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1. Introduction

The economies of +the world were so dominated in the 1%70's by +ha effects of
two 0il crises that the period has been aptly named the OPEC decadel[i]. The dra-
matic increases in energy prices that occurred when the Organization  of Peiroleum
Exporting Ceuntries (QPEC) quadrupled the worlid price: of 0il in 1973~197%, and
again more than doubled it between the end of 1978 and early 1980, have had pro-
found implications for the economies of all the industrialized countries. Cther
commodities have experienced rapid and substantial iIncreases in price. The price
aof grain and other agricultural products, for example, has experienced price fluc-
tuations an the order of 300 or 400 percent over vears. Few people, however,
would be as concerned about these events, or expect them to have anywhere near the
impact on our standard of living that increases in the price of energy are likely
to have. Higher energy prices have contributed to reduced economic growth in many
ceuntries, and in the longer-run may result in basic changes in lifestvles.

This study develops a model of short-run aggregate supply for two major oil
consuming nations (U.S. and Canadal) with explicit treatment of energy prices, and
explores the effects of a change in the price of energy (p0il) an the aggregate
supply. The emphasis is on the supply side of the econamy since important effects
of energy on macroeconomic activity occur largely through relaocation and rotation
of aggregate supplwy. An increase in energy prices represents an increase in the
cost of a major facter of production. Conseauently, an increase in energy prices
relative to wother prices should result in a decline in the amount of goods and
services supplied by the economy at any given level of prices, that is, the aggre-
gate supply curve should shift to the left. An attempt is made to measure the ex-
tent to which the aggregate supply curve shifts to the left, at any level of out-
put, due to higher energyv prices. In additicn, the aggregate supply may become
flatter {(or steeper) as price elasticity of output alters due to energy price
shocks. The present paper also measures the magnitude of the chahges in the slope
of the aggregate supply resulting from the shocks.

According to the model developed here, the leap in energy prices in 1973 gener-
ated a sizable inflationary pressure in both the U.S5. and Canada. The effects on
iabor productivity, real wages, capital wutilization rate, and aggregate energy
consumption were also found to be¢ considerable and similar between the two coun-
tries. An interesting result concerning labor demand is that higher energy prices
ied to substitution of 1labor — intensive methods af production for energy-inten-
sive ones, raising the labors/output ratio in both the U.S. and Canada.
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In what follows in Section 2 a model of short-run aggregate supply 15 devel-
oped. In Section 3. the model is estimated, tested for dynamic stability and
forecast accuracy, and then simulated to determine the magnitudes of the energy
price effects of the 1973 shock on major macroeconomic variables and the change in
the slope of the agoregate supply. Section 4 presents some concluding comments,

2. A Short-Run Model cof Aggregate Supply

The aggregate supply framework developed here is a multi-sector wmodel and ac-
¢counts for interaction ameng all the sectors. Especially, +this model has an ad-
vantage over the existing ones because it explicitly incorporates the demand and
supply of energy into the analysis. The analytical form of the model is given on
the next page. The components of the model, each of which will be described brief-
iy below, are the following:

A price determination equation which relates the price level to the wage
rate and other input prices via some sort of mark-up.

A wage rate equation or a short-run Phillips curve.

A labor market model namely, a labor demand and a laber supply equation.
A capital utilization rate equation (demand for capital).

An energy sector namely, demand and supply of energyl2].

The Price Eguation: In the aggregate supply meodel developed here, the price level
(P) 1is assumed to be determined as &2 mark-up{m) on the minimum long-run average
cost (AC) that is: P- mAC 2,31_ . Given this mark-up relationship, and assuming
a linearly homogenous Cobb-Douglas production function, the inflation rate (P) can
be easily determined by equation (1), where W is the wage rate, r and Py are pric-
es of capital and energy, and Z denotes the growth rate of the corresponding vari-

able Z, Z = Pmw,r,Pp.3

Eguation (1), however, still has to be modified to incorporate the determinants
of the mark~up factor (m). Following Ball and Dbuffy,(1) assume that short-run
variations in m are determined by demand pressures, +the latter being proxied by
the ratio g of the industrial production to its exponential trend. Ball and Duff-
v's assumption, formulated as equation 2, 1s reasonable because when demand pres-
sures are high the capacity of output will be close to being utilized fully, and
hence the mark-up factor tends to be higher. The value of m determined by (2} can
now be substituted in (1) and the price equation can be directly estimated.

