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OIL AND THE MACROECONOMY
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Fig. 1.—Changes in crude oil prices (solid lines) and U.S. recessions (shaded areas), 
1947-75.

This decade of stagnating economic performance coincided with a 
period of rapidly rising energy prices and recurrent disruptions in 
petroleum supply, by the end of which the real price of energy had 
doubled its level of 1972. Not only has there been a secular correla­
tion between energy and output over the last decade, there has been a 
cyclical correlation as well. Oil price increases and reports of heating 
oil shortages in early 1973 were followed by the onset of recession the 
subsequent winter. The sharp OPEC price increases of 1974:1 were 
likewise followed a year later by the dramatic output drop of 1975:1. 
And the gasoline shortages and price increases of 1979:2 in the wake 
of the Iranian revolution preceded the business cycle peak of 1980:1, 
just as the 1980:4-1981:1 oil price increases associated with the Iran- 
Iraq war and U.S. decontrol preceded the business cycle peak of 
1981:3.

Figure 1 indicates that the cyclical tendency manifest over the last 
decade for oil price increases to be followed by recessions has in fact 
characterized every recession in the United States since World War II, 
with the single exception of the recession of 1960-61. The correlation 
has three possible explanations:
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Hypothesis 1: The correlation represents a historical coincidence; 
that is, the factors truly responsible for recessions just happened to 
occur at about the same time as the oil price increases.

Hypothesis 2: The correlation results from an endogenous ex­
planatory variable; that is, there is some third set of influences that in 
fact caused both the oil price increases and the recessions.

Hypothesis 3: At least some of the recessions in the United States 
prior to 1973 were causally influenced by an exogenous increase in 

the price of crude petroleum.
Tests of hypothesis 1 are relatively uncontroversial; provided one 

attends with due care to issues of stochastic specification and data- 
instigated hypotheses, hypothesis 1 can be investigated through a 
straightforward application of traditional tests for absence of statisti­
cal correlation. More subtle is hypothesis 2, which I have investigated 
through two complementary methodologies, the first focusing on in­
stitutional and historical detail and the second on statistical evidence. 
In a separate paper (Hamilton 1982a) I have examined the specific 
historical events and institutions responsible for petroleum prices 
over this period. I argued that the discrete, dramatic pattern of crude 
oil price changes in figure 1 is explained by the specific regulatory 
structure of the oil industry over 1948—72. Each month the Texas 
Railroad Commission (TRC), and other state regulatory' agencies like 
it, would forecast demand for petroleum for the subsequent month 
and would set allowable production levels for wells in the state to meet 
this demand. As a consequence, much of the cyclically endogenous 
component of petroleum demand showed up as a regulatory' shift in 
quantities, not prices.' On the other hand, the TRCs sympathies were 
clearly with the producers it was meant to regulate, and the commis­
sion was generally unwilling or unable to accommodate sudden dis­
ruptions in supply, preferring instead to exploit these events to 
realize the dramatic price increases of figure 1.

The particular historical events behind such disruptions are sum­
marized in table 1. I argued that this list of factors bears little resem­
blance to the usual enumeration of key business cycle developments, 
and in particular it seems difficult to claim economic endogeneity for 
events such as the Iranian nationalization in 1951-52, the Suez crisis 
of 1956-57, the secular decline in U.S. reser\-es toward the end of the

' This regulators- defense of posted petroleum prices also accounts for the close 
correspondence between domestic posted and transaction prices. According to Cassady 
(1954, p. 119). typically only 1 or 2 percent of total domestic crude would trade at 
premiums or discounts from posted prices and rarely more than 5 or 6 percent. This 
was not the case for internationally traded oil (see .Adelman 1972; “What Price Crude 
Oil” 1969). whose price was not included in the Wholesale Price Inde.x (WP10.561) on 
which my statistical results are Iwsed. See Hamilton (1982fl) for further discussion.

yMi
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TABLE 1
Principal Causes ok Crude Oil Price Increases. 1947-81

Oil Price 
Episode Principal Factors

Previous iiivestnieni in produclion and iransportaiion capaciiy inade­
quate to meet postwar needs; decreased coal production resulting troni 
shorter work week; European reconstruction 

Iranian nationalization; strikes by oil, coal, and steel workers; import 
posture of Texas Railroad Commission 

Suez crisis •
Secular decline in U.S. reserves; strikes by oil workers 
Rupture of trans-Arabian pipeline; Libyan production cutbacks, coal 

price increases (strikes by coal workers; increased coal exports; environ­
mental legislation)

Stagnating U.S. production; OPEC embargo 
Iranian revolution
Iran-lraq war; removal of U.S. price controls______________________

Soviirr..—llJiiiilloli (I'JHSii).

1947-48
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ISoOs. the 1970 rupture of the trans-Arabian pipeline, the 197.S-74 
OPEC embargo, the 1979 Iranian revolution, and the 1980 Iran-lraq 
war. My conclusion was that the regulatory environment thus acted to 
filter out many of the economically endogenous influences on petro­
leum demand and supply, with the result that the particular timing of 
changes in nominal crude oil prices reflects largely exogenous devel­
opments specific to the petroleum sector.

The second method by which I have sought to test for the en­
dogeneity of crude oil prices is based on the suggestion of Granger 
(1969). The institutional perspective described above motivates the 
maintained null hypothesis of strict econometric exogeneity of crude 
oil prices. This hypothesis has the statistically refutable implication 
that no other series should “Granger-cause” oil prices. More loosely, I 
would further assert that if instead hypothesis 2 is true—that is, it 
some third set of variables in fact caused both the oil price increases 
and the recessions—then one should be able to identify unusual be­
havior in some of the key macro series in evidence prior to the oil price 
increases, which could have contributed significantly to the prediction 
of subsequent changes in oil prices.

A number of asymptotically equivalent tests have been proposed 
for assessing such a contribution to prediction. Monte Carlo studies 
by Geweke, Meese, and Dent (1979) and Nelson and Schwert (1979) 
suggest that the best approach may be to perform ordinary least

squares on
z, = flo + aiZ,-i 4- . . . + 4- ii.v,-i 4- ... 4- + e, (1)
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and test whether .v is statistically informative about future z in the 
form of the restriction bi = ... = b,/ = 0. For example, if z represents 
oil prices and x some other macro variable or set of macro variables 
suspected of causing oil prices, then I would regard failure to reject 
the null hypothesis H„: b\ = ... = b,/ = 0 »s failure to find evidence of 
unusual behavior in these macro variables prior to the oil price epi­
sode and thus as undermining the proposition that some third key 
influence was common to both the oil price increases and the subse­
quent recessions. On the other hand, if we perform a parallel test, 
letting z in equation (1) be the macro series and .v oil prices, then I 
shall regard rejection of H„ as evidence against the assertion that the 
correlation between oil prices and real output is just a coincidence.

Limitations of such “causality” tests are well known. The finding “x 
does not Granger-cause z” is neither necessary nor sufficient for a 
least-squares regression of .v on past x and past and present z to yield 
consistent estimates of the parameters, nor does the statistical asser­
tion “.V Granger-causes z” say anything about .v forcing or producing z 
in the sense that we might normally use the word “cause.”" I argue 
instead that the combined discovery that “oil is statistically informa­
tive about future .v” and “x is not statistically informative about future 
oil,” if found for a variety of scalar and vector candidates for x, would 
indicate that (1) the correlation between oil and macro variables is not 
just a coincidence, and (2) no evidence could be found that the oil 
price increases would have been predicted on the basis of what was 
happening in the macroeconomy up until that time. Such a finding, in 
conjunction with the historical analysis of the apparently exogenous 
causes of oil price increases, could then establish the case for seeking a 
causal interpretation of the pattern in figure 1.

1983 II. The Role of Oil in a Simple Macroeconomic Model

As a starting point for this analysis, I examine the role of oil in a 
version of the six-variable system which Sims (19806) presented as a 
compact approximation to macroeconomic reality. This system in­
cludes two output variables (real GNP and unem.ployment), three 
price variables (implicit price deflator for nonfarm business income, 
hourly compensation per worker, and import prices), and a single 
series M1 to represent the financial sector. My analysis also addresses 
two possible sources of nonstationarity. First, oil prices have obviously 
been determined under a radically different institutional regime since 
1973 than before. Restricting the analysis to the period prior to 1973

UMI

^Jacobs. Learner, and Ward 1979; Geweke 1980. Some of the obvious criticisms of 
such tests were anticipated by Sims (1972, 1977).
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TABLE 2
BivARiATt Granger-Calsality Tests for Six Variables in- 

Sims’s (1980ft) System versus Chances in Oil Prices

7 = 4. T 
(/ = 1949:2-

= 9.5 
-1972:4)

7 = 8. r 
(/ = 19;')0;2-

= 91 
-1972:4)

Null-------------------
Hypothesis f‘(4,86) (/;-value) F(8,74) (/;-value)

RealGNPiy, = log{GN/^72,_/GA'P72,_,

H,: 0 -A y

):
(.68)
(.OOO.'))

.71
3.28

(:68)
(.003)

Unemployment; u, = RUNS,:
H.y. « -A 0 2.06
H.\: 0-1* u 3.79

(.09)
(.007)

1.48
3.08

(.18)
(.005)

U.S. prices: 1), = \ofr{PYNDOMNF,lpyNDOMNF,.,): 
Hr^f,-ho 2.01 (.10)
h;.:o-A/, .40 (.81)

1..54
.31

(.16)
(.96)

Wages: w, = \oaURWSSNF,IJRWSSNF,.i):
H.:w-/*o 192 (.11)
Hh:o-Au’ 1.28 (.28)

1.46
1.32

(.19)
(.25)

Money; m, = \og{MONEYNS,l\iONEYNS,-.\)
- \oe(MONEYNS,-,IMONEYNS,-r,):

.42 (.79)
Hw-o-hm 1.10 (-30)

.49
2.22

(.86)
(.04)

Import prices: p;" = log(/W,//'M,-1): 
H\,:p"'-f*o .55
Hy,:o-f*p'“ .22

.92

(.70)
(.93)
(.46)

3.21
.26

1.01

(.003)
(.98)
(.44)

avoids this source of nonstationarity'^ and also separates the data that 
suggested the hypothesis (i.e., post-OPEC experience) from those on 
which it is to be tested. A second source of nonstationarity is the 
secular time trend common to many macro series. This was generally 
treated by first-differencing, and where the autocorrelogram con­
tinued to exhibit symptoms of unit seasonal roots, a subsequent 
fourth difference was taken as well. Results for pre-1973 <^3ta ot 
bivariate Granger-causality tests between oil price changes and de­
trended values of each of Sims’s six variables are reported m table 2.

•' A struciural shift in the univariate process for oil prices could change the reduced- 
form relation between output and oil prices even if the relation between innovations of 
the two series remained the same. Hence, tests of the null hypothesis that oil F'ces do 
not Granger-cause output may have limited power if the sample is nonstaiionar> m th s 
sense. It is also of cou«e possible that OPEC today bases its decisions on ^.S. output 
and prices in a manner which was not the case for oil prices over the period 1948-72 so 
that tests for other series which lead oil prices might well give different answers under
the post-OPEC regime.

Statistics for x -/» z represent an T-test of ft, - ft,, = 0 in an OLS estimation of
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-0.05-

-0.30
1 2 3 4 5 6 7 8 9 10 11 12 lag (k)

-“Final form" relation bciueen changes in real GNP and previous changes in 
as estimated for (n) 1948-72; (h) 1973-80.

The failure to reject hypothesis //] indicates a lack of evidence of any 
unusual behavior in real output which could have been used effec­
tively to predict oil price changes over the 1948—72 period. On the 
other hand, the parallel hypothesis Ho that oil price changes could not 
contribute to a prediction of future changes in real GNP can be easily 
rejected at the .001 level based on a four-lag regression and almost as 
solidly for an eight-lag regression. Inverting the autoregressive lag 
polynomial in the bivariate four-lag regression associated with Ho 
produces an infinite distributed lag of y on past values of o alone, the 
coefficients of which are plotted in figure 2a: typically, an increase in 
oil prices was followed 3-4 quarters later by slower output growth, 
with a recov;;ry beginning after 6-7 quarters.

Results for unemployment, the second output variable in Sims’s 
system, are similar. Unemployment does a modestly better job at pre­
dicting oil prices than did real GNP, though the relation is not statisti-

eq. (I), with 7 = 4 and 8 and I running over Ijounds indicated in column headings. The 
variable o, represents first-differenced logs of enfl-of-quarier values of monthly 
WP10561, seasonally unadjusted. All data used in this analysis are published in Hamil­
ton (19826) and are available from the author on request.

UMI
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cally significant at the .05 level. ’ The test for Granger causality run­
ning in the other direction, however, is again unambiguous; clear 
rejection of hypothesis at the .01 level casts serious doubt on the 
proposition that the correlation between oil price changes and future 
levels of unemployment represents a random coincidence.

Domestic prices (Hr,) and wages (Z/?) turn out to be no better pre­
dictors of oil prices than unemployment; the oil price series is clearly 
doing something substantially more than Just mirroring the behavior 
of prices generally in the economy. It is also clear from hypothesis Hij 
in table 2 that changes in the growth rate of Ml, sometimes asserted 
to be a driving variable in the postwar economy, did not exhibit any 
unusual behavior prior to the oil price increases. On the other hand, 
the data warrant rejection based on the eight-lag test of hypothesis 
Hio that money growth rates were themselves unaffected by changes 
in oil prices. An increase in oil prices tended to be followed for the 
next year by slower than normal rates of growth of money and by 
faster than normal rates once the economy started to pull out of

recession. ..■•in
The only one of Sims’s six variables to show up as individually

statistically significant prior to oil prices is the change in import prices, 
and here only in the eight-lag regression (hypothesis ZZi 1 in table 2). 
Nor do the six variables collectively exhibit statistically unusual behav­
ior in the year prior to the oil price increase (hypothesis H i in table 3). 
However, the F-test is close to the critical value, and in estimating 29 
parameters, this latter test is not especially powerful. It might there­
fore be argued that import prices contributed to a prediction of oil 
prices in the eight-lag regression of hypothesis ZZ11 in table 2 because 
import prices somehow captured better than the other five series the 
particular point in a business expansion at which excessive aggregate 
demand was soon to be manifest in an increase in oil prices. I have 
tried to test for this possibility using an approach pioneered by Barro 
(1977). As a first step I constructed a regression equation to predict 
import price changes according to previous values of each of the six 
variables in my version of Sims’s system:

pT = aa + x;_iai + xZ-oao 

+ . . . + x,'--ia.i -I- e„

* Note that use of the 5 percent level implies that for every 20 independent series 
tested, one will falsely appear to Granger-cause oil prices. For the large nuniher of 
series examined in this paper this would seem to stack the odds against the finding ol 
exogeneity. An alternative to classical hypothesis testing is to interpret the f-tests as a 
purely descriptive statistic of the usefulness of the variable in predicting oil prices. 
Specifying a critical value of 5 percent is equivalent to requiring the four parameters 
estimated for an added variable to increase the by .10 over a four-lag autoregression 
for oil prices.
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TABLE

Mlli IVAKIATE (;ran<;kr-(:ausau tv Tksts

Hx\ V. u. I>, n'. III. //" -f* II
I = 1949; 2-1072:-4. 4 hit's c:icli v:iiial)Ic 
m.Bli) = 1.(>1.// = .91).')

Hy. II V given jkisi v. ii. p. ir.»«. p'"
I = 1949:2-1972:4.4 lags eatli variable 
F(4.(i«) = ().03. p = .000:4 

Hy II -I* II given past v. n. p. u‘. »"•
t = 1949:2-1972:4. 4 lags e;itb variable 
/•(4.6()) = :4.99. p = .00(>

Hx: II-f* \ given past v. //"
I = 19.i0:2-1972:4. « lags each variable 
f (S.lib) = :4.4.->. p = .002
II -f* V given past v. *
/ = 19.70:2-1972:4. « lags each variable 
f (8.0(5) = ;4.I8. p = .004 

H„: II ->* V given (last v. //
I = '19.70:2-1972:4. 8 lags eaeb variable
f(8.(5(5) = ;4.:54./; = .00:4 

Hy II -t* V given past v. //". v. //
I = 1949:2-1972:4. 4 lags each variable 
F(4.74) = :4.:49./i = .01:4

where x’, = (y„ u„ p„ w„ m„ p"‘). I then interpreted the fitted values of 
this equation p",‘ as that component of import price changes which was 
most clearly endogenous with respect to the business cycle. The sec­
ond step was to compare these fitted values p",' with the estimated 
residuals p'!‘ - pT in terms of their ability to explain future changes in 
oil prices:'*

0, = b{) + b\0i-\ -t- b‘20i-2 + . . .

+ b»o,-H + cip',"-x 4- . . . + ChA"-h

-b ddpr-i - + ... + Mpr-H - p',u)
+ V,.

to ^ Mtieme of imp&n m (M

In this and subsequent “anticipated-unanticipated” tests, the lags were chosen so as 
to give the strongest prediction of oil prices; hence, lag 8 was chosen in (3) in the light of 
hypothesis W|, in table 2.

UMI
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Other hand, the data fail to reject at the .05 level the null hypothesis 
that oil prices were influenced only by that part of import price 
changes which could not have been anticipated on the basis of the 
earlier state of U.S. prices and output; that is, the data admit the 
restrictions = ... = cg = 0,F(8,58) = 1.78,/; = .10. Moreover,even 
in a regression of output changes on four lags each of y, u, p, w,m, an 
p'" lagged oil prices still enter statistically significantly in predictions 
of output (H., in table 3) and unemployment in table 3) over this 
period. I thus conclude that to the extent that oil prices were cor­
related with previous changes in import prices, this correlation is not 
attributable to import prices acting as a proxy for the general state ot 
output or prices in the U.S. economy as a whole.

Of course, the possibility remains that import prices were cor­
related with some other unspecified influences that were in fact true 
causes of the recessions. There are, however, several reasons for 
doubting this interpretation as well. (1) Import prices do not them­
selves Granger-cause output in either the four- or eight-lag regres­
sions in table 2). (2) Those oil price increases anticipated on the 
basis of an eight-lag regression on past import and oil prices ikewise 
fail to Granger-cause output, F(4,74) = - .36. (3) Rather, it is
precisely those oil price increases which were unanticipated on the 
basis of previous import prices which account for the correlation be­
tween oil prices and output, f (4,74) = 3.80, p = .007. (4) Even wi^ 
eight lags on import prices and output, lagged oil prices still contrib­
ute significantly to a prediction of output (H.i m table 3). Thus, even 
though import prices are statistically informative about future oil 
prices over this period, this correlation is unable to account for that
between oil prices and output. • c- -

The results of this investigation into the role of oil in Simss inacro 
model thus suggest that oil price increases over the period 1948-72 
tended to be followed by reductions in real GNP growth that would 
not have been anticipated on the basis of the previous behavior ot 
output, prices, or the money supply. Moreover, this statistical regu­
larity is exceedingly unlikely to have resulted from random correla­
tion between the series, and I have likewise been unable to find any 
indication that the correlation arises because oil prices were proxymg 
some third macroeconomic influence that was in fact the true cause ot 
the recessions. It is, of course, still possible that the particular series 
represented in Sims’s system may not adequately represent the status 
of key macro variables. Accordingly, I examine in the next section a 
number of output, price, and financial variables not included in 
Sims’s system for evidence of a common third factor behind oil prices 
and recessions during 1948-72.



VOL

9 1

ISS

A P

1983

UMI

238 JOURNAL OF POLITICAL ECONOMY

III. Alternative Indicators of Output, Prices, and Finance

Output
Some may object to the regression of a real on a nominal magnitude. 
However, nominal GNP is no better a predictor of nominal oil prices 
than was real GNP (hypothesis 1 in table 4), whereas nominal oil 
prices still Granger-cause nominal GNP, F(8,74) = 2,44, p = .02. 
Note that, apart from the constant term, this latter regression is equiv­
alent to a regression of real GNP on real oil prices.’

It is also conceivable that even though oil price increases do not 
seem to have been preceded by any unusual changes in the flow of 
output, there could be subtle differences in the composition of this 
flow between final sales and accumulation of inventories that were 
important in determining the future course of events. Hypothesis 2 in 
table 4, however, uncovers no evidence that changes in oil prices were 
preceded by any changes in the ratio of inventories to final sales, I 
further observe in hypothesis 3 that the Bureau of Economic Analysis 
(BEA) index of leading indicators likewise failed to be statistically 
informative about future oil prices over the 1948-72 period. Capacity. 
utilization rates (hypothesis 4) would surely register an unusual status 
of aggregate demand, but as with all of the other output measures I 
have examined, this series contains no useful information about the 
timing of oil price shocks.

I suggested in table 1 that strikes by oil, coal, and perhaps steel 
workers were contributing factors in several of the oil price increases. 
A general increase in strike activity may in turn have reflected a 
critical state in the business cycle or may itself have played a role in the 
subsequent recessions. Hypothesis 5 in table 4 confirms that a statisti­
cally significant portion of the variance in oil price changes could be 
accounted for by the ratio of man-days idle due to strikes to total 
employment. However, the data reject the hypothesis that only those 
strikes anticipated on the basis of a regression on Sims’s six variables 
are correlated with future oil prices, F(4,74) = 3.31,/? = .01, whereas 
the data admit the hypothesis that only unanticipated strikes mat­
tered, F(4,74) = 1.64, p = .17; thus strikes seem not to have been 
acting as proxy for the general state of the macroeconomy. Moreover, 
(1) those oil price increases anticipated on the basis of an eight-lag 
regression on past strikes and oil prices fail to Granger-cause output,

■ I nevertheless regard H-, in table 2 as the specification of interest, since (1) the 
institutional argument is that nominal, not real, oil prices track the historical petroleum 
shocks and are the exogenous variable belonging in a reduced-form regression, and (2) 
it is naive to assume that the expected change in the relative shadow price of oil equals 
the (possibly disequilibrium) market price divided by a contemporaneous price index 
(see Hamilton 19826).



--fl

OIL AND THE MACROECONOMY 239

TABLE 4
Marginal Significance Levels for Rejection of Null Hyi-othesis That .y Does 

Not Granger-Cause Oil Prices, for x Alternative Indicators 
OF Output, Prices, and Finance, 1948-72

Filter for 
Stationariiy

F(4,86) F(8,74)
/)-value /;-value

uuipui:
1. Nominal GNP (1 - Z.)(l - L')log
2. Inventories/sales (1 - L)
3. BEA Index of Leading Indicators (1 - L)
4. FRB Index of Capacity Uiilization 1
5. Strikes 1

Prices:
6. Relative oil prices 1
7. Wholesale prices (1 - L)log
8. Nonferrous metals (1 - L)log
9. Iron and steel (1 - L)log

10. Farm products (1 - L)log
11. Lumber products (1 - L)log
12. Coal (1 - L)log

Finance:
13. BAA Bond Yields (1 - L)
14. Dow-Jones Industrial Average (1 - L)log

(.60)
(.58)
(.36)
(.27)
(.04)*

(.13)
(.76)
(.87)
(.13)
(.38)
(.90)
(.003)**

(.10)
(.68)

(.50)
(.75)
(.61)
(.33)
(.13)

(.18)
(.88)
(.45) .
(.12)
(.55)
(.42)
(.004)**

(.55)
(.44)

XOTE.-BEA = Bureau of Economic Analysis: FRB = Federal Reserve Board: BAA = a lype of raiii.K Riven to 
bonds ihai reflects a company’s financial status.

• Statistically significant at 5 percent level.
•• Statistically significant at 1 percent level.

(4,7?) = 1-38, p = -25. (2) By contrast, unanticipated oil prices are 
statistically informative about future output, i^(4,78) = 5.66, p = 
.005. (3) Oil price increases are still statistically informative about 
future output even if lagged srrikes are taken into account in the 
regression in table 3). Again, an apparent cause of oil price in­
creases has been found, but, as in the case of import prices, it appears 
to be a largely exogenous influence and is not amenable to a third- 
variable interpretation of the oil-output connection.

Prices
While one may argue that the proximate cause of the oil price in­
creases of 1957 was the Texas Railroad Commission’s refusal to raise 
production allowables in the wake of the Suez crisis, it still might be 
argued that the TRC’s desire to see prices rise was in turn conditional 
on the modest inflation of 1954-56. I have sought evidence of an 
inflationary “catch-up” effect by regressing oil price changes on the 
(not detrended) ratio of the crude oil producer price index to that for 
commodities generally. Hypothesis 6 in table 4 shows that such a
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variable does a slightly worse job of predicting oil price changes than 
did simple changes in the implicit business income deflator While a 
catch-up phenomenon was surely operative, it seems unable statisti­
cally to explain the particular timing of the oil price shocks or, thus, 
the regularity in the timing between these oil shocks and the subse-

"’'*DelpTtrthe°apparent absence of unusual aggregate demand condi­
tions prior to the oil price increases, the concern remains that oil 
prices increase when economic booms confront inelastic commodity 
supplies; recessions, for reasons unrelated to the commodity price 
increases, might then follow booms. The main difficulty with this 
interpretation, however, is that one should see a pattern similar to 
that in figure 1 for a variety of price indexes; I am aware of no other 
series which displays parallel behavior. For example, neither the gen­
eral wholesale price index, F(4,86) = 0.47, p - .76, nor that for
nonferrous metals, F(4,86) = 1.04,/; = .39, Granger-causes real GNP 
over this period, and a repetition of the test used to establish the 
exogeneity of oil prices would lead to the conclusion that increases in 
nonferrous metals prices could easily be predicted from previous 
changes in real GNP. F(4,86) = 4.19, /; = .004.1 have been unable to 
find any unusual behavior in the prices of nonferrous. metals, iron 
and steel, farm products, or lumber products prior to the 
increases (hypotheses 8-11 in table 4). The one price series which I 
have found to be strongly correlated with future oil price changes is 
that for coal, which finding again corroborates the historical conclu­

sions of table 1. . , , f,.,.
I have repeated the anticipated-unanticipated decomposition tor

this coal-oil relationship. Coal prices again seem not to be proxymg 
the general state of Sims’s macroeconomy. On the other hand, both 
those oil price increases anticipated on the basis of coal prices, F(4,78) 
= 3.29, p = .02, and those unanticipated (p = 6 x 10 ’) have a
statistically significant correlation with future output. Part of the 
strength of the observed oil-output relation, then, may be attributable 
to the fact that crude oil price increases reflected broader increases in 
the relative price of energy generally. Still, coal prices are not by 
themselves statistically informative about future output, T(4,«b) 
1.42, p = .23;F(8,72) = 1.30, p = .26; nor does the inclusion of coal 
prices in any way diminish the statistical contribution of oil prices {He, 
in table 3). Note further that even inclusion of all three of the eco­
nomic variables associated with oil prices likewise cannot account for 
the statistical correlation between oil prices and output {H- m tab e 3), 
despite the fact that these three variables were selected specifically on 
the basis of their collinearity with oil price changes.

UMl
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Financial Variables
Sims (1980a) has noticed a tendency for postwar recessions to be 
preceded by an increase in interest rates, which seems to have pre­
dated the decline in the rate of growth of the money supply known to 
be associated with the first stages of an economic downturn. I indeed 
found a positive correlation between oil price changes and the change 
in interest rates the previous period, though a test for statisticaj 
significance fails to reject the null hypothesis of no relation at the .05 
level (hypothesis 13 in table 4), and the correlation is certainly not 
strong enough to explain the oil-G,NP connection. Moreover, oil price 
increases tended to be followed by dramatic adjustments in the bond 
markets that would not have been anticipated on the basis of the 
earlier pattern developing in interest rates, f (4,86) = 3.80, p = .007. 
As final evidence against the assertion that some third influence both 
caused the oil price increases and contained the seeds of an incipient 
recession, I add the testimony of efficient markets: hypothesis 14 in 
table 4 shows that if recession was incipient prior to the oil shocks, it 
was news to Wall Street.

IV. Specification Analysis
Precisely because the visual appearance of figure 1 is so draniatic, oil 
price changes clearly cannot be presumed to follow a Gaussian pro­
cess. This has implications both for the probability distribution as­
sumed for regression residuals and for functional form.

The Distribution of Regi'ession Residuals
My maintained hypothesis is that the variance of oil price changes was 
historically dominated by dramatic, exogenous events. In the regres­
sion used to test in table 2,

0, = Co -I- a,o,-i + . . . + aHO,-H

-t- b]y,-i + . . . + buyi-H + e,.
This corresponds to the joint assertion that /;, = ... = = 0 and that
e, follows a highly leptokurtic probability distribution. Accordingly, an 
F-test could lead to rejection either because b 5^ 0 or because the 
small-sample properties of this test are poor when the e, are nonnor­
mal.” The Lomnicki (1961, p. 59) test for leptokurtosis compares the

** Even for normal errors, the f-tesi is only appropriate asymptotically. The assertion 
that ratios of sums of squares of highly leptokurtic residuals converge more slowly to 
the limiting distribution than if the true innovations were Gaussian remains an un­
proven conjecture of the author.
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sample second and fourth moments about the mean (wa and ?//.i) with 
those expected for a normal distribution. For a white noise Gaussian 
process, the statistic L = " 3)/V^ asymptotically ap­
proaches an N(0, 1) distribution. For the residuals ot regression 4, L 
= 30.04, and three of the 91 re.siduals are more than four standard 
deviations from zero—quite impossible events for a normal variate.

previously reported ^-values associated with other

§eie oi! pto might stispefied of misstHtmg iiie
true probability. . , . -j

By contrast, there is no particular reason to believe that the resid­
uals from regressions in which oil price changes are the independent 
variable are similarly ill behaved. For example, in the regression asso­
ciated with H‘j in table 2,

y, = flo + fliV/-! + . . • + anyt-H
+ iiO,_i -t- . . . -1- buOi-K 4- M/,

L = 1.14 and only two of these 91 residuals exceed two standard 
deviations. Thus the specification issue raised in connection with 
equation (4) seems not to apply to the tests for whether oil prices
Granger-cause other macro series.

Geweke (1978, p. 169) suggested that one can exploit this asym­
metry in choosing between the Granger (1969) and Sims (1972) ver­
sions of these tests. One can thus test for whether output Granger- 
causes oil prices through a regression in which the latter appears as 
the independent variable, namely,

_V/ = flo + «!>’/-1 + - . • + + bi)0,
+ b\o,-\ + . . . + buOi-f^ 4- C\Oi+\ (6)

4- ... 4- 4- v„
and testing the null hypothesis)’ does not Granger-cause o in the form 
of the restriction c, = . . . = c, = 0. Note that the residuals so 
restricted are essentially identical to the unrestricted residuals in (o), 
which were already seen to have been compatible with a Gaussian 
assumption.-'

I have repeated the key tests for other series Granger-causing oil 
prices based on equation (6). None of Sims’s six variables turn out to 
be statistically informative about future oil prices based on this 
specification for either 5 = 4 or 5 = 8, the strongest result coming for 
the four-lead test for wages predicting oil, F(4,66) = 2.04, p - .10. In

On either (4) or (6), f-iesis are apt to be a similar transformation of the conditional 
cross-correlation between v, and o,+; (see Theil 1971, pp. 173-74). Thus, the fact that 
(6) exists as a well-motivated test helps justify use of standard hypothesis tests on (4).

UMI
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particular, the earlier finding that import prices were statistically in­
formative about future oil prices cannot be reproduced under this 
alternative form of the test. On the other hand, the statistical in­
fluence of strike activity, F(4,66) = 3.42, p = .01, and coal prices, 
f (4,66; = 5.23, p = .001, on the crude oil price series is reconfirmed 
under the Sims-Geweke test. The conclusion that oil price increases 
over the period 1948-72 primarily reflected the influence of econom­
ically exogenous events thus appears to be robust with respect to the 
assumed distribution of regression residuals.

