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Many economists believe that oil price shocks to the U.S. economy cause changes in demand for oil that persist long af-

ter the shocks'first effects. Casual observation suggests that consumption of motor fuel during the past two decades has 

not been very sensitive to motor fuel pnces. The authors' study of U.S. household demand for motor fuel from 1970 

through 1989 supports an asymmetric response hypothesis, which holds that decreased demand for motor fuel immedi-

ately following an increase in its price will exceed the increased demand following a comparable price decrease. They 

find no support for an explanation that links household demand to conservation policies. 

The unexpected reduction in the world 

supply of crude oil—and subsequent 

increase in its price—following the Au-

gust 2, 1990, Iraqi invasion of Kuwait is 

an example of what economists call a supply shock. 

The term is used to refer to a situation in which 

the supply of a key input into the economy's ag-

gregate product ion funct ion is unexpectedly 

changed (interrupted or supplemented) or in 

which the price of a key input changes substantial-

ly and quickly. Such shocks can affect the econo-

my in numerous ways, leading to a number of 

potential economywide adjustments. The scope of 

these adjustments will depend on the nature and 

size of the shock and on the economy's current 

structure. 

Stated differently, a supply shock is a change 

in the economy's ability to produce a given level 

of output at a given price. A favorable supply 

shock, such as an increase in labor productivity 

or a technological breakthrough, raises the level 

of output produced by a fixed amount of input— 

that is, for any given price, more can be pro-

duced. An adverse supply shock, such as an 

increase in oil prices, lowers the output potential 

for existing resources. Capital, because it be-

comes more expensive to operate, and labor, be-

cause each unit of labor has, in essence, less 

capital with which to produce output, are both 

less productive. At any price, less can be produced 

with given inputs. For example, if a factory's fuel 

bill that had been $100 per unit of output increases 

to $125 per unit of output because of the rise in oil 

prices, the production ability of both the existing 

capital (plant and equipment) and labor are re-

duced. 

Adverse supply shocks like the infamous oil and 

food price shocks of the 1970s can thus be thought 

of as destroying some of the economy's existing 

capital stock or as reducing labor productivity. Ei-

ther outcome leads to decreases in equilibrium real 

wages. The quadrupling of oil prices during the 

supply shock of 1974 (see Chart 1) provides a 

good illustration of these points. In response to the 

oil shock, many firms scrapped much of their 

energy-inefficient plant and equipment. Supported 

by a smaller capital stock with which to work, la-

bor productivity naturally fell in the short run. 

Economists have long speculated that certain 

shocks, especially adverse supply shocks, can lead 

to changes in behavioral relationships that persist 

long after a shock's initial impulse has passed. The 

U.S. economy has experienced several such shocks 

in the last twenty years, and these episodes pro-

vide data that can help determine how households 

and businesses respond. Some understanding of 

ways the economy has adjusted in the past may 

lend perspective on the recent oil shock and the 

likely efficacy of policies designed to offset its im-

pact. An examination of U.S. household demand 

for motor fuel over the 1970-89 period, presented 

in this article, sheds some light on these issues of 

different sectoral responses to oil price shocks. 
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Chart 1 
Oil Prices, 1968-90* 

40 

* Annual average crude oil refiners' acquisition cost, composite. 

Source: U.S . Department of Energy. 

Sensitivity of Oil Consumption 
to Oil Prices 

The ease or difficulty with which the economy re-

sponds to a supply shock depends on the nature of 

the commodity whose price changes. If there are 

few acceptable substitutes for the commodity, as for 

oil, then households and businesses find it difficult 

to switch to an alternative in the short run. In this 

circumstance, demand does not appear to be price 

sensitive; it does not have much price elasticity (to 

use economists' term for describing and measuring 

the sensitivity of demand to price changes). In the 

longer run, as substitutes for the commodity are de-

veloped or discovered, demand becomes more sen-

sitive to price changes. In other words, the short-run 

price elasticity of demand is less than the longer-run 

price elasticity. 

The oil price shocks of the 1970s were large and 

disruptive. The first shock, between 1973 and 1974, 

sent oil prices from about $3-60 per barrel (1972 av-

erage) to more than $10 per barrel in 1974.1 More-

over, this episode included an embargo limiting U.S. 

gasoline supplies and resulting temporarily in infor-

mal rationing and other nonprice restraints on gaso-

line purchases. The second shock, a series of price 

increases during 1979 and 1980, raised the per barrel 

cost from $12.46 in 1978 to more than $35.00 in 

1981. 