The price equation:

The mark-up behkavior:

The Labop Market:

The Wage equation:
The demand for labor {man-hours):
Work-hour behavior:
Labor participation rate
for primary labor:
Labor participation rate

for secondary lahor:

The Market for Capital:

The shart-run supply of capital:
The demand for capital:

The capitatl utilization rate

The Market for Energy:

Demand for enarqy: In E*

The short-run supply of energy
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The Labor Market: The wage determination model, described by equation 3, relates
the graowth rates of,f wages (w) to the rate of unemplovment (U), the change in the
unemployment rate (U), the growth rate of labor productivity (U'P3}, and inflation-
ary expectations (Pe). Equation (3) cannot be directly estimated because data on
pe do not exist. To solve this problem, we postulate and estimate a rational ex-
pectatian mechanlsm,p% = £ let) » which produces forecasts of the future inflia-
tion rate over time. this relationship, E iIs the mathematical expectation op-~
erator and Zt 1ndlcates the set of wvariables wused in forming inflationary

expectations. For purposes of this paper, the variable set Z will be allowed kg
vary across the two countries so0o that the expectation mechanisms most suitable tq
each country can be determined by the data. This treatment is superior to an apr-

bitrary choice of Z for both countries, an approach taken by some other authors.

The labor market equations also include an employment function (demand for la-
bar) and & labor participation egquatien (supply of labor), It can be easily shown
that the cost minimizing level of demand for labaor, for opur Cobb-~Douglas produc-
tion function, 1is given by squation (4), where A is a consxant, is the demand
for labor in terms of man-hours, v is the output level, and y and p. are the rat-
ios of wages to prices of capital and energy respectively. t is a ¥ime index for
technological progress. To derive the level of emplovment from the equatian (&),
the man-hours (L) has to be divided between the level of employment (M) and hours
of work (Hr) where | = HY‘*M N

The work~hour variable (Hr) follows a cvclical pattern, At times of economic
expansion, there is a tendency for firms to increase the average hours of work,
hecause it 1s often difficult to increase the number of emplovees quickly. As a

result, the behavior of the variable H can be formulated as equation (5) where vy
is the level of output, gn y/¥ serves as an indicator of the business cycle, and
again t is a time index. -1

Eguations {4} and (5} <can be used together to specify the demand far labor in
terms of the number of workers (M)}, To determine the unemplovment rate, we still
need the supply side of the labor market which can be represented by some labor
participation functions.

In the simplest case, we can break the labor force into a primary categorv (men
25-54) and a secondary category {(women over 15, men 15-25), Tella's work (53}, has
established +that the lakor participation rate of the primary labor force
CLPRy=LF, /POP;) responds little to the business cyvcle and moves essentially
along its time trend. The behavior of LPR is described by equation (6) where LF
and POP stand for labor force participation and population respectively, and t is
the time trend.

The labor participation rate of the secondary labor force “PRE U@/POPQ} how-
ever,; does respond to economic factors other than the trend variable. These fac-
tors include the past unemplovment rate (U_j), labor productivity (LP), and real
wages (¥, The past emplovyment rate, U . , has an effect aon labor participation
due to The "discouraged worker® phenumendﬂ. Labar productivity (LP) enters into
the equation, because increased productivity raises the families'™ income and is
known to discourage labor participation.(4) Finally, higher real wages provide an
additienal incentive tou work and hence increase labor participation. In sum, the
labor participation rate LPRZ = U@/POPE can be represented as eguations (7).
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Having the level of emplavment (M) determined by equations (43 and (51}, and
having the labor participation functions (&) and (7), the unemployment rate (g )

caft noWw be easily measured as: Ht
e = (1~ } * 100
LFI: + L¥Fp

The Market for Eapital: The capital stock {(supply of capital) may be taken as

given (fixed) in the short—run (equatien &), while the optimal employment of capi-
tal it decided by firms according to +the cast minimization procedure. For our
Cobb—-Douglas production function, +this procedure leads %o the demand function for
capital services (KX} described by the equation (9}). K¥ is the optimal level of
capital. The actual 1level of capital used is assumed to adjust %0 the optimal
level acc%rding to a partial adjustment mechanism. Once the level of utilized
capital is determined, +the capital utilization rate can be easily obtained as
Kur defined by edquation (10}, K, is a. measure for the rate at which the ex-

isting stock of capital is actuallyumsed. J

The Marke® for Energyv: Similar to labor and capital, the cost minimizing level of

energy demand (E) <can be easily derived as equation (11J. The supply of energy
for the period under consideration and for the countries included in the stuéy,
may be cwnsidered perfectly elastic. The price of energy during this period

(1973-79) was essentially set Ly OPEC as the dominant producer of 0il, while the
¢il consuming nations behaved as price takers. A harizontal supply and the demand
function specified by egquation {12) complete the specification of the energy sec-
tor. In the following sectiovn, the empirical estimates of the energy price ef-
fects based on this model will be discussed.