Functional Form and Structural Stability
It is well known that for a multivariate Gaussian process the expecta­
tion of one variable conditional on the values of the others is linear in 
the observed values. Alternatively, one often hopes to approximate 
an arbitrary function in a neighborhood of the sample mean by a 
linear relation. However, oil price changes are exceedingly lep- 
tokurtic, and the increases of 1974:1 were three times as large as 
anything observed during 1948-72. Consequently, extrapolation to 
post-1973 data of a linear relation between oil prices and output 
estimated over 1948-72 must be regarded with some caution, and 
indeed the postsample predictions of this relation turn out to be quite 
poor. An f-test documents a structural change among the nine 
coefficients of the relation

y, = Co + aiyi- 1 -1- ... -1-

+ biO,-i -I- ... 4- b,iO,--i + u,

between the sample periods t = 1949:2-1972:4 and t = 1973:1- 
1980:3, F(9,108) = 2.43, p = .01.'“

Is it possible, then, that the regularity observed in (7) over the 
period 1948-72 represents a historical aberration which has no rela­
tion to events since then? Columns 1 and 2 in table 5 compare the 
coefficients in (7) estimated separately for t = 1949:2-1972:4 and / 
= 1973:1-1980:3, while figure 2 compares the final forms associ­
ated with each of these separate regressions. The dynamics of the 
relation in fact appear to be very similar over the two periods, with an 
increase in oil prices followed for 4 quarters by successively slower 
rates of growth of real GNP, and then a recovery after 6-7 quarters. 
Furthermore, the 1973-80 data in themselves warrant clear rejection 
of the null hypothesis that oil prices did not Granger-cause real GNP 
during the post-OPEC period (col. 2 in table 5). The impression, then,

See Fisher (1970) for details of the tests invoked for structural change.
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TABLE 5
Regression Coeekigients Rei^ting v, to «, eor Ixdigatei) Sample Periods, wtih 

/^-Test That Coeeficien is on La(;ged o, Are All Zero

Sample Period*

COEE-
EICIENT

1949:2-1972:4
(I)

1973:1-1980:3 1948:2-197214 1948:2-1980:3 
(2) (3) (4)

.011 .023 .0088
(.0016) (.0050). (.0017)
.19 -.20 .30

(.097) (.18) (.10)
.15 -.064 .10

(.097) (.20) (.11)
-.049 -.088 -.098
(.097) (.20) (.10)

-.28 -.34 -.26
(.092) (.19) (.10)

-.061 -.023 -.041
(.056) (.028) (.061)

-.082 -.038 .019
(.056) (.028) (.036)

-.170 - .078 -.057
(.037) (.0.30) (.035)

-.177 -.115 -.047
(.059) (.033) (.035)

f(4.86) = f(4,22) = f(4,90) =
a.oo 5.71 1.51

.0005 .003 .21

.010
(.0016)
.21

(.088) 
.16 

(.092) 
-.081 

(.092) 
-.25 

(.088) 
.004 

(.023) 
-.007 

(.021) 
-.030 

(.021) 
-.062 

(.021) 
mi21) =

5.28
.0007

NoTt.-v, = qiumrlv clia:ii!« in l»K <>f real GNP: ", = <niamrly chaiiKc-s in   cn<la.r.|K.rifnl crude nil
prico. SF.M>r crK-fTicienls are in paremlicM-s.

• BmincU <in f in renrecsion 7.

is that the separate periods 1948—72 and 1973—80 are each character­
ized by a statistically significant relation between oil prices and real 
GNP and that, while this relation manifests similar dynamics across 
the two periods, a linear approximation to it would lead to a choice of 
smaller coefficients on oil price increases for the later period.

A similar phenomenon is observed when one includes the volatile 
oil prices of 1947 (see col. 3 in table 5). Estimation of equation (7) for 
/ = 1948:2-1972:4 again yields substantially lower coefficients on 
the oil price terms than were obtained for t = 1949:2—1972:4," 
and indeed the relation between oil prices and output is no longer 
significant at the .05 level (col. 3 in table 5). A Chow test for structural 
change confirms that the 1948-72 linear relation does not adequately 
capture the 1947 experience, f(4,86) = 5.37, p = .0007. Never­
theless, when one averages in the 1947 experience by estimating

"The original investigation started with t = 1949:2. i.e.. was restricted to data 
beginning in 1948:2. since this is the first date for which some of the detrended series 
were available.
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equation (7) for t - 1948:2-1972:4 as though it were a single stable 
relation, the estimated coefficients have a much better fit to post-1973 
experience than did those estimated for I = 1949:2-1972:4, giving 
rise to a postsample mean squared forecast error of 1.22 x 10“ ' for 
the period 1973:1-1980:3, as opposed to 1.46 x 10“ ' for a purely 
autoregressive relation on y. Likewise, the data fail to reject the null 
hypothesis of no structural change between this average relation es­
timated for I = 1948:2-1972:4 and a second regression estimated 
for / = 1973:1-1980:3, F(9,112) = 1.27,/; = .26.

There are thus at least some aspects of the relation between oil 
prices and output which are quite similar across the different periods. 
One might accordingly try to reconcile the two dynamic multipliers 
illustrated in figure 2 with a single functional form, interpreting the 
two paths as derivatives averaged over two parts of a nonlinear rela­
tion. However, nonlinearity is clearly not the only explanation for the 
discrepancy. Even though equation (7) may represent a feedback-free 
reduced-form relation, any changes in the structural equations of the 
system would of course also change the coefficients in this relation. 
One obvious candidate for such change is the secular inflation rate, 
the periods 1947:2-1948:1 and 1973:1-1980:3 being characterized 
on average by general price increases some five to six times as great as 
those during 1948:2-1972:4. The same nominal oil price increase 
could be expected to lead to a smaller output effect during inflation­
ary times than in noninflationary times, and this is exactly what was 
found in figure 2 and table 5.

There are a number of other factors which could also give rise to 
instability in a reduced-form relation such as (7). In late 1947 and 
since 1972, but at no time in between these dates, Texas oil fields were 
at 100 percent production. Movements in the price of crude would 
represent fundamentally different signals of supply and demand dur­
ing the regulatory regime than they would outside it. Likewise, oil 
price increases have sometimes been accompanied by contemporary 
accounts of consumer rationing; if oil prices have historically served 
as a proxy for such quantity constraints, equation (7) would falsely 
anticipate a contraction in output for an increase in the price of crude 
that might not have been associated with any physical shortages. Fi­
nally, to the extent that a deliberate monetary contraction is part of 
the sequence of events subsequent to the oil price increases that led to 
recession, a change in this regime could also alter the effective impact 
multipliers associated with (7).

V. Conclusions
Seven of the eight postwar recessions in the United States have been 
preceded by a dramatic increase in the price of crude. What further
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can be said about this correlation in the light of the econometric 

evidence presented above?
1. There are few grounds for claiming that the correlation between 

oil prices and output represents just a statistical coincidence. The 
evidence since 1973 in itself is sufficient to motivate a suspicion of a 
systematic relation between oil prices and output, and searching for a 
similar pattern in a different data set (1948—72) calls for clear rejec­
tion of the null hypothesis of no relation at the .01 significance level 
and, for some tests, at the .001 level. Accordingly, a systematic ac­
count of why oil price increases should have been followed 3-4 quar­
ters later by output declines seems to be called for.

2. 1 find little support for the proposition that over the period 
1948-72 some third set of influences was responsible for both the oil 
price increases and the subsequent recessions. None of the six vari­
ables in Sims’s (19806) macroeconomic system, singly or collectively, 
exhibited any unusual behavior in the year prior to the oil price 
increases that could have been used statistically to predict the oil price 
episodes, and only import prices, which one might have expected to 
be the series least indicative of endogenous business conditions, were 
statistically informative about future oil prices based on 8-quarter 
lags. 1 further observe that (a) this latter correlation seems to be 
attributable precisely to that component of import price changes that 
would not have been predicted on the basis of previous changes in 
U.S. output, prices, or money growth rates; (6) it is in fact those oil 
price changes that would not have been predicted on the basis of 
previous import price changes that are statistically informative about 
future output; and (c) import prices could not by themselves have 
been used to predict the subsequent economic downturns. Moreover, 
the conclusion that import prices over the period 1948-72 were statis­
tically informative about future oil prices was not found to be robust 
with respect to an alternative specification that perhaps relies on more 
realistic distributional assumptions. If some third macroeconomic 
variable was in fact responsible for both the oil price increases and the 
subsequent recessions, its effect is not apparent in this small version of 

the macroeconomy.
In searching a variety of other series for evidence of unusual statis­

tical behavior prior to the oil price shocks, I have found that the series 
most useful in predicting oil prices are, again, least likely to be re­
garded as key endogenous indicators of economic activity. Inven­
tories, capacity utilization, the Bureau of Economic Analysis (BEA) 
leading indicator series, interest rates, and the stock market would all 
have failed to predict the major oil price changes over the period 
1948-72. One likewise cannot mimic the oil price-GNP relation us­
ing wholesale prices generally, nor could a variety of aggregate or
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specific commodity price indexes have been used to predict the oil 
price increases. The two series which I have found to be statistically 
informative about future oil price changes over this period are (a) the 
aggregate incidence of strike activity and {b) coal prices. As in the 
analysis of import prices, neither of these series could itself have been 
used to predict the subsequent output declines, and it is again that 
component of each series that would not have been predicted on the 
basis of previous macroeconomic activity that is most useful in pre­
dicting future oil prices.

This is not to argue that endogenous price, output, or financial 
variables had no influence on oil prices over the period 1948-72, 
even though that literal assertion is consistent with all of the hy­
pothesis tests that I have undertaken. Undoubtedly the oil industry 
and its regulators were conscious of the erosion of the real price of 
crude effected through inflation and were anxious to make up for this 
loss at any opportunity. What does seem to be the case, however, is 
that historically these opportunities derived from events which truly 
were exogenous with respect to the American economy, such as the 
nationalization of Iranian assets, the Suez crisis, the secular decline in 
energy reserves, strikes by oil and coal workers, and other economic 
developments specific to the energy sector. Insofar as exogenous 
events of this sort account for the particular timing of oil price in­
creases, the regularity in the timing between oil price increases and 
the subsequent recessions in turn becomes difficult to attribute to 
their common dependence on some third set of influences endoge­
nous to the macroeconomy.

If the correlation between oil price increases and real output cannot 
be explained as just a coincidence or as just another correlation be­
tween endogenous macro variables, the case is strengthened for the 
third interpretation: the timing, magnitude, and/or duration of at 
least some of the recessions prior to 1973 would have been different 
had the oil price increase or attendant energy shortages not occurred. 
This is not to say that oil price increases are either a necessary or a 
sufficient condition for postwar recessions. In the light of the reces­
sion of 1960 and the oil price increases of 1970-71, they are clearly 
neither. Nor is it to assert that this correlation should be viewed as an 
immutable structural relation. Changes in expected inflation, the re­
sponse of monetary policy to oil shocks, or the regime in which oil 
prices are determined could be expected to give rise to a different 
dynamic pattern. But what does seem to be true is that the post-OPEC 
world has more in common with its predecessor than many might sup­
pose. What is needed is not to abandon the demand-oriented inter­
pretation of the fifties and sixties or the supply-oriented approach 
to the seventies but rather to resynthesize the histories told for both.



VOL

9 1

ISS

A P

1983

248 JOURNAL OF POLITICAL ECONOMY

References
Adelnum, Morris A. The World Pelroleum Market. Baltimore: Joints Hopkins 

Univ. Press (for Resources for the Future), 1972.
Barro, Robert J. “Unanticipated Money Growth and Unemployment in the 

United States.” 67 (March 1977): 101-15.
Cassady, Ralph, jr. Price Making and Price Behavior in the Petroleum Indusl)y. 

Petroleum Monograph Series, vol. 1. New Haven, Conn.: Yale Univ. Press, 
1954.

Fisher, Franklin M. “Tests of Equality between Sets of Coeflicients in Two 
Linear Regressions: An Expository Note.” Econometrica 38 (March 1970): 
361-66.

Geweke, John. “Testing the Exogeneity Specification in the Complete Dy­
namic Simultaneous Equation Model.”_/. Econometrics 7 (April 1978): 163— 
85.

-------- . “Causality, Exogeneity, and Inference.” Workshop ser. 8025. Madi­
son: Univ. Wisconsin, Soc. Systems Res. Inst., December 1980.

Geweke, John: Meese, Richard; and Dent, Warren T. “Comparing Alterna­
tive Tests of Causality in Temporal Systems: Analytic Results and Experi­
mental Evidence.” Workshop ser. 7928. Madison: Univ. Wisconsin, Soc. 
Systems Res. Inst., October 1979.

Granger, C. W. J. “Investigating Causal Relations by Econometric Models and 
Cross-Spectral Methods.” Econometrica 37 (July 1969): 424—38.

Hamilton, James D. “A Brief Postwar History of Oil Prices and the U.S. 
Economy.” Mimeographed. Charlottesville: Univ. Virginia, 1982. (a)

-------- . “The Macroeconomic Effects of Petroleum Supply Disruptions.”
Ph.D. dissertation, Univ. California, Berkeley, 1982. (b)

Jacobs, Rodney L.; Learner, Edward E.; and Ward, Michael P. “Difficulties 
with Testing for Causation.” Econ. Intjuiry 17 (July 1979): 401—13.

Lomnicki, Z. A. “Tests for Departure from Normality in the Case of Linear 
Stochastic Processes.” Metrika 4, no. 1 (1961): 37-62.

Nelson, Charles R., and Schwert, G. William. “Tests for GrangerAViener 
Causality: A Monte Carlo Investigation.” Discussion Paper no. 79-15. Seat­
tle: Univ. Washington, September 1979.

Sims, Christopher A. “Money, Income, and Causality.” A.E.R. 62 (September 
1972); 540-52.

-------- . “Exogeneity and Causal Ordering in Macroeconomic Models.” In
New Methods in Business Cycle Research: Proceedings from a Conference. Min­
neapolis: Federal Reser\e Bank of Minneapolis, 1977.

“Comparison of Interwar and Postwar Business Cycles: Monetarism
Reconsidered.” Working Paper no. 430. Cambridge, Mass.; Nat. Bur. Econ. 
Res., January 1980. (a)

------ . “Macroeconomics and Reality.” Econometrica 48 (January 1980); 1-48.

Theil, Henri. Principles of Econometrics. New York: Wiley, 1971.
“What Price Crude Oil?” Petroleum Press Sendee 36 (December 1969): 443-45.



Resources iind luiergy 1,1 (1991) 145-l(i2. Norlh-Holland

On the macroeconomic effects of energy 

price shocks

V
v'/

Douglas R. Bohi*

Resmmes Jnr the Future. Wa.shingiim. DC 20036. USA 

Received July 1990, final version received October 1990

linergy price shocks arc widely believed to have severe macroeconomic effects, although this 
conclusion is far from unanimous in the economics literature. An analysis of disaggregated 
industry data for four countries after each energy price shock in the 1970s reinforces doubts 
about the role of energy in these recessions. There was no similarity in the impact on output 
and employment across industries between the two recessions, and no consistent relationship 
between industry activity and energy intensity by industry. In addition, there is no evidence to 
support either the wage rigidity hypothesis or the capital obsolescence hypothesis as an 
explanation of the ctfcct of energy price shocks on macroeconomic behavior.

I. Introduction

The efTect of energy price shocks on economic stability is uncertain, 
including the extent to which the two energy price shocks of the 1970s were 
responsible for causing the two corresponding recessions in most industrial 
countries. Nevertheless, tntiny countries have adopted costly energy policies 
that presume that the benefits of avoiding or moderating oil price increases 
are very large. For example, policy statements by the U.S. Department of 
Energy (1987, 1988) emphasize the effect of changes in energy prices on the 
economy as the basis for current energy security policy.' One such policy 
decision was to build a 750 million barrel strategic petroleum reserve, and 
another was an agreement among 21 members of the Organization for 
Economic Cooperation and Development to share oil supplies and reduce oil 
imports in the event of another oil market disruption. Some countries have 
adopted even more intrusive standby policies for intervening in private 
markets in an energy crisis.

The close correlation between energy price shocks and reductiohs in GNP

‘The author thanks Liron Kronzon and Sarah Bales for their assistance with the data.
'U.S. Department of Energy (1988) put the economic costs of the two oil price shocks at $1.2 

trillion in lost output in the OECD countries.

0l65-0572/9l/$03.50 © 1991—Elsevier Science Publishers B.V. (North-Holland)
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Real GNP 
Employment

Fig. 1. Annual percentage changes in real GNP and employment: Germany, Japan, the United 
Kingdom and the United States. 1966-86

Sources: Various issues of Ihe International Monetary Funtl's InlermUional Hnandal Slalislics. 
ami of OECD's Labor Force Statistics and National Accounts.

growth rales during the 1970s, as shown in fig. I for four countries, is the 
primary reason that energy is blamed for the worldwide recessions.^ In 
addition, many of the prominent macroeconomic models yield estimates that 
support the view that the losses in GNP due to energy price shocks are very

'A lime series analysis by llaniillon (lUS.t) supports llie hypothesis id cncrgy-imiuced 
recessions for Ihe United Slates, while Hurbidge and Harrison (IMSd) provide similar support for 
Germany, Japan and the United Kingdom.
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large, although the relevant parameters in these rhodels are largely deter­
mined by the experience of the 1970s.^

At the same time, many economists doubt whether the energy price shocks 
could be held responsible for such large economic dislocations. As argued 
early in the debate by Nordhaus (1980), the cost of energy as a share of 
GNP is too small to account for the large decline in GNP in the United 
States after 1974 and 1979.“ Bruno and Sachs (1985) tend to agree with this 
view and argue that one should look to the dislocations in equilibrium wage 
rates caused by increases in all raw materials prices as the explanation for 
worldwide stagflation. Still ojher economists have preferred to blame the 
misguided policies of monetary and fiscal, authorities for the recessions. 
According to Sachs (1982), these explanations tend to vary among competing 
.schools of economic thought, with Keynesians arguing that monetary policy 
was too tight, monetarists arguing that policy was too loose, and rational 
expectations theorists arguing that policy was too erratic. The unresolved 
nature of the debate has been summarized recently by Helliwell (1988).

There are other reasons to doubt the role of energy prices in inducing the 
recessions of the 1970s. One reason is the absence of a positive increase in 
economic growth following the rapid decline in oil prices at the beginning of 
1986. Although the international oil price quickly declined to almost half of 
its previous level (of about $28), there was no discernible improvement in 
GNP or aggregate employment in any of the major industrial countries that 
would mirror the events that occurred after the increases in oil prices in the 
1970s.’

Another reason for doubting the role of energy prices is the abruptness of 
the economic downturns that occurred after both energy price shocks in the 
1970s. An increa.se in the price of imported energy will immediately reduce 
GNP because of the increases in income transferred abroad, but the price 
increase need not affect gross output and employment if the volume and mix 
of inputs in production do not change immediately. However, energy 
consumption as a share of GNP did not decline significantly in any 
industrial country in 1974-75, and in fact remained fairly stable in the 
United States until 1980, yet output and employment dropped immediately. 
Moreover, empirical studies of the slowdown in factor productivity during 
the 1970s do not point to energy prices as the cause.®

’A comparison of the results of 14 macroeconomic models is given by Hickman, Huntington 
and Sweeney (1987).

“A contrary point of view is given by Rasche and Tatom (1977, 1981).
'Mork (1989) extends Hamilton's (198,1) time-series analysis through the 1980s to show that 

the relationship between energy prices and aggregate output is not symmetric between periods of 
rising nml fulling energy prices,

''See the analysis by Denison (1979, 1984) and Ihe .summary by Wolff (1985). A contrary view 
that rising energy prices adversely affected factor productivity is given by Jorgenson (1988).
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Two possibilities have been ofTered to explain why energy may be more 
important to the economy than is indicated by its small cost share, and more 
immediate in its effect on economic performance than is indicated by the 
speed of adjustment in energy consumption. One is the induced rise in 
unemployment when wage rates are rigid (the Bruno-Sachs hypothesis) and 
the other is a reduction in capital services due to increased obsolescence of 
the capital stock. A third and related explanation is that energy-induced 
shifts in the composition of aggregate demand aggravated the problems of 
adjusting to changes in relative factor prices when wages are sticky and 
factors are immobile.

This paper reexamines these explanations by using data at the manufactur­
ing industry level of aggregation in four industrial countries - Germany, 
Japan, the United Kingdom, and the United Slates - to test the connection 
between the importance of energy used in production and the behavior of 
selected industry activity variables. These tests rely entirely on simple 
bivariate correlations. Of course, more powerful tests of complex hypotheses 
would require the development of a complete behavioral model of the 
economy. The objective of this paper is considerably less grandiose by 
comparison. It is merely to ask whether simple relationships suggested by 
various hypotheses about the effect of energy prices on the economy hold up, 
or whether a search for subtle connections is required.

2. Role of energy in production
The direct effect of a change in energy prices on production, and the

corresponding indirect effects on the use of labor and capital inputs, may be 
demonstrated simply by the familiar production function

e = F(K,L,£),

where Q is gross output, K is capital inputs, L is labor inputs, and E is 
energy inputs. Net output is given by

Y = Q-P,E,

where Pf is the relative price of energy and the price of output is the 
numeraire. Substituting (1) into (2) and setting the marginal product of each 
factor input equal to its price, the effect of a change in the price of energy on 
net output is given by

din T
dlnPp

[PkKI din K dlnL rY din Pe'*' Y din>^ Y
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where P,^ and are the relative prices of capital and labor, respectively. 
Thus, the effect of an energy price change is given by the cost shares of each 
factor of production and the substitution effect of the price of energy on the 
quantity of labor and capital used in production.

The three terms on the right-hand side of eq. (3) summarize the ways that 
an energy price shock might affect the economy. The third term gives the 
direct price effect, indicating that net output will decline in relation to the 
cost share of energy in production because of the additional resources 
required to pay for intermediate energy inputs. Net output will decline 
whether the additional resources are used to pay for energy imports or for 
domestic energy production.

The first and second terms are referred to as the indirect price effects, as 
determined by the substitution relationships between energy and capital and 
between energy and labor. Both substitution relationships are normally 
thought to be positive in a well-functioning economy, in which case 
substitution away from energy will offset the negative direct effect of an 
energy price shock. However, in the short-run context of an energy supply 
disruption both terms could be negative, in which case the indirect effects 
could exacerbate rather than offset the direct effects. Thus, an energy price 
shock could be severely damaging to the economy even though the direct 
impact is small.

The possibility that the substitution effects could be negative has led to 
two important lines of enquiry in the literature on energy price shocks. One 
approach, called the rigid wage hypothesis, holds that the labor market may 
not respond efficiently to an energy price shock. Rigid wages may force 
employers to reduce employment, and the decline in employment will further 
reduce output. The second approach, called the capital obsolescence hypo­
thesis, holds that an energy price shock will render part of the capital stock 
economically obsolete and lead to a decline in the flow of capital services. 
Again, the negative impact on output will add to the direct effect of an 
energy price shock.

In the discussion of direct and indirect effects that follows, the production 
relationships embodied in eqs. (l)-(3) are applied to individual sectors of the 
economy as well as to aggregate production. Because of wide variations in 
the relative magnitudes of the cost shares across industries, we should expect 
to see patterns of output and employment behavior consistent with these 
hypotheses as a consequence of the energy price shocks experienced in the 
1970s.

3. The direct effect of energy price shocks

Assuming for the moment that there are no substitution effects, the direct 
effect of the energy price shocks in the 1970s would be given by the product
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of the cost share of energy in GNP and the percentage change in the relative 
price of energy. Our first task is to show that, whether one looks at 
aggregate production or disaggregated industry production, the direct effect 
of the price shocks was small.

Alterinan (1985) estimates that the aggregate cost share of energy in the 
United States was 4.5 percent in 1973 and 7.0 percent in 1979. During 1974, 
the index of all energy prices in the Utiitcd .States had increased by 97 
percent, and during 1979-80 by 75 percent, over the preceding annual levels. 
Relative to the corresponding increases in the GNP deflator, the energy price 
increases amounted to II.I percent in 1974 and 8.3 percent in 1979-80.

These numbers suggest that higher energy prices could account for a 
decline in the growth of GNP by 0.72 percent in 1974 and 0.36 percent 
during 1979-80. Actual GNP declined from a growth rale of 4.5 percent 
during 1972-73 to -0.8 percent during 1974-75, and from 4.7 percent during 
1976-78 to 0.9 percent during 1979-80. Thus, the estimated decline in GNP 
caused by a rise in energy prices would account for only 14 percent of the 
first actual decline in growth and only 9.5 percent of the second actual 
decline.^ Thus, we may conclude that the direct effect of the energy price 
shocks on the United States economy was small. Furthermore, since the 
United States economy ii.ses energy more intensively than the other countries 
pictured in fig. 1, the direct effect of the price shocks would account for an 
even smaller share of the slump in economic activity in the three other 
countries.

While the cost share of energy may be small in aggregate output, energy 
inputs are of considerable importance to individual sectors of the economy. 
These sectors, moreover, could be responsible for leading the economy into 
recession. Thus, it is of interest to see if output declined systematically more 
in sectors of the economy where energy is used most intensively in 
production. The same hypothesis may be tested for Germany, Japan, the 
United Kingdom, and the United States for comparison.

Comparable international data by industrial sector are collected by the 
United Nations and grouped according to the International Standardized 
Industrial Classification (ISIC).® The three-digit level of aggregation 
provides the largest number of observations common to the four countries of 
interest here. Even so, the observations are drawn from the manufacturing 
sector only because of the lack of detail within countries and lack of 
comparability across countries in the non-manufacturing sectors. The missing 

in tables 1 and 4 are due to the lack of comparable entries at the 
•.Ti'e;-: at level of aggregation.

(1919) estimales that changes in energy prices explain only 0..t5 percent of the loss 
I output thil occurred in 1974.

I daU are compiled from country submissions and published in the Industrial Statistics 
‘ after 1975, and in Growth of World Industry for years before 1975.
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Percentage changes in industrial production for Germany, Japan, the 
United Kingdom, and the United States following each of the two oil price 
shocks are presented in table 1. The changes are calculated over a two year 
interval to capture lag effects. The preponderance of negative values indicates 
that the decline in production was pervasive across industries in both shock 
periods. Consistent with the behavior of aggregate production pictured in fig. 
I, where the decline in GNP during 1973-75 was more severe than that 
during 1978-80 in every country but the United Kingdom than the second 
recession, more industries experienced a decline in output after the first shock 
than after the second shock in all countries but the United Kingdom.

However, the two shocks did not always affect the same industries within 
each country in the same way. Correlations between the piercentage changes 
in industry output in the two time periods yielded coefficients (and corres­
ponding Type I error probabilities) of 0.052 (0.813) for Germany, -0.130 
(0.586) for Japan, 0.476 (0.022) for the United Kingdom, and 0.384 (0.071) for 
the United States. Using the standard 0.05 significance level, only the United 
Kingdom shows a strong similarity in the way industry output behaved in 
the two shock periods, while the similarity is weaker in the United States 
and non-existent in Germany and Japan. If rising energy prices were 
responsible for the recessions, one might be led to expect more consistency in 
the effect of energy costs on sectoral output in the two shocks.

Another explanation for the diverse pattern of behavior between the two 
shocks is plausible. Private agents may be expected to learn from the first 
shock and be in position to respond differently to the second shock. The 
differences may be related to investments in energy efficient and fuel- 
switchable capital stock, closer control over employment production sche­
dules and inventories, and different strategies for passing higher production 
costs through to consumer prices. It is reasonable to expect that these 
adjustments would be implemented more aggressively in those industries 
most affected by the first shock, and could account for the change in pattern 
of industry response to the second shock. The adjustments would also reduce 
the severity of the second shock relative to the first, as suggested by the less 
pervasive decline in output across industries in the second shock.

To test the implication from eq. (3) that the more energy intensive 
industries should experience systematically larger reductions in output than 
the less energy intensive industries, rank correlations are calculated between 
percentage changes in output and energy intensity by industry (see table 3). 
Energy intensity data (measured in Btu’s per dollar of output) are readily 
available for United States manufacturing industries, but not for the other 
three countries. Consequently, it is assumed that the industry rankings 
(though not absolute intensities) in all four countries are the same. The 
industry rankings for 1973 and 1978 are given in table 2. It will be observed
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Tabic 2

Rank by energy intensity of United States manufacturing industries 
in 1973 and 1978.

ISlC Industry 1973 Rank 1978 Rank
353 Petroleum refinery 1 2
351 Industrial chemicals 2 1
371 Sled 3 3
.361 Pottery 4 4
369 Other non-metals 5 5
362 Glass 6 6
341 Paper 7 7
372 Non-ferrous metals 8 8

323 Leather 9 9
352 Other chemicals 10 10
355 Rubber II II
331 Wood 12 13
321 Textiles 13 12
311 Food 14 14
381 Metal products 15 15
382 Machinery 16 17

383 Electric machinery 17 18
332 Furniture 18 16
385 Other equipment 19 19
384 Transport equipment 20 21
322 Apparel 21 20
342 Printing 22 22
324 Footwear 23 24
314 Tobacco 24 23

Source. U.S. Department of Commerce, Office of Business Analy­
sis, National Energy Accounts. My thanks to Joe Roop for regroup­
ing the data from U.S. SIC categories to International SIC 
categories.

that there are some slight changes in the rankings between the two energy 
price shock periods. It should be noted in addition that there are consider­
able differences in energy intensiveness among the industries. For example, in 
the United States in 1973, the industries ranked in the top third according to 
energy intensity consumed on average over 20 times the amount of energy 
per dollar of output as those ranked in the bottom third.

The rank correlations between energy intensity and industrial production 
presented in the first two columns of table 3 are mostly negative, in keeping 
with the view that output declined more in the higher energy intensity 
industries, but they are not significantly different from zero (i.e., have a Type 
I error less than 0.05) except for Germany and the United Kingdom after the 
first shock. Again, thc.se results fail to confirm the hypothesis of an important 
direct connection between energy prices and industry output. Thus, we turn 
to an assessment of the indirect substitution effects.
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4. Wage rigidity and the price shocks

Wage inflexibility is often cited as the reason for the increase in unemploy­
ment experienced after each of the two oil price shocks, and differences in the 
degree of wage flexibility across countries are similarly regarded as the 
principal explanation for variations in economic performance among 
countries'* The energy connection in the argument, in brief, is that an 
increase in the price of energy will reduce the quantity of energy inputs and 
the productivity of labor, so that real wages must fall in order to maintain 
the level of employment.If real wages are sticky, employment will fall and 
reduce the level of output. In effect, the second term on the right-hand side 
of eq. (3) is negative and exacerbates the direct effect" of the rise in the price 
of energy on output.

Among the many attempts to measure wage flexibility, few measure the 
gap that may develop between actual real wages and the level necessary to 
maintain the level of employment; that is, a measure of the gap between 
labor supply and demand. Perhaps the most careful estimates of wage gaps 
are provided by Bruno and Sachs (1985), who seek to measure the difference 
between real wages and the marginal product of labor at a high level of 
employment." Their empirical results are consistent with actual labor 
market performance in Europe and the United States, but they yield the 
anomaly that Japan’s wage gap increased throughout the 1970s to the point 
of being the largest among all industrial countries by the time of the second 
energy price shock.Yet, as observed in fig. 1, Japan was unique among 
industrial countries in avoiding a rise in unemployment after the 1979 oil 
shock.

Percentage changes in employment by industry and country are shown in 
table 4. Like the output figures in table 1, employment declined more 
pervasively across industries after the first shock than after the second shock, 
except in the United Kingdom. Still, the pattern of the decline in employ­
ment by industry differs within each country between the two shocks, and 
the differences do not always correspond to those noted earlier for output. 
Correlations (and Type 1 errors) of changes in industry employment in the

’’See Mork (I98t), Bruno and Sachs (1985), Grubb, Jackman and Layard (1983) and Adams, 
Fenton and Larson (1986).

'°Energy substitution relationships with labor and capital may be such that a rise in energy 
prices will not reduce the demand for labor, as shown by Vinals (1984). The empirical literature 
does not clear up the issue, as demonstrated by comparing Bemdt and Wood (1979), Griffin 
(1981) and Solow(1987).

' 'Since marginal productivity data are not available, a Cobb-Douglas production function is 
estimated to make use of the underlying assumption that the ratio of average to marginal 
product is constant.

