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John=ren Chen

The Effects of an Increase of the Energy Price on

¥
Macroeconomic Activity: A Comparative Static Approach

1. Introduction

Since the so called "oil=embargo" in 1973 the enerqv-
nroblem has receivéd particular attention in econcomics.
The analvsis of the influences of energv on economic
activities can be undettaken by several methods, such as
1) It appears to be difficult
to use the neoclassical macroeconomic model to explain the

input-output analvsis, etc.

influences of the change of energv price or of the limited
energy supplv, because the usual neoclassical production
function with two oroduction factors (capital and labor forces)
does not consider the eherqy nroblem explicitly. This
limitation of the neoclassical macroeconomic model can be
removed by the introduction of a different kind of production
function which does not assume full employment of the capital
stock. This production function mav be called a capacity
utilization production function. There, production depends

on emplovment and on the effective capital stock which mav

be smaller than the available capital stock. It is assumed
that the available supplies of enerav and productive materials
limit the dearee of capacity utilization and thereby

determine the effective capital stock.

In this paper I want to show the influences of the
energv price on aggregate income, price level, employment,
wage rate and degree of capacity utilization.I shall
concentrate on the supply side of the economv, since the

effects of energy on macroeconomic activity seem to occur

*# T am indebted to Professor Reinhard Selten for helpful
comments and to Professor Lawrence Nitz who read the
manuscript. Any errors are solely my responsibility.

1) Tintner, Gerhard, Deutsch, Edwin and Rieder, Robert (1975)



through aggregate supplvy.

The energy price is an exogeneous variable in the
model, since I do not try to explain the determination
of the energy price but the influences of a change of
the energy price. In practice in many economies the

eneray price is set by the government exogeneously.

2. The Model:

Suppose the production of the economy considered can

be described bv the following ecuation:

Y = F(B,L) ‘ cee (1)
with FB > 0, FL > 0, FBB < 0, FLL < 0
F = F > 0; F is homogeneous of deqgree one

BL LB
where the symbols have the following meaning:
B: capital input; Y: aggregate product

L: labor input; K: capital stock

We use the following notations:

)

Y 3°yY
F_= e F = etc.
B 3B BB EB?
B= A * K ams NB)

with 1 > X > O

Where A is the "coefficient of capacity utilization".

For A = 1 the existing capital stock is fullv used in
production. For the sake of simplicity we assume

O < » < 1, although one might wish to consider cases where
A > 1 is permitted, in order to describe a state of
"capacity overutilization".



If the effective demand of the economy considered
is always high enough for full capacity emplovment, the
coefficient of capacity utilization is assumed to be:

A =min (1, §} coi(3)

Where J is the energy used in the oroduction. The
unit of energv is chosen in such a way that one unit of
enerqgy is reoguired for the utilization of one unit of
capital.

The input of enerayvy is necessarv for the use of the
capital stock in the production process. In the short run
the camital stock is fixed.Whether the existing caovital
is fully utilized in the production érocess, is dependent

on the eneragy input.

Suppose the enerqgv price and the monetary wage rate
are given; then the demand of enerqv for production can
be described bv:

J = min { (Y - L) / a,k} ee. (4)

ol

Where P = the price level of nroduction
W = the monetary wage rate
a = the real enerqy nrice where the
price level of production is used

as numeraise

Eguation (4) says that the enerqy recuirement for

production is proportional to the capital stock employed.

The energy reaquirement for production is equal to the
existing capital stock if the capital stock is fully
employed in production. The enerqv recuirement is derived
under the condition that the marginal productivity of

enerqy input is ecual to the real enerqv price, if the



existing capital stock is not fullw employed.l)

Suopose further that the demand for labor is such
that the marginal productivity of labor is eaual to the
real wage rate

F, (B,L) = g ce. (5)

While aenerally there are no discrepancies between the
classical and the Kevnesian school with respect to the labor
demand functions the literature is filled with dekates as to
whether the supply of labor depends on the monev wage rate or
the real wage rate. I do not wish to discuss the labor supplv
in detail, but I shall use three markedly different cases of
labor supplv to illustrate the effect of the eneraqy price on

. D, 2
macroeconomic activity ):

(i) Case A: the labor supplv is an increasing function

of the real waage rate:

L = N(f) ee. (6)
with —Q&w-= N' > 0
d (3)
(ii) Case B: the labor su»nnlv is an increasing function

of the money waqge rate

L = M(W) eee (7)

Withgd_l_%:—_-ml > 0

J N W
1) If z <1, ¥ =F({L,J; FJ= 7> J =1 = (Y—L'ﬁ) f g

because of the constant returns to scale we have:

YV =1,- o = ~T. e - : :
Vv =1 FL+J FJ so that FJ (Y-L FL)/J a. Substituting

W P
FL = 5 gives J = (¥ P ° L) /a.

