporates an energy related intermediate good (e.g.,
electricity) as well as capital, labor, and a single natural resource or energy in
put (e.g., oil or coal). Final demand consists of a portion of the intermediate
energy commodity (electricity) and a composite commodity (manufactured
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goods). Even this simplistic framework produces ambiguous and complex
results in analyzing an exogenous change in the scarcity value of an energy
resource which must be paid as economic rent to resource owners. Our general
equilibrium analysis leads us (i) to conclude that use of an aggregate produc
tion function is likely to be misleading and (ii) to suggest a number of critical
parameters for analysis in untangling the response of a competitive economy
to changing resource scarcity.

Although intuitively obvious, the properties of aggregate production func
tions, in particular the Cobb-Douglas function as used by Stiglitz (1974) and
others, are shown in Figure 1. Iq and 1] are isoquants for the production of ag
gregate output from, in this case, capital (K) and use of a depletable natural
resource (N). We begin at point A using and K with the price ratio for
these factors (in a competitive economy) tangent to Iq at A. If the price of N
rises with respect to K, reflecting energy scarcity, the output level can be main
tained by simply moving along Ig to B reducing N to Ng and increasing K to
Kg. In fact, as Stiglitz has shown, depending on the elasticity of substitution
between N and K, it may be possible to continue to move along Iq over time
"forever" substituting K for N holding output and consumption constant
where in the limit K—>oo and N—^0 and total resource use, / (T)
dT, is finite (where T denotes time). Clearly this is only possible because
Cobb-Douglas isoquants such as Iq are asymptotic to the axes. We find
asymptotic properties of limited interest for the current energy dilemma. For
further discussion of these issues see Cummings and Schulze (1980).

More important with respect to our own comparative static analysis are the
shorter run consequences of substitution and technical change. Technical
change is represented in the figure by an inward shift of Iq to 1] where both
isoquants represent the same level of output. If, in the short run, the price of
the energy resource again rises relative to capital but capital remains constant
at K and technical change occurs shifting Iq to I,, we will now move from A to
C in Figure 1. The use of the natural resource will drop from to N^-. This
movement can be broken into two parts. to Ng results from the substitution
effect associated with an increase in energy price while Ng to Nq results from
the neutral technical change associated with Cobb-Douglas production func
tions. Note then that in a comparative static framework, the use of such an ag
gregate production function implies that (i) an increase in energy resource
price always reduces energy use and (ii) technical change always reduces
energy use as well. In developing a simple general equilibrium model with an
intermediate energy commodity we challenge both of these assumptions im
plicit in aggregate growth models.
The plan of this paper is then to develop a general equilibrium model of the

effects of changing resource scarcity values in Section II, to examine the im
pact of such changes in Section III, and to comment on possible empirical
measures of energy substitution possibilities (conservation) and technical
change as they affect energy policy in light of the analyses in Section IV. We
should point out that, in many respects, this research is an attempt to extend an
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approach taken by Smith (1978) where, however, the objeetive here is to apply
the analysis specifically to the current energy situation. This allows us to im
pose eonsiderably more structure on the economic analysis, but does limit the
generality of the results.

II. THE MODEL

In the model developed here, three classes of commodities are produeed:
(1) manufactured products and services (X), (2) electricity (E), and (3) a
natural resource energy commodity (N). All of the output of X is assumed to
be purehased by households, while E may be purchased either by households
or by producers of X. The amount of electricity used by households is subse
quently referred to as residential sales and denoted Ep, and the amount of
electricity used in the production of X, denoted E^, is identified with com
mercial sales; E^ -F E^ = E. N is a pure intermediate input to the production
of both X and E and can be thought of as coal or fuels such as oil and natural
gas. Therefore, in the production of X, firms are free to substitute between the
use of N and E within the technological limits defined by their production
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functions. On the other hand, since the model contains only one resource
commodity, questions relating to inter-fuel substitution in the production of
electricity are ignored. This particular simplification is justifiable in the pres
ent context for two reasons. First, the primary focus in the discussion to follow
is on the price and prociuction levels of X and E given an exogenous change in
natural resource prices, rather than on any change in the relative prices or
rates of production for different natural resources. Second, the production of
more natural resources may be added to the model without changing the basic
structure of the results.'