'^A subsequent refinement of the estimates by Bruno (1986) failed to remove the anomaly for 
Japan. Other variations of the model by Artus (1984) do not alter the basic results. See Helliwell 
(1988) for a review of the wage flexibility research.
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two shock periods are 0.315 (0.188) for Germany, -0.220 (0.202) for Japan, 
0.132 (0.538) for the United Kingdom, and 0.421 (0.041) for the United 
States. These figures indicate that the changes in industry employment and 
output after both shocks are somewhat similar only in the United States. The 
inference might be drawn that the private sector in the United States failed 
to learn from the first experience, though the United Kingdom suffered 
considerably more after the second shock than any of the other countries.'^

If the rise in energy prices was responsible for creating a wage gap, one 
might expect the gaps to be widest in the industries where energy is most 
important (ignoring differences in labor supply conditions across industries). 
That is, we should expect to observe a systematic relationship between the 
importance of energy u.sed in production and the decline in employment 
among different industries during the two shock periods. These rank 
correlations are given in the third and fourth columns of table 3. The 
correlations are positive after the first price shock and negative after the 
second price shock, but the level of significance is low in all cases. The 
absence of a relationship between energy intensity and employment suggests 
that changes in energy prices were not responsible for creating a wage gap. 
This conclusion is reinforced by the absence of significant correlations 
between energy intensity and changes in real wages in columns five and six 
of table 3.'^^ The lack of significance could be interpreted as the result of 
rigid wages - that is, the downward pressure on real wages was not realized 
- except that the coefficients indicate no more flexibility in Japan than in the 
other countries, while the United Kingdom exhibits the most flexibility in 
1978-80. Both observations are inconsistent with actual employment exper­
ience as seen in fig. I.

5. Energy prices and capital obsolescence

The physical capital stock in place is relatively fixed over short periods of 
time, but the flow of services from the capital stock could decline abruptly as 
a result of a sharp increase in the price of energy. This would occur if the 
rise in energy prices renders a substantial part of the capital stock 
prematurely obsolete. For example, the least energy-efficient vintages of the 
capital stock may be used less frequently or retired faster in an effort to 
reduce production costs. Also, shifts in product demand away from energy

'^Note further that the United Kingdom suffered the worst recession among the four 
countries after 1979 in spite of approaching energy self-sufficiency and the position of a net oil 
exporter. This observation, together with the fact that Japan avoided a recession despite 
complete dependence on imports, illustrates that the degree of oil import dependence is a poor 
proxy for energy insecurity.

“The real wage figures correspond to the employment figures in table 4 and are drawn from 
the same sources.
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intensive commodities may unemploy capital that cannot be used for other 
purposes. The reduction in capital services means, in effect, that the first term 
on the right-hand side of eq. (3) is negative and would add to the direct effect 
of a rise in energy prices on output.

Unfortunately, there is no direct empirical evidence of the effect of energy 
price shocks on the flow of capital services. Baily (1981) and Bcrndl and 
Wood (1985) conclude from analyses of statistical measures of the capital 
stock that a decline in capital services could possibly explain the decline in 
factor productivity during the 1970s, but they provide no evidence that the 
decline is associated with the rise in energy prices. Baily (1982) finds a strong 
correlation between labor productivity and capital intensity by manufactur­
ing industry in the United States, which he interprets as supporting the 
capital obsolescence hypothesis, but again he finds no evidence of a 
connection with rising energy prices.

Correlations between energy intensities and changes in capital formation 
by manufacturing industry, given in columns seven and eight in table 3, do 
not reflect any systematic patterns in industry investment after the two price 
shocks. Only three of the eight correlations differ from zero at the 0.05 level 
of significance, and these three do not have the same sign. Correlations 
obtained by using investment in plant and equipment instead of gross capital 
formation, or levels of eapital spending in place of percentage changes, are 
no more enlightening.’’

6. Shifts in the composition of demand

Not captured in eq. (3) is the possible effect of an energy-induced shift in 
the composition of aggregate demand. Such a shift in demand implies the 
need for a reallocation of resources from the production of one commodity 
to another. Two outcomes may occur. First, the transfer of resources may 
take place as required, but factor productivity may be lower in expanding 
sectors than in contracting sectors, causing indicators of aggregate economic 
performance (though not necessarily economic welfare) to deteriorate. 
Second, the transfer of resources may not take place because rigidities in 
relative eommodity or faetor priees prevent the appropriate signal from 
occurring, or because factors of production are not sufficiently mobile in the 
short run to respond to the price signals. In this case unemployment would 
rise and business inventories would be larger or smaller than desired in the 
periods immediately following the two energy price shocks.

''There i.s also no significant correlation between the ptittern of inve.stment by industry for the 
period between the two shocks and output and cinployineni performance after the second oil 
shock. However, the absence of such a relationship bears little weight regarding the learning 
hypothesis noted earlier, since it is the kind of investment rather than the volume of investment 
that is pertinent to this issue.
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Most of the empirical literature on this issue is concerned with the 
implications of actual transfers of resources on overall factor productivity. 
Although there is some confusion in the literature, it may be summarized as 
saying that shifts in output and input mixes do not account for the 
productivity slowdown in industrial countries during the 1970s.The study 
by Baily (1982) is of special interest in this regard because he looks for and 
fails to find a connection between rising energy prices and the productivity 
slowdown.

The second possibility is that resources may temporarily fail to move from 
declining to expanding sectors of the economy following a shift in the 
composition of demand. Lilien (1982) finds that slow adjustments in labor 
transfers across individual sectors could be responsible for the cyclical swings 
in unemployment in the United States in 1975 and 1980. While employment 
in service sectors ro.se in both periods, the decline in durable manufacturing 
was large enough to pull down overall employment. After each cyclical 
recovery, employment in manufacturing failed to recover. Although Lilien 
does not test for an energy connection, we have seen in table 1 that there is 
no correlation between energy intensity and changes in employment in 
manufacturing industries in four countries.

Another possible result of a disequilibrium shift in the mix of aggregate 
demand is unintended changes in inventories. While no data are available on 
intended inventories to test this hypothesis, it is of interest to see if 
inventories vary systematically among industries according to their energy 
intensity. A decline in inventories would be procyclical and an increase in 
inventories would be countercyclical. The last two columns of table 3 provide 
correlations between energy intensity and percentage changes in inventories 
by manufacturing industry. The correlations are positive and significant in 
both shock periods for Japan and the United States, while negative and 
significant in the second shock period for the United Kingdom. Thus, for 
Japan and the United States, the apparent willingness of the high energy 
intensity industries to build inventories during the two recessions suggests 
that these industries were operating in a countercyclical fashion rather than 
leading the charge into a recession.

7. Conclusions

Doubts about the importance of energy price changes to overall economic 
performance are reinforced by the absence of any apparent connection 
between energy intensity and various activity variables from manufacturing

’'■Sec Denison (1979. I9R4), Biiily (1982) and Wolf (1985) for analyses of Ihe United Stales 
productivity slowdown and Neff and Dean (1984) for France, Germany and the United 
Kingdom. One reason for the confusion among Ihe results of different studies, as shown by 
Baumol and Wolff (1984), is that different measures of the shift effect are used.
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industries in four industrial countries. The activity variables were chosen to 
reflect hypotheses regarding both direct and indirect price effects on the 
economy, and none of the relationships were supported by the data. It is, of 
course, possible that the energy connection is more complex than that which 
can be revealed in simple bivariate correlations. The value of these results is 
in questioning simple explanations of the role of energy in the economy and 
to encourage others to develop and test more subtle hypotheses. In view of 
the lack of evidence elsewhere in the literature in support of an energy 
connection, the task will not be an easy one.

There is an obvious alternative explanation of the recessions experienced 
in the four countries examined here which is consistent with observed 
experience. Monetary policy was tightened in all of the countries after each 
energy price shock, with one exception."'' The exception was the expansion­
ary position taken by Japan after the sccotid energy price shock, and in this 
case Japan was alone among the four countries in avoiding another 
recession.

It may be said that the timing of the two oil price shocks was particularly 
unfortunate because they both occurred at times when most countries were 
already battling against inflation, deflationary policies were in place, and 
their economies were already moving toward the downward phase of the 
business cycle. The energy price shocks, by adding to fears about inflation, 
perhaps contributed more to the subsequent recessions by reinforcing the 
decisions of the monetary authorities than by their destabilizing effect on 
economy. One can only speculate how much different the economic record of 
the 1970s would have been if the energy price shocks had occurred in an 
otherwise more stable economic environment. While it would be wrong to 
conclude from the evidence presented here that energy prices played no part 
in the worldwide recessions during the 1970s, at least it can be said that the 
burden of proof required for a macroeconomic cost justification for energy 
security programs has not been met.

"’A description of stabilization policy in each country during the 1970s is given in Bohi 
(1989) Bruno (1986) also concludes that wage gaps are less important in explaining cross­
country dilTerences in unemployment rates than monetary and fiscal policy dilTerences.
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For the past half century, the average cost of finding new oil in the lower 48 U.S. has increased 
in a non-linear fashion. The average cost of producing oil decreased then increased over the 
same period, with costs rising since the mid-1960s. These results indicate that the cost increasing 
cffccis of resource depletion have ouiweighed the cost decreasing effects of technological 
improvements in the two primary stages of the oil supply process. Finding and production costs 
are also highly correlated with the rate of effort expended in each stage, and short-run changes 
in the rate of effort drive average costs above or below the long-run trend. Previous models 
which ignored the interplay between short- and long-run effects on cost produced misleading 
results concerning the scarcity of crude oil in the U.S. The drilling boom of the early 1980s 
arrested the rate of decline in new additions to reserves, but the average costs associated with 
those additions were the highest on record. Attempts to sustain production in the lower 48 U.S. 
through massive drilling programs targeting the large number of undiscovered small fields and 
infill drilling in existing fields are likely to drive average costs even higher.

1. Introduction

Analysis and debate of the link between quality of society’s natural 
resource base and its economic well-being has a long and rich history. Of 
particular interest is the question of whether biophysical constraints, manifest 
by increasing costs of natural resources, will constrain economic growth, or 
whether human ingenuity, manifest by technical change, can overcome 
physical scarcity. The assessment of crude oil resources in the U.S. histori­
cally has been the most divisive issue in energy policy formulation. The oil
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Fisher, Richard Norgaard, A. Steven Graham, Peter Fox-Penner, Leon Tucker, Robert 
Kaufmann, and an anonymous reviewer. This research was supported in part by (he Depart­
ments of Geography at Boston University and the University of Illinois, and by an Environ­
mental Conservation Fellowship from the National Wildlife Federation.
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TESTING FOR THE EFFECTS OF OIL-PRICE RISES USING 
VECTOR AUTOREGRESSIONS*

By John Burbidge and Alan Harrison'

1. Introduction

The formation of the Organization of Petroleum Exporting Countries (OPEC) 
has been responsible for a considerable amount of research addressing the question 
of the impact on the domestic economy of exogenous changes in oil prices. Much 
of the research has been theoretical, and has generated a number of alternative 
models of an increase in the relative price of an imported intermediate good. (See, 
for example, Bruno [1982], Bruno and Sachs [1982], Harkness [1982], and refer­
ences therein.) These models generally predict that oil-price shocks lead to increases 
in wages and prices and decreases in real output. Less work of an empincal 
nature has been undertaken to test these predictions, and much of what has been 
done tends to use simulation methods.'-^' In this paper, we adopt the somewhat 
different approach of analyzing the effects of oil-price rises in unrestricted 
systems of equations estimated for five countries in the Organization for Econom­
ic Co-operation and Development (OECD). We consider the economies of the 
U.S., Japan, the Federal Republic of Germany (henceforth Germany), the United 
Kingdom, and Canada, using monthly data for the period January, 1961 to June, 
1982, and estimate a seven-variable vector autoregression (VAR) for each. These 
VAr’s are then converted to their moving-average representations, and Sims’s 
[1980a] innovation-accounting techniques are used to examine the impact of

• Manuscript received March, 1982; revised July, 1983. . r, h
‘ We have benefited considerably from the help, advice and suggestions of David Backus, 

Stanley Fischer, James Hamilton, Jon Hamilton. John Kennan. Paul Krugman Robert 
Litterman Angelo Melino. Jeffrey Sachs, Christopher Sims, and two anonymous refer^, and 
have also received useful comments on earlier drafts from participants in seminars at the Aus­
tralian National University, Monash University, Queen's University, and the University of 
Adelaide During part of the time the research was being undertaken, John Burbidge was on 
sabbatical leave at Massachusetts Institute of Technology, and Alan Harrison was °n leave at 
the University of Adelaide, South Australia. We are grateful to these institutions for their 
hospitality, and John Burbidge also thanks the Social Science and Humanities Research Council

of Canada for financial support. ... , , ,= Mork and Hall [1980], Bruno and Sachs [1981], and Darby [1982] use simulation models to 
analyze the rise in the price of oil in the early 1970s. Mork and Hall are concerned with its 
effects on the U.S. economy, while Bruno and Sachs, and Darby, consider the impact on a

"^Mn a°rwnt empirical study that does not rely on simulation experimen^, Hamilton [1983] 
employs a methodology related to that adopted here. The relationship between Hamilton s 
work and our own is discussed in Section 6.
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oil-price changes. Impulse responses are computed, which show how the equation 
system of each country responds to a positive shock in the price of oil, followed by 
historical decompositions, to determine what part of the cyclical fluctuations in 
prices and real output after each of two oil-price shocks can be attributed tr.- the 
shocks.

The paper is organized as follows. We begin by discussing the choice of vari­
ables for the VAR. Section 3 reports the VARs, and discusses the behavior of 
the variable central to our analysis, the real price of oil. In Sections 4 and 5 the 
moving average representations are used to generate the impulse responses and 
the historical decompositions. Section 6 describes various experiments designed 
to check the sensitivity of the evidence from our analyses to alternative specifica­
tions, and briefly compares this evidence with that of Hamilton [1983]. A 
summary of our main results concludes the paper.

Perhaps the main finding to emerge from our study is the significant difference 
between the effects of the 1973-1974 set of oil-price shocks and those of the 1979- 
1980 shocks. In the case of the latter, the impact of oil-price innovations on prices 
and output is minimal in all countries except Japan, whereas for the 1973-1974 
shocks, the influence of the price of oil on these variables appears to have been 
quite strong. Notwithstanding this, our analysis also shows that downturns in 
industrial production in the mid-70s would probably have occurred in any event; 
the oil-price increase, therefore, served to deepen a recession that was already on 
the way.

2. CHOICE OF VARIABLES FOR THE VAR

To address the question of the impact of the price of oil on domestic economic 
variables, a complete model is probably most appropriate. Such a model can be 
extremely tightly structured, and simulation models are typically of this type. 
Alternatively, much less can be incorporated into the maintained hypothesis, 
particularly when, as Sims [1980a] notes, specifying a model often involves 
imposing many quite arbitrary restrictions. Such a warning seems especially 
apposite in the present context, when the channels of influence of the price of oil 
may be many and varied. We, therefore, feel that the innovation-accounting 
techniques pioneered by Sims, and further developed by Doan and Litterman 
[1981], are potentially more informative than standard macroeconomic modelling 
might be.

The first step in the use of these techniques is the choice of how many, and which, 
variables to include in the VAR. These decisions are inevitably somewhat argu­
able, reflecting practical considerations, such as degrees of freedom, as much as 
economic considerations. We elected for VARs containing seven variables. 
Here, we describe the variables only briefly, adding mnemonics for ease of later 
reference; full details of all series are provided in the Appendix.

The price of oil {PF) is a relative price: the ratio of the Saudi Arabian price, 
in U.S. dollars per barrel, to a weighted average of the consumer price indices in
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u countries studied. We chose to work with a relative price since this is 
^ • hip whose effect is analyzed in theoretical models of oil-price shocks.

the S i:, dL series in our VAR, were./RROH-. a nre^ure 

of total industrial production in OECD countries other than the 
IP industrial production in the domestic economy; R, a measure of the short- 

’ interest rate"* M currency and demand deposits; W, average hourly ea 
rnuflcmringi’and CPI, the consumer price index. The effects of PF on 

m and IP were, of course, our primary objects of interest; /PROIT was added 
to capture demand influences that might operate through
exDor^s ^ and the remaining variables, R, M and IT, were included to perm, oil- 
prfce shocks to operate indirectly on CPI and IP through the monetary sector and

through wages.

3. THE VECTOR AUTOREGRESSIONS
Ignoring deterministic components for ease of exposition, a VAR system can be 

written as

(1) A{B)y,
U p i, an nxn matrix of polynomials in the backward-shift operator

B Tis the number of endogeneous variables in the system, y, is an n x ^ 
fidogeu'ous variables, and s, is an „ v , veco, of random vanab es 
is serially uncorrelated, with finite variance and zero mean. A{B) is normalized 
so that the first entry of each polynomial on A’s diagonal is unity.

To estimate A{B), one must limit the length of lag in the polynomials. If m s 
thJlag length the number of coefficients to be estimated is n(nm + d), ^here d is 
the numbef of deterministic components. With about 20 ye- o rnoni^y d^a 
and n equal to seven, we felt able to experiment with m values up^to s x. 
fold that little was gained by allowing for longer than
VARs were estimated with m equal to four, for the period May, 1962 J ,

treasury-bill rate for parts of our data period.
’ IPROyy may be misleading m the case of Japan, sine

OECD countries; see “^^^trieJion on L'and six lags, and a likelihood
‘ Four lags were tested in the U.S. VAR ^ut in both cases the main

ratio test on the system ot equations rejec . g Furthermore by testing the

rSiot .h.. f«; «.
pap- ™

Doan and Litterman [1981].
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(again in all series except R), after use of the spectral analysis section in RATS 
established that there was little to choose between this technique and seasonal 
dummies. (It is twelfth-differencing, of course, that is responsible for the loss of 
the first year’s data.) The only deterministic components in the VARs were a 
constant and a linear time trend.

Although the estimation of a VAR avoids the imposition of “restrictions based 
on supposed a priori knowledge” (Sims [1980a, p. 15]), it is still subject to re­
strictions of a different type, as Sims readily acknowledges. In the context of our 
study, these give rise to particular concern regarding the variable PF (Hamilton 
[1983, pp. 232-233]), since it is not all clear that the assumptions implicit in the 
VAR, linearity for example, hold in this case. The price of oil has periodically 
exhibited large increases, and it is precisely on these increases that much of Section 
5 of the paper concentrates. It therefore seemed instructive to plot the innovations 
from the PF equation in one of the VARs, and those for the U.S. VAR are dis­
played in Figure 1. The figure includes lines either side of zero at plus and minus 
two standard deviations of the innovations, from which it is clear that the oil-price 
shocks of 1973-1974 and 1979-1980 generate uncharacteristically large residuals. 
Eight lie outside the two-standard-deviations band, and in Section 6, below, we 
consider the importance of these to the results of our analysis.

One way of summarizing the results of VAR estimation is to Calculate the 
critical levels^ of F-tests of the hypothesis that all lags of a particular variable in 
each equation are zero. These critical levels are presented in Table 1. The PF 
equations suggest a struggle over the relative price of oil, whereby increases in the 
Saudi Arabian price are subsequently eroded by inflation in non-OPEC countries.® 
For the U.S., Japan and Germany, CPI affects PF, while PF drives CPI in all 
countries, except (possibly) Canada. PF also influences IF in all countries except 
Germany.In addition, PF affects I PROW, and, through I PROW, IP in two of 
the more “open” economies: Germany and the U.K., although an interpretation 
of unidirectional causality may be ruled out since there is a suggestion of feedback 
between PF and I PRO W.

If we are to carry out a very precise examination of the influence on each country 
of the price of oil, however, it is not clear that Table 1 is the best vehicle for the 
exercise. As Sims has noted, estimated VARs “are difficult to describe succinctly” 
[1980a, p. 20]; he goes on to argue that the moving-average representation offers 
a far more comprehensible picture, and it is to this that we turn in the following 
section.

* The critical level is the significance level at which the null hypothesis is just rejected
(Lehmann, [1959, p. 62]). A figure less than 0.05, for example, therefore implies rejection of the 
null hypothesis at the 5 per cent level.

’ See Sachs [1981] for some evidence of how balance of payments data are changed by in­
flation, which reduces the real value of OPEC assets in the U.S. and other countries.

In Germany, IV may be relatively fixed because of the elastic supply of foreign labor.
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TABLE 1CRITICAL LEVELS OF F-TESTS OF HYPOTHESES THAT ALL LAGS OF INDICATED 
RIGHT-HAND-SIDE VARIABLES ARE ZERO

Equation
with

Dependent
Variable

IP ROW

Country

US
Japan
Germany
UK
Canada
US
Japan
Germany
UK
Canada
US
Japan
Germany
UK
Canada
US
Japan
Germany
UK
Canada
US
Japan
Germany
UK
Canada

0.09
0.18

0.02
0.42
0.19
0.03
0.87
0.33
0.14
0.24
0.03
0.28
0.39

0.16

US
Japan
Germany
UK
Canada

0.02

*
0.04

*
0.09

US
Japan
Germany
UK
Canada

0.20
0.20
0.48

0.39

IPROW R M W CPI IP

0.42 0.75 0.16 0.38 , 0.06 0.11
0.16 0.04 0.15 0.02 *
0.54 * 0.14 0.01
0.07 0.65 0.25 0.79
0.13 0.07

« 
0.96 
0.48 0.11 0.34

0.73 
0.08 
0.57 
0.66

0.70 * * 0.86 «
0.08 0.30 0.28 0.69 0.40

0.35 0.40 0.05 0.05
0.58 0.39 0.75 *

* 0.40
* 0.73 

0.89 0.03 0.13 0.75 0.13
0.94 0.31 « 0.44
0.62 * 0.58 0.64 0.21 0.03
0.38 * 0.66 0.04 0.21
0.05 0.15 0.21 0.67
0.37 «

0.24 
0.11 
0.11 0.10 * 0.09

0.25 • 0.12 0.21 0.12
0.14 0.35 * 0.28 0.02

* *
• 
* 0.09 0.76

* 0.78 0.72
0.10 *

0.75 
0.76 0.10 0.18

0.02 0.06 * 0.45 ♦

0.31 0.51

« 
0.41 
0.10 * *

0.35 * * 0.04
0.20 0.50 0.35
0.01 0.26 «

0.04 
0.03 
0.04 0.33

« 0.22 0.45 « 0.33

* * * 0.49
0.04

0.02 
0.17 
0.69 
0.02 
0.40 
0.12 0.37 * 0.08

« 0.92 « * *
0.45

0.05 
0.02 
0.11 
0.24 0.76 0.96 *

0.22 « « « 0.21

0.
6
1 

«

0.17 0.34 0.05 0.06 0.34
0.72 0.94 0.23 0.37 *

« 0.76 « 0.06 0.20 *
0.26 0.70 0.15 * 0.58

Indicates number of less than 0.01

4. THE EFFECTS OF AN OIL-PRICE SHOCKIn this section, ^ve examine the responses of each equation system to a shock in PF The conversion of the autoregressive representation m equation (1) to t^he moving-average representation, which this requires, can be done provided ha the roots of the polynomial given by the determinant of A he outside the
circle. Thus
(2) y, = {A{B)r ‘e, = C{B)e. = f

and, given the normalization of A, Q is the identity matrix.Consider a temporary shock to the k'" component of e, such that a, equals 
Zi-.Tb^nTs

 the
  resSTjus

oonse Vof the 1
equals‘  coluunitmny,  of

and  C,the
  Thus,

respo
 nse.he  ofcol umns

y,+j-
 of
CjS,, C, give us .he'impuise responses of each endogenous variable, at ..me l+j, to shocks

sTow the responses, over 72 months, ,o a shock in PT epual to

torToltfh'wa^ 'eTsi;"ch':^;=“an ordering for the variables ,n .he 
system since the method of orthogonalization involves the assignment of c

FIGURES 2 through 8 are responses to a one-standard-deviation shock in PF.
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2 to n; to series 2, the contemporaneous correlation between it and series 3 to n; 
and so on.' ‘ Thus, at one end of the ordering an innovation in series 1 is allowed 
to influence all variables contemporaneously; at the other extreme, an innovation 
in series n influences only itself contemporaneously. Since our interest is in 
discovering the effects of changes in PF, it seemed appropriate to place it at the 
top of the ordering; the desire to allow PF maximum opportunity to influence 
CPI and IP suggested that the remaining variables should be ordered as I PROW, 
R, M, W, CPI,

In the light of the diflferences across countries in the F tests (Table 1), we should 
probably not be surprised at the variation across countries in Figures 2 to 8. 
Some systematic patterns are apparent, however. For PF and IPROW, the effect 
of the shock dies out almost completely in all countries after three years, in the 
latter case having depressed the variable for about two years. Effects on R and M, 
as fractions of one standard deviation, are mostly much smaller in magnitude, 
and the pattern of response varies appreciably across countries. There is some 
suggestion of a negative correlation between R and M in some countries (notably 
the U.K.) over the first two years, although the U.S. results provide a contrary 
impression, and the evidence generally is weak.

" This describes the class of Choleski factorizations of the variance-covariance matrix of the 
innovations, Q, that is, we create orthogonal innovations, r,, such that e,=Sv,, where 5 is a 
lower triangular nxn matrix, SS'=Si, and S is chosen so that the variance-covariance matrix of 
the V's is an n'* order identity matrix.

” Impulse responses are sometimes influenced by the ordering of variables. As one might 
expect, however, the degree to which this occurs is governed, at least in part, by the extent of 
contemporaneous correlation. In the case of our data, contemporaneous correlation is relatively 
small, so that the arbitrariness that our particular ordering introduces into the results is probably 
not serious, but in Section 6 we consider this issue more systematically by repeating our analysis 
'vith PF placed last.
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short-run models of oil-price shocks, but we have yet to consider whether this 
response, or indeed any of the responses, is statistically significant, an issue we 
now address.

RATS, the estimation package, provides a method of establishing the signifi­
cance of impulse responses, based on the posterior distribution of the orthogo- 
nalized responses (Doan and Litterman [1981, ch. 12]). One simply computes 
the standard error of the posterior distribution; addition of the standard error to, 
and subtraction of it from, the impulse response provides a one-standard-error 
band from which one can assess statistical significance. We performed this 
exercise, making 100 draws from the posterior distribution. The results across 
the five countries were broadly similar, and accordingly, we present in Figure 9 
only those for the U.S. These confirm the positive response of IF and CPI, and 
the negative reaction of IP, to the shock in PF, but suggest that the responses of 
M and R are not statistically important.

The combined evidence of Figures 2 to 8 and Figure 9 seem to suggest therefore 
that increases in the price of oil exert both the inflationary, and, to a lesser extent, 
the recessionary, pressures .so frequently predicted by models of oil-price shocks! 
In the next section we examine whether these pressures can be identified in histori­
cal decompositions of the actual behavior of prices and output after the shocks of 
1973-1974 and 1979-1980.

5. HISTORICAL DECOMPOSITIONS

The moving average representation with orthogonal innovations can be written

Fr+j — CjSyr+y-i

~ + Z CiSv-r+j-i,
1-0 isj

where Tis some base period in the sample, and T+j is less than or equal to the 
last period of the sample. The first term represents that part of the historical time 
series, yr+j, that is due to innovations since period, T; the second term is a base 
projection of yr+j, based on information available at time, T.

In Figures 10 and 11 we focus on the base projection (plus signs), the base 
projection plus the cumulative impact of the PF innovations (solid line), which we 
refer to as the base-plus-oil projection, and the actual historical time series (scatter 
of points), all for CPI and IP. T is chosen to be September, 1973, the month 
before the first major oil-price shock, so that the gap between the base projection 
and the actual series is entirely attributable to innovations since that month; the 
contribution of innovations in the price of oil, therefore, is reflected in the extent to
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Figure 10
HISTORICAL decompositions OF CPI INTO

A BASE (SEPTEMBER, 1973) PROJECTION (PLUS
signs), base-plus-oil projection (solid line).

POINTS), OC­
TOBER, 1973 TO JUNE, 1982.

C^'
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Figure 11
HISTORICAL DECOMPOSITIONS OF IP INTO A

BASE (SEPTEMBER, 1973) PROJECTION (PLUS
signs), BASE-PLUS-OIL PROJECTION (SOLID LINE),
AND ACTUAL SERIES (SCATTER OF POINTS), OC­
TOBER, 1973 TO JUNE, 1982.
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base-plus-oil projection closes this gap.>3.i4 
innovations in Pf\o "hJb^eto! of^CW anf/P afb'*''"' ^°"‘ribution of

pricing policy for oil, and suchlike Some sh!!domestic
do nevertheless exist. For Sample rr Tn^^
innovations since September 1973 in the U S^^Sd r ’ oil-price
extra inflation, up to late 1975 or earlv 197fi h ^ ^ account for the
captured, therefore, in the base projectiL In S U K h
impact of the oil-price innovations in the first thr.’ ‘^°ntrast, the absolute
explains only about one-half of the diffSeSS h .
24% (August, 1975) and the base proiectio ^ inflation level of
inflation rivals that for the U K but much
that although perhaps one-half of the extra^inflarin" '' Projection, so
pnce innovations in this case the absolute can also be attributed to oil-
Germany, the effect of thernSvations m p/'to

of actual inflation; the maximum inflation rat • ^ projection m excess
and must of this is in the base projection. ''

c//wa"tst fll'fi'rcoumSrsSfjJvfar'"'”/; “
base projection often remaining entirelvuney i ^he
are added. The innovations do not Lome^Tel innovations

common to all countries. Most ’strikin"elv ^ ^ ’ T 
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What role did PF play in the recession? For all countries except Germany, 
innovations in PF go a long way to closing the gap between the base projection and 
the actual series over the period up to late 1975 or early 1976. Thereafter, the 
impact of innovations in PF differs somewhat across countries. In the U.K. 
there is evidence of a strong continuing influence of PF on IP, but for the U.S., 
Japan, and (arguably) Canada, the graphs suggest only a limited role for PF. Its 
innovations help to explain the recovery from recession beginning in late 1975; 
by the end of 1976, this influence wanes, however.

As is evident from Figures 10 and 11, late 1979 and early 1980 was a period 
when the pattern of rising rates of price inflation and falling rates of growth of 
real output were repeated. These trends are sometimes attributed to the second 
major series of oil-price rises, namely those beginning in April, 1979, but as the 
preceding paragraphs have made clear, Canada apart, there is little in the figures 
to substantiate this. This does not constitute a systematic investigation of the 
effects of the 1979-1980 oil-price shocks, however. What is required is a re­
estimation of the historical decompositions with Tset to be March, 1979, and the 
results of such an analysis, for CPI and IP once again, are displayed in Figures 12 
and 13.

The contrasts between these graphs and Figures 10 and 11 are quite striking. 
Innovations in PF account for none of the deviation of the U.K.’s CPI from 
its base projection, and in the U.S., Germany and Canada, too, the contribution 
of PF to CPI is relatively small. PF contributes appreciably to higher Japanese 
inflation in 1979 and early 1980, however, although even in this case the base-plus- 
oil projection goes awry once inflation turns down from its peak in late 1980. 
For IP, Japan stands in still sharper contradistinction to the other countries: 
except in Japan, the base-plus-oil projection typically deviates only slightly 
from the base projection, and the complete decompositions (not shown) 
suggest that the behavior of each series is best explained by its own innovations. 
In short, the price of oil does not appear to have been a major factor in causing 
the declining rates of output growth or the increasing rates of price inflation in 
the U.S., Germany, the U.K., or Canada.

Overall then, it seems that four of the five OECD countries we have considered 
responded very differently to the two sets of oil-price shocks, with only Japan 
manifesting any appreciable impact of PF on CPI and IP after the 1979-1980 
increases. Furthermore, it must be remembered, when considering the importance 
of the 1973-1974 shock, that in a number of respects the analysis is biased in favor 
of finding such a result: for instance, PF was placed first in the ordering for the

(Continued)
September, 1973, and then generated forecasts of the path of IP subsequent to that month. In 
common with the base projections, these suggest falls in the rate of growth of output for all 
countries until late 1974, or early 1975, and recovery thereafter; furthermore, for three of the 
five, the U.S., Japan and Germany, the forecast minimum rate of growth over this mid-70s 
period is actually lower than the minimum value from the base projection.
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and 5. We therefore conducted a number of experiments designed to check the 
robustness of our results, and these are reported in the following section, together 
with a brief comparison of these results with those of Hamilton [1983],
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6. SPECIFICATION

In the first part of this section we address three issues of specification All 
have been alluded to earlier. First, we investigate whether the nature of the 
variable PF causes problems for our analysis. Next, we examine the importance 
of the ordering of the variables in the VAR. Finally, we consider the effect of 
increasing the number of lags included in the estimation of the VARs In all 
cases, our experiments were carried out only on the U.S. system of equations for 
the sake of brevity. ’

-0.10 L

(a) original (c) PF last

l.QG

0.20

(b) 8 dummies (d) 6 lags
Figure 14

RESPONSES OF U.S. CPI TO A ONE-STANDARD-DEVIATION SHOCK IN PF.