Despite much early empirical evidence to the 

contrary, recent history lends casual support to the 

notion that U.S. oil consumption has not been very 

sensitive to oil prices, especially since 1975.2 As 

Stephen P.A. Brown and Keith R. Phillips (1989a) 

have noted, U.S. consumption of oil increased 

sharply between 1975 and 1979, despite the quadru-

pling of oil prices following the 1974 oil shock. Fur-

thermore, although both oil prices and consumption 

fell from 1981 through 1985, consumption increased 

only modestly after prices plunged in 1986. Each of 

these observations is consistent with the assumption 

that the short-run price elasticity of demand for oil is 

quite low. 

Brown and Phillips observed that at least three 

theories compete to explain the apparent insensitivi-

ty of oil consumption to oil prices. The "nonprice 

conservation" theory is based on the notion that 
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changes in U.S. government policies reduced the 

growth in demand for oil independently of changes 

in the price of oil. For example, the Energy Policy 

and Conservation Act of 1975 and the National Ener-

gy Act of 1977, which mandated a number of con-

servation measures, imposed minimum average 

gas-mileage standards for U.S. auto manufacturers 

and a 55-mile-per-hour national speed limit, as well 

as improvements in technology. A second theory is 

that U.S. oil consumption responds asymmetrically to 

changes in oil prices, falling more following a price 

rise than it rises after an oil price decline. 

Neither the nonprice conservation or asymmetric 

response theory stood up to empirical testing at the 

aggregate (economywide) level by Brown and 

Phillips (1989a). Using a quarterly econometric mod-

el of U.S. oil consumption applied to the period cov-

ering the first quarter of 1972 through the first 

quarter of 1988, the authors rejected both theories. 

A third theoretical explanation of the observed in-

sensitivity of U.S. oil consumption to changes in oil 

prices is based on the notion that oil consumption 

patterns are persistent. According to this perspective, 

because substantial changes in the economywide ra-

tio of oil consumption to output require new capital 

investment, consumption responds very slowly to oil 

price changes, giving the possibly false impression 

that oil consumption is not very sensitive to price. 

This observation is simply another way of saying that 

the long-run price elasticity of demand for oil is 

more than the short-run elasticity. Empirical support 

demonstrating the lag in the responsiveness of oil 

consumption to price changes appears in studies by 

W.W. Hogan (1989), Dermot Gately and Peter Rap-

poport (1988), and Brown and Phillips (1984). 

Another explanation, consistent with the con-

sumption persistence theory, is that the household 

and business sectors of the U.S. economy have dif-

ferent sensitivities to oil shocks and different time 

patterns of adjustment to changes in oil prices. For 

example, businesses, especially manufacturing and 

transportation, may face very high fixed costs of 

converting to alternative energy sources, or they 

may have extremely limited opportunities to con-

serve. For such producers to decrease oil depen-

dency may require investment in more fuel-efficient 

plant and equipment, so reducing demand might 

be difficult in the short run. At the same time, 

households may have more discretion in their con-

servation options because conservation at the 

household level involves trading off comfort (heat, 

air conditioning, private car use) for cost. Thus, the 

sensitivity of household motor fuel consumption to 

changes in fuel prices may differ significantly from 

that of aggregate or economywide oil consumption 

to changes in oil prices. Given these considera-

tions, it is possible that broadly defined energy 

conservation policies (not targeted to business or 

household behavior) will fail to elicit the expected 

response. 

The specific question investigated is whether the 

adverse oil shocks of 1974 and 1979 led to signifi-

cant changes in household motor fuel consumption 

patterns. Providing answers to this question as well 

as empirical evidence on the nonprice conservation 

and asymmetric response theories at the level of the 

household should prove valuable in any attempt to 

assess the impact of the 1990 oil shock on house-

hold demand for gasoline during the next several 

years. The same evidence could be useful in the de-

sign of energy conservation programs and contribute 

to the formation of future tax (fiscal) policy. 