2)See: Allen, R.G.D. (1968)
Bowers, D.A. & Baird, R.N. (1971)



(iii) Case C: As in case B the labor supply is a

function of the money wage rate, but the waage
rate is fixed exoaeneouslv at a level where
the labor sumplv is agreater than the labor
demand.

W= W’ ce. (8)

Our model will be comnleted bv the aagqgregate
1)

demand function:

Y = H(P,G) smw (9

with H_ < C, H
n

G > 0, HQ > 0

where G is given exoaqeneouslv.

And the eaduilibrium condition for agqgregate demand

2)

and aggregate supply is aiven:

Y = S(P) = H(P) «os (10)

i.e. the aggregate income is realized at the price
level where the agarenate demand is ecual to

the agaregate supplv.

1) The agaregate demand function (9) is derived from the
commoditv market and the money market.

See: DBowers, David A. and Baird, Robert N. (1971)

2) The aggregate supply function (S) is a function
the price level and derived from the production
function and the labor market. The function S differs
according to the distinct cases of labor sunply
assumed by (6), (7) or (8).

See: Bowers & Baird (1971)



3. The Short-run influences of energy

In the short-run the available labor suoplv B and the
capital stock are agiven. The investment has only demand
effects.

The short-run solution of our model can be classified

into two different cases:

(3A) Case one: X = 1

This is the usual case considered in the macroeconomic

literature.l)

The aggregate income and the price level are determined
as shown in Fia.l. The labor employment can be calculated
easily if we
substitute P* and
P ‘F v* in the labor supply
and labor demand

function.

H

v

1) Allen, R.G.D. (1968): Chapter 6 & 7
Bowers, David A. & Baird, Robert N. (1971), Chapter 1O.



i and K we can deduce the energy price for

For given 3
1,

the case: )2 = i.e. the capital stocks are fullv

employed. From (4) we have

(v-5:L)/a- K 21  or
< (v-%.n) sk =& -H Y (11)
q = P _E(L P o o o

Because of the linear homogenity of the production
function, if labor is rewarded bv its marginal productivity,

50

Y- LF =Y-

The condition (11) is the same as

a < Fy ... (lla)
Condition (lla) is aquite clear:
if the energy price is not higher than the marginal
productivity of capital then all capital stock available
will be emwloved in the production process.

In this case K and J are constant; the eaguilibrium
aggregate income, nrice level and labor employvment are
determined unicuely by well behaved aggregate demand and

supply functions.

1) Here k = %is the cavpital-labor ratio.

This condition is derived from Y - gL - aK > o, i.e.
the existing capital will be used for production if it
entails no loss. (Y~§L)/K;q.

Let A = (Y—gL)/K, we see

FK-K+FI: L-F-F KLLK L .FKL

o - -
9K 2 «

< 0

for I = FK-K+FL-L (constant return to scale)



In this case (J=K) an increase of energy price
will not reduce the aggregate product and the labour
employment and the price level will not be influenced
if the condition (lla) is not disturbed.

The reduction of energy quantity at the given energy
price will reduce the agregate income, labor employment
suppose J=K is assumed before quantity reduction. Due to
this reduction the available energy cuantity becomes
insufficient to allow the full employment of the capital
stock. The price level will increase since the marginal
productivity of labor is reduced as a conseauence of the
dimished capital stock employed in production due to the
enerqgy shortage. With a given monetary wage rate the labor

employment decreases for the same reason.

{3 B) Case 2: X < 1

In this case the existing capital capacity cannot
be fully used for production because of a "high energy
price", i.e. a > F, or because of "energy shortage",
i.e. the reaquired enerqgy cuantity at the given enerqy price
for full emplovment of the existing capital stocks is not

available.

T shall now examine the influence of an increase of the
energv price on the macroeconomic activity. The effects will
be investicated for the three different cases of labor

supply chosen for illustration.



(i) Case 2A:

The functions (1) to (5), (6), (9) and (10)
will be used for the following discussion.