% %
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As Figure 1 illustrates, eight innovations in the PF equation for the U. S. lie 
outside the two-standard-deviations band, and it is quite possible that the results 
that suggest a strong impact on CPI and IP rest heavily on these few outliers. 
Accordingly, eight dummies were constructed, each set to unity for one of the 
eight large innovations and zero otherwise, and these were added to the U.S. 
VAR. The impulse responses associated with this altered system were then com­
puted. CPI’s response is shown in panel (b) of Figure 14, and IP's is in the 
equivalent panel of Figure 15; the graphs in panel (a) of each figure reproduce the 
original responses (from Figures 7 and 8), which are included for purposes of 
comparison. The strong inflationary pressure, evident in panel (a) of Figure 14, 
persists in panel (b); similarly the recessionary impact seen in panel (a) of Figure 
15 is maintained in panel (b), and in both cases the graphs suggest that inclusion 
of the dummies causes the effects of the shock to die away less quickly.

We have earlier suggested (footnote 12) that our results are probably not sen­
sitive to the ordering chosen for the orthogonalization. To examine this question 
more closely, we computed the impulse responses, and the historical decomposi­
tions*® of the period from October 1973, based on an ordering with PF last instead 
of first, and with the other variables unchanged. The response of CPI to a shock 
in PF is in panel (c) of Figure 14, that of IP is in panel (c) of Figure 15, the his­
torical decomposition of CPI is in panel (b) of Figure 16, and that of IP is in panel 
(b) of Figure 17. (The graphs in the first panel of each of Figures 16 and 17 
reproduce the original decompositions from Figures 10 and 11.)

Considering first the impulse responses, we find that in this case both the 
direction and the general pattern of the responses are unchanged when PF is placed 
last in the ordering, although there is a slight weakening in the size of the effect on 
CPI and IP. The historical decompositions also suggest that the position of PF 
in the ordering is not critical. For the CPI, the base-plus-oil projection actually 
tracks the actual inflation of 1974 and 1975 more closely, and for IP there is only a 
slight reduction in the proportion of the difference between the actual series and 
the base projection explained by PF.

The third experiment involved the inclusion of extra lags in the VAR, prompted 
by the finding that four lags was rejected as a restriction of systems with five or six 
lags. We have earlier argued (footnote 6) that extending the VAR to six 
lags leaves our results largely unchanged, and this can be seen from the impulse 
responses based on this system (panel (d) of Figure 14 and panel (d) of Figure 15), 
and from the historical decompositions (panel (c) of Figure 16 and panel (c) of 
Figure 17). This is not to say that nothing changes, however. In Figure 16, 
the historical decomposition of the behavior of CPI, a comparison of panels (a) 
and (c) reveals an improvement in the base projection: more of the increased

The reader may at this point ask why we did not generate the historical decomposition for 
the previous experiment. The answer is that the dummies are added as deterministic components 
to the VAR, that is, to all seven equations, and thereby enhance the base projection to such an 
extent that there is little left to explain.
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(a) original (c) PF last

(b) 8 dummies (d) 6 lags
Figure 15

RESPONSES OF U.S. IP TO A ONE-STANDARD-DEVIATION SHOCK IN PF.

inflation of late 1974 and early 1975 is captured, as is the relatively low inflation of 
late 1976 and early 1977. These observations notwithstanding, the deviation in 
the former case of the actual series from the base projection is still sizeable, and 
the base-plus-oil projection largely closes this gap.

None of our three experiments seems able, therefore, to alter our conclusion 
that a large part of the higher inflation and lower rates of real growth in 1974 and 
1975 can be attributed to oil-price shocks.*^ We now compare this conclusion

Strictly speaking, of course, this role for the price of oil has only been substantiated for the 
U.S., whose equation system was the one on which the experiments were performed.
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and the different picture that emerged from our analysis of the 1979-1980 oil-price 
shocks, with the findings from the study by Hamilton [1983]

Hamilton’s approach is similar to ours in a number of respects, notably the use 
ot a VAR model. He adopts the six-variable system of Sims [1980a], and con­
ducts various bivariate and multivariate causality tests. He investigates the 
tendency for postwar recessions in the U.S. economy to follow rises in the nominal 
price of oil [1983, Fig. 1, p. 229], and attempts to establish whether oil can be 
assigned a causal role, or whether, instead, both events can be traced to the influ­
ence of a third force. Using data covering the period 1948 to 1972, he argues 
that, through elimination of alternative possibilities, “the.case is strengthened for 
the ... interpretation ... [that] at least some of the recessions prior to 1973 would 
have been different had the oil price increase ... not occurred” [1983, p. 247], 
This, in turn, leads him to suggest that the recessions since 1972 can be likewise 
explained, although for the most part he does not use data covering these reces­
sions, suggesting that, by so doing, he is avoiding a possible source of nonsta- 

separating “the data that suggested the hypothesis (i.e., post- 
UFtC experience) from those on which it is to be tested” [1983, p 233]

It should be clear, then, that this paper and Hamilton’s are’complementary 
by somewhat differing means, both come to the same conclusion regarding the 
impact on U. S. real output of the 1973-1974 oil-price shock. In addition, we 
examine the effect on prices, we look directly at the “post-OPEC experience” 
instead of making inferences from estimation based only on pre-OPEC data, and 
as a result, find significant differences between the influence of the 1973-1974 and 
the 1979-1980 oil-price shocks. Finally, and most obviously, we do not confine 
our attention to the U.S., looking also at Canada, Germany, Japan and the U.K.

7. SUMMARY

In this paper, the innovation-accounting techniques pioneered by Sims [1980a] 
and used by hjm to study, inter alia, the role of money in macroeconomic fluc- 
tuations [1980b], have been applied to the question of determining the influence 
?rofin ^ economies of the large oil-price rises in the 1970s. As Lucas
[1980, pp. 705-706] argues, attributing virtually everything to supply shocks 
does not seem to be worth taking seriously,” but the deluge of theoretical papers 

over the past few years dealing with the impact of supply shocks demonstrates 
that the economics profession believes the effect of the oil-price rises to have been 
important. Yet, apart from the simulation studies cited earlier, systematic 
empirical work addressed to the question of just how important has, by contrast 
been sparse.

The seven-variable VARs estimated and discussed in Section 3 provide descrip- 
nve statistical models whose moving-average representations are used in two ways 
in Sections 4 and 5 to study the various effects of oil-price changes. First the 
impulse responses to an oil-price shock are computed. These describe’ the 
responses of each country’s system of equations to the shock; they reveal effects
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of the shock on both the price level and industrial output, the two variables on 
which we concentrate attention in our discussion of the results. In the case of 
the price level, the impact on the U.S. and Canadian economies is substantial, 
with smaller (but still significant) effects in Japan, Germany, and the U.K. For 
industrial production, we find that the price of oil exerts a sizeable influence in the 
U.S. and the U.K., but the responses in other countries are, by comparison, 
quite small.

Our second method of investigation involves decomposition of the behavior 
of prices and output into a base projection, movement attributable to innovations 
before an oil-price shock, and a base-plus-oil projection, which augments the base 
projection by taking account of innovations in the price of oil since the shock. 
The gap between the base projection and the actual series is, therefore, entirely a 
consequence of innovations in all variables since the shock, and the importance of 
the oil price can be gauged by the extent to which the base-plus-oil projection 
closes this gap. Two shocks are analyzed: the series of oil-price rises after Sep­
tember, 1973, and the more recent set of increases which began in April, 1979. 
For the first shock, we find a substantial impact of oil-price innovations on both 
prices and output in the months following the shock, a result that Section 6 sug­
gests is quite robust to alternative specifications. In the case of the second shock, 
however, the influence of the oil price is quite minimal, except in Japan.

The base projections of the historical decompositions additionally provide us 
with evidence on what was in store had the oil-price rises of late 1973 and early 
1974 not occurred. They suggest that the mid-70s recession was already on its 
way before the large oil-price rises in late 1973; the shock just made matters worse. 
Similarly, the base projections associated with our investigation of the more 
recent oil-price shock are quite successful in keeping track of the behavior of prices 
and output after the shock. All in all it is less easy than some might think, it 
seems, to lay all the blame on external influences, namely OPEC, for the poor 
economic performance of much of the non-OPEC world over the past 10 years.

McMaster University, Canada.

APPENDIX 

DATA SOURCES

In this appendix we give a brief description of each of the data series used, 
together with its source. All series are monthly. We cover the PF and IP series 
first and then turn to the other series, by country.
PF: Ratio of PFIFS to a weighted average of the CPIs for the United

States, Japan, Germany, the United Kingdom, and Canada, where 
the weights are based on 1970 gross domestic products, measured 
in U.S. dollars; source: The National Accounts of OECD
Countries 1950-1974, Vol. 1, p. 114. PFIFS is the price of
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petroleum (in U.S. dollars per barrel) in Ras Tanura, Saudi 
Arabia; source: International Financial Statistics, various 
issues.

IP,lPROW\ The OECD publishes seasonally adjusted indices of industrial 
production for each OECD country and for the OECD as a whole. 
Given the weights for each country, one can then construct 
IPROW appropriate to that country; sources: OECD, Main 
Economic Indicators: Historical Statistics 1960-1979, and 
Supplement No. 1 (September 1980); OECD, Main Economic 
Indicators, various issues; OECD, Indicators of Industrial 
Activity, various issues.

(a)
R:

M:

W:

CPI:

United States
Yield on 90-day treasury bills, not seasonally adjusted; source: Citibank 
data tape, and Survey of Current Business, various issues.
Currency and demand deposits, not seasonally adjusted; source: Table 
A13 of the Federal Reserve Bulletin.
Average hourly earnings, excluding overtime, of production workers in 
manufacturing (dollars per man hour), not seasonally adjusted; sources: 
Employment and Earnings, U.S., 1909-1978, U.S. Department of 
Labor, BLS, 1979, Bulletin 1312-11 and Employment and Earnings, 
various issues.
All-items index of consumer prices, urban consumers, not seasonally 
adjusted; source: CANSIM data base, B53204.

(b)
R:

M:

W:

Japan
Call money rate; average (mode before May, 1972) of daily interest rates 
in Tokyo, not seasonally adjusted; sources: OECD, Main Economic
Indicators: Historical Statistics 1960-1975, and Main Economic Indi­
cators, various issues.
Currency and demand deposits, seasonally adjusted; sources: OECD,
Main Economic Indicators: Historical Statistics 1960-1975, and Main
Economic Indicators, various issues.
Ratio of monthly earnings of regular workers in manufacturing to monthly 
hours worked by regular workers, both seasonally adjusted; sources: 
OECD, Main Economic Indicators: Historical Statistics 1960-1975,
and Main Economic Indicators, various issues.

CPI: All-items index of consumer prices, seasonally adjusted; sources: OECD,
Main Economic Indicators: Historical Statistics 1960-1975, and Main
Economic Indicators, various issues.

(c) Germany
R. Call money rate in Frankfurt, average of extreme daily interest rates

quoted between the 23rd of the month and the end of the month; sources:
OECD, Main Economic Indicators: Historical Statistics 1960-1975,

EFFECTS OF OIL-PRICE RISES 483

M:

W:

CP/:

(d)
R:

M:

and Main Economic Indicators, various issues.
Currency and demand deposits, seasonally adjusted; sources: OECD, 
Main Economic Indicators: Historical Statistics 1960-1975, and Main 
Economic Indicators, various issues.
OECD does not publish a monthly series. We therefore interpolated the 
quarterly series of average hourly wage rates in manufacturing to obtain 
a monthly series; sources: OECD, Main Economic Indicators: His­
torical Statistics 1960-1975, and Main Economic Indicators, various 
issues.
All-items consumer price index, seasonally adjusted; sources; OECD, 
Main Economic Indicators: Historical Statistics 1960-1975, and Main 
Economic Indicators, various issues.

United Kingdom (all data not seasonally adjusted)
Average rate of discount on 91-day treasury bills; source: CSO, Financial
Statistics, various issues.
Currency and demand deposits; sources: OECD, Main Economic Indi­
cators: Historical Statistics 1960-1975, and Main Economic Indicators, 
various issues. Prior to October 1971, monthly data are not available. 
We therefore constructed the observations in the following way. For the 
period March, 1963 to September, 1971, we collected the quarterly figures 
for Ml (currency plus current accounts; source: CSO, Financial Statis­
tics, various issues). It has been suggested, however, that these estimates 
“may have been too low, perhaps by 200-250 million at the end of Sep­
tember 1971”, (Bank of England, Bank of England Quarterly Bulletin, 
Vol. 12, No. 1, March 1972, p. 77), and we therefore made an appropriate 
adjustment, multiplying the figures by 1.024, the correction implied by the 
upper limit of this possible understatement. Next, we made this revised 
quarterly series consistent with the monthly series. To do this, we com­
puted the mean differentials between the two series for March, June, 
September and December from the available observations on both series 
for 1972 to 1978, and applied these to the appropriate earlier quarterly 
observations. Finally, we interpolated the values of the missing obser­
vations using information on two related monthly series, current account 
deposits at the London Clearing Banks, and currency in circulation with 
the public (source: CSO, Monthly Digest of Statistics, various issues).
The interpolation procedure we adopted was one proposed by Friedman 
and Schwartz in their excellent discussion of the subject [1970, pp. 321- 
328], and involved estimating the linear trend values for missing obser­
vations for Ml, and then adjusting these in line with the deviations from 
trend of the sum of current account deposits and currency in circulation. 
This still left us without observations for January, 1961 to February, 1963. 
Again, monthly data on current account deposits plus currency are avail­
able and we therefore used these figures, adjusting them by the corre-
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spending month’s differential between current account deposits plus cur­
rency and our constructed Ml series in the period March, 1963 to Feh 
ruary, 1964.
Index of basic hourly wage rates of manual workers in manufacturine 
industries; source: CSO, Monthly Digest of Statistics, various issues 
All-Items index of retail prices; source: CSO, Monthly Digest of Stalls- 
tics, various issues.

Canada (all data not seasonally adjusted)
Yield on 90-day treasury bill; source: CANSIM data base, B14007. 
Currency and demand deposits; source: CANSIM data base, B2013 
Average hourly earnings of hourly-rated workers in all manufacturing 
industries, based on the 1960 SIC, source: CANSIM data base, D1518 

CPI: All-Items consumer price index; source: CANSIM data base, D616101.
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MODEL SPECIFICATION TESTS BASED ON ARTmCIAL 
LINEAR REGRESSIONS*

By Russell Davidson and James G. MacKinnon*

1. introduction

In this paper, we develop a simple computational procedure for performing 
a wide variety of model specification tests. These tests are either explicit Lagrange 
Multiplier tests or asymptotically equivalent variants, and thus require estimates 
under the null hypothesis only. They may be used to test for many types of 
misspecification in the context of rather general nonlinear models. Our procedure 
is based on an artificial linear regression, so that the test statistics can easily be 
calculated using any regression package. This artificial regression can also be 
used to compute covariance matrix estimates or as part of a nonlinear maximi­
zation algorithm.

The results of the paper can best be understood as extensions of relatively 
familiar results for nonlinear regression models. Consider the model

(1) y = z(^) + u, u~N{0,<t^I),

where y is an n-vector of observations on a dependent variable, jS is a vactor of 
parameters to be estimated, and z(;8) is a vector-valued function whose t-th 
component z,iP) may depend on exogenous variables and on lagged values of 
the dependent variable. Following Durbin [1970], we may linearize (1) around 
any particular value j?* to obtain the artificial linear regression

(2) y - z* = Z*b -f- residuals

where z* denotes z(f*) and Z* denotes the matrix whose if-th element is the 
derivative of z,(P) with respect to j?.-, evaluated at P*. If P* is chosen to be the 
vector of unrestricted maximum likelihood estimates then the least squares 
coefficient estimates B from (2) must be identically zero, as a consequence of the 
first-order conditions for Moreover, the OLS variance-covariance matrix 
calculated for B, provides a consistent estimate of the variance-
covariance matrix of p.

Alternatively, (3* may be chosen to be a vector of maximum likelihood

* Manuscript received June, 1981; revised June, 1983.
> We would like to thank Adrian Pagan, Hal White, seminar participants at Queen’s Uni­

versity, Cornell University, Harvard University, M.I.T. and Bell Laboratories, and especially 
one anonymous referee, for helpful comments on earlier drafts. This research was supported, 
in part, by grants from the Social Sciences and Humanities Research Council of Canada.
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Two decades ago, the world was in the midst of 
an oil price shock. Within a period of a few 
months, world oil prices quadrupled and a sales 
embargo deprived the,United States (and a few 
other coimtries) of access to some of their main 
traditional sources of imported oil. This concrete 
manifestatiDnqf the significance of oil as,a.poli4cal 
weapon marked the coming of age of OPEC and 
led most oil-importing countries to adopt wide- 
ranging measures aimed at reducing their 
dependence on foreign sources of oil.

Much has happened in the intervening 20 
years. Energy Studies Review is pleased to bring to 
you this collection of six papers which offers both 
a retrospective view of- these developments and 
an examinaticn of their longarterin consequmces. 
This is the fourth ESR co-edition prepared in 
collaboration with the Inslitut d'ficondmie et de 
Pobtique de I'Energie (lEPE) operated by the 
Centre National de la Recherche Scientifique 
(CNRS) at the universit): centre in Clrenoble 
(France). Energy analysts at lEPE have provided 
four of the papers, while the remaining two have 
been authored .by researchers at Canadian 
universities. We are pleased with the success of 
this international collaboration and wish to thank 
our colleagues at lEPE for their excellent 
cooperation.

The first two articles, by Dominique Finon and 
William Anderson respectively, take off from the 
same starting point. They both observe that, in the 
aftermath of the first world oil-price shock, most 
oil-importing countries introduced numerous

pobcy measures aimed at reducing energy, 
consumption. Tn these countries, this objective 
remained at the top of the energy policy agenda 
for most ofthe decade>after the measufes.,were 
introduced. As Oil prices fell during the early 
1980s, ene^ efficiency and cohsarvatiqn b«^an 
to assume l£S$:in^rtan& at ^ polkyXev^, a- 
process which was greatjy acceleratedbytheprice 
collapse of 1986.

Finon examines major poHcy develoj^ments 
in the industrialized world during this period. He 
notes that in the early 1970s the main justification 
for pobcy intervention advanced by the. 
governments of oil-importing countries centred 
on concerns for energy security. As tiie years- 
passed and dwpercept^ of b greater abundance 
of progressively bedone ^ cloiijinantview, 
conceiTo over energy security were eroded/ ar.q 

. the main reason jjroffered for intervention 
disappeared. IrKreased ^ance on m^ket forces 
became the operative-thtust of energy pobcy' in 
the late 1980s.

The environmental cpnsequehces of energy’ 
use have sparked a revival of iriterest in a more 
interventionist policy stance. . Finoir-notes, 
however, that reliance on market forces to solve 
the main problems of resource abocation in the 
energy sector continues, while government 
intervention tends increasingly to focus on dealing 
with the environmental costs of fuel use. * \

This notion — that the focus of government 
intervention in the energy sector has shifted to the 
envirorunental dimension—rs the starting point

Energy Studies Review Vol. 6, No. 1, 1994 . Printed in Canada
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lacing energy 
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measures were 
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ervation began 
policy level, a 
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ences of energy 
terest in a more 

Finon notes, 
■t forces to solve 
iUocation in the 
Je government 
focus on dealing 
fuel use.

> of .government 
has shifted to the 
he steuting point

for Anderson's paper. He believes that 
environmental policy and energy policy need to 
be closely intertwined; energy policy should be 
more environmentally-oriented than is currently 
the case. Considering the fpur major categories of 
response to environmental damage —r abatement, 
*structvurai change, substitution and conservation 
— he argues that a prudent strategy will stress 
conservation, tn his search for efficient approaches 
to policy, Anderson surveys the advantages and 
limitations of standards and market-based 
instruments. The development of efficient 
strategies requires both international cooperation 
to solve trans'bouridary environmental problems 
and cooperation across scientific and policy 
disciplines to provide a better understanding of 
the nature of the problem and the outlines of 
possible solutiorLS.

The next three papers deal with the operation 
of the world oil market, its evolution over the last 
20 years, and future prospects. Patrick Criqui sets 
the world oil mauket within the global economic 
system amd augues that oil-market developments 
were closely linked to et^'ents occurrmg on tfie ^ 
broader canvas of the world economy. Hehriefly 
surveys the results of standard macroeconomic 
analyses of the major economic difficulties we 
have faced in the past two decades and then 
enlarges the perspective by considering long-term 
economic history and analyses of economic 
fluctuations. Drawing on the workof Schumpeter 
arid:others, he argues fliat jor^ cycles have 
chauacterized the evolution of dw world economy 
and that these cycles have sfrongly influeiKM 
developments on the oil market.

In this framework, Criqui is able to formulate 
an explanatory scheme of the- way the world 
economy evolves which takes account of what has 
happgn^ in the energy sector since the 1973 oil 

■ shock: This in turri aiUows him to speculate on 
conditions that could possibly generate a new oil 
shock over the next decade.

AtUoine Ayoitb, a long-time observer of world 
oil market developments, focuses on the 
interaction between economic arid poUticai factors 
in determining crude oil prices and other oil- 
market developments, and on the problenns 
involved in integrating this interaction into an 
economic einalysis of oil markets;. He sees the

abolition of the concession system , and the 
nationalization of oil companies in the OPEC
countries as the key turning point in the evplutiori 
of the overall economic structure of flie oil sector.. 
They provide a cle^ illuStr-ation of how ^
institutional change can induce a whole set^of, - i 
economic phenomena, either directly or indirecfly.
For example, the nationalizations led to the break­
up of the system of vertical integration, the 
emergence of free oil markets, and more recently 
to a treiKi towards reintegrahon in a different 
form. On pricing, Ayoub discusses how economic 
factors have interacted with OPEC policy to cause 
oil prices to fluctuate between roughly-defined 
floor eind ceiling prices.

Sadek Boussetw focuses his discussion of oil 
markets since the 1973 shock on the actions of the 
Glganization of Oil Exporting Countries. From his. _ 
vantage point as a close observer (now an 
academic resetUcher, he was President of OPEC 
in 1990-91), Boussena ^es to understand the 
Organization's currexjt behaviour by :|nalyzing ,

■ whatithaSlearr»d'£romABlitlOyearsofbetog 
a key player in world oil markets. He traces 
changes in OPEC's policy stance through three 
phases of oil-price trends, discussing how that 
stance was affected by the need to deal with its 
internal balance of power and by changes in the 
international context in which it operates.. .
Boussena concludes by formulating two brpadly-
defined strategic paths that OPEC could follow 

• — one characterize by. an attempt to. create-.a 
more predictable world oil‘maurket through 
OPEC'S'takingttie lead insteibilization^orts; the'- 
other involvingrrear-abandorunenf of its formerly 

. • declared role of market regulator. He argueathat 
its current stance suggests it will follow theUtter 
path. ....

Finally,ina survey of changes in the energy- 
sector over the last two decades, it is appropriate 
to include an examination of the rocky road 
travelled by nuclear power and its prospects for 
the future- Michel Damian provides such an 
examination within a framework that focuses ori 
the nature of nuclear technology in an industrial y 
context. He argues that the problems of the nuclear 
industry can be understood in terdis of the 

. tensions involved in trying ta use a technology 
. that requires the management of highly complex
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and public risk within a system of economic 
organization and decision making that was not. 
designed for that purpose.

In considering how the movement in support 
of sustainable development may provide new 
support for nuclear enetgy. Damian makes that 
link appear more complex and rich than 
conventioruiUy understood. In the long term, 
making other energy industries conform to the 
requirements of sustainable development may be

a prerequisite for the further development of the 
nuclear industrvvFurthenftore,;thereis smithing
to learn from the fact that nuclear power can ^ 
represented as the first inst^ce in'which fhoie 
responsible for an industiy have had'.to face, at 
least to a certain extent, ^ implications (|f 
sustainability. * • :

Vie Editors

V



A Detailed Comparison of Average Energy Prices Increases 
A $100/ton Carbon Price Increase Vs. OPEC Price Shocks of the 1970's

Government statistics on increases in inflation-adjusted primary fuel prices during the 
1970s OPEC price shocks tell two different stories. The Bureau of Labor Statistics (BLS) 
suggests increases of about a factor of two and a half, while Energy Information Agency (El A) 
data suggest price increases of roughly three and a half, depending on the choice of deflator. This 
memo addresses these discrepancies and also assesses the equivalence of the 1970’s oil shocks to 
the fuel price increases from a $ 100/ton price of carbon. It concludes that the implications for 
primary fuel prices of a $ 100/ton carbon price are likely to be at least half of the average fuel price 
increases observed between 1972 and 1982, although the exact comparison is sensitive to the 
weighting method and the choice of weights.

Federal Statistics on the Magnitude of the Oil Price Shocks

BLS data indicate that nominal producer prices for a fossil fuel composite rose from 16.8 
in 1972 to 100 in 1982, a multiple of about 6. (Although real energy prices in 1981 were about 6 
percent higher than in 1982, 1982 is taken as a comparison year.) Prices for finished producer 
goods rose by a factor of 2.4 over this interval, while the consumer price index rose by a multiple 
of 2.3. Thus the price of primary fuel rose by a factor of 2.5=6/2.4 relative to finished producer 
goods and 2.6=6/2.3 relative to consumer prices. If compared with the increase in the GDP 
implicit price deflator, an even broader measure of prices, then the relative price change is 2 8 
fold.

The Energy Information Agency uses a different approach to calculate average energy 
prices; this different approach leads to different conclusions. Unlike the BLS, which calculates 
average energy price increases by weighting price increases for homogeneous fuels by their share 
of value, the EIA calculates average energy price increases by weighting the price increases by 
their share of total energy use measured in British thermal units. The fossil fijel nominal price 
index rose by a factor of 7.89 during this period, from .35 to 2.76. Deflating by the GDP implicit 
price deflator (that the EIA prefers) yields a real price change of 3.8 fold. (Using instead the CPI 
to improve comparability with the BLS statistics gives a real price change of 3.4 fold.)

Thus, relative to consumer prices, the BLS approach implies that energy prices from 1972 
to 1982 rose by 160 percent, while the EIA approach implies an increase of 240 percent. Relative 
to the GDP deflator, the BLS approach implies an increase of 180 percent, and the EIA approach 
implies an increase of 280 percent. Thus the difference between the two methods is between 80 
and 100 percentage points.

Average Fuel Price Increases from Carbon Price Increases

To develop estimates of the average fuel price increases from a positive carbon price we 
rely here on two sources of information about effects of a $ 100/ton carbon price. The ACCF 
book “An Economic Perspective on Climate Change Policies”contains a chapter by Lawrence 
Horwitz that states that $ 100/ton implies tax rates of $1.66/mcf for natural gas, $11.42/barrel for



crude oil, and $56.4/short ton for coal (p. 126). In addition, the lAT May 30 draft report states 
that “a permit price of $ 100/ton is the equivalent of a price increase of 26 cents per gallon of 
refined petroleum product, $1.49 per thousand cubic feet of natural gas, and $52.52 per ton of 
coal. Note that although the price increases of the refined petroleum product is not strictly 
comparable to the price increase of crude oil, given 42 gallons per barrel, the ACCF estimate is 
equivalent to 27 cents per gallon. Thus these estimates are fairly close given the imprecision of 
model forecasts. We will use the lAT forecasts, which are summarized below.

Fuels Current
Prices

Baseline Prices 
(2010)

Range of 4 models

Price Increase With 
$ 100/ton Carbon Price

Percentage
Increase

Over
Baseline

Coal ($/ton) $27 $13.80 to $16.90 $52 333 %
Oil ($^arrel) $17 $20.41 to $21.24 $10.9 53 %

Natural Gas ($/1000cf) $2.04 $ 2.01 to $2.46 $ 1.49 66%

There are a variety of methods to average these fuel price increases. However, valid 
comparisons between an increase in carbon prices and the oil price shocks of the 197o’s should 
rely on energy prices increases that are averaged using the same methods. Therefore we limit the 
analysis to methods adopted by BLS and EIA and described above.

To implement the EIA method, we weight the above percentage price increases by each 
fuels share of Btus. Using the shares of aggregate consumption figures provided by EIA for its 
reference case forecast for 2010 (22.68, 42.24, and 28.77 quads respectively for coal, natural gas 
and petroleum) to weight the price increases, the average energy price increase from a $ 100/ton 
carbon price is estimated as 165 percent. ‘ This is approximately half the comparable Btu- 
weighted average energy price increase observed from 1972 to 1982. Of course the mix of fuels 
has changed; using the average of the weights implied by the 1972 mix and the 1982 mix would 
imply an increase of only 123 percent. (These weights were .23, .34 and .43 respectively for coal, 
natural gas and petroleum). Thus using the Btu weighted approach preferred by EIA, the average 
primary fuel price increase from a $ 100/ton carbon price is between 33 and 49 percent of the 
average fuel price increases observed from 1972 to 1982 depending on the choice of weights and 
the index used to deflate the 1970 fuel price increases.

To implement the BLS method we use the value weights used by BLS in its producer 
price index of fuel prices. Using the 1982 value weights (. 14, .37 and .50 respectively) the

'Note that this approach, like EIA’s approach to the oil price shocks of the 70's, averages 
only fossil fuels. Average increases of all primary fuel prices including renewables would be 
smaller.



average energy price increase from a $ 100/ton carbon price is 97 percent. Using the 1972 value 
weights, the average energy price increase from a $ 100/ton carbon price is 167 percent. Recall 
that the increase BLS calculated for the period 1972 to 1982 was 160 percent relative to 
consumer prices (measured by the CPI) and 180 percent relative to the GDP deflator. Thus on a 
value-weighted basis the magnitude of the average fuel price increases associated with a $ 100/ton 
carbon price is the same as either half of the 1972 to 1982 oil price increases, or the totality of 
these price increases, depending on the choice of weights.



Would Stabilizing U.S. Carbon Emissions Feel Like Another 1970’s Oil Shock?

Both the ‘73 and ‘79 energy price shocks were similar in magnitude to what is projected to result 
from a policy to stabilize carbon dioxide emissions at 1990 levels by 2010 without trading or joint 
implementation.

Price Effects of Stabilizing Carbon Emissions

• Government agencies have estimated the implicit price of carbon in fossil fuels that
would be implied by a policy to stabilize carbon dioxide emissions at 1990 levels
by the year 2010. These estimates presume no trading of emissions reductions
among countries and no joint implementation. They are uncertain, and may be too
optimistic due to a rosy view of ongoing technological progress. They suggest
that the implicit price of a ton of carbon would be about $100 by 2010 and that
fuel prices would rise as summarized below:

Fuels Current
Prices

Baseline Prices 
(2010)

Prices With $ 100/ton 
Carbon Price

Increase
Over

Baseline

Gasoline ($/gallon) $ 1.14 $ 1.22 to$1.40 $ 1.58 21 %

Coal ($/ton) $27 $13.80 to $16.90 $79 400 %

Oil ($^arrel) $17 $20.41 to $21.24 $33 58%

Natural Gas ($/1000cf) $2.04 $2.01 to $2.46 $3.7 64%

• The price hike would be about 88 % for primary fuels (coal, oil and natural gas).

Price Hikes During the Oil Shocks.

• The oil price shocks of the ‘70s led to a doubling of fossil fuel prices net of
inflation between 1972 and 1975 and another doubling by 1981. See Figure.

• Gasoline prices rose by 30 percent between 1972 and 1974 and by nearly another
50 percent from 1974 to 1981.

• These increases are similar in magnitude to the price increases projected for 2010.

Comparability of These Projections with the 1970s Price Shocks Is Limited

• The shocks were surprises, but a carbon tax would be anticipated.

• The oil shocks affected oil prices directly and other fossil fuels only as substitutes.
However, a carbon tax would affect all fuels in proportion to carbon content.



Energy 
year (BTU's) 
1959 42.14
1960
1961
1962
1963
1964
1965
1966
1967
1968 
.1969
1970
1971
1972
1973
1974
1975
1976
1977
1978 
,1979.