3. Empirical Results

The model developed in the previous section was estimated, tested for dynamic
stability and simulated to evaluate its ability to replicate the real world data
before its being used to examine the comparative static effects of higher energy
prices. According to Theil's performance statistics, the model can forecast very
sccurately; the percentages of the forecast error due to bias and variance are
very small as desired. In addition, despite its simplicity, the model is found %o
fit both the U. S. and Canada quite satisfactorily, and to be dynamically stable.

To measure the effects of higher energy prices, a counterfactual base case is
developed and the performance of the respective economies in %he base case and the
actual case are compared. The base case is developed under +the assumption that
the price of energy continues to increase aleng its trend rate of the last five
vears immediately before the price shock. The trend rate was found to be 5% for
the U. S. and 4% in Canada.

The deviations in values of the macro wvariables in the actual and base cases
are displayed in Table 1-2. These deviations reflect the change in the macro
variables over the period 1973-1979 due to the energy price shock of 1%73. To
isplate the energy price effects from scale effects, +the level of ocutput was held
unchanged in the base case and the actual case simulations. Hence the results
displaved in Tables 1-2 represent the energy price effects for a maintained output

scale.
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According to these results, the effects of the price shock were not limited to
shart-run once and for all disturbances, rather they lasted fer guite a few vears
in both the U. S, and Canada. The inflationary pressures., due to the energy
shock, were felt with a very short lag, reaching their peak rather gquickly in both
countries, and then falling while remaining significant for the whole period of
the study (1973-79). The peak of the impact o©ccurred in 1976. In this vear the
energy price shock contributed 4.75% to the U. S. inflation and a whopping 7.62%

to the Canadian inflation rate.

Higher energy prices alsoc had major impacts on the level of employment and cap-
ital utilization rate. Investigation of the magnitudes of these impacts, and the
consequent knowledge of substitutability (er lack of substitutability) between en-
ergy and non—energy inputs are very important in policy decisions. If energy re-
sources are rather limited and they must be technically emplioved in a fixed or «l-
mest fixed proportions with othker factors aof production, future economic growth
will be critically dependent on availability and the growth rate of energy re-
sources. On the other hand, if energy is a substitutable factor of producticn, a
slackening supply of it should not be taken as a major impediment +to economic
growth. it immediately follows that information about technical substitutabkility
between energy and labor and capital is essential for rational planning ef private
and government concerning foreign trade and allecation of revenues for development

of alternative energy resources.

Intuitively, i% may seem +that labor and energy are complements so that an in-
crease in the price of energy should lead to a decline in employment., But accord-
ing to our results, the opposite is true. The results in Table 1-2 reveal that
higher energy prices indiced more labor-~intensive methods of production, in effect
leading to substitution of labor for energy and an increase in employment for a
given level of eutput. The effect on emplovment was similar ketween the two coun-
tries and grew larger and larger from 1973 to 1979 as labor-intensive methods of
production were adopted to a larger and larger extent over time.

did act as a campiemeni %o ehergy. Higher energy prices 1ow-
ered the capital utilizatien rate ( Ky} both in the U. S. and Canada. The largest
decline in Ky occurred within the first 2-3 years after the shock. In the U. S.
the maximum decline in ¥y was only 2.76% and cecurred in 1975, while in Canada
the corresponding figure was as high as 7.74% and occurred a year earlier (1974).

Capital, however,

labor productivity and real wages also fell victim to the energy price shock.
The results in Tables 1-2 indicate that productivity declined by bigger and bigger
amounts in every vear between 1973 and 1979, reaching a maximum decline of 2?.25%
in the U. 5. and 7.94% in Canhada. Naturally, the decline in real wages followed
the lower productivity resulting from higher energy prices. In the Y., §S. real
wages fell as much as 8.33% in 1974 due to the price shock. In Canada the maximum
decline in real wages was 9.76% and occcurred in 1975,

TASLE 1

DEVIATION FROM BASE CASE FORECASTS, U.S.A.
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TABLE 2

DEVIATION FROM BASE CASE FORECASTS, CANADA
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What happened to energy consumption? Was the demand far energy price elastic?
Ppid consumers cut their consumption of energy in response to higher energy prices?
According to our results, consumers responded very strongly to higher energy pric-
es in both the U. §S. and Canada. Especially, the decline in energy consumption
grew larger and larger over the 1973-79% period as people gradualiyv formed new en-
aergy consumption habits and adopted alternative energy sources. In the UF. S. the
cut in energy consumptiaon was only .54% in 1973, but this figure grew to 9.1%% in
1979, reaching a maximum in this vear. In Canada, the initial effect was larger,
1.83% in 1%73, and it also rose faster to reach a maximum decline of 13% in energy
cansumption in 1979.