Manufactured goods and services (X) are produced according to the pro
duction function

X = Fx(Ex,Nx,Kx,Lx) (1)

where two factors, electricity and natural resources used in the production of
X (Ex and Nx) have already been discussed while the remaining two are the
unproduced primary inputs; capital (Kx) and labor (Ex). Production of
electricity occurs according to

E = F£(N£, Kg) (2)

where the utilization of labor in the production of E is assumed to be suffi
ciently small that it can be ignored. Finally, N is processed using capital and
labor

N = Ff,,(L]^, K^) (3)

Any electricity required to produce N is assumed to be generated internally
within the natural resource sector. Elence, N is a net energy concept.^
The production relations that describe the model are quite similar to those

employed by Batra (1973) and are based upon two assumptions: (1) constant
returns to scale exists in the production of all three classes of commodities and
(2) all markets exhibit competitive equilibrium. Taken together, these assump
tions imply that all productive factors are fully employed and that
entrepreneurs earn zero economic profits. Although these assumptions of long
run competitive equilibrium are restrictive, they are employed in this first ex
amination of the problem of hand because they enable us to streamline the
analysis and permit greater focus on the key trade offs that occur when the
natural resource scarcity value changes. Algebraically, the full employment
conditions are

ClxX + ClnN=L

^ + ̂KE ̂  + ̂KN
Cnx ̂  E ̂NE E = N
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where Cy in Equations (4), (5), and (6) are input-output coefficients in
terpreted as the average amount of factor i (i = L, K, N) used to produce one
unit of commodity j (j = X, E, N). However, there is one remaining input-out-
put coefficient that must be defined. This is average amount of
electricity used per unit of output of X. Since = E^/X and since E = Ej^
-I- E^, Equations (5) and (6) may be rewritten in order to explicitly incorpo
rate this production parameter as

) X -f Ej^ -f

+ Eex^Ne) ̂  + Ene Er " N

The zero profit equations are

Elx^ + Ej^x*" + EexPe + E[vjx Pn ~ Px
Ere'" + E^gP^ =_Pe
Ei EirNr = Pxj = (1 -6)Pkj; 0 5 < 1

where w denotes the wage rate paid to labor, r denotes the rental rate of return
on capital, Pg denotes the price per unit of electricity,'' P^ denotes the price
per unit of X, P^ denotes the price per unit of N, and Pf,, denotes the process
ing costs per unit of N. As shown in Equation (9), P{,j= (1 -5 )Pf,j which indi
cates that only a part of Pj^j is actually distributed to labor and capital. The re
mainder, Sn = Pn ~ Pn' accrues as a scarcity value or rent payment to the
owners of the natural resource. Using the definition of Sf,,, 5 = S,,j/Pf,j and is
the fraction of P^ that is returned to the original owners of N. The depletable
nature of the natural resource, N, is reflected in the model by increases in the
scarcity price of the resource, S^,. For example, if the stock of a uniform
quality natural resource is known, then, in a competitive market, the scarcity
value of the resource, Sjsj, paid to resource owners will rise at a percentage rate
equal to the rate of interest as shown by Hotelling (1931).

In Equations (4), (5a), (6a), (7), (8), and (9), the variables treated as en
dogenous are X, E,^, N, w, r, and Pf^. Also, since E^ = Eg^X, both Ej^ and E
are determined within the model. On the other hand, the endowments of the
primary factors K and L are assumed to be fixed in supply. The scarcity value
of the natural resource, S^, is assumed to be determined by exogenous factors
as well. Finally, the model is closed; that is, the relative price Pg/Px is deter
mined; by adding the demand relation

Er/X = nPg/Px) = f(P); P = Pe/Px • (10)

This demand relation assumes that household tastes are identical and

homothetic.

As previously indicated, the primary focus of this paper is on the response
of the model's endogenous variables to exogenous shifts in natural resource
scarcity values and to improvements in the technological relations governing
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the way natural resources are used. In order to determine these responses in
the most algebraically tractable way, the full employment equations are col
lapsed by substituting (6a) into (5a) and (4) so as to eliminate N and are then
re-expressed in relative rates of change.'* The resulting two equations are

X* + X^^EI, = L* -k T> *
LX^LX ^ LE^LE

(X* + k keEr ^ KX^KX KE'^KE

In equations (11) and (12), the Rjj are defined according to

E-lx ~ Elx + Cln (Enx + CrxCne)
E-le ~ Eln^ne
E^kx ~ E^x + CexCre + C^n^Enx + CexCne)
E-KE ~ ExnC^e + Cj^E

and are interpreted as the total requirement of primary factor i used per unit
of final commodity). In addition, k ex (fL denotes the fraction of the
labor endowment used both directly and indirectly in the production of X (the
remaining k jj are analogously defined) and Z* = dZ/Z.