The research published here is a first step toward 

understanding the various ways sectors respond to 

oil price shocks. In the study a simple quarterly 

econometric model of household motor fuel de-

mand has been used to conduct tests of the non-

price conservation and asymmetric response 

theories for household motor fuel consumption. The 

analysis was carried out using the linear expenditure 

system derived by Richard Stone (1954). A brief in-

tuitive explanation of this approach to demand anal-

ysis appears in the next section. Readers interested 

in a rigorous derivation of the linear expenditure 

system from first principles are referred to the box 

on page 4. 

Household Demand: The Linear 
Expenditure System Defined 

The demand function of an individual or house-

hold for a product is simply a schedule of the 

amounts of the product the individual or household 

would buy at various possible prices in a particular 

period for a given level of income. Thus, the con-

cept of a demand function describes a functional re-

lationship between two variables: the price of a 

product and the quantity of the product demanded, 

holding income constant. However, it is generally 

true that the demand for any given product will also 

depend on a host of considerations or influences be-

sides price. 

Depending on the issues being examined, vari-

ous of these other influences—which include the 

prices of other goods or services (in particular, pos-

sible substitutes), the household's income and 

tastes, and expected future prices—should be taken 

into account explicitly in the household's demand 
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Deriving the Linear Expenditure System 

Utility Maximization and Demand Functions 

The classical consumer or household demand model 
is based on the assumption that the household chooses 
to consume that set of goods which yields the house-
hold the maximum utility or satisfaction. This choice is 
constrained by the size of the household's income. The 
total utility the household derives from the consump-
tion of a set of goods can be represented by a utility 
function. In general notation, the household's utility 
function can be written as 

U- Utqv q2,..., qn\ (Bl) 

where U is household utility and qv . . . , qn are the 
quantities of the n different (exhaustive) goods con-
sumed by the household. It is assumed that the 
household's utility function is twice differentiable 
with respect to each of the goods contained in the 
function. In other words, the changes in utility associ-
ated with changes in the amounts of each good con-
sumed can be computed. It is further assumed that 
marginal utility of each good (the extra utility or satis-
faction derived from one additional unit of any one 
of the goods holding constant the levels of all other 
goods) is positive. 

The household's budget constraint can be written as 

n 

S M=E> (B2) 
i = 1 

where the p(s are prices, the qfs are quantities, and E 
represents total household expenditures or income. 
For ease of presentation, boldface type denotes vec-
tors, the entire array of prices and quantities. Using 
this notation equation (B2) can be rewritten com-
pactly as 

p'q = E, (B3) 

where the prime denotes vector transposition. Using 
the differentiable calculus, the household's utility maxi-
mization problem can be expressed in terms of the La-
grangian function 

U(q)-Kp'q-E\ (B4) 

where X is the Lagrange multiplier. The first-order 
conditions for the maximization of equation (B4) 
are 

dU/dq = \p, (B5) 

along with the budget constraint given in equation 

(B3)- This solution is a global maximum because the 

second-order conditions for a maximum—that is, that 
the matrix of second-order partial derivatives (the Hes-
sian matrix) is negative definite and symmetric—are as-
sumed to hold. The solution of the n equations in 
relationship (B5) and the budget constraint in equation 
(B3) give the system of household demand equations. 
Depending on the exact functional form of the house-
hold's utility function, the demand equations may be 
written explicitly as 

qr q^pv . . . , pn, EX (B6) 

The Linear Expenditure System 

The Linear Expenditure System was first pro-
posed and estimated by Richard Stone (1954) and 
represents the first formal treatment of demand anal-
ysis using a specific utility function. That utility func-
tion is 

n 

U - X ^ r t f ^ (B7) 
i — 1 

where qi > qt° and q? is the minimum amount or 
subsistence level of the ith good that is consumed.1 

If this particular functional form of the household's 
utility function is substituted into the Lagrangian 
equation (B4), the first-order conditions for utility 
maximization are 

n 

ft X (<7, - qpPj Vtq{ - qp = xp,., (B8) 
J- 1 

which yield demand curves (expenditure functions) of 
the following form: 

n 

M r e r Pi tf+J^O?- 2 Pjip* CB9) 
j- i 

i= 1,..., n. 