43.8
44.46
46.53
48.32

50.5
52.68
55.66
57.57 

61
.64.19
66.43
67.89
71.26
74.28
72.58 
70.55 
74.36
76.29 
78.09

... . 78:9■ :*r.> s..‘ V .i:.;
1980 75.96
1981 73.99
1982 70.85
1983 70.52
1984 74.14
1985 73.98
1986 74.3
1987 76.89
1988 80.22
1989 81.33
1990 84.09
1991 83.96
1992 85.16
1993 86.88
1994 88.45

GDP (1987 
dollars)

1928.8
1970.8
2023.8 
2128.1
2215.6
2340.6
2470.5 
2616.2
2685.2
2796.9 

2873
2873.9
2955.9
3107.1
3268.6
3248.1
3221.7
3380.8
3533.3
3703.5
3796.8
3776.3
3843.1
3760.3
3906.6
4148.5
4279.8
4404.5
4539.9
4718.6 

4838
4897.3
4867.6
4979.3 
5134.5
5342.4

E/GDP
0.02185
0.02222
0.02197
0.02186
0.02181
0.02158
0.02132
0.02128
0.02144
0.02181
0.02234
0.02311
0.02297
0.02293
0.02273
0.02235

0.0219
0.02199
0.02159
0.02109
0.02078
O.O2011
0.01925
0.01884
0.01805
0.01787
0.01729
0.01687
0.01694

0.017
0.01681
0.01717
0.01725

0.0171
0.01692
0.01656

BAD How much lower E/GDP was than BAD 
0.0218 0.00%
0.0222

0.022
0.0219
0.0218
0.0216
0.0213
0.0213
0.0214
0.0218
,0.0223.
0.0231

0.023
0.0227
0.0225
0.0223
0.0221
0.0218
0.0216
0.0214

0.00% 
0.00% 
0.00% 
0.00% 
0.00% 
0.00% 
0.00% 
0.00% 
0.00% 
0.00%... 
0.00% 
0.00% 

-0.86% 
-0.95% 
-0.27% 
0.75% 

-0.69% 
0.15% 
1.53%

Energy/GDP
0.024

0.022

^ 0.02

0.016

E/GDP
BAU

U.S. Energy Use
100

-90

0.0208
0.0206
0.0204
0.0202

0.02
0.0198
0.0196
0.0194
0.0192

0.019
0.0188
0.0186
0.0184
0.0182

7.89%
9.14%

12.78%
12.77%
15.43%
17.10%
15.47%
13.88%
14.02%
10.51%
8.91%
8.74%
8.81%

10.09%

i
80
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Question:
What can the energy price increases during the 1970’s oil shock tell us about what 
would happen to energy prices in the future from a $110/ton carbon tax?

What happened to energy prices in the 1970’s?

For comparison to a carbon tax shock, we look primarily to the large jump in energy prices from 
1972 to 1982, when real energy prices went from historical norms to an all time high. Because 
nominal prices increase along with energy prices, the most useful statistic to compare across time 
is a measure of relative prices: the price of energy relative to the price of other goods. There are 
several ways to compute the relative price of energy, and they all involve indices of prices, both 
for various sources of energy and for other goods.

Examples of energy price indices

Price Index Variable Name for Index Data Source

Producer Price Index (PPI) for 
fuels (crude materials for 
further processing)

F 1996 Economic Report of the 
President (ERP) p. 350

PPI for fuels and related 
products and power (industrial 
commodities)

R 1996 Economic Report of the 
President (ERP) p. 352

Examples of general price indices

Price Index Variable Name for Index Data Source

PPI for total industrial 
commodities

I 1996 ERPp. 352

PPI for all crude materials for 
further processing

C 1996ERPp. 351

Consumer price index for all 
items

P 1996 ERP p. 343



Relative Prices in 1972 and 1981, and the percent change

Price
Index

1972
F

1972
R

1982
F

1982
R

% change in relative 
price from 1972 to 1982

I F/I - .444 R/I = .452 F/I= 1 m= 1 F/I
125%

R/I
121.05%

C F/C = .421 R/C = .429 F/C= 1 R/C= 1 F/C
137.5%

R/C
133.33%

P F/P = .402 R/P = .409 F/P = 1.036 R/P= 1.036 F/P
157.83%

R/P
153.31%



E/GDP & Relative Energy Price

El GDP

CPI energy / Total CPI

17 Q_
Q
O
UJ



year
1959 0.021848 0.021848 0.00%
1960 0.022224 0.022224 0.00%
1961 0.021969 0.021969 0.00%
1962 0.021865 0.021865 0.00%
1963 0.021809 0.021809 0.00%
1964 0.021576 0.021576 0.00%
1965 0.021324 0.021324 0.00%
1966 0.021275 0.021275 0.00%
1967 0.02144 0.02144 0.00%
1968 0.02181 0.02181 0.00%
1969 0.022342 0.022342 0.00%
1970 0.023115 0.023115 0.00%
1971 0.022968 0.022968 0.00%
1972 0.022935 0.022738 -0.86%
1973 0.022725 0.022511 -0.95%
1974 0.022345 0.022285 -0.27%
1975 0.021898 0.022063 0.75%
1976 0.021995 0.021842 -0.69%
1977 0.021592 0.021624 0.15%
1978 0.021085 0.021407 1.53%
1979 0.020781 0.021193i . 1.99%
1980 0.020115 0.020981 4.31%
1981 0.019253 0.020772 7.89%
1982 0.018842 0.020564 9.14%
1983 0.018052 0.020358 12.78%
1984 0.017872 0.020155 12.77%
1985 0.017286 0.019953 15.43%
1986 0.016869 0.019753 17.10%
1987 0.016936 0.019556 15.47%
1988 0.017001 0.01936 13.88%
1989 0.016811 0.019167 14.02%
1990 0.017171 0.018975 10.51%
1991 0.017249 0.018785 8.91%
1992 0.017103 0.018598 8.74%
1993 0.016921 0.018412 8.81%
1994 0.016556 0.018227 10.09%

Energy/GDP across time
0.024

0.022

^ 0.02

^ 0.018

0.016

-E/GDP
-BAU

years from 1959 to 1994
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TADLn B-55.—fAanufacmrers’new and unfilled orders, 1954 95 
lAmounts in millions of dollars; monthly data seasonally adjusted!

hew orders'

Total

22,335
27,465
28,368
27,559
27,193
30,711
30,232
31,112
33,440
35,511
38,240
42,137
46,420
47,067
50,657
53,990
52,022
55.921
64.182 
76.003 
87,327 
85.139 
99,513

115.109 
131,629 
14 7.604
156,359
168.025 
162,140 
175,451 
192,879 
195.706 
195.204 
209.389
227.026 
235,932
240,646
234,354
241,545
255.701
281.953
272.616
271,786
274,691
275.182 
277,441 
279,788
274,305
287,222
287,248
285,985
293.716
299,514
301,724
300,804
299,625
293.069
297,046
296,754
293,863
301,903
306.123
305.143

Durable goods industries

Total

10,768
14,996
15.365
14,111
13,387
15,979
15,288
15,753
17,363
18,671
20.507 
23,286 
26,163 
25.803 
28,051 
29,876
27,340
29,905
35,038
42,627
46,862
41,957
51,307
61,035
72,278
79.483
79.392
83.654
78,064
88,140

100,164
102,356
103,647
110,809
121,445
124,933
123,556
117.878 
122,614 
133,273
151.878
148,549
145,882
146,906
147,345
149,412
151,212
145,251
154,675
155,433
154,150
159,321
162,310
164.507 
163,338 
163,042 
155,553 
159,502 
159,031
156.130
164,082
168,951
167,068

Capital
goods

induslries,
non-

delense

6,314
7,046
6.072 
6,682 
7,745 
9,926

11.594 
9.886 

11,490 
13,681 
17,588 
21,154
21.135
21,806
19,213
19,624
23,669
24.545
23.983
26,095
30,729
32,725
32,254
29,468
29.653
31,889
37.530
36.630
36.382
36,127
35,815
35.498
38.055
36,310
37.595
39.056 
38,276 
40,781 
37,759
41.785
42,055
42,628
40.072 
43.115 
42,964
40.233
41,676
46.941
43,488

Unfilled orders^

Non­
durable
goods

industries

11,566
12,469
13,003
13,448
13.805
14.732
14,944
15,359
16.078
16,840
17.732 
18,851 
20,258 
21,265 
22,606 
24,114
24,682
26,016
29.144
33.376
40,465
43.181
48,206
54,073
59.351 
68.121
76,967
84.371
84,077
87,311
92,715
93.351 
91,557 
98,579 

105,581 
110.999
117,090
116,476
118,932
122,428
130.074
124,067
125,904
127.785
127,837
128.029
128,576
129,054
132,547
131,815
131,835
134.395
137,204
137,217
137,466
136,583
137,516
137,544
137,723
137,733
137,821
137,172
138.075

Total
Durable
goodsindustries

48,266
60,004
67,375
53.183
46.609
51.717
44,213
46,624
47,798
53,417
64,518
78,249
96.846 

103,711 
108,377 
114,341
105.008
105,247
119,349
156,561
187,043
169.546 
178.128 
202,024 
259,169 
303.593
327.416
326.547 
311.887 
347,273 
373,529 
387,095 
393,412 
430.288 
471.951 
510.459
524.846 
511,122 
475,304 
441,947
456.838
446.233
446.204
446,398
447,337
448,546
449,767
448,587
447,729
448,843
450,853
453,378
456.838
460,772
463,020
464,208
461,984
461,937
459,979
460,368
459,250
461,093
463,081

Non­
durable
goodsindustries

45,250
56,241
63,880
50,352
43,807
48,369
41,650
43,582
45,170
50.346
61,315
74,459
93.002 
99,735 

104,393 
110,161
100,412
100,225
113,034
149,204
181,519
161,664
169,857
193,323
248,281
291,321
315.202
314,707
300,798
333.114
359,651
372,027
376,622
408.602
450.002 
488,780
502,914
487,892
452,383
420,288
431,305
424,128
423.750
423,268
423,681
424,583
425,784
424,563
423,619
424,702
426,266

434,733
436,865
438,336
435,919
435,809
434,012
434,223
434,109
437,121
439,560

Unfilled orders—slripments 
ratio ^

Total

3.016
3,763
3,495
2,831
2,802
3,348
2.563
3,042
2.628
3,071
3.203
3.790 
3,844 
3,976 
3,984 
4,180
4,596
5,022
6,315
7,357
5,524
7,882
8,271
8,701

10,888
12,272
12,214
11,840
11,089
14,159
13,878
15,068
16.790 
21.686 
21,949 
21.679
21,932
23,230
22,921
21.659
25,533
22,105
22,454
23.130
23.656
23,963
23,983
24.024
24,110
24.141 
24,587 
25,083 
25,533
26,039
26,155
25,872
26,065
26,128
25,967
26,145
25.141 
23,972 
23,521

Durable
goods

industrres

3.42
3.63 
387 
3.35 
3 02 2.94
2.71 
2.58
2.64
2.74 
2.99
3.25
3.74
3.66
3.79
3.71
3.61
3.32
3.26
3.80 
4.09 
3.69 
324 
3.24 
357
3.89
3.85 
387 
3 84 3.53 
3.60
3.67 
3.59
3 63 3.64
4 00
4.14
4.08
3.46
3.04
287
3.11
3.07
3.03
3.04 
3.01
2.98
2.99
2.89
2.90 
2.94 
2.88 
2.87
2.85 
286
2.85
2.86 
282 
2.78
2.84
2.74
2.74
2.77

Non­
durable

goods
indus­
tries

412 
4.27 
4.55 
4.00 
362
3.47

3.29
3.08
3.18
3.31
3.59
3.86
4.48 
4 37 4.58 
445

4.36
4.00
3.85
4.51 
4.93 
4.45 
388 
3.85 
4.20
4.62

4 584.68 
4.74
4.29 
4 37 
4 464.40
4.42
4.45 
4.91

5.13 
5.06 
4 21 365
3.43

3.73
3.69
3.63
3.64 
3.60 
3.58
3.60
3.47
3.48
3.52
3.45
3.43
3.41
3.42
3.41
3.44 
3.38 
3.34
3.42 
330
3.30 
3.34

096
1.12
1.04

.85
85
.92
.71
.78
.68
.72
.71
.79
.75
.73
.69
69
76
.76
.86
91
.62
.82
.74
.71
.81
.82
.75
.69
62
.69
.64
.68
70 
83 
76 

.78

.76

.81

.77

.72
76

.74
74

.76

.77

.76

.76

.75

.73

.74
76

.76

.76

.76
76

.75

.75

.75

.72

.74

.70
67
.66

averages ol monthly not seasonally adjusled ligures.
orders al end of period to shipments for period; excludes induslries with no unlilled orders. Annual figures relate to sea- 

la for December.
nning 1958 arc not strictly comparable with earlier data, 
ml of Commerce, Bureau ol the Census.

.'fill
e

PRICES

Table B-56.—Consumer price indexes for major expenditure classes, 1950-95 
[for all urban consumers: 1982-84=100]

^rJrnt“h'(^
All items (CPI-4J)

Food
bever

and
ages

■^tal'

Food

1950 24.1 25.4
951 ............ 26 0 28.2

26.5 28.7
1953 26 7 28.3

26.9 ......
28.2

1955 ............ 26.8 ......
27.8

1956 27.2 28.0
957 28.1 28.9

1958 ............ 28.9 30.2
1959 29.1 29.7
I960 29.6 30.0
961:::: 29.9 30.4

1962 ............ 30.2 ......
30.6

1963 30.6 31.1
:::::::::: 31.0 ......

31.5
1965 31.5 32.2
966 ........... 32.4 33.8
967 33.4 35.0 34.1

1968 ............ 34.8 36.2 35.3
1969 ............ 36.7 38.1 37.1

1970 ............ 38.8 40.1 39.2
1971 ............ 40.5 41.4 40.4
972 ............ 41.8 43.1 42.1

1973 ............ 44.4 48.8 48.2
1974 ............ 49.3 55.5 55.1
1975 ............ 53.8 602 59.8
1976 ............ 56.9 62.1 61.6
1977 ............ 60.6 65.8 65.5
1978 ............ 65.2 722 72.0
1979 ............ 72 6 799 79.9

1980 ............ 824 86.7 86.8
1981 ............ 90.9 93.5 93.6
1982 ............ 96.5 973 97.4
1983 ............ 99 6 995 99.4
1984 ............ 1039 103.2 103.2
1985 ............ 107.6 105.6 105.6
1986 ............ 109.6 109.1 109.0
1987 ........... 113.6 113.5 113.5
1988 ............ 118.3 118.2 118.2
1989 ............ 124.0 124.9 125.1

1990 ............ 130.7 132.1 132.4
1991 ............ 136.2 136.8 136.3
1992 ............ 140.3 138.7 137.9
1993 ............ 144.5 141.6 140.9
1994 ............ 148.2 144.9 144.3
1995 ............ 152.4 148.9 148.4

1994:Jan ...... 146.2 144.3 1437
Feb...... 146.7 143.6 142.9
Mar...... 147.2 143.9 143.2
Apr....... 147.4 144.0 143.4
May...... 147.5 144.1 1430
June..... 148.0 144.2 143.5
July ...... 148.4 144.8 144.2
Aug ...... 149.0 145.3 144.8
Sept ..... 149.4 145.6 145.0
Oct ....... 149.5 145.6 145.0
Nov....... 149.7 145.9 145.3
Dec....... 149.7 147.2 1468

1995:Jan ...... 150.3 147.9 147.5
Feb...... 150.9 147.8 147.4
Mar ...... 151.4 147.9 147.4
Apr ...... 151.9 148.9 148.4
May...... 152.2 148.7 148.3
June ..... 152.5 148.4 147.9
July ...... 152.5 148.6 148.1
Aug ...... 152.9 1489 148.4
Sept ..... 153.2 149.4 148.9
Oct ...... 153.7 149.8 149.4
Nov...... 153.6 149.8 149.4
Dec...... 1535 150.3 149.9

Housing

House­
hold

Fuel and furnish­
Total Shelter other ings

utilities and

...... ...... ...... .......

...... "220 .... 225

22 5 22.6
22 7 23.0
23.1 23.6
24.0 24.3
24.5 24.8

.......24.7 25.4

25 2 260
25.4 26.3

.......25.8 26.3
26.1 26.6

.......
......

26.5 26.6
.......27.0 26.6
..........308

27.8
28.8

26.7
27.1 .... 42:0

32.0 30.1 27.4 43.6
34.0 32.6 28.0 45.2
36.4 35.5 29.1 46.8
38.0 37.0 31.1 48.6
39.4 38.7 32.5 49.7
41.2 40.5 34.3 51.1
458 44.4 40.7 56.8
50.7 48.8 45.4 63.4
53.8 51.5 49.4 67.3
57.4 54.9 54.7 70.4
62.4 60.5 58.5 74.7
70.1 68.9 64.8 79.9

81 1 81.0 75.4 86.3
90.4 90.5 86.4 93.0
96.9 96.9 94.9 98.0
99 5 99.1 100.2 100.2

103.6 104.0 104.8 101.9
107.7 1098 106.5 103.8
110.9 115.8 I04.I 105.2
114.2 121.3 103.0 107.1
118.5 127.1 104.4 109.4
123.0 1328 107.8 111.2
128.5 140.0 1116 113.3
133.6 146.3 115.3 116.0
137.5 151.2 117.8 118.0
141.2 155.7 121.3 119.3
144.8 160.5 122.8 121.0
148.5 165.7 123.7 123.0
142.9 158.1 121.6 120.5
143.7 159.1 122.4 120.4
144.1 1598 122.4 120.6
143.9 159.6 121.6 120.6
144.1 159.6 122.2 121.1
144.9 160.1 124.2 121.4
145.4 1608 124.3 1215
145.9 161.7 124.3 121.4
145.8 161.6 124.2 121.4
145.7 162.0 122.4 121.4
145.5 162.1 121.8 121.1
145.4 161.8 122.0 120.8
146.4 162.9 122.9 121.8
147.0 1638 122.6 122.4
147.4 1645 122.3 122.6
147.4 164.7 122.1 122.6
147.6 164.8 122.5 122.7
148.5 165.5 125.0 122.5
149.2 166.4 125.1 123.0
149.6 166.8 125.7 123.4
1495 166.8 124.9 123.8
149.7 167.3 123.9 123.9
149.4 167.3 123.1 123.6
149.7 167.4 123.7 1238

Apparel
and

upkeep

40.3
43.9
43.5 
43.1 
43.1
42.9
43.7
44.5
44.6
45.0
45.7
46.1
46.3
46.9
47.3
47.8
43.0
51.0
53.7
56.8
59.2
61.1
62.3 
64.6
69.4
72.5
75.2
78.6
81.4 
849
90.9
95.3 
97.8 

100.2 
102.1
105.0
105.9 
110.6
115.4 
118.6
124.1
128.7
131.9
133.7
133.4
132.0
130.4
132.4
136.1
136.4
135.6 
1338
130.9
131.1
134.2
135.2
134.2
130.5
129.4
131.1
134.4
134.8
133.4
130.5 
1283
130.1
132.7
134.5
133.7
130.6

Trans-
^r-
ta-
tion

22.7
24.1
25.7
26.5
26.1
25.8 
26.2
27.7
28.6
29.8
29.8
30.1
30.8
30.9
31.4
31.9
32.3
33.3
34.3
35.7
37.5
39.5
39.9
41.2
45.8
50.1
55.1 
590 
61.7
70.5
83.1 
93 297.0 
993

103.7 
106.4
102.3
105.4
108.7
114.1
120.5 
123 8126.5
130.4
134.3
139.1
131.6
131.9
132.2
132.6
132.8
133.8
134.6
135.9
135.9
136.1
137.1
137.1
137.3
137.5
138.0
139.1
140.3
141.1
140.1
139.2 
1388
139.4
139.4
139.1

Medical
care

15.1
15.9
16.7
17.3 
17 818.2
18.9
19.7 
20.6
21.5
22.3
22.9
23.5
24.1
24.6
25.2
26.3 
28.2
29.9
31.9
34.0
36.1
37.3 
388
42.4
47.5
52.0
57.0
61.8
67.5
74.9 
829
92.5 

1006 
106.8
113.5 
122.0 
130.1
138.6
149.3
162.8
177.0
190.1
201.4 
211.0
220.5 
206.4
207.7
208.3
209.2
209.7
210.4
211.5
212.2
212.8
214.0
214.7
215.3
216.6
217.9
218.4
218.9 
219.3
219.8
220.8 
221.6
222.1
222.9
223.5 
223.8

Enter­
tainment

Other
goods
and

services

....... .......

....... 21.5
21.5
21.9
22.4
22.5
22.6
22.6
22.5
22.9
23.3

.....407 .....351 23.8
43.0 36.9 24.2
45.2 38.7 24.8
47.5 409 25.5
50.0 42.9 265
51.5 44.7 27.2
52.9 464 29.4
56.9 498 38.1
62.0 53.9 42.1
65.1 57.0 45.1
68.3 60.4 49.4
71.9 64.3 52.5
76.7 68.9 65.7
836 75 2 86.0
90.1 82.6 97.7
96.0 91 1 99.2

100.1 101.1 99.9
1038 1079 1009
107.9 114.5 1016
111.6 121.4 88.2
115.3 128.5 88.6
120.3 137.0 893
1265 147.7 94.3
132.4 159.0 102.1
138.4 171.6 102.5
142.3 183.3 103.0
145.8 192.9 1042
1501 198.5 104.6
153.9 206.9 105.2
148.5 195.1 101.3
149.1 195.2 102.0
149.6 195.5 101.9
149.7 196.4 102.0
149.9 197.1 102.9
149.8 197.6 105.7
150.2 198.0 106.8
150.2 199.4 108.5
150.7 201.4 108.2
151.0 201.9 105.8
151.6 202.3 105.7
151.2 202.4 104.7
152.1 203.0 104.2
152.5 204.1 103.7
152.6 204.0 1032
153.3 204.3 103.9
153.6 204.9 106.3
153.2 205.3 109.3
153.6 205 7 108.1
154.1 207.7 107.4
154.9 210.2 1062
155.2 210.7 104.5
156.0 211.2 102.8
156.2 211 1 103.3

Ener­
gy^

iKS^I^'f;e“tire5l"e7eS.“^^^^^^ -"otor fuel. Motor oil, coolant, etc. also included through 1982

Note.—Data beginning 1983 incorporate a rental equivalence measure lor homeowners' costs.
Source: Department ol tabor. Bureau ol Labor Statistics.
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[For all urban consumers; 1982-84=100, except as noted]

Year or month Total'

1950 ....
1951 ...
1952 ...
1953 ....
1954 ....
1955 ...
1956 ....
1957 ...

‘ 1958 ..
1959 ...
1960 ...
1961 ...
1962 .
1963 .

i-

V1980 ....
1981 ....
1982 ....
1983 ....
1984 ....
1985 ....
1986 ....
1987 ....
1988 ....
1989 ....
1990 .
1991 .
1992 .
1993 .
1994 .
1995 .
1994:Jan .

Feb .
Mar .

lone .
luly .
Aug ..^'cf:
Nov .
Dec .

1995: Jan ....
Feb .....Mar.....

t-z
June ....July....
Aug....

^5?'..;;;::
Nov ....
Dec ....

Food and beverages

35.0
36.2
38.1
40.1
41.4
43 148.8
55.5
60.2
62.1
658
722
79.9
86.7
93.5
97.3
99.5

1032
105.6
109.1
113.5
118.2
124.9
132.1
136.8
138.7
141.6
144.9
148.9
144.3
143.6
143.9
144.0
144.1
1442
144.8
145.3
145.6
145.6
145.9
147.2
1479
147.8
147.9
148.9
1487
148.4
148.6
148.9
149.4
149.8
149.8
150.3

Food

Total

25.4
28.2
28.7
28.3
28.2
27.8
28.0
28.9
30.2
29.7
30.0
30.4
30.6
31.1
31.5
32.2
33.8
34.1
35.3
37.1
39.2
40.4
42.1
48.2
55.1
59.8
61.6
65.5
720
799
86.8
93.6
97.4
99.4

103.2
105.6
109.0
113.5
118.2
125.1
132.4
136.3
137.9
140.9
144.3
148.4
143.7
142.9
143.2
143.4
143.5
143.5
144.2
1448
145.0
145.0
145.3
146.8
147.5
147.4
147.4
148.4
148.3
1479
148.1
148.4
148.9
149.4
149.4
149.9

At
home

27.3
30.3
30.8
30.3
30.1
29.5
29.6
30.6
32.0
312
31.5
31.8
32.0
32.4
32.7
33.5
35.2
35.1
36.3
38.0
39.9
40.9
42.7
497
57.1
61.8
63.1
668
73 8 818
88.4
94.8
98.1
99.1

102.8
104.3
107.3
111.9
116.6
124.2
132.3
135.8
136.8
140.1
144.1
148.8
143.8
142.6
142.8
143.0
143.0
142.9
144.0
144.7
145.0
144.8
145.1
147.3
148.2
147.9
147.6
149.2
148.7
148.1
148.2
148.4
149.2
149.7
149.5
150.3

Away
from
home

Shelter

Total

21.5
21.9
22.1
22.6
23.4
24.1
24.8
25.4
26.0
26.7
27.3
27.8
28.4
29.7
31.3
32.9
34.9
37.5
39.4
41.0
44.2
49.8
54.5
58.2
62.6
683
75.9
834
90.9
95.8

1000
104.2
1083
112.5
117.0
121.8
127.4
133.4
137.9
140.7
143.2
145.7
149.0
144.5
144.6
144.8
145.1
1453
1455
145.6
1459
146.2
146.4
146.8
147.1
147.4
147.6
148.1
148.3
148.6
148.8
149.1
149.4
149.6
150.0
150.2
150.4

Renters’ costs

Total'

22.0
22.5
22.7
23.1
24.0
24.5
24.7
25.2
25.4
25.8
26.1
26.5
27.0
27.8
28.8
30.1
32.6
35.5
37.0
38.7
40.5
44.4
48.8
51.5
54.9
605
68.9
81.0
90.5
96.9
99.1

104.0
109.8
115.8
121.3
127.1
132.8
140.0
146.3
151.2
155.7
160.5
165.7
158.1
159.1
159.8
159.6
159.6
160.1
160.8
161.7 
161.6 
162.0 
162.1161.8
162.9
163.8
1645
164.7
164.8
165.5
166.4
166.8
166.8
167.3
167.3
167.4

103.0
108.6
115.4
121.9
128.1
133.6
138.9
146.7
155.6
160.9
165.0
169.4
174.3
166.8
168.9
170.1
169.1
168.5
169.6
171.0
172.1
169.4
169.8
168.9
168.2
170.7
172.9
174.6
174.1
173.7
174.7
176.7
176.9
175.1
175.3
173.8
173.2

Rent.
resi­

dential

29.7
30.9
32.2
33.9
35.1
35.6
36.3
37.0
37.6
38.2
38.7
39.2
39.7
40.1
40.5
409
41.5
42.2
43.3
44.7

46.5
48.7
50.4
52.5
55.2
58.0
61.1
648
69.3
74.3
809
87.9
94.6

100.1
105.3
111.8
118.3
123.1
127.8
132.8
138.4
143.3
146.9
150.3

I Includes alcoholic beverages, not shown separately.
'Oecember 1982=100.
See next page for cootiimation of table.

Fuel and other utilities

---------Fins
Fuel oil Gas

ai£
Home-

owners'
costs'

Mainte­
nance
and

repairs
Total

Total

and
Other

house­
hold
fuel

(piped)
and
elec­
tricity

(energy
com­ serv­

modities ices)

II 3 192
....... ....... ..... ..... II.8 19.3

12.1 19.5
.....20!5 12.6 19.9

20.9 22.6 12.6 20.2 .......21.4 23.0 12.7 20.7 .......22.3
23.2 23 6 13 3 20.9

....... U.3 14.0 21.1
23.6 24.8 13.7 21.9
24.0 25.4 13.9 22.4
24.4 26.0 13.8 23.3
24.8 26.3 14.1 23.5 .......25.0
25.3
25.8

26.3
26 6

14.2 23.5
14.4 23.5

26.6 14.4 23.5 .......26.3 26.6 14.6 23.5 .......27 5 26 7 15.0 23.6
28.9 27.1 21.4 15.5 23.7
30.6 27.4 21.7 160 23.9

.......
33.2 28.0 22.1 16.3 24.3 48.4
35.8 29.1 23.1 17.0 25.4
38.6 31.1 24.7 18.2 27 140.6 32.5 25.7 183 28.5
43.6 34.3 27.5 21.1 29.9 57 8
49.5 40.7 34.4 332 34.5 55^54.1 45.4 39.4 36.4 40.1
57.6 49.4 43.3 38.8 44.7
62.0 54.7 49.0 43.9 50.5 o???67.2 58.5 53 0 462 55.0 5?74.0 64.8 61.3 62.4 610 74 3
82.4 75.4 74 8 86.1 71.4 55590.7 86.4 87.2 1046 81.9
96.4 94.9 95.6 103.4 93.2

102 5 99.9 100.2 100.5 97.2 101.5 ,???107.3 103.7 104.8 104.0 99.4 105.4 95?
113 1 106.5 106.5 104.5 95.9 107.1 112.1
119.4 107.9 104.1 99.2 77.6 105.7 55?124.8 111.8 103.0 97.3 77.9 103.8 555131.1 114.7 104.4 98.0 78.1 104.6 5??137.3 118.0 107.8 100.9 81.7 107.5 127.1

144.6 122.2 111.6 104.5 99.3 109.3 !?15150.2 126.3 115.3 106.7 94.6 112.6 55?155.3 128.6 117.8 108.1 90.7 114.8 147-5
160 2 130.6 121.3 111.2 90.3 118.5 ‘^55

1 165.5 130.8 122.8 111.7 88.8 119.2 ?55171.0 135.0 123.7 111.5 88.1 119.2 152.8

162.9 128.9 121.6 110.6 88.9 118.0
1 163.7 129.4 122.4 111.1 93.6 117.9 ‘599

164.1 129.3 122.4 111.1 92.5 118.1 50.1
164.2 130.2 121.6 109.8 90.2 116.9 150.0

l 164.5 131.0 122.2 110.6 88.7 118.0 95?164.8 131.5 124.2 113.9 87.7 122.1
1 165 3 131.3 124.3 114.1 87.1 122.3 150.4
1 166.1 131.2 124.3 114.0 86.8 122.2 !95?
1 167.1 131.6 124.2 113.8 86.8 122.1 150.3
' 167.5 130.8 122.4 110.8 87.0 118.5 !955
i 167 9 131.2 121.8 109.9 87.7 117.3 150.5
' 167.8 132.7 122.0 110.1 88.4 117.4 1506

168.4 133.1 122.9 110.7 89.4 118.0 !9?5
1 168.9 133.8 122.6 110.4 89.6 117.6 9 ?
' 169 2 134.2 122.3 109.8 89.0 117.1 151.9
) 169.6 134.2 122.1 109.3 88.4 116.6 !955
> 1700 134.6 122.5 109.8 88.3 117.2 152.3
) 170.6 135.0 125.0 1138 87.9 121.9
) 171.2 135.1 125.1 113.7 87.1 121.9 95-9
f 171.6 135.4 125.7 114.6 86.6 123.0 1501
i 172.4 135.4 124.9 113.4 866 121.6 153.2
) 173.0 136.3 123.9 111.5 86.9 119.3 1959
1 173.5 136.2 123.1 110.1 87.7 117.6 153.6
) 174.0 136.6 123.7 110.9 89.6 118.3 153.9

[For all urban consumers; 1982-84=100, except as noted]

Year or month

Transportation
Medical care

Total

Private transportation

Total
Medical

care
com­

modities

Medi(
cart

servicTotal^ New
cars

Used
cars

Motor
luel*

Auto­
mobile

mainte­
nance
and

repair

other

Public
transpor­

tation

1950 22 7 24 5 411 19.0 18.9 n A |C 1 IQ 7
951 .......... 24 1 256 43 1 19 5 20 4 1 j.fl14 8 J J. 1

ts n
JJ.I

fl 1:
1/1952 ............................ 25.7 27.3 46.8 200 20'8 158 1 J.316 7 *MJ 041.2