Similarly, the zero profit equations are first expressed in relative rates of
change as

p  p* _|_ p p*
^ '^EX^E ̂  NX^N Px* - D^t*

+ PNEPN=PE-DEt*
= pt,-< * _ n t*

In the three equations above, Plx ~ ̂ ^lx/Px denotes the net distributive
share paid to labor in the production of X and the remaining P- are
analogously defined. Also, these equations are simplified through the imposi
tion of cost minimization conditions. More specifically, since all production
exhibits constant returns to scale, the Cy can be written as functions of the in
put prices and a factor augmenting technical progress parameter, t

Cy = Cy(w,r,PE,PN,t) (20)

Therefore, in relative rates of change,

Cy=Ay+By (21)

where

1  9 Cy 0 Cy B Cy B Cy

~  ̂ FW ^ B r ^ B Pe ^ B Pn
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at a given level of production, tangency between the isoquant surface and the
isocost plane requires that

''lx ̂ lx + ''kx ̂ kx + ̂EX '^EX + ̂NX ̂ NX = 0 (24)

^KE ̂ KE + ''nE ̂ NE ~ 0 (25)

^ LN ̂ LN + ̂KN ̂ KN ~ ̂ (26)

Hence, the Dj, which can be written as

e Qi t

is interpreted as the weighted average of the elasticity of the input-output
coefficients for commodity j with respect to the technical progress parameter t
where the weights (the Py) measure the relative importance of each of the in
puts. These three zero profit equations may now be collapsed by eliminating
?£ and from the left hand sides of (17) and (18). This manipulation results

6>lxW +0Kxr =Px -"^x^ - ̂xt

0\ pW ~i~ — Pp 0p^ ^pt

where

^LX - ̂LX + ̂Ln(^NX + ̂EX^Ne)

^LE ~ ''ln'^NE

^KX = KX + ̂EX \e + ̂ Kn(''nX + Pex ̂Ne)

^KE = ̂KE + ̂NE'^KN

0 X = ̂ (Prc ''ne + Vx)

^E='^^NE

'^x - Dx + ̂EX^E + (''nx + ̂EX ̂ ne)

"^E ~ P^E + '^NE P'n
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In addition, the are interpreted as the total distributive share of primary
factor i in the production of commodity j, while denotes the total percentage
increase in costs to produce commodity] resulting from a one percent increase
in 6 and denotes the total percentage reduction in costs to produce com
modity] associated with a one percent increase in t. Finally, the demand rela
tion in Equation (1) may be written in relative rates of change as

K„'_x' = apP* ; ap <0 (38)

where a p denotes the elasticity of substitution by households in the consump-
ti- -- ''f Er and X.''

liefore the model can be solved for the effects of changes in § and in t, the
R*j in Equations (11) and (12) must be rewritten in terms of w*, r*, 5* and t*.
This straight-forward, but rather tedious task results in expressions of the form

R;= TijCw -r*) + Mij5*+/3i/ i = L,K ] = X,E (39)

where the procedure for obtaining exact expressions for the yy, /xy, and jS y is
described in greater detail in Appendix A.

These deviations may be used in connection with Equations (11) and (12)
to write

AlxX* + A-leE* + yL(w* - r*)= L* - (40)

+ XleE* + Tk (w' - r*)= K* - (41)

where

7 i = A. ix y ix + A. iET iE i = L,K (42)

~ A. ix/3ix + A. i£/3i£ i = L,K (43)

Ai = A,ix/^ix + A.i£/ii£ (44)

In Equation (42), y l(7k) 1^ interpreted as the aggregate percentage direct and
indirect savings on labor (capital) that would occur at unchanged output,
technology, and resource scarcity values if the wage rate (rate of return on
capital) increased (decreased) by one percent." As shown in Appendix A,
y LXi y EE' y L while y kx' 7 kE' 7 k greater
than zero provided that all factors are substitutes in the production of all
goods. Next, the /3j (i = L, K) are defined analogously with the y j. For exam
ple, /3 L (]3 k) is interpreted as the aggregate percentage direct and indirect sav
ings on L (K) that would occur at unchanged output levels, factor rewards,
and resource scarcity values if t increased by one percent. Both fi £ and /3
are, therefore, negative in sign. Finally, the /xj (i = L,K) represent the aggre
gate percentage direct and indirect savings on factor i that would result at
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unchanged output levels, technology, and factor rewards, if 6 increased by one
percent. However, in contrast to the 7^, the /Uj are not unambiguously signed.
In the case of the coefficients on ctle and (7^^ are positive while those on

(t^e and o-^n are negative.'' Considering these four terms separately, this im
plies that an increase in the scarcity value of N will tend to increase the
economy's demand for labor (through increasing Rlx) if there exists greater
substitution possibilities between L and and L and N than between K and