Finally, it is interesting %ouv investigate whether the energy price shock af-
fected the price elasticity of output, or eguivalently, the slope of the aggregate
supply curve. Simulations of our model in the actual and base cases revealed that
in the U. S, the aggregate supply curve did indeed rotate due to higher energy
prices, becoming flatter as a result. The numerical value of the price elasticity
of output rose in the U. S. from 7.867 to 10.167 indicating a much stronger sensi-
tivity of the real sector to the price level changes. In Canada, however, the
slope of the agyregate supply remained unchanged according to our results.

4. Conclusion

This paper measures the magnitudes of the effects of &he 1973 energy price
sheck on some major macroeconomic variables such as inflation, unemplovment, pro-
ductivity, real wages, and capital utilization rate far a maintained output scale.
Simulations of our aggregate supply meodel in the presence and absence af the ener-
gy price shock show +that these effects were substantial and 1lasted for the whole
period of the study, 1973-79. The effects on the U, S. and Canada were similar in
direction and pattern but differed in magnitude.

One note of caution is that these effects are the absolute or overall effects
and should be distinguished from the marginal effects. The differences in overall
effects between the U. S, and Canada are influenced by %he fact that energy prices
rose at different rates in the two countries. To eliminate this influence, the
relative or marginal effects of a one-unit increase in energy prices should be in-
vestigated in a further study. The tremendous effects of higher energy prices on
the economic variables should also serve as a warning about the serious nature of
the energy problem and should encourage research on alternative sources of energy.
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Appendix 1

Empirical Estimates of the Model

Tables Al11-Al2 display the estimated form 0f the model. There are eight equations
for each country:

1. The inflation rate determination eguation.

2. The wage equation.

3, The demand for labor function.

4. The man-hour behavior of the emploved labar.

5. The labor participation function for the primary category of
labor.

6. Ihe labor participation function for the secondary category of

abor.

7. Demand for capital.

8. Demand for energy.

The performance aof tﬁe model and its ability to replicate the actual data for each
country is analvzed in Appendix 2.
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Table AlZ:

The Coefficient Estimates of the Aggregate Supply Model For {anada
p = -.002 + .3295.; + .0005w - .022r + .231pg + .035q + .105q.; <+ .00lt (A9)
(1.20) (.002) {1.03) (2.95) (.35) {1.00) {1.52)
RZ = .82  F(7,16) = 16.22 DW = 1.78
w o+ 055 + .524w_; - ,008U - L0050 + .271LP + .522p° (A10)
(3.56) _(3.82) (1.05) (1.28) (3.31)
S 82 = .80 F(5,13) = 19,89 Durbin h = 1.36
=t
in L= 4,305 + 683 In Y ~ 013 In{%) - .104 In (§—=) + .270 InL_; - .020t (A11)
: E
(8.64) (1.56) (6.73) (2.67) (6.14)
R? = .99  F(5,18) = 548.3 Ourbin h = .63
In He = 3,77 + .130y - 008t (A12)
(3.23)  (36.01)
R% = .99 F(2,20) = 1518.09 OW = 1.93

Tahle All - continued
LPRL = .095 - .u02t, RZ = .00 F(1,26) = 2001.6 DU = .86 (A5)
(10.72)
LRz = .62 - L0020 - .023tP + .03d(%) + .o0st, (A6)
(2.46) (2.34) (.38) (4.99)
R2 = .99 F(4,23) = 453,26  OW = 1.57
o
M
¥
Pe
In £ = -1.231 + .527 in Y - .066 1n (Z) - 003 in ¢ + 447 Tn £y - .00t (A7)
(4,02) (1.51) (.21) (3.52) (.25)
RZ = .99 F{5,23) = 1217.13 Durbin h = .91
Tnk = -.964 + ,264 1n Y + L0001 In (f=) =~ .006 1n (L) + .897 Tn K.y - .0OGt (Ag)
£
(5.56) (,13) (.41} (11.15)
RZ = ,009  F(5,22) = 19926 OW = 1,59 ~

{1.47)
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Table Al2 (continued)