1953 ............................ 26.5 27.8 472 26 7 21 2 22 0 16 8 17 3 41 9

i

1 /1954 ............................ 26.1 27.1 46.5 22.7 21.8 22 7
18!o 17^8 *M .D42.0 1 ‘][

955 ............................ 25.8 26.7 44 8 21 5 22 1 23.2 18 5 18 2 47 ^ |(1956 ............................ 26.2 271 46 1 20 7 22 8 24 2 19 2
JO.c
18 •vt D

41 4
1 .
1 (1957 ............................ 27.7 28.6 48.5 23.2 23.8 25^0 IS.9

lO.J

19.7
J.4

44 6
11
]•/

958 ............................ 28.6 29.5 50.0 24.0 23.4 25.4 20.9 20.6 46 1
ly

1959 ............................ 29.8 30.8 52.2 26.8 23.7 26.0 21.5 215 46 8 Ih
I960............................ 298 30.6 51.5 25.0 24.4 26.5 22.2 22.3 46.9 IS
96 ............................ 30.1 30.8 51 5 24 1 27 1 23 2 22 9 4fi 1

7f

1962 ............................ 30.8 31.4 51.3 24.3 27.5 24^0 235
*t0.0

45 6 2C
1963 ............................ 30.9 31.6 51.0 28.7 24.2 27.8 24.3 24.1 45 2 21
964 ............................ 31.4 32.0 50 9 300 24 1 28 2 24 7 24 6 4S 1

77

1965 ............................ 31.9 32 5 497 298 25.1 28.7 25 2 2S 7 4=1 n
Li
97

1966 ............................ 32 3 32 9 488 29 0 25 6 29 2 26 1
LJ.L

7fi 3
4D.U

AC 1

ii
71

1967 ............................ 33.3 33.8 49.3 29.9 26;4 30:4 37.9 27A £0. J28.2
‘Ij.J

44.9
ij

26
968 ............................ 34.3 34 8 50 7 26 8 32 1 39 2 28 7 79 9 45 0 77

1969 ............................ 35.7 36.0 51.5 30.9 27.6 34.1 41!6 30:9
Cj.j

31.9 45^4 cl
30

1970 ............................ 375 37.5 53.0 312 27.9 36.6 45.2 35.2 34.0 46 5 3?
9 1 ............................ 39.5 39.4 55.2 33.0 28.1 39 3 48.6 37.8 36.1 47.3 34

1972 ........................... 39.9 39.7 54.7 33.1 28.4 41.1 48 9 39.3 37.3 47 4 35
9 3 ............................ 41.2 410 54.8 35.2 31 2 43.2 48.4 39 7 38 8 47.5 37
9 ............................ 458 462 57.9 36 7 42.2 47.6 50.2 40.6 42 4 49 ? 41
9 5 .......................... 50.1 506 62.9 43.8 45.1 53.7 53 5 41.5 4/ 5 513 46

1976 ........................... 55.1 55.6 66.9 50.3 47 0 57.6 61.8 47.8 52 0 56 5 61
1977 ............................ 59.0 59.7 70.4 54.7 49.7 61.9 67 2 50 0 57.0 60.2 56
1978 ............................ 61.7 62.5 75.8 55.8 51.8 67.0 69.9 51.5 61.8 64.4 61
1979 ........................... 70.5 71.7 818 60 2 70 1 73.7 75 2 54 9 67 5 69.0 67

1980 .......................... 83 1 84.2 884 62 3 9/4 81.5 84 3 r/)0 74.')
/■) 4

74

1981 .......................... 932 93 8 93 / 76 9 108.5 8'J.2 91 4 H5.6 H2.9 H.l./ H7
1982 ......................... 970 9/.I 97.4 88.8 102 8 96.0 97.7 94 9 92.5 92.3 V
1983 ............................ 99.3 99.3 99.9 98.7 99.4 100.3 98.8 99.5 100.6 100 2 100
1984 ........................... 103.7 1036 102.8 112.5 97.9 103.8 103.5 105.7 106.8 107.5 106
1985 ............................ 106.4 106.2 106.1 113 7 98.7 106.8 109.0 110.5 113.5 115.2 113
1986 ............................ 1023 1012 110.6 108.8 77.1 110.3 115.1 117.0 122.0 122.8 121
1987 ............................ 105.4 1042 114.6 113.1 80.2 114.8 120.8 121.1 130.1 131.0 130
1988 ............................ 108.7 1076 116.9 118.0 80.9 119.7 127.9 123.3 138.6 139.9 138
1989 ............................ 114.1 112.9 119.2 120.4 88.5 124.9 135.8 129.5 149.3 150 8 148

1990 ............................ 120.5 118.8 121.0 117.6 101.2 130.1 142.5 142.6 162.8 163.4 162
1991 ............................ 123.8 121.9 125.3 118.1 99.4 136.0 149.1 148 9 177.0 176.8 177
1992 ............................ 126.5 124.6 128.4 123.2 99.0 1413 153.2 151.4 190.1 188.1 190
1993 ............................ 130.4 127.5 131.5 133.9 98.0 145.9 156.8 167.0 201.4 195.0 202
1994 ........................... 134.3 131.4 136.0 141.7 98.5 150.2 162.1 172.0 211.0 200.7 213
1995 ............................ 139.1 136.3 139.0 156.5 100.0 154.0 170.6 175.9 220.5 204.5 224

1994: lan ..................... 131.6 1287 134.7 136.8 92.6 148.1 159.5 175.3 206.4 197.8 208
Feb ..................... 131.9 128.5 135.0 134.1 93.6 148.6 159.7 175.9 207.7 198.7 209
Mar..................... 132.2 128.6 135.3 133.6 93.3 149.0 160.2 178.5 208.3 199.1 210
Apr ..................... 132.6 129.2 135.4 135.3 94.8 149.4 160.4 176.5 209.2 199.7 211
May .................... 132.8 130.0 135.7 137.9 96.0 149.7 160.8 169.9 209.7 200.1 212
June.................... 133.8 131.0 135.8 140.9 98.2 149.8 161.3 169.9 210.4 200.5 212
July..................... 134.6 131.8 135.8 142.6 100.5 150.0 161.5 171.4 211.5 2013 213
Aug..................... 1359 133.0 135.6 144.0 104.1 150.7 162.0 173.2 212.2 201.7 214
Sept................. 1359 133.1 135.7 145.4 103.7 151.2 162.1 171.7 212.8 201.7 215

136.1 133.6 136.6 147.7 101.8 151.7 164.1 168.4 2140 202 2 216.
Nov..................... 137.1 134.8 137.7 150.1 102.7 151.8 166.2 167.2 214.7 202.7 217.
Dec..................... 137.1 134.9 138.5 151.5 100.4 151.9 167.6 165.6 215.3 202.9 218.

1995:Jan ..................... 137.3 134.9 139.0 152.4 98.7 152.0 168.8 168.4 216.6 203 1 219
Feb ..................... 137.5 135.0 139.1 153.3 98.0 152.5 169.4 169.9 2179 203.5 221.
Mar..................... 138.0 135.2 139.0 154.8 97.5 152.7 170.2 174.5 218.4 203.7 221.
Apr ..................... 139.1 136.2 139.3 156.7 99.5 153.2 170 9 176.7 218.9 203.6 222.
May .................... 140.3 137.5 139.3 157.7 104.2 153.8 170.5 176.7 219.3 203.4 223
June.................... 141.1 137.9 139.1 158.3 1061 153.6 169.9 182.5 219.8 203.8 223.
July..................... 140.1 136.9 138.3 157.5 103.6 154.0 169.6 181.8 220.8 204.4 224.
Aug..................... 139.2 136.3 137.9 157.0 101.1 154.5 170.3 177.1 221.6 204 7 225.
Sept.................... 1388 135.9 137.8 1565 99.8 155.1 170.1 176.1 222.1 204.8 226.
Oct..................... 139.4 136.3 138.6 157.2 98.3 155.4 172.0 178.7 222.9 205.7 226.
Nov..................... 139.4 136.5 140.1 157.8 96.4 155.7 172.7 1775 223.5 206.3 227.
Dec..................... 139.1 136.6 140.7 158.2 96.4 155.7 172.4 170.7 223.8 206.6 227
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’Includes other new vehicles, not shown separately. Includes direct pricing ol new trucks and motorcycles beginning 1982.
’includes direct pricing ol diesel luel and gasohol beginning 1981.
Note.-See Note. Table B-56.
Source: Department of labor. Bureau ol Labor Statistics.
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Table ^-‘>1 .—Consumer price indexes for selected expenditure classes, / 950-95 
[For all urban consumers; 1982-84=100, except as noted]

Year or montti

1950 ....
1951 ....
1952 ....
1953 ....
1954 ....
1955 ....
1956 ...
1957 ....
1958 ....
1959 ....

i

Food and beverages

Total'

31.5
1964 ............
1965 ............

32.2
1966 33.8
1967 ............ 35.0 34.1
1968 ....... 362 35.3
1969 ............ 38.1 37.1

1970 ............ 401 39.2
1971 ............ 41.4 40.4
1972 ............ 43.1 42.1
1973 ............ 48.8 48.2
1974 ............

55.5 55.1
1975 ............ 60.2 598
1976 ............ 62.1 61.6
1977 ............ 658 65.5
1978 ............

72.2 720
1979 ............ 79.9 79.9

1980 ............ 86.7 868
1981 ............

93.5 93.6
1982 973 97.4
1983 99.5 99.4
1984 ............

103.2 103.2
1985 ............ 105.6 105.6
1986 ............ 109.1 109.0
1987 ............

113.5 113.5
1988 118.2 118.2
1989 ............ 124.9 125.1

1990 ............ 132.1 132.4
1991 ............

136.8 136.3
1992 ............ 138.7 137.9
1993 ............ 141.6 140.9
1994 ............ 144.9 144.3
1995 ............ 148.9 148.4

1994: Jan..... ' 144.3 143.7
Feb .....

143.6 142.9
Mar..... 143.9 143.2
Apr...... 144.0 143.4
May .... 144.1 143.5
June.... 144.2 143.5
July..... 144.8 144.2
Aug..... 145.3 144.8
Sept.... 145.6 145.0
Oct...... 145.6 145.0
Nov..... 145.9 145.3
Dec ..... 147.2 146.8

1995: Jan ..... 147.9 147.5
Feb ..... 147.8 147.4
Mar..... 147.9 147.4
Apr...... 148.9 148.4
May .... 148.7 148.3
June.... 148.4 147.9
July..... 148.6 148.1
Aug..... 148.9 148.4

^.:z. 149.4 148.9
149.8 149.4

Nov ..... 149.8 149.4
Dec ..... 150.3 149.9

Food

Total

25.4
28.2
28.7
28.3 
28.2
27.8 
28.0
28.9 
30.2 
29.7

30.0
30.4 
30.6

At
home

27.3
30.3
30.8
30.3
30.1
29.5
29.6
30.6 
32.0
31.2

31.5
31.8
32.0
32.4
32.7
33.5
35.2
35.1
36.3
38.0

399
40.9
42.7 
497
57.1
61.8
63.1 
66 8 738 
818

88.4
94.8
98.1
99.1

102.8
104.3
107.3
111.9 
116.6
124.2
132.3
135.8
136.8
140.1
144.1
148.8
143.8
142.6
142.8 
143.0
143.0
142.9
144.0
144.7
145.0
144.8
145.1
147.3

148.2
147.9
147.6
149.2
148.7
148.1
148.2
148.4
149.2
149.7
149.5
150.3

Away
from
home

21.5 
21.9 
22.1
22.6
23.4
24.1 
24.8

25.4 
26.0
26.7
27.3
27.8
28.4
29.7
31.3
32.9
34.9

375
39.4
41.0
44.2 
498
54.5
58.2
62.6 
683
75.9
83.4
90.9
95.8 

1000
104.2
108.3
112.5
117.0
121.8
127.4
133.4
137.9
140.7
143.2
145.7
149.0
144.5
144.6
144.8
145.1
145.3
145.5
145.6
145.9
146.2
146.4
146.8
147.1

147.4
147.6
148.1
148.3
148.6
148.8
149.1
149.4
149.6 
150.0
150.2
150.4

Shelter

Total

22.0
22.5
22.7
23.1
24.0
24.5
24.7
25.2
25.4
25.8
26.1
26.5
27.0
27.8
28.8
30.1
32.6

35.5
37.0
38.7
40.5
44.4
48.8
51.5
54.9 
605
68.9
81.0
90.5
96.9 
99.1

104.0
109.8
115.8
121.3
127.1
132.8
140.0
146.3
151.2
155.7
160.5
165.7
158.1
159.1
159.8
159.6
159.6
160.1
160.8
161.7 
161.6 
162.0 
162.1
161.8

162.9
163.8
164.5
164.7
164.8
165.5
166.4
166.8 
166.8
167.3
167.3
167.4

Renters' costs

Total 2

103.0 
108.6
115.4
121.9
128.1
133.6
138.9

146.7
155.6
160.9
165.0
169.4
174.3
166.8
168.9
170.1
169.1
168.5
169.6
171.0
172.1
169.4
169.8
168.9
168.2

170.7
172.9
174.6
174.1
173.7
174.7
176.7
176.9
175.1 
175.3
173.8 
1712

Rent.
resi­

dential

' Includes alcoholic beverages, not shown separateiy. 
'December 1982=100.
See next one tor cootmation el table.

29.7
30.9
32.2
33.9
35.1
35.6
36.3
37.0
37.6
38.2

38.7
39.2
39.7
40.1
40.5
40.9
41.5
42.2
43.3
44.7
46.5
48.7
50.4
52.5
55.2
58.0
61.1
64.8
69.3
74.3
80.9
87.9
94.6 

100.1
105.3 
111.8
118.3 
1211
127.8
132.8

138.4
143.3
146.9
150.3
154.0
157.8
152.2
152.8
153.2
153.3
153.3
153.4
153.9
154.5
155.0 
155.2
155.6
155.7

156.1
156.4
156.7 
157.0
157.2
157.5
157.9
158.2
158.5
158.9
159.3
159.6

Home-
owners'
costs'

102.5
107.3
113.1
119.4
124.8
131.1 
137.3

144.6
150.2
155.3 
160.2
165.5
171.0

162.9
163.7
164.1
164.2

166.1
167.1

Fuel and other utilities

Mainte­
nance
and

repairs

Fuels

Total
Total

Fuel oil and 
other 

house­
hold 
fuel 

com­
modities

Gas
(piped)

and
elec­
tricity

(energy
serv­
ices)

11.3 19.2
11.8 19.3
112.1 19.5

...ms ■'2'5 112.6 19.9
20.9 22.6 12.6 20.2
21.4 23.0 ]12.7 20.7
22.3 23.6 3.3 20.9
23.2 24.3 4.0 21.1
23.6 24.8 3.7 21.9
24.0 25.4

.....
]13.9 22.4

24.4 26.0 ]13.8 23.3
24.8 26.3

....
]14.1 23.5

25.0 26.3 114.2 23.5
25.3 26.6 114.4 23.5
25.8 26.6

....
114.4 23.5

26.3 26.6 14.6 23.5
27.5 26.7 15.0 23.6
28.9 27.1 21.4 15.5 23.7
30.6 27.4 21.7 16.0 23.9
33.2 28.0 22.1 16.3 24.3

358 29.1 23.1 17 0 254
38.6 31.1 24 7 18.2 27.1
40.6 32.5 257 18.3 28.5
43.6 34.3 27.5 21.1 29.9
49.5 40.7 34.4 332 34.5
54.1 45.4 39.4 36.4 40.1
57.6 49.4 43.3 38.8 44.7
62.0 54.7 49.0 43.9 50.5
67.2 58.5 53.0 (6.2 550
74.0 64.8 61.3 162.4 61.0

82.4 75.4 74.8 86.1 71.4
90.7 86.4 87.2 104.6 81.9
96.4 94.9 95.6 103.4 93.2
99.9 100.2 100.5 97.2 101.5

103.7 104.8 104.0 99.4 105.4
106.5 106.5 104.5 95.9 107.1
107.9 104.1 99.2 77.6 105.7
111.8 103.0 97.3 77.9 103.8
114.7 104.4 98.0 78.1 104.6
118.0 107.8 100.9 81.7 107.5

122.2 111.6 104.5 99.3 109.3
126.3 115.3 106.7 94.6 112.6
128.6 117.8 108.1 90.7 114.8
130.6 121.3 111.2 90.3 118.5
130.8 122.8 111.7 88.8 119.2
135.0 123.7 111.5 88.1 119.2

128.9 121.6 110.6 88.9 118.0
129.4 122.4 111.1 93.6 117.9
129.3 122.4 111.1 92.5 118.1
130.2 121.6 109.8 90.2 116.9
131.0 122.2 110.6 88.7 118.0
131.5 124.2 113.9 87.7 122.1
131.3 124.3 114.1 87.1 122.3
131.2 124.3 114.0 86.8 122.2
131.6 124.2 113.8 86.8 122.1

1 130.8 122.4 110.8 87.0 118.5
1 131.2 121.8 109.9 87.7 117.3

1 132.7 122.0 110.1 88.4 117.4

133.1 122.9 110.7 89.4 118.0

1 133.8 122.6 110.4 89.6 117.6
134.2 122.3 109.8 89.0 117.1

1 134.2 122.1 109.3 88.4 116.6

1 134.6 122.5 109.8 88.3 117.2

1 135.0 125.0 113.8 87.9 121.9

1 135.1 125.1 113.7 87.1 121.9

1 135.4 125.7 114.6 86.6 123.0

1 135.4 124.9 113.4 86.6 121.6

1 136.3 123.9 111.5 86.9 119.3

t 136.2 123.1 110.1 87.7 117.6

1 136.6 123.7 110.91 89.6 118.3

Other
utilities

and
public

services

46.6
47.1
48.4
500
53.4 
562 
578
60.7
63.9
67.7
70.8 
737 
743
77.0
84.3
93.3
99.5 

107.2
112.1
117.9 
120.1
122.9
127.1

131.7
137.9
142.5
147.0
150.2 
1528

148.9
150.0
150.1
150.0 
150.4 
150.4
150.4
150.6
150.3
150.4
150.5
150.6

152.1
151.8
151.9
152.2
152.3
152.7
153.0
153.1
153.2
153.5
153.6
153.9
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(For all urban consumers; 1982-84=100, except as noted!

Year or monlh

Transportation

Private transportation

Public
transpor­

tation
Total

Total' New
cars

Used
cars

Motor
fuel*

Auto­
mobile

mainte­
nance

and
repair

Other

72 1 24 5 411 19 0 18 9 13 4
24 1 25 6 43.1 195 20.4 14.8
25 7 27 3 46 8 20.0 208 15.8
26.5 27.8 47.2 26.7 21.2 22.0 16.8
26.1 27.1 46.5 22.7 21.8 22.7 18.0
25.8 26.7 44.8 21.5 221 23.2 18.5
26.2 27.1 46.1 20.7 22.8 24 2 19.2
27.7 28.6 48.5 232 23.8 250 19.9
286 29.5 500 2A0 23.4 25 4 20 029.8 30.8 52.2 26.8 23/ 26 0 21 5
29.8 30.6 51.5 25.0 24.4 26.5 22 230.1 30.8 51.5 2«0 24.1 27.1 .

23.2
30.8 31.4 51.3 28.4 24.3 27.5

.....
24.0

30.9 31.6 51.0 28.7 24.2 27.8 24.3
31.4 32.0 50.9 30.0 24.1 282 24 731.9 32.5 49.7 29.8 25.1 28 7 25 232.3 32.9 48.8 290 256 29 2 26.1
333 338 49.3 299 26.4 30.4 37 9 2/4
34.3 34.8 50.7 268 32 1 39.2 28./
35.7 36.0 51.5 309 27.6 34.1 41 6 30.9

37.5 37.5 53.0 312 279 36.6 452 35.2

39 5 39.4 55.2 330 28.1 39.3 48.6 37.8
39.9 39.7 54.7 33.1 28.4 41 1 48.9 39.3
41.2 41.0 54.8 352 31.2 43 2 48.4 39 7
45 8 46.2 57.9 367 42.2 47 6 50.2 40.6

50 1 50.6 62.9 43.8 45.1 53 7 53.5 43.5

55 1 556 66.9 503 47.0 576 61 8 47.8

59 0 59 7 70.4 54 7 49.7 61 9 67.2 50.0

61 7 62.5 758 558 51.8 67.0 69.9 51.5
70.5 71 7 81.8 60.2 70.1 73 7 75 2 54.9

83.1 84.2 88.4 623 97.4 81.5 84.3 69 0
93 2 93.8 93.7 769 108.5 89.2 91 4 85.6
970 97.1 97.4 88.8 1028 96.0 97.7 94 9
99.3 99.3 99.9 98.7 99.4 100.3 98.8 99.5

103 7 103.6 102.8 112.5 97.9 103.8 103.5 105.7
106.4 106.2 106.1 113.7 98.7 1068 109.0 110.5
102.3 101.2 110.6 108.8 77.1 110.3 115.1 117.0
105.4 104.2 114.6 113.1 802 114.8 1208 121 1
108.7 107.6 116.9 118.0 80.9 119.7 127.9 123.3
114.1 112.9 119.2 120.4 88.5 124.9 135.8 129.5

120.5 118.8 121.0 117.6 101.2 130.1 142.5 142.6
123.8 121.9 125.3 118.1 99.4 1360 149.1 148.9
126.5 124.6 128.4 123.2 99.0 141.3 1532 151.4
130.4 1273 131.5 133.9 98.0 145.9 1568 167.0
134.3 131.4 136.0 141.7 98.5 1502 162.1 172.0
139.1 1363 139.0 156.5 100.0 154.0 170.6 175.9

131.6 128.2 134.7 136.8 92.6 148.1 159.5 175.3

131 9 128.5 135.0 134.1 93.6 148.6 159.7 175.9
132.2 128.6 135.3 133.6 93.3 149.0 160.2 178.5

132 6 129.2 135.4 135.3 94.8 149.4 160.4 176.5
132.8 130.0 135.7 137.9 96.0 149.7 160.8 169.9

133 8 131.0 135.8 140.9 98.2 149.8 161.3 169.9
134.6 131.8 135.8 142.6 100.5 150.0 161.5 171.4

135 9 133.0 135.6 144.0 104.1 150 7 162.0 173.2
135.9 133.1 135.7 145.4 103.7 151.2 162.1 171.7
136.1 133.6 136.6 147.7 101.8 151 7 164 1 168.4
137.1 134.8 137.7 150.1 1027 151.8 166.2 167.2
137.1 134.9 138.5 151.5 100.4 151.9 167.6 165.6

137.3 134.9 139.0 152.4 98.7 152.0 1688 168.4
137.5 135.0 139.1 1533 98.0 1525 1694 169.9
138.0 135.2 139.0 1548 97.5 152 7 1702 174.5
139.1 136.2 139.3 156.7 99.5 153.2 170.9 176.7
140.3 137.5 139.3 157.7 1042 153.8 170.5 176.7

141 1 137.9 139.1 158.3 106.1 153.6 169.9 182.5
140.1 136.9 138.3 157.5 103.6 154.0 169.6 181.8

139 2 136.3 137.9 157.0 101.1 154.5 170.3 177.1
138.8 135.9 137.8 156.5 99.8 155.1 170.1 176.1
139.4 136.3 138.6 157.2 98.3 155.4 172.0 178.7
139.4 136.5 140.1 157.8 96.4 155.7 1727 177.5
139.1 136.6 140.7 158.2 96.4 155.7 172.4 170.7

Medical care

Total
Medical

cate
coin-

modilies

Medic
care

servici

1950 .............
1951 ............
1952 ............
1953 .............
1954 .............
1955 .............
1956 .............
1957 ............
1958 ............
1959 .............
1960 ............
1961 .............
1962 .............
1963 .............
1964 .............
1965 ............
1966 ............
1967 ............
1968 ...........
1969 ............

I
I:
r........... .

S?;:::::::::

1:::;
ii

15.1 
15.9 
167
17.3
17.8
18.2
18.9
19.7

21 '/
22.3 
22 923.5
24.1
24.6
25.2
26.3 
28.2
29.9
31.9
34.0
36.1
37.3 
38 8 
42 447.5
52.0
57.0
61.8
67.5

74 982.9 
92 5100.6 

106.8 
113.5 
122.0
130.1 
138 6149.3
162.8
177.0
190.1
201.4 
211.0
220.5
206.4
207.7
208.3
209.2
209.7
210.4
211.5
212.2
212.8
214.0
214.7
215.3
216.6
217.9
218.4
218.9 
219.3 
2198
220.8 
221.6
222.1
222.9 
223 5 223.8

39.7
40.8
41.2
41.5 
420 
425 
43.4
44.6 
46 1 
46 8
46.9
46.3
45 6 452 
45.1
45.0
45.1 
44 945.0
45.4

46 5
47 347.4 
475
49.2
53.3 
56 5 
60 2 
64 4 
69 0
75 483.7
92.3 

100.2
107.5
115.2 
122.8
131.0 
139 9150.8
163.4
176.8
188.1 
1950
200.7
204.5
197.8
198.7
199.1
199.7
200.1
200.5
201.3
201.7
201.7 
202.2
202.7
202.9

203.1
203.5
203.7
203.6
203.4
203.8
204.4
204.7
204.8 
205.7 
206.3
206.6

MncliJdes direct pricing of diesel fuel and gasohol beginning 1981 
Note.—See Note, Table B-56.
Source; Department of Labor. Bureau of Labor Statistics.

12
13
14
14
15
15
16 
17 
1/ 
l>.
1^
2(
2C
21
2;
r.r.21
2-
3(
3:
3'
31
3.
4. 
41 
5: 
51 
6. 
6.
7'
8:
9;

10(
10(
ii:
12
13(
13)
141
16;
17.
191
2o:
2i:
22'
201
20:
211
21
2i:
2i:
2i:
21'
21'
211
21
21;

21'
22
22
22
22
22
22
22
22
22
22
22
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Table B-55.—Manufacturers’ new and unfilled orders, 1954-95
[Amounts in millions of dollars; monthly data seasonally adjusted]

nth.

New orders’

Total

22,335
27,465
28,368
27,559
27,193
30,711
30,232
31,112
33,440
35,511
38,240
42,137
46,420
47,067
50,657
53,990
52,022
55,921
64,182
76,003
87,327
85,139
99,513

115,109
131,629
147,604
156,359
168.025
162,140
175,451
192,879
195,706
195,204
209,389
227.026
235.932
240.646
234.354
241,545
255,701
281.953
272,616
271,786
274,691
275.182
277,441
279.788
274.305
287,222
287.248
285,985
293,716
299,514
301,724
300,804
299,625
293,069
297,046
296,754
293.863
301.903
306.123
305.143

Durable goods industries

Total

10,768
14,996
15,365
14,111
13,387
15,979
15,288
15,753
17,363
18,671
20,507
23,286
26,163
25,803
28,051
29,876
27,340
29,905
35,038
42,627
46,862
41,957
51,307
61,035
72,278
79,483
79,392
83,654
78,064
88.140

100.164
102,356
103,647
110,809
121,445
124,933
123.556
117.878
122.614
133.273
151.878
148,549
145,882
146,906
147,345
149,412
151,212
145.251
154,675
155.433
154,150
159,321
162,310
164,507
163,338
163,042
155.553
159.502
159,031
156.130
164,082
168,951
167,068

Capital
goodsindustries.
non-

delense

6,314
7,046
6,072
6,682
7,745
9,926

11.594
9,886

11.490
13,681
17,588
21,154
21,135
21.806
19,213
19,624
23,669
24,545
23.983
26,095
30,729
32.725
32.254
29.468
29,653
31,889
37,530
36,630
36,382
36,127
35,815
35,498
38.055
36.310
37.595
39.056
38,276
40,781
37,759
41,785
42,055
42,628
40,072
43,115
42,964
40,233
41,676
46.941
43,488

Non­
durable
goods

inouslries

11,566
12,469
13,003
13,448
13,805
14.732
14,944
15,359
16,078
16,840
17.732
18,851
20,258
21,265
22,606
24,114
24,682
26,016
29,144
33,376
40,465
43,181
48,206
54,073
59.351
68,121
76,967
84,371
84,077
87,311
92,715
93.351
91,557
98,579

105.581
110,999
117,090
116,476
118,932
122,428
130.074
124,067
125.904
127.785
127,837
128,029
128,576
129,054
132,547
131,815
131,835
134,395
137,204
137,217
137,466
136.583
137,516
137,544
137,723
137,733
137,821
137,172
138.075

Unfilled orders'

Total

48,266
60,004
67,375
53,183
46,609
51,717
44,213
46,624
47,798
53,417
64,518
78,249
96,846

103,711
108.377
114,341
105,008
105,247
119,349
156,561
187,043
169.546
178,128
202,024
259,169
303,593
327.416
326.547
311,887
347,273
373,529
387,095
393,412
430.288
471.951
510,459
524,846
511,122
475,304
441,947
456,838
446,233
446,204
446,398
447,337
448.546
449,767
448,587
447,729
448,843
450,853
453.378
456,838
460,772
463,020
464,208
461,984
461,937
459,979
460,368
459,250
461,093
463,081

Durable
goods

industries

45,250
56,241
63,880
50,352
43,807
48,369
41,650
43,582
45,170
50,346
61,315
74,459
93,002
99,735

104,393
110,161
100,412
100.225
113,034
149,204
181,519
161,664
169,857
193,323
248,281
291,321
315,202
314,707
300.798
333,114
359,651
372,027
376,622
408,602
450.002
488,780
502,914
487,892
452,383
420.288
431.305
424,128
423,750
423,268
423.681
424,583
425,784
424,563
423.619
424,702
426,266
428,295
491.305
434,733
436,865
438,336
435,919
435,809
434,012
434,223
434,109
437,121
439,560

Non­
durable
goodsindustries

3,016
3,763
3,495
2,831
2,802
3,348

2,563
3,042
2,628
3,071
3,203
3,790
3,844
3,976
3,984
4,180
4,596
5,022
6,315
7,357
5,524
7,882
8,271
8,701

10,888
12,272
12,214
11,840
11,089
14,159
13,878
15,068
16,790
21.686
21.949
21,679
21.932
23,230
22,921
21,659
25,533
22,105
22,454
23,130
23.656
23,963
23,983
24,024
24,110
24.141
24.587
25,083
25,533
26,039
26,155
25,872
26,065
26,128
25,967
26,145
25.141
23,972
23,521

Unfilled orders—shipments ratio'

Total

3.42
3.63
387
3.35
3.02
2.94
2.71
2.58
264
2.74
2.99
325
3.74
3.66
3 793.71
3.61
3.32
3.26
3.80
4.09
3.69
3.24
3.24
3.57
389
3.85
3.87
384
3.53
3.60
3.67
3.59
3.63
3.64
4.00

4.14
4.08
3.46
3.04
2.87

3 11 3.07
3.03 
3 043.01
2.98
2.99
2.89
2.90
2.94
2.88
2.87

2 852.86 
2.85
286
282
2.78
2.84
2.74
2.74
2.77

Durable
goodsindustries

4.12
4.27
455
400
362
3.47

3.29
308
3.18
3.31
3.59
3.86
4.48
4.37
458
4.45

4.36
4.00
3.85
4.51
4.93
4.45
3.88
3.85
420
462
4.58
4.68
4.74
429
437
4.46
4 404.42 
4 45
4 91
5.13
5.06
4.21
3.65
3.43

3.73
3.69
3.63
3.64
3.60
3.58
3.60
3.47
3.48
3.52
345
3.43

3.41
3.42
3.41
3.44
338
3.34
3.42
3.30
3.30
3.34

Non­
durable
goodsindus­
tries

0.96
1.12
1.04

85
85
92
71
78
68
72
71
79
75
73
69
69
76
76
86
91
62
82
74
71
81
82
75
69
62
69
64
68
70
83
76
78
76
81
77
72
76
74
74
76
77
76
76
75
73
74
76
76
76
76
76
75
75
75
72
74
70
67
66

la are averages of monthly nol seasonally adjusted figures.
I adjusted, end of period.
niilled orders at end ol period to shipments lor period; excludes industries with no unfilled orders. Annual figures relate to sea- 
r;d data for December.

a beginning 1958 aie not strictly comparable with earlier data,

lartment of Commerce. Bureau of the Census.
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Table B-56.—Consumer price indexes for major expenditure classes, 1950-95 
[For all urtian consumers; 1982-84=100]

Year or month All items (CPI-U)

Food and beverages
Housing

Apparel
and

upkeep

Trans-

lion

Medical
care tarnment 5services

Ener*
gy^Total Shelter

Fueland
other

utilities in
Total' Food

idsn 24 1 25.4 40.3 22.7 15.1
26 0 28 2 43 9 24 1 15.9

1331 ......................1952 26 5 28 7 43.5 25.7 16.7 .....26.7 28 3
... 22!o .... 220 43.1 26.5 17.3

....... ......26 9 28 2 22 5 22 6 43.1 26.1 17.8 ......1955 ............ 26i 27.8 22.7 23.0 42.9 25.8 18.2 ......27 2 28 0 23 1 23 6 43 7 26 2 18.9
133Q ......................1957 . ...