Ex and K and N in the production of X. Also, the negative coefficient on o-^n
indicates that as rises causing a substitution in favor of producing
electricity by more capital intensive methods, then the electricity purchased by
producers of X will embody more capital and less labor. This shift in the
capital/labor embodiment of E occurs because L is used in the production of
N but not in the production of E and would tend to have a negative effect
upon Rlx- Finally, the negative coefficient on cr^g means that if rises,
there will be a substitution away from N and into E^ in the production of X.
Again, because N but not E uses L, this would tend to have a negative effect
upon Rlx- Unfortunately, little more can be said regarding the sign of /xl ex
cept that it obviously depends upon the relative strengths of these competing
effects. Nevertheless, a comparison of the expressions for /u-l and in Ap
pendix A produces the useful conclusion that if: (1) ̂il > 0 Ihen (yiXL - /x^) >
0 and (2) all production functions are of the fixed proportions type (o-y = 0
for all i, j, and k) then /u-l = /x,^ = 0.

At this point, the specification of the model is complete. In particular, it is
described by Equations (28), (29), (38), (40) and (41). In matrix form, these
equations can be written as:

^ LE 7 L 0

^KE 7k ~7k 0

^LX "^KX

^LE ^KE

0  0

L -;Ul5 -iSLt

K'-/XK5'-/3xt*

= -0y6 - '^vt

-0e5 - V

Attention is now directed to showing how changes in 5 * and t* affect the en
dogenous variables X*, Ef^*, w* r*, and P*.

III. ENDOGENOUS EFFECTS

The endogenous effects of a change in natural resource scarcity values and
in the rate of technological improvement are most easily investigated by con
sidering the signs on the elasticities of (1) P*, (2) EJ^ - X*, (3) w* — r*, and (4)
N' with respect to these two exogenous shocks. In other words, the focus in
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this section is on relative price effects, relative output effects, relative primary
factor payments, and the effects on the utilization of the natural resource com
modity. As might be expected, few of these four types of elasticities are unam
biguously positive or negative. However, the ambiguities themselves are of in
terest because, at least in part, they can be easily explained in terms of Stolper-
Samuelson and Rybczynski effects. This subsection first considers the effects
of changes in natural resource scarcity values and then turns to an examina
tion of the role of technical improvements.
The effects of changes in natural resource scarcity values will be discussed

by first jointly considering P*/8* and (Ej^/s') - (X/5*) and then examining
(w* /6*) - (r* / 6*). The expressions for price and output changes are

p* _ (M'K" 1^1 ~ '^x) (y K ~ yp > Q
- «pl^l 1^1 + Tk-Tl <

and, as should be expected from the demand relation in (38)

^ ^ _ -q^p(ak- ̂l)I^I - «p(^E-^x)(rK- yp ....
5* 6» _ Q, |X| |0| +

where

^LX ^KX ^LX ^LE

^LE ^KE ^KX ^KE

In order to evaluate these elasticities, the denominators, which are the same in
each case, are considered first. If quantity of E,^ demanded responds
negatively to an increase in its price, the ap < 0. Also, y,,; was shown to be
positive while y l was shown to be negative provided that the production func
tions exhibit constant returns to scale and are quasi-concave. Moreover, under
the assumptions of constant returns to scale and competitive equilibrium, |0| =

^LX^KE ~ ̂LE^KX interpreted, in the context of the present model, as
an indicator of direct and indirect factor intensities. That is, if |0| > 0 (|0| <
0), then the generation of electricity would be relatively more capital (labor)
intensive than the production of X. As Jones (1965, 559) and Batra (1973)
have demonstrated, | A, | = A. lx ~ ̂  kx ̂  ̂ ke ~ ̂  le ^ similar indicator of
direct and indirect factor intensities that must have the same sign as |0|.
Therefore, |A| |0| >0, implying that the entire denominator will be positive
and the sign of P* /5* will be determined entirely by the numerator.

At this point, attention is directed to the term 0£ - the numerator of
P*/5*. From Equations (34) and (35) (''ex'^ne + ̂nx) while 0^ =
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(^)Pne where these two parameters are interpreted as the percentage increase in
costs in production of commodity j(j = X,E) that result from a one percent in
crease in 5 = S^/Pn- Intuitively, 0£>0xifNisa relatively more important
input in the production of E than in the production of X. This is precisely
what the difference