.358 - ,002U.; - .OOSLP - .mm:wmu + 011t
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= -.103 + 154 In Y + ,015 In %mv = 024 1n (L} + .676 In K.y + .00Bt
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Appendix 2

Ferformance Measures of the Aggregate Supply Model

To evaluate the model's performance and its 2bility to replicate the data, the

closeness of simulated and actual values should be examined. One measure often
used for this purpose is the root~mean-sguare error (RMSE) which can be decemposed
into a "bias," a "variance,™ and a "cevariance™ components UM, yS, yC. These com-

ponents are known as Theil's statistics:

RMSE = Jﬁiﬁf_fgi - ¥§)2
a7 / Ly ) - )2
a2

U

uS

(o5 - oa)? / 5 ) w3 - %),
uC = 2(1-p)os o2 /£ = { (yt )

In these relations\’s is the simulated and ¥, is the actugl value of the variahble
y{r N is the number of periods in the simul%tlon y » 1% » and &3 are the
means and the standard dev1at10ns of tge serles ¥$ and y? respectively, and { is
their correlation coefficient. and U gre ¢alled the "bias,™ the "vari-
ance,"™ and the "caovariance™ propor&lons of the error respectively. The bias pro-
portion UM is an indication of systematic error. The variance proportion U® indi-
cates the ability of +the model +to replicate +the degree of variabkility in the
variabkle of interest. Finally, +the covariance proportion U™ represents the re-
maining error after deviations from average values and average variabilities are
accounted for. The ideal wvalues for Theil's statistics are UM = US - g and
Ut = 1. Tables A21-A2Z2 display the RMSE and Theil's statistics for the twe coun-
tries.
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ENDNOTES

This was the title of & special review of the World Economy in the 1970's
which was published in The Ecgonomist, December 2%, 1979%.

Eor a more elaborate analysis of aggregate supply modeling, see ahy modern ad-
vanced macro textbook.

For derivation of equations 1, 4, 9 and 11, see any micro textbook.
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IHE INTERNATIONAL GOED STAWDARD: A NEW PERSPECTIVE

Joseph Salerno

1. Introduction

As early as 1923, John Maynard Keynes declared that the choice of an interna-
tional menetarv regime involved an unpleasant dilemma. Kevnhes argued that "If
the external price-level lies outside our control, we must submit either toc our
own internal price-level or to aour exchange being pulled about by externzl influ-
ences. If the external price-level is instable, we cannot Keep both our own price

level apnd our exchanges stable. And we rare compelled +o choose ... " choose

Leeml1] :

The most significant practical implication of Kevnes' contention is, of course.
that a nation must choose either to maintain "fixed" exchange rates between its
own and foreign currencies by participating in the international gold standard or
fo maintain reasonable stability in domestic levels of prices: output, and employ-

ment. Following Kewynes, most economists today are inclined to accept the view
that the operation of the gold standard tends to be inconsistent with the mainte-
nance of domestic macrececencmic stability. Indeed, this is one of the major con-

siderations that led many economists and informed economic policymakers during the
Bretton Woods era to conclude that a regime of fluctuating exchange rates is su-
perior to a fixed exchange-rate system.

In this paper, I shall suggest that the generally accepted explanation of the
impact of the international gold standard on the stability of an individual na-
tion's domestic economy tests on an overly aggregative approach to monetary and
balance-cf-payments theory. This approach tends to obscure rather than elucidate
important issues whose understanding is vital in assessing the relative merits of
competing international monetary systems. The issues in question include: 1.
The tvpe of price variations that are necessary to adjust balance-of-payments di-
sequilibria under the gold standard; 2. The meaning of the terms "inflation™ and
ngaflation™ in the context of an "open™ national economy} and 3. The internaticnal
transmission of business cycles or "macroeconomic instabilitv™ under fluctuating

exchange rates.

In addressing these 1issues below, T shall attempt to rehabilitate and extend
the approach of 2 number of economists writing in the 1930's who pioneered the de-
velopment of a micro—oriented "process analysis™ of monetary and balance-of-pav-
ments phenomenal2]. These writers include the prominent monetary economists,
Ralph Hawtrey{31, Friedrich A. Havek[&4 ), and Lionel {iater Lord) Robbinsi5], and
the less well-known Michael A. Heilperinlé] and F. W. Paish[7].

2. Price Changes and Balance-of-Payments Adjustment under the
Gold Standard

The belief that +there exists a dilemmatic tradeoff between fixity of exchange
rates and stability of domestic economic activity can be traced partly to the con-
ventional explanation of how disequilibria in the balance of payments are normally