The demand or linear expenditure system given in 
equation (B9) is estimated subject to the technical re-
striction that the /6?s be normalized so that they sum to 
unity and that 0 < /3(- < 1 for each of the equations. The 
jSj-s represent the marginal budget shares of the n 
goods. Because the demand equations have been de-
rived from a specific utility function, they automatically 
satisfy the restrictions imposed by neoclassical demand 
theory.2 

The minimum or subsistence quantities of the 
goods in equation (B9) are in general unknown and 
must be estimated. If 7}i is defined as the subsistence 
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level of the ith good consumed by the household, the 

equation system (B9) can be written in a form 

amenable to empirical estimation. The estimable sys-

tem is written as 

ei = ViPi + P, (E-2 ViPj) + uit i= 1,. . •, » , (BIO) 

J" 1 

where the u.s are disturbance terms. 

Notes 

1. The linear expenditure system can also be derived 

from a host of other more complicated utility func-

tions, all with their own particular advantages. For 

examples of these approaches see Klein and Rubin 

(1947-48), Frisch (1959), Houthakker (I960), Parks 

(1969), Christensen, Jorgenson, and Lau (1975), and 

Berndt, Darrough, and Diewert (1977). 

2. These conditions include Engel and Cournot aggre-

gation, homogeneity of degree zero in prices and to-

tal expenditure, and a symmetric substitution matrix. 

The restriction that the /3( be bounded by zero and 

unity means that the substitution matrix will also be 

negative semidefinite as required by standard de-

mand theory. 

function. Household demand for motor fuel certain-

ly seems based on factors other than price. In the 

analysis that follows, household demand for motor 

fuel is modeled as a function of the price of motor 

fuel, household income, and the prices of other 

goods and services. Although simple in form, this 

demand function is in fact very general and is con-

sistent with the standard consumer utility maximiza-

tion framework of contemporary microeconomic 

theory. 

Household demand functions can be easily trans-

formed into expenditure functions, which represent 

total household expenditure on a given good as de-

termined by the price of the good in question, 

household income, and the prices of all other goods 

that elicit household consumption expenditures. Be-

cause these expenditure functions are simple trans-

formations of household demand functions, they 

share all of the theoretical properties underlying the 

demand functions derivable from budget-constrained 

household utility maximization (see the box).3 

The form of the household motor fuel demand or 

expenditure function used in the empirical analysis 

reported here can be written as 

n 

em = -nmPm + VP + Um' (1) 

7-1 

(See the box.) As stated earlier, in this formula-

tion the household's total expenditure on motor 

fuel in a given period, em, is expressed as a func-

tion of the price of motor fuel, pm\ the house-

hold's total income, E\ and the prices of all other 

goods consumed by the household, the pj terms. 

The terms denoted by 17 m, f3m, and -q- are param-

eters to be estimated statistically. The term denot-

ed by um is a random disturbance term that 

reflects any errors associated with fitting the function 

to actual data. 

Expenditure or demand functions of this type, 

which have been widely used, have an intuitive in-

terpretation. In terms of total expenditures, this rep-

resentation assumes that the household first 

purchases a minimum required (that is, nondiscre-

tionary) quantity of each commodity, then dis-

tributes its remaining income over all commodities 

in fixed proportions. Thus, the household's total in-

come can be decomposed into a subsistence com-

ponent (the income spent on the minimum required 

quantities of the commodities) and a supernumerary 

component (the remaining income spent on all of 

the commodities). Specialized to the case of motor 

fuel in equation (1) above, the household's mini-

mum required purchase (subsistence quantity) of 

motor fuel is represented by the parameter r]m, 

which is estimated statistically. At the current market 

price this subsistence quantity of motor fuel costs the 

household the amount pmVm• The proportion of its 

supernumerary income (total income minus the to-

tal cost of the minimum required amounts of the 

other goods) spent on motor fuel is given by pa-

rameter f3m. This parameter is estimated statistically 

along with the 17j parameters appearing in the ex-

penditure function. 

Properties of the Demand Function 

Examining the sensitivity of motor fuel demand 

to changes in household income and the price of 

motor fuel gives insight into the behavior of house-

hold motor fuel consumption patterns over time. 