^NE ~ ̂EX^NE ~ ̂NX = ̂Ne(1 ~ ''ex) ̂  '^NX (48)

is measuring. In any case, if ><i>x then the cost increase occasioned by the
exogenous increase in Sj,, would be relatively greater in the generation of
electricity than in the production of X. Under the assumptions of competitive
equilibrium, implying that price equals marginal cost, and constant returns to
scale, implying that marginal cost equals average cost, the greater relative in
crease in <p^ than 0^ ̂n'^st operate to drive up Pg by more than P^- As shown
by the second term in the numerator of (45), this would tend to stimulate pro
duction of X and reduce the output of E,^.
The first term in the numerators of Equations (45) and (46) illustrates the

role of the Rybczynski effect. As is well known, the Rybczynski theorem states
that, in an economy producing only two final goods using only two primary
factors, an exogenous increase (decrease) in the exogenous labor endowment
or decrease (increase) in the exogenous capital endowment will cause an in
crease (decrease) in the output of the good using relatively more labor (capital)
intensive production methods and a decrease in the output of the other. This
type of effect is captured in the present model by the term [(yu,^ - /jliJ
|0|]/[ap|A.| |0| -I- 7k - 7l]- In particular, this term indicates that an ex
ogenous increase in the price P^ (through an increase in S^) will have an effect
identical to changing the endowments of capital and labor. In the discussion
of Equation (43), was interpreted as the aggregate percentage direct
and indirect savings on labor (capital) that would result at constant output
levels, wages, and rewards to capital owners from a one percent increase in 5 .
Furthermore, recall that if < 0, then (/xl - Mk) < (^- Therefore, if /x-l < 0,
then at the initial output levels of X, E^, and N, an increase in will result in
a release of labor and an attempt to absorb more capital. The effect of this on
outputs operates exactly as would simultaneous exogenous increase in L and
reduction in K. In particular, output of X would increase relative to the output
of Er provided that X is the labor intensive commodity; that is, if |0| > 0.
Finally, if output of X rises and the output of E^ falls, the price ratio Pg/Px
should rise on the assumption that the demand schedule for each good is
negatively sloped. To recapitulate, P*/5* > 0 if: (1) yu-L > 0, (2) |0| >0, and
(3)0e ~ "^x > 0- Conversely, if: (1) yu-L < 0, (2)\9\ > 0, and (3) 0^ - 0x < 0^
then P*/5* <0 while if iJL^ = ijLx = ̂E~'t'x~^ fhen P* / 8* = 0. This last case
would arise if the economy used a Leontief type production technology (o-| =
0 for all i, j, and k) and the increase in resulted in equal percentage cost in
creases to both producers of X and E. The effects on the relative composition
of final outputs are, then, just the opposite of the relative price effects.



72 The Review of Regional Studies

Turning next to a consideration of relative factor rewards, the relevant
elasticities are

- '^e)+ (Ml~ M
- ttplXl |0| + Tk - "Xl

M  > 0
T  <

As previously explained, the denominator of this expression is positive so that
its sign is determined exclusively by the two terms in the numerator. The sec
ond of these terms shows that if > 0, then the difference between w

and r would be driven up. In this case, the economy would be attempting to
use more labor and less capital at its initial levels of production for X, E, and
N. The first term in the numerator of (49), then, can be interpreted in terms of
the Stolper-Samuelson theorem. That is, if (fig >'Px then, in percentage terms,
the increase in has a greater effect on production costs in electricity genera
tion than it has on the production of X. This would tend to confer a relative
benefit (harm) to labor and a relative harm (benefit) to capital owners if X is
labor (capital) intensive relative to E; that is, if |X| > 0 (|X| < 0). Therefore,

if:(l)0E^
b

and I A.| > 0, together with (2) ~ Ak ̂  0)' '^hen the relative
enefit would accrue to the owners of capital.

The expressions in (46) and (49) also prove to be useful in determining the
effect on natural resource utilization of a change in 5*. Totally differentiating
the full employment equation for N (Equation (6a)) and writing the result in
relative rates of change yields

~  + ̂NE Er + ̂NX'^NX + ̂NE^ne

where A. nx(= 1 ~ A. me) denotes the fraction of N used both directly and in
directly in the production of X and

E-NX ~ [^NxCnX + ~S)^ex''ne (Cne + Cex)]/[^ NX + ' )
(1 -6 )Pex'^Ne1

Finally, substituting equivalent expressions in terms of w*, r*, and 5* for
and Cme then dividing through by §' produces

N_ /Er X ,^ ,w r , , Xg, )+7n(5. 5' )+ 5- ^ ^

where the algebraic values of y ̂  Mnx given in Appendix A. Equation
(52) shows that N*/6* is basically a weighted average of the results on relative
final output changes and relative factor reward changes that have been pre
viously discussed. In addition, the coefficients and 7 ̂ h^^e interpretations
that are quite similar to those for the /Hj and 71 reported in (43) and (44).
More specifically, 7n is interpreted as the aggregate percentage direct and in-
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direct change in the use of N that would occur at unchanged final outputs and
resource scarcity values if the wage rate (return to capital owners) increased
(decreased) by one percent. Unlike -/l 7k' Tn ambiguously signed.
However, y would be negative if, in the production of X and E, it is suffi
ciently easier to substitute capital as opposed to labor for the energy inputs, N
and Ex. Provided that all factors are substitutes, i.e., o-y > 0 for all i, j, k, /u-x
is unambiguously negative. This should not be surprising since /x^ represents
the aggregate percentage direct and indirect aggregate percentage savings on N
that would occur at unchanged final output levels, wage rates, and rates of
return to capital owners if 5 increased by one percent. Hence, may be in
terpreted analogously with a pure substitution effect on the use of N given a
change in its price.