If the energy price is higher than the marginal
productivity of the fully employed capital stock, then the
demand for labor and for energy for production are
determined simultaneously by the real wage rate and enerqgy
orice. This can be shown easily. The aqggregate income, labor
employment, energy, the nrice level and other endogeneous

variables are determined bv the following simultaneous

equations:l)
Y - F(L,J) =0 eeo (la)
L - N[FL (B,L)J = cee (12)
Fy (L,J) =aq .e. (4a)
Y -H (P,G) =0 cee (7)

To analyse the short-run effects of a rise of energv
price we differentiate the above simultaneous equations

at the equilibrium values:

By
dP = ﬁ"’ e o o (13)
D
= _2
dL = 5 eee (14)
as = "3 auw 18]
D
DY = H -2_1_+ HG a6 .o (16)
D
_ W 4 ses (17)
aw = 5 dP+§-,-dL

1) Using structural functIons of the labor market:

Fy = g and L = N(g) = N(w), where w = %, we have L = N(F,).

We substitute (7) in the (la) and take total differentials of

the equation system:
Hp dap FLdL FJdJ = - HGdG
FLJ daL + FJJ dJ = da

(l*N'FLL)dL - N'FLJ dJ = O



o]

2 :
— e - ' -
Where D = Hp ( FJJ N (FLJ FLL FJJ)] < 0

since Hp < 0, F <-0,N' >0

2
and FLJ & FLL FJJ < 0

- 2 , g *)
D, = Hg (FLJ N' + Fgo (1-N'F 1)) 4G

- ' BRVE

(N FL FLJ + FJ (1-N FLL)] dg
== e v

D2 Hp N FLJ dg

I A !
D, = (1-N' Fy;) Hy, dag

From ecuations (13) to (17) we see:

9P - 1 ] -] !

sf = ——[& F. F I + FJ (1-N FLL)] > 0 oo (18)
2P 1[G 2

- T2 —— ' -

== [F + 0¥ (Frm = Fpp Fgo )) > 0 eeo  (19)

.g_é‘. = :..g.g « N FLJ < 0 - (20)
_g_(g; -5 ce. (21)
i;-% = :_—g-’i (1-N' F ) < O ce. (22)
%% = 5 sue (23)

3y _ b (o, _.]
i = [; FL FLJ + FJ (1-N FLL) < 0 ees (24)
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H |
Y _ CBpl2 o, o )
B = HG {——-D EFLJ N' + FJJ (1-N FLL) + 1} ce. (25)
Y 2 o £ HP(;z N' 4+ F._(1-N' F. )] = 1 (26)
56 <0 5 (Fg 51N Fro) 3 a
____.aw = ..-...].'. » .v.q. . ' -N !
M= 2 f [ oF P+ P AN FLL)]4-I§)N'FLJ}... (27)
W 2 W _ 3P _ _P 3L
W w Bg 2 ]
-] e s ' -
36 ° P D (%JJ *N'(Fpy = Fpp Fygdf >0 oo (29)

From the above results we can summerize the short-run
effects of a change of the enerqgy price for the case that the
capital stock is not fully employed (x < 1):

«A rise of the energy price entails:

(a) a rise of the price level of the aggregate income;

(b) a reduction of the labor employment

(c) a reduction of the employment of the canital stock

(d) a reduction of the agaregate income

(e) the monetarv wage rate will increase, remain the
same or decrease, according to whether the effect
of energy price change on the price level of the
aggregate income is larger, the same or smaller
than the effects of energv price change on the
labor employment."”

(ii) Case 2B:
Instead of (6) we use now the function (7) for the
forthcoming analysis: L - M(P*F;) = O ... (1l2a)
We take total differentials of (la), (12a) , (4a) and

(7). This yields 1’

1) The equation system derived from the total

differentiations is as follows:

deP - FL dL - FJ dJ = - HG daG

L dL + F d. = da

FJ JJ ~J

- M -M ! - M -
M FL dP + (1-M' P FLL) dL M'P FLJ aJ O



Dy
dp = "’",'_:' s o o (30)
D'
1
dar, = E% sse (31)
D
DI
dJ p=— —--3- e o o (32)
DI
By
P G
D
dwWw = P- (FLL dL + FLJ aJ) + F dap .o (34)
where D' = ~ H (} + M' P (F2 F F__)
- b JJ LJ JJ ~LL
] -
+ M FL (FL FJJ FJ FJL) < 0
LI . 2 v, - ]
D! = H, [FJL M P4+ F o (1L-M P FLL)}dG
- ] o ¥ @ -
[FL M' P FLJ + FJ (1 M P FLLi) dag
! L ]
D2 = - (FJ M FL + Hp M' P FLJ) da
7 ]
+ hG FJJ M FL dG
] 2 ! PG » I ] ° }
D [%L M Hp (1-P-M FLL) dg