The sensitivity of motor fuel demand to changes in 

household income is readily obtained by computing 
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the household's income elasticity-of-demand index 

for motor fuel. This index measures the relationship 

between a relative change in income and the conse-

quent relative change in motor fuel demand, other 

things being constant. The income-elasticity index, 

which will be denoted by r m , can be computed us-

ing the formula 

In this formula, wm is the proportion of the house-

hold's total income spent on motor fuel—that is, wm 

= pmqm/E, where qm is the total quantity of motor 

fuel purchased, and (3m is the proportionality param-

eter discussed above. Economic theory requires that 

the parameter /3m be nonnegative (0 < /3m < 1). 

Thus, the income-elasticity index for motor fuel is 

positive, implying that motor fuel is a normal good. 

Normal goods are those for which demand increas-

es as income increases. Hence, household demand 

for motor fuel should increase as household income 

increases, other things being held constant. 

Own-price elasticity of demand is generally de-

fined as the response of quantity demanded to a giv-

en percentage change in the price of a particular 

good. The own-price elasticity-of-demand index for 

motor fuel, a m , can be computed using the follow-

ing formula: 

am--l+a-pmXv JqJ- C3) 

The own-price elasticity-of-demand index measures 

the proportional magnitude that quantity demanded 

changes as price changes. With (0 < (3 m < 1) and 

(qm - r] m > 0), it follows that the own-price elasticity 

index is negative, implying that an increase in the 

price of motor fuel reduces the quantity demanded. 

Household Demand for Motor Fuel, 
1970-89 

The empirical analysis discussed here was carried 

out by estimating the demand relationship given in 

equation (1) using quarterly data on U.S. household 

motor fuel expenditures during the period 1970-89-

Total quarterly household expenditures on motor fu-

el, em, were taken from national income and product 

accounts as a component of personal consumption 

as estimated by the Bureau of Economic Analysis 

(BEA) of the U.S. Department of Commerce. The 

price of motor fuel, pm, is the consumer price index 

(CPI) component for the series as estimated by the 

Bureau of Labor Statistics (BLS), U.S. Department of 

Labor. Total disposable household income, E, is de-

fined as personal income in the United States (less 

taxes) and is taken from the national income and 

product accounts as estimated by the BEA. The 

prices of all other goods consumed by the house-

hold are measured using the CPI minus the motor 

fuel component. This index—based on the overall 

CPI and the motor fuel component—is derived using 

the methodology explained in Chester V. McKenzie 

(1961). The index was calculated for each year sep-

arately to constrain changes in relative importance 

by known relative share figures released by the 

BLS. Each series was then linked to the other with 

1982-84 having been set as the base period equal to 

100. Using this price index, pj, equation (1) can be 

rewritten in final form as 

em= V m P m
 + i 3 m ( E - V m P m - V I P i ) + um. ( 4 ) 

This household motor fuel demand function is 

nonlinear in its parameters and thus must be estimat-

ed using a nonlinear estimation technique. Equation 

(4) has been estimated by standard maximum likeli-

hood techniques using the Davidson-Fletcher-Powell 

algorithm (see A. Ronald Gallant 1990) with an ad-

justment for the presence of first-order serial correla-

tion of the residuals. Serial correlation occurs when 

the errors associated with fitting the expenditure 

function to the data from one period (quarter) carry 

over into future periods (quarters). First-order serial 

correlation means that the errors from one quarter 

are correlated or related to the errors in the ensuing 

quarter. The presence of this serial correlation de-

tracts from the efficiency of the statistical estimation, 

making estimated parameter values seem more pre-

cise than they truly are. A statistical procedure that 

corrects for this potential problem has been em-

ployed. The parameter values resulting from the esti-

mation are given in Table 1. 

As shown in Table 1, the key estimated coeffi-

cients are statistically significant, being well in excess 

of their standard errors. This fact indicates that these 

parameters can be used with confidence in dis-

cussing household motor fuel demand relationships 

during the period of analysis. These parameter esti-

mates also are consistent with underlying economic 

theory in that they satisfy the qualitative restrictions 

implied by standard behavioral assumptions and 

model structure. That is, in line with the discussion in 

the previous section, the minimum (subsistence) 

quantities of motor fuel, measured by r)m, and the in-

dex or composite commodity, measured by r\j, are 

positive, and the supernumerary or marginal-budget-

share parameter, measuring the proportion of su-

pernumerary income spent on motor fuel, is positive 

6 ECONOMIC REVIEW, »MARCH/APRIL 1991 
Digitized for FRASER 
http://fraser.stlouisfed.org/ 
Federal Reserve Bank of St. Louis

March 1991



Table 1 
Estimated Demand (Expenditure) Function 

Coefficients for U.S. Household 
Motor Fuel, 1979-80 

Parameter Coefficient Standard Error t- value 

T]m .560 .032 17.50* 

ßm .013 .001 13.00* 

ri I 1.037 .620 1.67 

* Statistically significant at the 1 percent level or 
higher. 

and less than unity, indicating that the household's 

marginal utility for motor fuel consumption is de-

creasing. 