Equation (52) is important because it shows that the use of N may either rise
or fall in the face of rising natural resource scarcity values. That is, even
though /u-x < 0, an increase in §* may force other adjustments in the economy
that could more than offset this pure partial equilibrium substitution effect.
For example, if: > 't'p (2) /u,,^ - /u,l < 0, and (3) |6| > 0, then as was
previously indicated, (E^/s ) - (X /5*) > 0, and considering this relative
final output effect alone, the use of N would increase. Moreover, from (49),
these three conditions are sufficient to guarantee that (w* /5*) - (r* /6*) < 0.
Hence, if 7^ <0, the second and third terms in (52) would be positive.
Therefore, if X ^"d are both large in absolute value, these two terms may
outweigh any negative effect that may be exerted on N* through the first and
fourth terms.

The effects of a change in technological improvements are less clear cut
than those of a change in natural resource scarcity values. In fact, due to the
complexity of the terms; /3j^, /3l, ttx' and which were derived on the
assumption that technical change affects production relations in all three in
dustries, special cases must be considered in order to derive interpretable
results. One such case is considered here, where technical change affects only
the sector producing electricity, E.*^ In considering this case, special attention
is paid to the way in which technical change may affect the utilization of the
natural resource commodity N.
The algebraic forms for the elasticities of the endogenous variables with

respect to the technical change parameter are quite similar to their counter
parts for changes in natural resource scarcity values. That is,

p* _ (^K /^l)I^I ^x)('yK yQ > q
1^1 + 7k - 7l

9 Er* ^l)I^I Q'p^^E ^x)(7k Tl)
-ap|X| \9\ + Tk - 7l
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~"pl^l (^x ~ "'e) + (^l~ ̂ k) > r, /r^N
f  -«p|A||0|+7k-7l <

where the expression for the parameters iS^, and from Appendix
A simplify to

- '"EX^E

"""e" ̂ e

B - ^LX ̂ EX PnE^NE , . D
'^LX + (1 "§)'^LN (''nX + ̂EX ̂ Ne)

/3k =
^Kxt^EX ̂ KE Bke + (^ ^KN%xPneBne]

(Pkx + ''ex ̂ Ke) + (1~5)Pkn(''nX + ''ex'^ne)

+  '^KE [''kE ̂ KE + S)''kn''neBnE
KE+ (1~5)Pkn''nE

in the case where technical progress affects only the generation of electricity.
In order to evaluate the three elasticities in Equations (53), (54) and (55), note
first that since (in absolute value < rr^), technical change in the generation
of E must necessarily reduce costs in that sector by more than in the produc
tion of X. Taken separately, this effect will obviously tend to drive down Pg
relative to P^, stimulate production of relatively more E^ than X and increase
(decrease) the wage rental ratio if | A. | < 0 (| A. | >0) implying that E uses
relatively more labor (capital) intensive production methods. However, these
effects may be either reinforced or offset by the Rybczynski type effects cap
tured by the /3 and (3 l terms. In other words, if outputs of all goods were held
constant, technical change in the generation of electricity would cause a
release of K and/or N. The extent to which these two factors are released is

measured by the terms and B,^£ in Equations (58) and (59), which are in
terpreted as the percentage change in and induced by a one percent
increase in the technical change parameter. Provided that B^e and B^e are
both negative, then /3 l and /3 ̂  will also be negative and an increase in techni
cal progress will, at constant outputs, result in an augmentation in both the
economy's primary factors, K and L. An examination of Equations (58) and
(59) suggests, however, that in general the sign of (3 \s somewhat
difficult to determine. Nevertheless, if technical improvements are biased
toward capital saving; that is B^e < 0 while B^e = 0, then /3l = 0. In this
very special case, Equations (53), (54), and (55) indicate that if the produc
tion of E is relatively more capital intensive than X (|0| > 0) then: (1) P* A* <
0, (2) (ErA* ) - (X* A*) > 0, and (3) (W* A*) - (r* A*) ̂  0, depending upon
whether Opj A,| (tt^ - 0- O" "^he other hand, if the production of E
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was relatively more labor intensive than the production of X (|0| < 0), then;
(1) (wVt*) - (r*/t*) > 0, (2) P*/t* ̂  0, and thus, (3) E^/t* - X*/t* f 0.
Finally, if technical improvements are biased toward natural resource saving,

< 0 while B^e = 0, then the signs on the elasticities in Equations (53),
(54), and (55) are completely ambiguous since the sign of /3 j<^ — /3l can be ob
tained only by making very specific assumptions about the relative magnitudes
of the Pij.