28'l 28!9 24.0 24.3 44.5 27.7 19.7
....... ......

21.5
1958 ............ 28.9 30.2 24.5 24.8 44.6 28.6 20.6 21.5
1959 ............ 29.1 29.7

......
24.7 25.4

.......
45.0 29.8 21.5

....... ......
21.9

iQAn 29 6 300 25.2 26.0 45.7 29.8 22.3 22.4
1961 29.9 30.4 25.4 26.3 46.1 30.1 22.9

....... ......
22.5

IQR7 302 30 6 25.8 26.3 46.3 30.8 23.5 22.6
1963 ........ 30.6 3U 26.1 26.6 46.9 30.9 24.1

....... ......
22.6

310 31 5 26 5 26 6 47.3 31.4 246 22.5
1304 ...................... 315 32 2 ...... 27 0 26.6 47.8 31.9 25.2 22.9
130J ...................... 32 4 33 8 27 8 26 7 49.0 32.3 26.3 23.3
1300 ......................1967 ............ 33 !4 35.0 34.1 ..ias 28.8 27.1 ....WO 51.0 33.3 28.2 23.8
1968 34.8 36.2 35.3 32.0 30.1 27.4 43.6 53.7 34.3 29.9 43.0 36.9 24.2
1969 ............ 36.7 38.1 37.1 34.0 32.6 28.0 45.2 56.8 35.7 31.9 45.2 38.7 24.8
1970 38.8 40.1 39.2 3S.4 35.5 29.1 46.8 59.2 37.5 34.0 47.5 40.9 25.5
1971 ............ 40.5 41.4 40.4 38.0 37.0 31.1 48.6 61.1 39.5 36.1 i?? 26.5
1972 41.8 43.1 42.1 39.4 38.7 32.5 49.7 62.3 39.9 37.3 51.5 27.2
1973 44.4 48.8 48.2 41.2 40.5 34.3 51.1 64.6 41.2 38.8 52.9 46.4 29.4
1974 ............ 49.3 55.5 55.1 45.8 44.4 40.7 56.8 69.4 45.8 42.4 38.1
1975 ............ 53.8 60.2 59.8 50.7 48.8 45.4 63.4 72.5 50.1 47.5 62.0 23-2 42.1
1978 56.9 62.1 61.6 53.8 51.5 49.4 67.3 75.2 55.1 52.0 65.1 57.0 45.1
1977 60.6 65.8 65.5 57.4 54.9 54.7 70.4 78.6 59.0 57.0 683 60.4 49.4
1978 65 2 72.2 72.0 62.4 60.5 58.5 74.7 81.4 61.7 618 71.9 64.3 52.5
1979 ............ 72.6 79.9 79.9 70.1 68.9 64.8 79.9 84.9 70.5 67.5 76.7 68.9 65.7
1980 82.4 86.7 86.8 81.1 81.0 75.4 86.3 90.9 83.1 749 83.6 86.0
1981 90.9 93.5 93.6 90.4 90.5 86.4 93.0 95.3 93.2 82.9 90.1 82.6 97.7
1982 96 5 97.3 97.4 96.9 96.9 94.9 98.0 97.8 97.0 92.5 96.0 91.1 99.2
1983 ............ 99.6 99.5 99.4 995 99.1 100.2 100.2 100.2 99.3 100.6 '22‘ !2li 99.9
1984 ....... 103.9 103.2 103.2 103.6 104.0 104.8 101.9 102.1 103.7 106.8 1038 1079 100.9
1985 107.6 105.6 105.6 107.7 109.8 106.5 103.8 105.0 106.4 113.5 107.9 114.5 1016
1986 ............ 109.6 109.1 109.0 110.9 115.8 104.1 105.2 105.9 102.3 122.0 ‘!12 \l\\ 88.2
1987 ......... 113.6 113.5 113.5 114.2 121.3 103.0 107.1 110.6 105.4 130.1 115.3 128.5 88.6
1988 118.3 118 2 118.2 118.5 127.1 104.4 109.4 115.4 108.7 138.6 120.3 137.0 89.3
1989 ............ 124.0 1249 125.1 123.0 132.8 107.8 111.2 118.6 114.1 149.3 1265 147.7 94.3
1990 130.7 132.1 132.4 128.5 140.0 111.6 113.3 124.1 120.5 162.8 132.4 159 0 102.1
1991 ............ 136.2 136.8 136.3 133.6 146.3 115.3 116.0 128.7 123.8 177.0 102.5
1992 ....... 140.3 138.7 137.9 137.5 151.2 117.8 118.0 131.9 126.5 190.1 142.3 1030
1993 144.5 141.6 140.9 141.2 155.7 121.3 119.3 133.7 130.4 201.4 145.8 1929 104.2
1994 148.2 144.9 144.3 144.8 160.5 122.8 121.0 133.4 134.3 211.0 150.1 198.5 104.6
1995 ............ 152.4 148.9 148.4 148.5 165.7 123.7 123.0 132.0 139.1 220.5 153.9 206.9 105.2
1994-Jan 146.2 144.3 143.7 142.9 158.1 121.6 120.5 130.4 131.6 206.4 148.5 195.1 101.3

Feb...... 146.7 143.6 142.9 143.7 159.1 122.4 120.4 132.4 131.9 207.7 149.1 102.0
Mar ...... 147.2 143.9 143.2 144.1 159.8 122.4 120.6 136.1 132.2 208.3 149.6 195.5 101.9
Adt 147.4 144.0 143.4 143.9 159.6 121.6 120.6 136.4 132.6 209.2 149.7 196.4 102.0
May...... 147.5 144.1 143.5 144.1 159.6 122.2 121.1 135.6 132.8 209.7 149.9 197.1 102.9
June 148.0 144.2 143.5 144.9 160.1 124.2 121.4 133.8 133.8 210.4 149.8 197.6 105.7
July 148.4 144.8 144.2 145.4 160.8 124.3 121.5 130.9 134.6 211.5 150.2 198.0 106.8

...Aug ......Sect
149.0 145.3 144.8 145.9 161.7 124.3 121.4 131.1 135.9 212.2 150.2 199.4 108.5
149.4 145.6 145.0 145.8 161.6 124.2 121.4 134.2 135.9 212.8 150.7 201.4 108.2

Oct 149.5 145.6 145.0 145.7 162.0 122.4 121.4 135.2 136.1 214.0 151.0 201.9 105.8
Nov 149.7 145.9 145.3 145.5 162.1 121.8 121.1 134.2 137.1 214.7 151.6 202.3 105.7
Dec...... 149.7 147.2 146.8 145.4 1610 122.0 120.8 130.5 137.1 215.3 151.2 202.4 104.7

1995:Jan ...... 150.3 147.9 147.5 146.4 162.9 122.9 121.8 129.4 137.3 216.6 152.1 22^“ 104.2
Feb...... 150.9 147.8 147.4 147.0 163.8 122.6 122.4 131.1 137.5 217.9 152.5 204.1 103.7
Mar ...... 151.4 147.9 147.4 147.4 164.5 122.3 122.6 134.4 138.0 218.4 152.6 22^-2 103.2
Apr ...... 151.9 148.9 148.4 147.4 164.7 122.1 122.6 134.8 139.1 218.9 153.3 2043 103.9
May...... 152.2 148.7 148.3 147.6 164.8 122.5 122.7 133.4 140.3 219.3 22*3 106.3
June ..... 152.5 148.4 147.9 148.5 165.5 125.0 122.5 130.5 141.1 219.8 153 2 205.3 109.3
July 152.5 148.6 148.1 149.2 166.4 125.1 123.0 128.3 140.1 220.8 153.6 2057 108.1
Aug ...... 152.9 148.9 148.4 149.6 166.8 125.7 123.4 130.1 139.2 221.6 154.1 207.7 107.4
Sept ..... 153.2 149.4 148.9 149.5 166.8 124.9 123.8 132.7 138.8 222.1 154.9 2122 1062
Oct ...... 153.7 149.8 149.4 149.7 167.3 123.9 123.9 134.5 139.4 222.9 155.2 210.7 104.5
Nov...... 153.6 149.8 149.4 149.4 167.3 123.1 123.6 133.7 139.4 223 5 156.0 211.2 102.8
Dec...... 153.5 150.3 149.9 149.7 167.4 123.7 123.8 130.6 139.1 2238 1562 211.1 103.3

'Household iSels-^as (piped!, electricity, loel oil, rtc.—and motor fuel. Motor oil. coolant, etc. also included through 1982.

Note.—Data beginning 1983 incorporate a rental equivalence measure (or homeowners' costs.
Source; Department of Labor, Bureau of Labor Statistics.
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Oil Shocks and the Macroeconomy: 
The Role of Price Variability*

Kiseok Lee, Shawn Ni, and 
Ronald A. Ratti**

In this paper we argue that an oil price change is likely to have greater 
impact on real GNP in an environment where oil prices have been stable,Jhan 
in an environment where oil price movement has been frequent and erratic. An 
oil price shock variable reflecting both the unanticipated component and the 
time-varying conditional variance of oil price change (forecasts) is constructed 
and found to be highly significant in explaining economic growth across different 
sample periods, even when matched against various economic variables and 
other functions of oil price. We find that positive normalized shocks have a 
powerful effect on growth while negative normalized shocks do not.

INTRODUCTION

In an influential paper, Hamilton (1983) found within a vector 
autoregression (VAR) framework that oil price change has a strong causal and 
negative correlation with real U.S. GNP growth from 1948 to 1980. Mork 
(1989) showed that when the sample period is extended to 1988:2 the correlation 
becomes only marginally significant, and more importantly that there is an 
asymmetry in effects: GNP growth has a definite negative correlation with oil 
price increases and a statistically insignificant correlation with oil price^ 

"decre^r'T

The Energy Journal, Vol. 16, No. 4. Copyright ® 1995 by the lAEE. All righu reserved.

* An earlier version of this paper was presented at the world meeting of the lAEE in Stavanger, 
Norway, May 1994. The authors have benefiUed from comments by James Hamilton, Knut 
Morlc, Oystcin Thogerson and two anonymous referees.

*♦ The authors are with the Department of Economics, University of Missouri-Columbia, 118 
Professional Building, Columbia, Missouri, 65211. USA.
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Burbidge and Harrison (1984) using somewhat different data and

f^^^^yi^SUsmg^nhual'^ta, Mory (1993) showed that increases^and 
oil prices have asymmetric effects on output and other macro­

variables from 1951 to 1990, and on personal income and earnings in most 
industries from 1959 to 1989. Darby (1982) made international comparisons of 
oil shock impacts within a VAR framework and found for the U.S. that the 
estimated oil shock effect was much reduced if price controls during the 1970s 
were taken into account. Hooker (1994) found the predictive power of oil shocks 
on macrcvariables diminishes as the sample is further updated. These studies 
generally show that the effect of oil price increases and decreases have 
asymmetric effects on the economy and that the effects vary across time and 
countries.

Table 1. Summary Statistics of Changes in Real Oil Prices

50:1 -86:1 50:1 - 92:3 73:1 -79:3 86:1 - 92:3

Mean 1.1938 0.4241 16.7472 -8.0111
Std. Dev. 23.8877 35.7899 41.2152 75.2101
LMTest 26.2441 31.4915 4.4211 7.5542
(p-value) (0.000) (0.000) (0.3520) (0.1090)

Note: Std. Dev. denotes standaid deviation of change in real oil price, z,, defined as 400 times the 
log difference in the real price of oil. The Lagrange Multiplier (LM) test represenU ^ test sUtistics 
with four degrees of freedom for joint correlation testa of residuals of mean regression of z, 
(marginal p-values are in parentheses). The null hypothesis of no serial correlation in residuals is 
rejected for the long sample periods, marginally accepted for 86:1-92:3, and accepted for 73:1-79:3.

As noted by Mork, until the oil price collapse in late 1985 the major 
oil shocks since 1948 were price increases. Since 1986:1 a pattern of large price 
increases and decreases is reflected in a substantial rise in the volatility of real 
oil price as illustrated in Table 1. Wide swings in real oil price during 1986 and 
1987 have continued into the 1990s. For example, real oil price fell by 20 
percent in 1990:2, rose by about 40 percent and 30 percent in 1990:3 and 
1990:4, and fell by 34 percent and 9 percent in 1991:1 and 1991:2. The real oil 
price in 1991:2 was almost back at the level one year earlier having almost 
doubled during the interim. More recently a fall in the real oil price of about 13 
percent in 1992:1 was followed by a rise of about 13 percent in 1992:2.

1. They U8cd monthly data in a VAR over 1967.-82 to examine the impact of oil shocks in
several OECD countries and found that the impact on industrial Production was larger for the U.S. 
and U.K. than that for other countries.
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Oil Shocks and the Macroeconomy / 41

Our objective in this pap>er is to further explore the issue of causality 
of real oil price to the macroeconomy in the light of experience up to 1992. 
Unlike earlier periocL, movements in real oil price and GNP during 1986:2- 
1987:3 and 1990:4-1992:3 have a positive correlation. This reversal in the 
relationship and large swings in real oil price provide an opportunity to further 
explore the relationship between oil price and GNP. A brief discussion of some 
results for different sample periods will help motivate the study.

Table 2 reports results for real GNP growth as the dependent variable 
in a vector autoregression (VAR) for three different sample periods. Results 
from a seven variable VAR show that real oil price change is significant at one 
percent during the period 1949:1-1986:1, but is not statistically significant for 
samples including more recent data. This result was noted by Moik for the 
period ending 1988:2. The seven variables are basically the same as those 
appearing in the seven variable system considered by Mode (1989): real GNP 
growth; GNP deflator inflation; 3-month Treasury bill rate; imemployment rate; 
wage inflation (average hourly earnings for production woricers in 
manufacturing); import price inflation; and real oil price changes. As suggested 
in footnote 2, real oil price chanjges are calculated following Mode (1989). Data 
are from Citibase. Variables are, in annual percentage terms. In summary, using 
Mork’s model, we find similar results for the period considered by him, and 
further deterioration in the predictive power of oil price shocks for real GNP as 
the sample is further updated.

Results from an eight variable VAR show that real oil price increases 
are significant at 5 percent during 1949:1-1986:1 and 1949:1-1988:2 (the period 
considered by Mode), but not statistically significant at this level for the period 
1949:1-1992:3.^ In addition, formal tests of pairwise equality of coefficients for 
real oil price increases and decreases have p-valiies of 0.355 for 1949:1-1986:1, 
P,.042 for^l949:1-1988:2, 0.044 for 1949:1-1992:3. Thus the'^hypotli^'^T 

not rejected for the early period, but is rejected at the 5 percent 
level for periods ending in 1988:2 and 1992:3.’

. .ingle monthly
obMrvation during a three month period to represent a quarterly obMrvation as in Mork. In addition, 
the import price variable is exclusive of movement in the price of oil inqtorU. Mork noted the 
decline in statistical significance of real oil price change when the sample is extended to 1988:2. 
However, for his data, real oil price change was marginally significant at the 796 level. Also, Mork 
found the oil price increase variable to be somewhat more statistically significant for the period 
1949:1-1988:2 than that reported here.

3. The hypothesis of parameter stability for the asymmetric model for extension of the sample 
from 1986:1 to 1988:2 and from 1986:1 to 1992:3 cannot be rejected (p-values of Chow test are 
0.466 and 0.852 for the two periods).
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Table 2. Exclusion Tests: Real GNP Growth Rate is the Dependent Variable

Variable 49:1 - 86:1 49:1 - 88:2 49:1 - 92:3

Seven Variable Svstem
Real Oil Price Change 3.439 0.998 0.797

(0.010) (0.411) (0.529)

Eieht Variable Svstem 1
Oil Price Increases 2.820 2.591 2.043

(0.028) (0.040) (0.092)
Oil Price Decreases 1.128 1.525 1.079

(0.347) (0.199) (0.369)

49:4- 86:1 49:4 - 88:2 49:4 - 92:3

Eieht Variable Svstem 2
Real Oil Price Change 1.765 2.662 0.979

(0.141) (0.036) (0.421)
Oil Price Shocks (e) 2.426 2.574 1.353

(0.052) (0.041) (0.254)

Note; The exclusion tesU are for joint hypothesis of zero coefficient on all fou. lags of each variable 
using F distributions with four degrees of freedom in the numerator and appropriate degrees of 
freedom in the denominator. Numbers in parentheses denote marginal p-values obtained from 
asymtotic t values. The six variables not appearing in the Table are basically the same as those in 
Morlc (1989); real GNP growth; GNP deflator inflation; 3-month T-bill rate; unemployment rate; 
wage inflation; import price inflation.

This paper claims that the real oil price has not lost predictive power 
for growth in real GNP if appropriate account is taken of oil shocks and the 
variability of real oil price movement. The basic idea is that an oil shock is 
likely to have greater impact in an environment where oil prices have been 
stable than in an environment where oil price movement has been frequent and 
erratic. The oil price shock variable proposed to be included in a VAR system 
reflects both the unanticipated component of real oil price movement and the 
time-varying conditional variance of oil price change forecasts. This variable can 
be thought of as being a measure of how different a given oil price movement 
is from the prior pattern.^

It is formd that this variable is highly statistically significant in 
explaining GNP growth over different sample periods, even when matched in

UM I

4. The suggestion that the prior pattern of relative price change has real consequences is not
new. It has been argued by Davis (1987) and Hamilton (1988b) that the predicted effecU of a given 
change in real oil price (or relative material price) are quite different depending upon the previous 
pattern of oil price change.

Mm
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a VAR against other functions of real oil price.^ These results are consistent 
with the view that the effect of a change in real oil price depends upon whether 
it is an \inusual event rather than merely an adjustment in response to a change 
in the previous month. An asymmetry is found to exist between the effects of 
I»sitive and nega^tive non^i^ shocks in all sanqjle periods. ’^^MitiYe

Negative normalized shocks are not statistically sigmficant. A generalized 
autoregressive conditional heteroskedasticity (GARCH) model is utilized to 
construct the conditional variation of oil price changes used to normalize 
imexpected movements in real oil price. This model is presrated in the second 
section. Empirical results on the causal relationship between oil prices and GNP 
growth are presented in the third section. The inqiulse responses of GNP growth 
and unemployment over multiple horizons to normalized oil price shocks are 
discussed in the fourth section. Concluding remarks are made in the last section.

THE MODEL OF PRICE VARIABILITY

:e A distinguishing feature of the model employed in this paper from 
earlier work is incorporation of an oil shock variable normalized by a measure 
of oil price variability. A univariate GARCH error process is used to compute 
the unexpected component and conditional variance of real oil price.* These 
variables are then used to augment the VAR system of Hamilton and Mork.

A univariate regression with GARCH(p,^) error process in the quarterly 
rate of change in real oil price, z„ can be represented as

where

5. It should be emphasized that this outcome holds even for periods that exclude the mid and 
late 1980s and eariy 1990s.

6. See Engle (1982), Bollerslev (1986), Bollerslev, Engle, and Wooldridge (1988), and 
BoIIerslev, Chou, and Kroner (1992), among others, for discussion of various ARCH and GARCH 
models.
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and

K = Z?.i yt^M*lfj.i y<,*jKj •

{x,.y, 7^1} denotes an appropriately chosen vector contained in information set 
r = /? is a vector of coefficients. The conditional expectation of

Z„ t, = is assumed to be a linear projection on the conditioning
information. The unexpected part of the rate of change in real oil price is 
defined as e, = z, -

The metric e, does not reflect changes in conditional variability over 
time. When the data generating process is described by equations (1) and (2) a 
measure of an imexpected oil shock that does reflect the magmtude and the 
variability of the forecast error e, might be defined as

It is the central hypothesis of this paper that e’ can be expected to have 
a more systematic causal relation to the real GNP than either z, or e^ The 
intuition is that a given unexpected rate of change in real oil price will have a 
smaller impact on real activity when conditional variances are large since much 
of the change in real oil price will be regarded as transitory. The variable e’ can 
be thought of as being a measure of how different a given oil price change is 
from the historical pattern.

When changes in real oil price are regarded as exogenous shocks (e.g., 
Granger prior with respect to macroeconomic variables) the choice of right hand 
variables of equation (1) would seem to be limited to lagged values of the 
dependent variable. A search over alternative specifications forac,.,, including 
various lag lengths, and the three month T-bill rate, rate of change in the GNP 
deflator, and the unemployment rate as possible explanatory variables did not 
result in finding a variable with statistical significance at the 5 percent level in 
explaining z,. When z, is regressed on its own lags, lags one to four and lag 
eight are significant at the 5 jjercent level. Since the first four lags alone make 
the Ljung-Box Q statistic with 36 lags statistically insignificant, only the first 
four lags are included.
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Table 3. Parameter Estimates of Eqns (1) & (2), Date from 1949:3 - 1S91‘3

ParameterEitimate Std. Error p-valuc

ot»
<*1

“2

Ofs

04

?o
7i
7j

-1.986
0.436

-0.401
0.244

-0.238
23.843

2.208
0.197

0.670
0.144
0.085
0.055
0.066
4.146
0.385
0.098

0.003
0.002
0.000
0.000
0.000
0.000
0.000
0.044

GARCH(1,1) was adopted as a parsimonious representation of the 
process of conditional variance of {e,} in equation (1) with r = 4 and s = 0.’ 
Table 3 presents parameter estimates of equation (1). The GARCH(1,1) 
parameters are significant and have the correct sign.* The sum of and % 
(2.405) indicates the conditional variance process is highly persistmt, i.e., 
integrated GARCH with integration order higher than 1 (see Engle and 
Bollerslev (1986)).’ It will be assumed that the usual asymptotic theories for 
integrated GARCH processes apply to the nnxlel.An analysis of residuals does 
not suggest the presence of information unexploited by the model. The Ljung- 
Box Q test statistic with 36 lags yields 32.403 with marginal p-value 0.640 
(based on a distribution with 36 degrees of freedom). This m^el is used to 
generate e, and e,“.

7. Bollerslev, Chou, and Kroner (1992; p. 10 and p. 20) argue in favor of low-order GARCH 
modeling, and especially for GARCH(1,1).

8. For the sample period 50:1-86:1 the coefficient on h^, is not significant although that of
is significant at the 5 percent level. For the sample period 50:1-88:2, both parameter estimates are 
significant. For all three sample periods, the parameter estimates of GARCH(1,1) indicate 
persistence in conditional variance of e. In the VAR results presented below a GARCH system is 
estimated for each sample period correqionding to the sample period over which each VAR is 
estimated. The VAR teaulu do not subsUntively change if the model repotted in Table 3 were used 
to generate e* in all the VAR models.

9. When three dummies for structural shifts in the dates used are included in GARCH(1,1), the 
sum of and % decreases to 1.30, and when an ARCH (4) is used the sum of the y coefficienU 
is reduced slighUy. These alternative models of conditional variance of oil prices do not change the 
main resulU of the paper.

10. See Nelson (1990), Bougerol and Picard (1992), and Lumsdaine (1991) for discussion of the 
asymptotic properties of integrated GARCH models. It has been noted by several researchers that 
persistence in the conditional variance process could be due to misspecification of the variance 
equation. Lamoureux and Lastrapes (19^ found a subsUntial decline in the persistence in stock 
return variance when intercept dummies are iiKluded (see also Diebold (1986)).
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The normalized oil price shocks in real oil price e* usually assumes 
smaller magnitudes after 1974 relative to magnitudes assumed before 1974. In' 
terms of Hamilton’s (1983) oil price episode classification, an analysis of oil 
price change in terms of e* rather than z, raises the importance of the oil price 
rises of 1952-53, of those during the Suez crisis, and of those in 1969 and 1979 
relative to the oil price shock of 1973-74 and the price rises since early 1986. 
These observations reinforce the view that oil price shocks have always been 
important in the macroeconomy and are not solely a phenomena of the 1970s. ”

I s s

1995

THE EMPIRICAL RESULTS

The consequence of introducing surprises in the rate of change in real 
oil price change normalized by their conditional standard deviation, e“, to 
various VAR systems is report^ in Table 4.'^ It can be seen from the second 
line of Table 4 that normalized oil price shock is highly significant for all three 
sample periods while real oil price change is insignificant. The issue of 
asymmetric effects of normalized positive oil price shocks is explored in the 
remainder of Table 4. Two variables are defined for normalized shocks in oil 
price equal to either the positive or the negative values of «,* and zero 
elsewhere. It can be seen fron the exclusion tests for the nine and ten variable 
systems in Table 4 that positive normalized shocks are highly significant in all 
three sample periods. Negative normalized oil price shocks are not statistically 
significant in any of the VAR systems. In the presence of positive and negative 
normalized oil price shocks the variables oil price change and positive and 
negative oil price changes do not achieve statistical significance.

U M I

11. An analysis of oil price change episodes in Urms of unexpected oil price change (e,) would
lead to qualiutive conclusions similar to that suggested by z,. The correlation of e, and z, over 
1949:3-1992:3 is 0.879, whereas the correlations of e’ with e, and z, are 0.696 and 0.608, 
respectively. It might be of interest to note that e, achieves iu largest value in 1990:3 (slightly higher 
than the second highest value achieved in 1974:1).

12. The effect of introducing unexpected oil price change {e^ rather than e' to the VAR system
is reported at the bottom of Table 2. It can be seen that unexpected oil price change is not 
sUtistically significant. We also find that the predictive power of expecUd oil price change on GNP 
growth resembles that of the actual oil price change and is insignificant. The detailed resulU are not 
reported here.

13. The resulU are robust to alternative models of conditional variance. When the last column
of Table 4 is reproduced with e* obtained from a GARCH(1,1) with three intercept dummies, the 
following F statistics are obuined. Eight variable system 3: 1.684 (z, real oil price change) and 
5.073 (O- Nine variable system: 0.852(z), 9.447 (e’*) and 1.342(e‘"). Ten variable system: 
0.852(z*), 0.567(z), 7.878(e**), and 1.647(0. The results obuined from an ARCH(4) are almost 
the same as above and are available upon request.
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Table 4. Exclusion Tests; Real GNP Growth is Dependent Variable 

Variable 50:3 86:1 50:3 - 88:2 50:3 - 92:3
Eieht Variable System 3
Real Oil Price Change 1.709 2.186 1.096

(0.153) (0.075) (0.361)
Normalized Oil Price Shock (e*) 6.769 7.489 5.449

(0.000) (0.000) (0.000)

Nine Variable System 
Real Oil Price Change

Normalized Positive Oil Price 
Shocks (<•**)
Normalized Negative Oil Price 
Shocks (e*-)

1.668 2.100 0.872
(0.162) (0.085) (0.483)
7.313 10.154 7.660

(0.000) (0.000) (0.000)
1.468 1.123 1.483

(0.217) (0.349) (0.211)

Ten Variable System
Real Oil Price Increases 1.230 1.740 0.432

(0.303) (0.146) (0.785)
Real Oil Price Decreases 1.546 1.962 ,1.330

(0.194) (0.105) (0.262)
Normalized Positive Oil Price 6.012 7.178 6.193
Shocks (e**) (0.000) (0.000) (0.000)
Normalized Negative Oil Price 1.382 1.261 1.562
Shocks (O (0.245) (0.289) (0.188)

Note: Refer to the note of Table 2. Numbers in parentheses denote p-values obtained from 
asymptotic t values.

Table 5 reports lag coefficients for various normalized oil price shock 
variables. Results for an eight variable VAR (the six macro variables, z,, and O 
appear in the upper part of the Table. The coefficients on the normalized shock 
variable are negative. Results when positive and negative oil price changes 
replace z, and positive and negative normalized shocks replace e* appear in the 
lower part of Table 5. The coefficients on positive normalized shocks are all 
negative. For all sample periods the hyp>othesis of pairwise equality of the 
coefficients on normalized unexpected oil price increases and decreases can be 
rejected at the one percent level, as can the hypothesis of parameter change as 
the sample is extended from 1986:1 to later periods.
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Table 5. VAR Results for Real GNP Growth Rate, Independent Variable is Normalized Oil Price ShocU

Lag Coefficient Exclusion Te sts

Time Period 1 2 3 4 F-statistic p-value

Eiffht Variable 3

50:3 -86:1 -1.306 -0.454 -0.565 -2.005 6.769 0.000
(0.459) (0.401) (0.397) (0.430)

50:3 - 88:2 -1.087 -0.515 -0.912 -1.909 7.489 0.000
-« . ‘(0.423) (0.392) (0.384) (0.403)

50:3 - 92:3 -0.536 -0.003 -0.621 -1.738 5.449 0.000
(0.381) (0.380) (0.370) (0.377)

Ten Variable
50:3 - 86:1

•0

e’* -1.747 -0.7:i6 -1.746 -2.106 6.012 0.000
(0.584) (0.6^) (0.594) (0.629)

e*- -1.021 -1.007 0.594 -1.395 1.382 0.245
(1.148) (0.992) (0.944) (0.928)

50:3 - 88:3 ..e- -1.671 -0.639 -1.709 -2.319 7.178 0.000
(0.556) (0.558) (0.548) (0.598)

e- -0.875 0.250 0.221 -1.475 1.261 1^ 0.289
(0.846) (0.847) (0.853) (0.783) 1

50:3 - 92:3
e- -1.219 -0.434 -1.528 -2.049 6.193 0.000

(0.550) (0.553) (0.542) (0.535)
e- 0.538 0.536 0.160 -1.212 1.562 0.188

(0.630) (0.692) (0.682) (0.590)

Note: Numbers in parentheses denote standard errors.

-■A v.-v—
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The above results are robust for variation in lag length and model 
specification. For example, if the import inflation variable is omitted, the 
asymmetry observed by Mork disappears, v/hereas the normalized shock is still 
significant. For the whole sample period, in the seven variable VAR system 1 
in Table 2, the F-statistic (p-value) of oil price increases becomes 1.574 (0.182) 
(oil price decreases becomes 0.957 (0.433)) when the import price variable is 
excluded. Following this exclusion for the seven variable VAR system 3 in 
Table 4, the F-statistic (p-value) for oil price change becomes 0.988(0.416) and 
for e becomes 4.991(0.001). Similarly, while increases in lag length change 
some results, normalized shocks remain significant.'^ Table 6 reports results of 
a VAR model including only GNP growth and oil price changes. Results are 
similar to those reported above for larger VAR systems. Normalized oil price 
shocks provide significant information for GNP growth in all periods, and 
positive normalized shocks are more important than negative normdized shocks 
in explaining GN^ growth.