=] 2=
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From these ecuations we derive:

] - i
—(LM PFLJ+FJ (1 M PFLL))

%.g == > o @ o o (35)
q Dl
H, [F2. M' P+ F__ (1 -M" PF._)
9P _ G JL JJ LL 0
3G = > ce. (36)
Dl
1 1)
L - (F M Fy, + Hp M'" P F_.) "
a ey ® o o
q DI
H., F M' F
—a_I".. = G JJ L > O ¢ o o (38)
BG Dl
33 Fi M' - Hp(l - P M' FLL)
..é.__... = < O e o o (39)
q D!
~-H., F M' F
Dl
8 o - '
v Q*L M'PF_ o+ Fo (1 - M' P FLL))
= = - < 0 «oe (41)
d Dl
F2 M’ P +F__ (1L -M' P F )
3Y _ H. H JL JJ LL eee (42)
_— = > 0O
3G p '
D
oW _ 1
5= = _ET (FLJ’HP P+ B FJ) ce. (43)
F_ H., F
oW L G J ; i
——— (5 J > 0 oo o (44)

Dl
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From these results we see that the effect of the
direction of the energv price change on employment and
the monev wage rate are not clear cut. These results may

be exmnlained in the following terms:

(a) The labor demand is a function of the real wage
rate. The change of the real wage rate is determined by the
change in the money wage rate and the price level. While
the price level increases with a rise in the eneray price
the money waqe rate also increases with a rise in the
enerqgy price. Therefore the change in demand for labor due
to a rise in the enerqy price is dependent on the percentage

of change of the price level and of the money wage rate.

(b) The price level will change more markedly than
the money wage the lower the elasticity of aggregate demand.
Labor employment will increase as a result of a raising of

the energv price, if 1)
T > n «es (45)

where 1t 1is the elasticitv of substitution between factors

and n = = gw %gw(the elasticity of aggregate demand)
Condition (45) means that the price level increases

due to a raise of the enerqgy price if the elasticity of

substitution between factors is greater than the elasticity

of aggregate demand.
Analogously the condition for the reaction of the monev

wage rate for a change of the energy price is given by

(c) == 2 ... (45a)

@)
-
rh
-~
Allv
3

1) See Appendix



(iid) Case 2cC:

The function

Jo)
P - FL = W ce. (12b)
is used instead of (12) for the following analysis.l)
D"
dp = _-:!- o o o (46)
D"
Dll
dB = | oo (47)
DH
' Du
dJ = —""3" ' ® e o (48)
D"
D}
dYy = H_ —— + H_, 4G ees (49)
P D" G
PR 2 _ ‘
where D" = P HD (FJL FJJ ) + FL(FJ FJL FL JJ) > 0
" - ® ° L 2
D1 = P HG (FJJ FLL FJL) dGc + P(FJFLL + FL FLJ)dG

1) The system of ecuations derived from total differentiaticon
is as follows:

Hp dp - FL dL - FJ dJ = - H, dG

FJL dL + FJJ dag

L]
o
2

FL dp + PFLL dL + PFLJ dg = O



=16~

D2 = - HG FL FJJ daG - (FJ FL = HP » P o FLJ) da

F H., dG

W ome e o s 2
Dy = - (Hp P*Fyp + F7) dq + Fp Foo Hy

L

From above equations we derive:

ap _ BIFy Fpg + Fp Fypd
3q Dll

PH.(F.. F.. - F2.)
3P _ G'"JJ3 “LL LI .,
Yel D
3L _ _ (FJ Fy, + Hp P-FLJ)
aq Dﬂ
T AL
G - = 0

Dn
H. P F._ + F2
3 _ _ P LL L . @&
BCI D"
33 _ 1 Fan Hg
3G > 10
DH

. P(Fy Frp + Fp By o)
aq P D"
Y _ e Py iy Bgp, — Fr Ty .
56

D"

(50)

(51)

(52)

(53)

(54)

(55)

(56)

(57)
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Besides the inout of energyv the influence of change
in the enerqv price on the other endogeneous variables
in the model is not unique. The main reason for this
result lies in the assumption of labor unemplovment at a
constant wage rate: The nrocess of a change in the eneray

price can be explained as follows:

(a) An increase of the enerqgv nrice reduces the
energv inout directlv. The aaggregate product decreases and
the price level rises immediately, due to the decreased

eneray inout.

(b) Labor will be substituted for capital and at

the agiven monetary wage rate

J-f
3P > ; > k
(c) 75 < 0, according to 0,5 T —— .. (58)
J-f

If the term

7 in (58) is interpreted as the share
of capital returns in the aggregate income, then the
condition (58) means that the price level will increase with
an increase in the energv nrice if the capital return share

of aggregate income is less than 0.5.