IV. CONCLUSION

The preceding analysis, while difficult and at times tedious, does reveal one
genuinely counterintuitive result: an increase in the share of natural resource
price going to resource owners (effectively the same as an increase in the scar
city value of energy) may result in an increase in resource use. Of course, this
argument for a possibly positively sloped energy demand relationship is only
likely to hold locally over some region of the demand curve. For very high or
very low energy scarcity prices, good reasons for a downward sloping relation
ship can be constructed (budgetary limits for example). However, this
pathological situation merits closer analysis since an economy which has a
locally upward sloping demand for energy would obviously have great
difficulty in adjusting to increasing energy scarcity. As shown in the preceding
section, three pre-conditions are necessary to allow such perverse results. They
can be intuitively described as follows:

First, the generation of the intermediate energy commodity (e.g., electricity)
must be more capital intensive than the production of manufactured goods
(actually all other "consumed" goods). Since energy conversion is, in general,
highly capital intensive one cannot reject this condition (that \9\ >0) out of
hand.

Second, the cost of producing "manufactured goods" must be increased
more (as a percentage) by an increase in the resource price share paid to
resource owners than the resulting increase in cost of producing intermediate
energy (0^ >'Pe)- Using oil as an example, an increase in the price of oil may
well increase the cost of manufactured goods (e.g., plastics which use oil as a
feedstock) more than the cost of electricity, on a percentage basis, given that
the cost of producing electricity is dominated by capital costs. Again, this se
cond precondition cannot be rejected out of hand.

Third, the percent increase in capital must exceed the percent increase in
labor necessary to offset an increase to resource owners. This situation is also
reasonable since most conservation measures such as insulating homes and in
creasing the energy efficiency of industrial processes are capital intensive.

These three conditions are likely to be necessary but not sufficient for a per
verse energy demand situation to occur and further suggest that a detailed em
pirical analysis of the parameters of a simple general equilibrium model since
those designed to encourage conservation, as defined above, may well con
tribute to a perverse demand relationship.



The Review of Regional Studies

The effects of technical change if non-neutral and occurring at different
rates in different sectors may also increase rather than decrease energy de
mand over time. This result, while intuitively obvious, also contradicts the im
plications of aggregate growth models with a natural resource.

In conclusion, we suggest as a useful and hitherto ignored empirical ap
proach for studying the energy problem the use of simple general equilibrium
models which would hopefully bridge the gap between misleading aggregate
growth models and extremely complex industry studies.
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APPENDIX A

To obtain the desired expressions for the /u-jj, and given in Equation
(3a), first recall that Equation (21) defines

Cij Ajj + Bjj (A.l)

Using Equations (13)-(l 6), the R|j can be expressed in terms of the Cy. For ex
ample,

p* _ C-LX^LX ULNl^T^xf-NX'^f-ExCNE^NE'^'f-ExCNETEx) / »
f-LX + Cln(Cnx + Cex^ne)

_ ̂ LX^LX + (1-5)Pen[(Pnx+ %xPne)^ln Pnx^nx"*"PexPne^ne"^PexPne^ex
Plx + ~5)Pln(Pnx+PexPne)

(A.3)

where the remaining expressions for the Ry are derived in a similar fashion.
The Ay can be written in terms of w*, r*, Pg, and Pj^. For example,

AlX ~ PlX^^LL^ + Pkx'^LK'' +PeX^L2Pe+ PnxO'LnPn

where cry denotes the Allen partial elasticities of substitution between factors
of production i and j in the production of k. Using the relationship between
the own and the cross partial elasticities.