As an additional check of the robustness of the predxtive power of the 
normalized oil price shock variable we pursued a suggestion by James Hamilton 
that the relationship between the impulse response of real GNP growth obtained 
from a nonparametric kernel estimator and e* be examined. We let a 
nonparametric kernel estimator /i,+a(y„. .y,^) of the conditional expectation, £(y,+,

I Viy-yt-dy of GNP growth, y, be described by

where are the Gaussian kernel weights given by Pagan and Hong (1991):

and the bandwidths are set to be the sample standard deviations of y,^ 
multiplied by The nonlin^r impulse response (with L set to be 3) is
defined as

14. For example, for the period ending 92:3, in the 8 variable VAR system 1 reported in Table 
2 (not normalized variables) if lag is 6, F-sUtistic (p-value) for oil* is 1.107 (0.362), and oil' is 
1.190 (0.316); if lag is 8, then oil* is 1.242 (0.282), and oil' is 1.021(0.425). In the 8 variable VAR 
system 3 reported in Table 4, if lag is 6, then the p-value for e* is 2.601 (0.021), and if lag is 8 then 
it is 2.018 (0.052). In the 10 variable VAR in Table 4 with Ug 6 e* is 3.112 (0.007) and e'~ is 
0.993 (0.433), and with lag 8 e** is 2.305 (0.051) and e*- is 0.696 (0.695).



fev

0‘L
50 / The Energy Journal

Table d. Exclusion Tests in Systems that Consist of GNP Growth and Oil 
Prices Only: Real GNP Growth is Dependent Variable

Variable 50:3 - 86:1 50:3 - 88:2 50:3 - 92:3 'In
Three Variable System

mM B
(growth, Real Oil, O

Real Oil Price Change 1.649 1.908 0.791 Hi(0.166) (0.113) (0.532) Lc
Normalized Oil Price Shock (e*) 6.509 7.661 4.448 HH(0.000) (0.000) (0.002)

' . r\-

Four Variable System
-H^H ^

(growth. Real Oil, e'*, 'HReal Oil Price Change 1.869 2.068 0.872
(0.120) (0.089) (0.483)

Normalized Positive Oil Price 5.517 8.351 7.660
Shocks (e**) (0.000) (0.000) (0.000)

Normalized Negative Oil Price 2.335 1.426 1.483 ^IHShocks (e*-) (0.059) (0.228) (0.211) IHI

Five Variable System
(growth, Real Oil+, Real Oil-, e\ e'') HH
Real Oil Price Increases 1.212 2.025 0.564 H(0.309) (0.094) (0.689)
Real Oil Price Decreases 2.860 1.895 0.909 Ih si

(0.026) (0.115) (0.460)
Normalized Positive Oil Price 3.958 5.691 4.317
Shocks (e*) (0.005) (0.000) (0.002) HH

Normalized Negative Oil Price 3.144 2.252 1.980 HH
Shocks (e*-) (0.017) (0.067) (0.100) H■

Note: Refer to the note of Table 2. Numbers in parentheses denote p-values obtained from 
asymptotic t values.

When regression equations were run with different forecasting horizons, n, with 
as dependent variable and and e'~ as independent variables it was found 

that e'* is significant for every n whereas e*' is only marginally significant. 
(Other functions of oil price change were less significant if used in the same 
regression.) This is consistent with the strong statistical significance of positive 
normalized oil price shocks in predicting growth and the presence of asymmetry 
between positive and negative oil price shocks found in the VAR analysis. The 
nonparametric estimator of y uses no other information than the data in the real 
GNP series yet leads to results supportive of the VAR findings. It should be 
emphasized however, that experiments with alternative kernels suggested by a
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referee yielded statistically insignificant results. The details of the nonparametric 
models and results are available from the authors upon request.

Results consistent with those obtained above emerge when a variance 
decomposition metric is used as an alternative to F-statistics (see, for instance, 
Bemanke and Blinder (1992) for the pros and cons of the two metrics). The 
fractions of the variance of the forecasted GNP growth accoimted for by nine 
elements (excluding the lags of growth itself) in the ten-variable VAR (in Table 
4) at one-year horizon become 0.146 for the T-bill, 0.087 for oil price 
increases, and 0.253 for e"*. The fraction attributable to e* is the largest among 
the nine variables despite the fact that and e' are placed last in the ordering 
of variables.'*

IMPULSE RESPONSES OF OUTPUT AND UNEMPLOYMENT

The impact of e’ on GNP growth and xmemployment over multiple 
horizons is investigated using orthogonalized impulse responses. The impulse 
responses are obtained form a moving average representation of a seven-variable 
VAR with variables placed in the following order: GNP growth, GNP deflator 
inflation, unemployment, the 3-month Treasury bill rate, real wage growth, 
import price inflation, and e**. The ordering of the VAR implicitly assumes that 

does not affect current GNP growth. The middle line in Figure 1 illustrates 
the response in GNP growth to a one-standard-error shock in . Five negative 
responses are followed by five positive responses, with the effect of the oil 
shock greatly diminished after ten quarters.

In order to assess the significance of the impulse response, standard 
errors are also calculated from the variances of the posterior distribution of the 
orthogonalized impulse responses. One hundred random draws are made directly 
from the posterior distribution of the VAR coefficiattrThTsolid lines above and 
below the line connecting the squares in Figure 1 represent plus and minus 2 
standard errors obtained from the simulation. It turns out-that only the impulse 
responses at horizon 3, 4, and 8 quarters are statistically significant. The sum 
of responses over 24 horizons is -0.65 which is (in absolute value) larger than 
one-half the largest negative impulse response obtained at the 4-quarter horizon. 
The negative sum suggests that there is a decline in the level of GNP over 24 
horizons following an oil shock.

15. At a two-year horizon, the T-bill becomes slightly more important than e'* In terms of 
variance decomposition (e.g., 26.11 % for the T-bill and 24.86% for e’*). At horizons of 3, 4, 5, 
and 6 years, hpnrever, the variance accounted for by e'* attains values close to 27% while that of 
the T-bill ia-ftout 23.6%'.

16. This finding is consistent with that of Butbidge and Harrison (1984) in that the oil shock 
variable does not help improve forecasting macroeconomic variables beyond a 3-year horizon.
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The results for the unemployment rate are somewhat stronger. Except 
for the first two small negative responses, Figure 2 shows persistrat positive 
responses of unemployment to a shock in e*'^. The sum of 24 responses is 1.86 
and five responses are statistically significant, i.e., those at the 4 through 8 
quarter horizons. This indicates a cumulative loss in employment that is not 
offset at later dates by subsequent increase in the GNP growth rate during the 
second and third years following an oil price shock. While the impulse of GNP 
growth reaches a positive peak at the 8-quarter horizon, the response of 
unemployment at the 8-quarter horizon is si^ficantly different from zero. This 
might indicate that the recovery in output after an oil shock is mainly accounted 
for by an increase in productivity. This explanation may be consistmt with the 
finding of Blanchard (1989) that the variance of productivity iimovation is three 
times larger than the variance of labor force participation innovation.

CONCI.USION

This paper has presented results on the causal relationship of 
normalized oil price shocks to real GNP growth. Results suggest that a red oil 
price surprise has a greater impact on real GNP (and unemployment) the more 
stable has been the real price of oil prior to the innovation. An asymmetry in 
effects was found to exist in that only positive normalized oil price shocks were 
statistically significant. This specification was stable over time, fitting 
observations before and after 1985, and results were similar whether or not 
other variables (including other ftmctions of real oil price change) were 
included.

The results obtained in the paper are potentially explicable in the 
context of models containing multiple sectors and resource reallocation costs, or 
models capturing recent developments in the theory of investment as surveyed 
by Dixit (1992). A rise in real oil price that is large relative to recent volatility 
will result in reallocation of resources and the lowering of aggregate ou^ut (at 
least during the transition). During f>eriods of high volatility in real oil price, 
since current oil price contains little information about future oil price, rational
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agents will be reluctant to reallocate resources in the presence of real costs of 
doing so.’’

The asynunetric effect of change in real oil price follows from a 
sectoral shifts story since a fall in real oil price also results in sectoral resource 
reallocation with unemployment and output effects that mitigate positive 
macroeconomic effects. The asymmetry would be further reinforced given an 
"uncertainty* effect based on the new investment theory. In this framework the 
increased degree of imcertainty associated with higher volatility in real oil prices 
would result in investment being postponed. Hence, the positive macro effect of 
an oil price decline would also be somewhat offset by depressing effects of 
increased imcertainty.

It would also probably be appropriate to expand the search for 
explanations of the way in which oil affects economic activity to models 
containing rigidities. One of the strong results in the work conducted in this 
paper is the effect of e," on the level of unemployment. These results are as 
robust as those for output growth but qualitatively opposite. For example, in the 
unemployment equation in a ten variable VAR an exclusion test for positive 
normalized oil price shocks has a p-value of 0.000 for 1950:3-1992:3, a p-value 
of 0.007 for 1950:3-1988:2, and a p-value of 0.011 for 1950:3-1986:1,'* It is 
likely that a model in which real wage rigidity plays a significant role in the 
adjustment of the economy to changes in the real price of oil (and of other 
inputs) might be able to provide a satisfactory explanation of the results reported 
here.” Development of a formal model that explains the results presented here

17. In equilibrium business cycle models fluctuation in the teal price of oil has been treated as
exogenous and subject to positive serial correlation. The result has been negative and lagged effects 
of real oil price on output growth. See Finn (1992) and Kim and Loungani (1992) for real business 
cycle models incorporating oil and Davis (1987), Hamilton (1988a), and Loungani and Rogerson 
(1989) for work on business cycle models with real costs for reallocating resources. The resulU in 
this paper suggest that analysis of the impact of oil shocks in real business cycle theory might gain 
from allowing for the time varying nature of the second momenU of parameters driving the model. 
In a paper with a somewhat different focus Loungani (1986) found that for the period 1947-82 oil 
price change was the major factor in explaining the dispersion of employment growth across 
industries and that it was associated with unemployment.

18. The lag coefficienU on the positive normalized shock variable for the period 1950:3-1992:3
in the unemployment equation in the 10 variable VAR are 0.0116(0.04^), 0.0025(0.0446), 
0.1476(0.0438), and 0.1682(0.0432). Standard errors are in parenthesis. These results are consistent 
with arguments advanced by Mork and Hall (1980) concerning the effects of unexpected events in 
the presence of rigid wages. It is also worth noting that the unemployment variable in the GNP 
growth equation is statistically significant at the one percent level in all samples.

19. The application of models containing rigidities is also in part suggested by the results of Kim
and Loungani (1992). Within a conventional RBC model they found only a relatively small 
contribution of oil price shocks to an explanation for variability in output. The content of this section 
of the paper owes a great deal to suggestions made by Knut Mork, particularly on the need to 
examine models containing rigidities.

UMI
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and further investigation of the effect of oil price shocks in other economies 
remains on the agenda for future work.
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The 1990 Oil Shock is Like the Others'

M A. Adelman*

First I wU set out what happened to prices in 1990, then review the 
long term prospects in the light of the change.

Challenge and response

Since 1912, and the first shipments out of the Persian Gulf, the world 
price of oil has been far above the finding/developing cost of creating new 
reserves. The result is a huge excess of potential production, which the 
owners must somehow dam up to maintain the price.

Since the OPEC nations took over 20 years ago, the process has been 
much more turbulent. First, their chief instilment for price-raising has been 
to provoke a crisis, or take advantage of one. Second, there has usually been 
not only potential excess supply but actual excess producing capacity. This 
makes the high price even more insecure.

THE RATCHET MODEL OF AN OIL ‘CRISIS’ 

Stage 1: cut output to drive up the spot price

An output cut, or even the threat of one, frightens the market into 
panic buying and holding, for hoarding not use. Lack of fuel can shut down 
a refiner or user. Oil is a bargain if it is even a little cheaper than shutdown 
loss. Our old friend consumer surplus turns from Dr. Jel^ll to Mr. Hyde.
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Expectation of a higher price is a self-fulfilling prophecy. Buyers 
demand more and sellers offer less. Both are trying to hoard in anticipation 
of the price rise. But once past the short nm the price relapses to the level 
which equates production and demand for consumption not hoarding. 
Therefore the need for Stage 2.

Stage 2: raise official (contract) prices to follow spot

Each cartel nation raises its contract price (or, in 1973-74, its excise 
tax). They are merely "following the Market". In fact the market merely 
follows their production cuts and threats.

Stage 3: hold the higher price line despite deficient demand

On January 1,1974, the take of the Persian Gulf governments was $7 
per barrel. Markets turned weak in January, and by midyear there was 
massive excess current producing capacity, a new phenomenon in world oil. 
But because they restrained output, the OPEC nations could keep raising the 
excise tax, reacl^g $10250 by end-1974.

In 1979-1981, there was a pose of being swept along by irresistible 
market forces. But at all times there was a large amount of deliberately 
withheld capacity. Despite assurances to the United States, the Saudis cut 
output in January 1979, and again in April. Prices exploded, then came down 
only slightly, because the OPEC nations avoided price rivalry and higher 
output.

The 1990 price explosion followed the ratchet script^

The year 1990 had been a normal cartel year. Prices were weak, the 
OPEC nations had failed in several attempts to reduce output and were 
quarrelling over who would cut back most. As late as end-June, the OPEC 
average or "b^ket" crude oil, target value $18, was plainly overpriced at $13 
because offerings exceeded demand and inventories were bursting out of 
storage.^ This had ruined the prospect for the normal autumn demand pick­
up. "OPEC excesses pre-empt autumn stock build." [P/1F:PMI 7-5-90:1] 
Exporters were "playing games" to hide discounts. [P/fP 7-9-90:6] As late as 
July 16, "Markets teetering on edge of disaster again." [P/M^ 7-16-90:5]

First phase: output restriction in late July

At this point, Iraqi threats against overproducers became strident. 
Prices improved, especially when Saudi Arabia mdicated its support of higher

Mi 2. The prices mentioned in the next paragraph arc from Petroleum InteUigence Weekly (PIW).
3. This IS shown not only by the data- on inventories, but, as Philip K. Vcrlcger Jr. has
demonstrated, by the relation of spot to futures prices.

mmm



•■ I-

The 1990

prices [New York Times (NYT) 6-28-90]; a y« 
by signing a non-aggression pact with Iraq, 
was still "weathering another price slump". [ 
90] In early July "several heads of state sudde 
Journal (WSJ) 7-10-90] When Saudi Arabia 
having succeeded in persuading others to do 
NYT 7-13-90] The basket went to $14.41. 
blast against overprodueers on July 17, the [ 

The next week, news of Iraqi dep 
moment to support the OPEC agreement o 
"basket" up to $17.27. The target was now in 
out of OPEC, Iraq was hailed as the Enfora 
"OPEC, facing bloated inventorie.s, faces lonj 
30-90]

The Iraqi invasion and blockade

But then the Enforcer, like many Ei 
use his force to get a bigger piece of the ac 
Kuwait and the basket price was up to $19 
market...[The] OPEC accord...with demand 
stocks seemed more likely to collapse rather 
8-6-90]

On August 5 Exirope and Japan join 
and by August 31 (as this paper is completed) 
Light, a better measure of market trends, we

W l gmii ■ i ■ 4 [«I ■ 1 ■ g.)

The contrived shortage

The blockade of Iraq and Kuwait e> 
the final price jump. It required also the 
OPEC producers.

Iraq and Kuwait had exported 4 u 
about 0.5 had been going into inventory duri 
difference was about 3.5 mbd.

Under competitive conditions it > 
replaced. Excess capacity among the larj 
Kuwait, Saudi Arabia, UAE) was reckone 
Exploration & Production vice-president at 6 
4 mbd must have been available outside Ir: 
Arabia. Venezuela had another half-million

4. According to EIA, International Petroleum Statistics R 
OECD stocks was 0.3 mbd in the o,uartcr. In the rest 
is about half of OECD. Hence total' private stocks rose
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100,000. [NYT 8-29-90;D6] There was also a small amount of non-OPEC 
excess capacity.

For perhaps a month, as they increased output, production would 
lave been less than consumption, but inventories were very high and could 
jasily take the strain. Under competition there would have been, at most, a 
;mall price bump, quickly reversed. But the OPEC nations refused to increase 
)utput. The Saudis talked of no more than 2 mbd additional output - some 
lay. They all carefully dithered, seeking OPEC unanimity which they did not 
leed.

A week after the invasion, the International Energy Agency estimated 
he September shortfall at between 0.6 and 25 mbd. But on August 20, they 
evised their estimate to between 1.4 and 3.2 mbd. The reason: "little evidence 
hat any additional oil has actually been pumped to replace the lost output of 
raq and Kuwait" [NYT 8-21-90]. As in 1974 and in 1979, the chief concern 
)f the OPEC nations was to nail down the higher prices. They would rather 
;rr on the side of producing too little rather than too much. As they waited 
nd demurred and excused, buyers’ fear drove up the price. The ratchet 
lodel worked again.

On August 27, one report [WSJ 8-28-90:A3] was that a majority of 
be OPEC nations would permit only an additional 3 mbd, with 1 mbd deficit 
:ft for cleaning out the inventories which made it so much harder to maintain 
be cartel price. Another report [NYT 8-28-90:06] mentioned 3.6 mbd. They 
ad still to decide how high they wanted to drive the price.

The OPEC nations have inflicted heavy damage on the world 
conomy, but they had no hostile intent. Business is business. Like good 
ommanders in war, they seized an opportunity. This conduct accords well 
nough with a model of the cartel, explored below.

he helpful role of the USA and other consuming nations

Ten years ago, in an lAEE Presidential address, I explained what the 
)le of the Strategic Petroleiun Reserve should be:

"The government should be the oil seller of last resort, just 
as a central bank is a lender of last resort. We ought to 
adopt Victorian flnancizil wisdom for handling panics: lend 
freely and without limit, but charge all the traffic will bear...
[The object is] prevention, not cure....With no demand for 
hoeirding, we would have quiet spot markets and a repeat of 
the 1980 non-crisis." [The Energy Journal, vol. 3, no. 2, 1982, 
pp. 1-13]

Other economists have made similar suggestioac. But the Bush 
dministration has simply sat on the Strategic Petroleum Reserve, reserving 
for 3 "real physical shortage". This is nonsense. Shortage can happen to an 
dividual. It is the basis for panic. But for the whole market a "shortage" is
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impossible. Price rises to equate the amount offered \wth the amount 
demanded. The economic damage is done by the runaway price increase, 
which timely use of the SPR prevents.

But use of the SPR to prevent a price rise is considered as interfering 
with free markets. If so, the Federal Reserve System should be prohibited 
from mcreasing or decreasing the money supply, since that affects the price of 
credit (the interest rate) directly and ail other prices indirectly. Hi^er or 
lower taxes, deregulation or re-regulation, antitrust enforcement or neglect, all 
affect supply or demand, hence prices, and should all be condemned. A 
foolish premise leads to nonsense results. Perhaps the Administration caimot 
reveal their true reason, and must offer these jewels of economic illiteracy.

Had the SPR been used early on, there might have been a mild and 
reversible price increase, but no explosion. The cartel nations felt free to go 
ahead and en^eer one, because they rightly expected no counter-measme.

THE CARTEL OF SOVEREIGN STATES

Every cartel needs to: (1) to fix the best price-quantity combination, 
to maximize wealth, and (2) to divide up the market. There is no permanent 
solution to either problem. A temporary agreement lasts a while, breaks 
down, is patched up, then replaced by a new one. It is endless collusion and 
conflict, trial and error. But a cartel of sovereigns is a better approximation 
than any private group to the abstract model of a wealth-maximizing cartel.

A cartel unleashed

No private companies residing in a modern industrial state would 
dare to raise the price of oil by a factor of 15 (inflation adjusted), as the cartel 
did in 1970-1981. They would harm interest groups far more numerous and 
politically powerful than themselves, who would make short work of them.

But in a small exporting less-developed country (LDC), the benefits 
of a higher price all go to the local economy, the burden is all borne by 
foreigners. Hence the sovereign-owners are free to seek all the trafllc will 
bear. They are also free to make mistakes, to raise the price so high that it 
actually lowers revenues. There is an outstanding example.

Monopoly target

The target price set by the Long Term Price Policy Committee of 
OPEC in 1978-1980 was the cost of synthetic liquid fuels. That is a clear 
example of monopoly profit maximizing. But only when oil no longer 
competes with oil can its price approach the cost of a new substitute 
technology. The interwar private cartel never dared even dream of such a 
goal.
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found out the hard way that the true ceiling 
the cost of S3mthctics. It was set by consumer 

from oil and other energy sources. Nobody 
idvance. But all could agree that consumer 
as to size and timing. A wise policy was to go 
in small amounts to test the waters each time. 

Ittee had recommended just that. Why could not 
ir own soimd doctrine?

igh Discount Rates

:«n>^gianTt[

iments cannot wait because their economies are 
r sectors exist mostly to serve the oil sector and 
This was true even in Kuwait, where earnings 

lubstantial. ElsewLcre, there is little additional 
of billions spent on weapons; infrastructure; 

Idized agriculture depleting fossil water deposits 
vheat costing ei^t times the world price.
•s^ of oil deposits cannot easily cope with

is only half the story.

iilUUSMOTririrw

vmg pr(^ucer group, restricting oil production 
fluctuations in OPEC sales amplify fluctuations

WlKEEBiiTin
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lents are mostly despotic, and opposition works 
y. They are also unruly to each other. At the
1 Kurds; Sunni versus Shia; religious against
r, the flood of petrodollars has allowed large
)n of Kuwait may prove to be a splendid return
;nt, but it is too early to tell.
1 instability may be additive. The revolution
ings for Iraq in 1980. In 1989, Saudi Arabia
with Iraq. ..Kuwait began to overproduce for
i were.
ims or some other irrelevancy, but as rational 
)untries must take the money and run. Fifty- 
le an emphatic case to an oilman, which he 

"The future leaves them cold. They want 
ccount balances showed it in the 1950s and

I'ashed away the huge 1974 OPEC current- 
The larger 1980 surplus became a deficit in
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1982. Saudi Arabia acquired about $140 billions of foreign assets when the 
wealth poured in too fast to be spent. Since 1981, about two thirds of it has 
slipped away. In 1988 they began borrowing. Let the reader imagine: your 
whole income is from a single company. You cannot diversify by Milling off 
any shares. You overspend your income and are heavily committed to friends 
to reward and enemies to buy off. You live in a neighbourhood where you 
m^st always fear attack. Of course you will grab for more income now, even 
if it may cost you much more later.

In theory the cartel should raise prices faster and farther than an 
unrestrained private monopoly — as they have done.

LOSS OF THE COMPANY BUFFER

Before expropriation, the companies, without collusion, had 
determined the level of output: whatever was demanded at the current price. 
They divided the market as they had done for decades: by inertia, a well- 
honed mstinct for not upsetting each other, non-price rivalry in consumer 
m^kets, plus the smallest possible price response to the competitive fringe. 
With good profit margins, they could absorb crude price differentials getting 
out of line with product prices. True, they tended to overlift the more 
profitable crudes and underlift the less profitable. But these conflicts were 
muted by their desire not to lose their valuable concessions.

It was a sloppy system, which did not optimize anybody’s 
anything, and probably could not be reduced to formal rules, let alone 
numbers. But it worked, and provided a buffer between any two 
governments.®

Without the companies, price differentials became an immediate 
menace because companies as buyers would quickly shift their purchases. The 
governments’ market shares were now more unstable, and they neetied to 
confer and wrangle openly about them.

• Governments needed now to invest their own funds. The amounts 
were, and ^e, quite small relative to revenues, but the revenues were quickly 
overcommitted, and capital spending became the accidental result of which 
domestic pressure groups had the most clout.

THE VACILLATING CARTEL MODEL

When a price is fixed above the competitive level the largest firms 
tend to lose market share. Small firms shade prices and expand output, 
nibbling at the bigger ones, who are in a dilemma. If t!?ey retaliate, they risk

5. In the long run it was untenable because it allowed competition to seep in, enough to lower 
the price (inflation-adjusted) by over 80 percent in 25 years.
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:neral price collapse. If they are permissive, they keep losing market

Thus a cartel swings between two models, (a) The largest firm(s) 
the burden of restriction, making up the difference between total 

anded and production of the smaller Hrms. Or (b) all firms together set 
1 output, then divide it. Variant (a) is easier to manage, (b) is more 
u'diug. Both are unstable; in (a), thejdbminant firm will push toward (b), 
lake others share the burden; in (b^,^cheating may force the dominant 
willy-nilly into (a).

In 1^5-1982, the Saudis maintained model (b). They deliberately 
ed in raising prices. By discounting, they kept their market share high, at 
jxpense of their rivals. But as others began to undercut them, the Saudis 
led groxmd, lapsing into model (a). But smee mid-1985, the financial 
ts mentioned earlier have made them refuse to be the patsy "swing 
ucer" and bear everyone’s burden.

:e versus small OPEC producers

We still hear about the "high absorbers", with large populations and 
reserves, who want high prices now; versus the "low absorbers", with 
reserves and small populations, who look far into the next century, and 
lower prices. This is fiction. As already seen, nearly all absorb more 
they earn — hence the chronic deficits.

We hear that the Saudis do something, or refrain from doing 
thing, because their reserves will last into the next century, etc. This 
the question. We should ask: why do they extract so little of their 

rground asset, operatmg only 15 out of 52 "commercial" fields?
Moreover, the large-reserve producers have lower costs. To have 

cost producers expand at the expense of low-cost is upside-down 
Dmics under competition, but it is orthodox cartel economics. As we 
ed out, large firms tend to lose market share becarise they are ultimately 
»nsible^for limiting production to maintain the price; the Saudis and
- restrict output despite overabundant reserves.

U M I

1990 CONSENSUS REVISED

The 1990 consensus was that in the long run, the non-OPEC and the 
OPEC producers would empty out their reserves, while the big ones 

;d off their excess capacity. By the mid-1990s the surplus would be gone, 
)rices would resume their long-deferred but inevitable rise. I thinlf the 
nsus was mistaken even with $15 oil, a fortiori with $25 to $30.
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dampmg effect, as a license to contiiiue the old wasteful ways. But on the 
whole, higher prices will speed up the rate at which non-cartel output will rise.

Natural gas

Natural gas is a sleeping giant beginning^to stir. In the USA, 1988 
reserves-added were the second highest ever, exceeded only in 1956.‘ 
Production today is clearly demand-, not supply-, limited.

Canada once required 25 years of reserves before permitting exports. 
With no export market, there was less investment and reserve-additions. This 
"proved" Canada was running out of gas, which strengthened the refusal to 
export. In 1980, the government barred exports at $5 per thousand cubic feet 
(mcf). But Canada discarded the fetish, and gas exports are climbings at not 
much over a $2 border price. Gas reserves are growing. In Norway, $7 was 
once demanded for "high-cost Troll gas". It will be profitably sold at less than 
half that price.

In Europe and the Pacific rim, the gas era is just beginning Border 
prices in Europe feU by 55 percent from 1985 to 1989 (money of the day), and 
give no sign of revival. Gas will no longer be a "boutique fuel", out a bulk 
fuel.

Most of the incre^ed demand for hydrocarbons would have bypassed 
OPEC even with $15 oil. The 1990 price jump makes it certain. 
Consumption will grow less than had been expected, and non-OPEC 
production will grow more. The cartel’s environment will be much less 
friendly. A return by Kuwait and Iraq to the world market will generate 
much more pressure. The higher revenues will make it easier to resist the 
pressure for lower prices, but only as long as the current account surplus will 
last.

THE BOGEY OF INSUFFICIENT CAPACITY

There was little or no excess capacity when the world oil industry was 
much more competitive than it is today. Of course the 8 per cent annual 
growth rate would quickly have dissolved any surplus which might accidentally 
appear.

Smce 1973 there has been much OPEC excess capacity. Yet in the 
consumer countries there is an obsessive fear of insufficient capacity. In the 
1970s, the United States State Department, the Central Intelligence Agency 
(CIA), the Department of Energy (DOE), and others, kept warning us of gaps 
ahead, 20 million barrels daily, 8 million, whatever.

JMI 6. This fact was masked by the removal of 25 trillion cubic feet in Northern Alaska-which
should never have been counted as reserves in the first place.
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The $60-biII!on hoax

Of late we have been repeatedly warned that the world must have 
another 6 million OPEC barrels daily, installed in the next five years. To 
provide this, OPEC is said to need ^ billion, or $10,000 per d^y barrel, 
and where \vill they ever find the money? This rising chorus should make u^ 
stop and think.

First, at a $15 price, the annual return is about half of the asserted 
investment.^ A 50 percent rate of return seems sufficient inducement to 
invest.

Second, $10,000 per daily barrel is "in the ball park" — for the USA 
and the UK North Sea. (A recent Soviet estimate is $11,000.) For Venezuela, 
not the lowest cost OPEC producer, it is 5-6 times too hi^. Saudi Arabia 
has annoimced plans for increasmg capacity by 7 million barrels daily, 
spending $13 billion. This overstates, because it includes an inflation factor 
and covers much gas gathering, infrastructure, and a pipeline. Even so, it is 
only one-fifth of the fabled $10,000.

That niunber deserves to be laughed right out of court. Its constant 
repetition shows how badly off-track is discussion of world supply.

Permanent excess capacity

Despite current excess capacity, which is the only reason why prices 
were coming down until July, all OPEC nations are expanding capacity. Of 
course, projects carried out will be considerably less than aimoimce^ but 
capacity will exceed anything they can sell.

Vyhy do the OPEC nations overbuild? It is hard to raise even small 
amoimts of money because it is dangerous to reduce the incomes of their 
constituents or to let foreign capital enter for some production ventures. But 
they have no choice.

With no excess capacity, a cartel member gets no respect. Bargaining 
power depends upon its ability to create a nuisance or danger, by 
overproducing to put prices in danger, if it is not treated "right". Therefore 
every member must provide some surplus capacity, if only to make a aedible 
threat of overproduction. Each member must protect itself by doing what is 
bad for the group. The excess will never di^ppear so long as the cartel 
remains. Hence even high demand for OPEC oU will not stabilize the price.

"Reintegration" = "Netbacking"

"Netback pricing" is the sale of crude oil at a price determined by the 
market price of prokfiicts. Thereby the producer can sell some or conceivably

7. Assuming the OPEC blended price at $15, and operating expenses at $1, annua! receipu per 
barrel of capacity operated are $5110. Elsewhere, expenses are much higher, and the investor 
must reckon with taxes. Hence the rate of return is much lower.
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all of his quota without price competition at the crude* oil level It 
automatically matches any rival’s lower crude prices, which are speedily 
translated into lower product prices. ' ,

Netbacking subverted cartel discipline in 1986. The Saudis used it 
only as a last resort, to whip their partners back into line. But downstream 
integration, such as ownership of reHning-marketing facilities, is permanent 
structural netback pricing. As the integrated governments use it to hold 
market share, the non-integrated will retaliate by reducing spot and term 
prices.
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THE CARTEL REMAINS

Just as we heard in 1979 that OPEC had been swept away by market 
forces, so now do we hear that it is fatally injured by dissension. With such 
"defeats", what need of victories?

The rewards of monopolizing the world oil industry have been so 
huge that the OPEC nations will make strenuous violent efforts to maintain 
it. The Iran-Iraq war was a great help in a difficiilt decade. So is the Iraqi 
aggression, which has shut down two major producers. If the cartel collapses, 
it will reappear, perhaps with a partly dilTerent membership. Whenever they 
settle their differences they can cut production, and raise die price.

The clumsy cartel

The volatility since 1970 shows how difficult it is to hold the price line 
Md rein in production. One cannot fine tune with coarse instruments and 
incomplete ^owledge. Consumption is unknown for months. Inventories in 
the h^mds of companies are imperfectly known, and downstream stocks are a 
statistical black hole. Members do not always release accurate production 
numbers even to each other. The cartel has been flying blind, with several 
hands grabbing at the controls. Moreover, short time horizons and high 
implicit discoimt rates make them overreact.

I said in 1971 that "the genie is out of the bottle". He still is. The 
OPEC nations learned some caution after 1980, but these lessons wear off. 
In July, Iraq was the "extremist" in wanting a $25 price. As of end-August, the 
"moderates" have succeeded in ratcheting it higher than that. We will see 
whether they are more cautious.

Models based on demand and "supply" are not relevant. A 
monopoly has no supply curve but a perverse reaction: the higher the price, 
the less investment. From 1973 to 1988, as prices rose by hundreds of 
percent, Saudi oil wells drilled fell by 96 percent.

I': UMI



Challenge and response
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Challenge and response holds in the short run as in the long. The 
challenge of excess supply raised prices, by concentrating the mmds of the 
cartel members. When its new enforcer became greedy and took himself and 
a principal competitor out of the market, the rest saw their opportunity and 
took it.

At the end of August the question is: how long does it take before 
Kuwait and Iraq are back in the market? The ideal condition for the 
survivors would be a permanent stalemate, with two major competitors 
suppressed. But if they both return soon, we are back to early July or even 
June, when the market was weak even with Arab Light at $12J0. Demand 
will 1^ less, and supply greater. Excess supply will be more burdensome than 
ever, and then the challenge may be too great. But I think it more likely that 
the cycle will continue: meetings — quotas — firm prices — cheating -- price 
declines — threats and promises — meetings... with here and there some more 
drastic political-military moves.