(d) The effect of a change in energy price on aggreaate

income is just the opposite of the effect on the price level,

namely: J.f
SE B 0 according to 0.5 2 b (59)
aq < , 4 'Y < Y * e o
oL >
(e) e 0, accordinag to n % T ... (60)

This is merely a reversal of condition (45)



-]18«

4, Summarvy:

The influences of an increase of the enerqv price on
the agaregate income, the price level, the employment, the
wage rate, and the coefficient of capacity utilization
are investigated in a static macroeconomic model with a
capacity utilization production function. The discussion
examines principallv aqgregate supply, since this is the
locus of the effects of eneragy on macroeconomic activitv.
The energy price is considered an exogeneous variable.

The input of energy in the production process of a
modern economy originates mainly in the engagement of
machinery capital. The use of mechanical capital in the
production process is only possible if there are sufficient
energy and materials available. The input of energy in the
production process is proportional to the capital stocks
engaged in the production.Enerqgy is a limitational production:
factor since without energy the mechanical capital cannot be
used in the production process, wut additional energy input
has no productive effect if no more capital can be engaged.

The condition for the input of the energy in the
production process is discussed under three different

assumptions about the labor supply.

Two specific cases must be considered explicitly:

The case in which the capital stock is used fullv in
the production process and the case in which some capital
stock is not engaged in production. In the first case the
effects of a change of the energy price on the macroeconomic
activity can be neglected, while in the latter case the
influence of a change of the enerqgy price must be explicitly

examined.



The influence of an increase in the energy price on the
macroeconomic activity (for the case 1 < 1) can be summarized
under the alternate assumptions about labor supply in the
following table:

-19-

labor the labor supply " the labor supply the wage rate
supply depends on the depends on the fixed exogeneously
endoge- real wage rate money wage rate
" “neou
variables
the enerqy . _ _ -
input
J-f
the price +w > k
level + + oj if 0.5 = T
Je £
the aggregate _ _ +W if O.5 2 k
income 2 R Y
the labor + > + >
employment - ww if =0 mw if n o
the monev + WaPrP > P 3L +i . >
wage rate mw 1f 5 3q < N, 3a mw S .

-+

Notes: for positive effects

o for null effects

for negative effects
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AgEendix:

Y = F(L,J) is a production function of homogenity of
degree one with the usual assumptions on marginal
productivities of factors

Y =L - £(k) <.+ (Al)
where k = % capital intensity
- oF _ - '

FL o GL - f k f > O ® 0 o (AZ)
= ..S_E. = '

FJ = =3 f' > o «oo (A3)

. o Of
where f' = Ik

== T g____ "
2
where f£" = 3-%
dk
2
=k "
FLL - 'I:"- e f < 0 ° o o (AS)
F = l f" < o (A6)
JJ L Sttt

The elasticity of substitution between factors (1) is:l)
g = - £ (£-kf') > o0 ... (A7)
kEE"

1) See: Allen, R.G.D. (1968) P.48



(A)

-P]

Conditions (45) and (45a)

>
T e P .
20 if (Fy Fy + 8 = P = B

AV
o

Ecuations (Al) to (A6) vield n

fl
1
a2}
'-<l"d
Iv
o]

a . o v o ] "
FJ FL + Hp P FJL £' (f kf') + n k £ £ «us (HB)

Hence

Fy Fp + H, P Fy

AV
)
b
hy

£1 - (f-kf') % nk £ £" ... (n9)

or

_ f'(£-kf')
KEE"

Allv
3

i.e. =t

Allv
=

«es (AlO)
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(B) Condition (58)

We have

oP > ; 2
55 S & 1f F_. F + F_. F = 0]

Equations (A2), (A3), (A4) and (A5) vield

FgFrop ¥ Fp, Frg

2
= ¢« I g0 o (F - kf')

L3 L

J_

2 fl'

£" s (£ - 2kE") ows

k
T

P >
= = O if £

Hence 2 kf'! .o

Allv

or £°LZ2Jf¢

Y ‘ ® o o

Je£!
b4

may be interpreted as the capitalist-share of

the aggregate income.

(A1)

(AX2)

(A13)
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(C) Condition (60)

We have

Al

. . 2

e
Q]t"‘

Eaquations (A2), (A3) and (A4) vield
-nf k£ =F - (f -k £') ... (Al5)

(Al6)

3 T o‘cc

or n

Alv
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