AlX-(~PkX^LK PexO'l2 PnX^Ln)w

+ Pkxo-lkI"* + PexO"L2^E+PnxO-LNPn (A.4)

After substituting the zero profit equations ((18) and (19)) to eliminate
and pj^. Equation (A.4) becomes

Alx ~ ("Pkx'^LK Pex(1 PnE^Ln)'^L2 Pnx(1" Pln)^Ln)(w r)

+ (Pex^neo-le+ Pnxo-ln)5

~ (^X^LE^^E ̂  PnE^EX^LE ~ PnxO"LN ^

(A.5)

Next, since

6 B:: tyBy-dBy/By=ryty;ry= ̂  g,. (A.6)

the appropriate expression for Ay and By can be substituted into (A.2) in
order to arrive at the form for the Ry shown in Equation (39). Specifically:
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" ('~^)^Ln(^NX ^EX^NE)^KN''ia ~ 0~^)

^ln'^ex^ne^ke'^k^ ~ ̂ LX^EX (^"'^ne^'en) ''n?^lx]'^LE

" ̂LX^NX^KnQ" ~ 0"^)^LN/'NX^LN^KX'^lfN

" 0~^)''ln^nx^ex^ke (^"^ne)®i?e ~ 0~^)^ln^ex^ne''kx

'^I^eI/I^LX (l~^)'^LN ('^NX ^EX^Ne)|

'''le ~ ''k2^ln''k^

TkX ~ I'^KX^LX'^I^ 0 ̂)''kn(^NX "'"^EX^NEVLN'^lfL 0 ̂) '
PkN^NX^LX^Kn'^LN PkiPexPnePlN " Pk2 ~ 6~^)pknPn2] '

''l^E PnxPlN [^ " 0 ~ ̂ ) ̂ KnPkx] '*' PexPkePnePlN

[i - (i-S^pKnJ + PexPlx ('~PnePln)[pke (^"^')pknPneJ

''lE "''PexPkePnxPlnPk2^'^NE(/i '^KX "^PexPkE

^)[pkn('PnX + PexPne j

"^KE ~ |pkePnePln[i (^ ^) PknJ'^KN 0 ̂)^KNPNEPLNPlfL
Ipke""" 0"^)pknPne)]|

'^LX " 0~^)[plnPexPnePkE^K^ ^LnPnxPexPkE°'i?E

PlnPnxPkxP]^ PlnPexPnePkX°']^] "^PLxPExPNEf^""

0~^)plnPnE^LE PlxPnX 6~^)pln]'^l^|/|plx
(i-5)pnx + PexPne}

Pi V +

Pee ~
(A. 12)
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%X '^I^KX'^EX^NE [^~%E " 0"^) ̂KN^NE]''lfE "*" '^KX^NX '
[l- + Pex^ke^ne [}~ 0"^)^kn]<^kn

'^^EX^'kE O'^VkN^NX^KeJ'^I^E " [^EX^KE

^kn^'ex^ne] ̂NE^LX ''le ^KN^NX^LX (^ ^)

|%X ^EX^KE "*" 0"^)'^KN {pnx """ /^EX^^Ne)!

(A. 13)

PkE ~ '^{'^KE'^NE [^ 0 ̂)^KNj'^lfN|/WE "*" 0"'^)I^n'^ne (A. 14)

Exact expressions could also be presented for the |3 ̂■^, however, this is not
done since such expressions are not needed to evaluate results given in the
text. Note that if all o-y > 0, then y lx and y le are negative while y and
y XE are positive. Also, an examination of (A. 11) - (A. 14) shows that if. (1)
/xl > 0 then (/xl - M^k) > 0 and (2) all production functions are of the fix
ed proportions type (o-| = 0 for all i, j, and k) then /ixl = /x^ = 0.

FOOTNOTES

1. The algebraic complexity of the results,
however, increases substantially with the in
clusion of additional natural resource energy
commodities.

2. One might question the assumption of con
stant returns to scale in (3). However, produc
tion of a depletable natural resource can be
viewed simply as a movement of flow from
one point to another of material. Thus, the
stock of coal can be depleted twice as fast if we
use twice as much capital and labor.

3. Note that the zero profit equations implicitly
assume that electricity producers do not dis
criminate between residential and commer
cial sales as the same price Pg is charged to
each.

4. One reason for substituting N out of the model
is to permit more explicit attention to be
devoted to the output and price of electricity
in addition to X, w, and r variables. Ob

viously, the effect of changes in or N could
be obtained in terms of solutions for the re
maining endogenous variables. A similar
argument can be made for eliminating Pn
from the zero profit equations.

5. Since, by Walras Law, only relative prices can
be determined for this barter economy, Px is
normalized to equal unity.

6. Jones (1965) has considered a similar concept
in a setting where no intermediate goods are
present.

7. The exact expression for /a l and fjL appear in
A. 12 to A. 14 of Appendix A. Also, only the
ambiguity in the sign of /xl is discussed, since
the case of /z k is analogous.

8. The effects of technical change on other in
dustries could also be considered. However,
the basic structure of these results are, in
qualitative terms, much the same as those to be
presented for the case of electricity.
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