Nonprice Conservation Theory 

The nonprice conservation theory of oil consump-

tion's insensitivity to oil prices is based on the notion 

that national energy conservation efforts following 

the oil price shock of 1974 should have reduced the 

economy's dependence on foreign oil. These poli-

cies included imposing fuel mileage standards for 

U.S. automobile manufacturers, excise taxes on "gas 

guzzlers," and special tax incentives for producing 

alternatives to fossil fuels. 

As noted earlier, Brown and Phillips rejected the 

nonprice conservation theory at the aggregate level. 

As a way of providing evidence on these conservation 

measures' effectiveness at the household level, the ba-

sic model was tested for the presence of a significant 

(negative) linear technological or conservation-

related trend in household motor fuel consumption 

expenditures during the sample period. A statistically 

significant trend in household motor fuel consump-

tion would suggest that something other than oil 

prices, income, and prices of other goods was affect-

ing the demand for motor fuel. Testing the model for 

this trend in consumption expenditures involved es-

timating equation (4) in the following form: 

em=7lmPm
+ ßm^E^m PnT P / ) ( 5 ) 

where t is a simple time trend variable. Because 

this time variable captures most systematic influ-

ences on demand other than mandated changes, a 

significant coefficient on the trend variable can be 

interpreted as consistent with the nonprice conser-

vation theory. 

If the energy conservation measures were effec-

tive, the coefficient 0m on the time trend variable 

should be negative and statistically significant, sup-

porting the nonprice conservation theory. The esti-

mated value of this time trend coefficient was 0.31, 

with standard error of 0.23 and a statistically in-

significant t-value of 1.35. The values of the other 

parameters were not significantly different from 

those given in Table 1. Thus, there was not any sta-

tistically significant general downward drift in 

household motor fuel consumption expenditures 

during the sample period.4 On the basis of this evi-

dence, it seems clear that if conservation measures 

were at all effective they were effective only in par-

ticular years following shocks, not throughout the 

entire sample period. This finding of very little sup-

port for the systematic effectiveness of nonprice 

conservation measures at the level of the household 

during the 1970-89 period seems to agree with casu-

al observation and is consistent with the findings re-

ported by Brown and Phillips for aggregate U.S. oil 

consumption. 

It should be noted that asymmetries in the re-

sponsiveness of household motor fuel expenditures 

to price changes may also explain why the non-

price conservation theory does not seem to have 

applied during the whole sample period (1970-89). 

This period included two episodes of price declines 

in addition to the two adverse shocks. The mixed 

pattern of price changes during the period, com-

bined with a possible asymmetric household de-

mand response, contributes to the difficulty in 

assessing the long-term effectiveness of U.S. energy 

conservation measures. 

Asymmetric Response Theory 

High frequency (monthly and daily) motor fuel 

price data for the 1970s and 1980s reveal that price 

increases were sudden while declines tended to be 

more gradual. Because tests used in the research re-

ported on here are based on quarterly data, they 

cannot distinguish different price change profiles 
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from more high frequency price series. Thus, the 

tests of the asymmetric response theory described in 

this section distinguish price changes only by direc-

tion, not speed or persistence. 

To test for possible asymmetries in the respon-

siveness of household motor fuel expenditures to 

changes in the price of motor fuel—that is, that de-

mand responds differently to price increases than to 

price decreases—a series of statistical tests on the 

equality of the motor fuel expenditure (demand) 

equations across subperiods was conducted. Four 

subperiods were examined. The results of the sta-

tistical tests of equality of the expenditure (de-

mand) functions across these subperiods appear in 

Table 2. 

The first subperiod—the base period—begins 

with the first quarter of 1970 (70:1) and runs through 

the end of the fourth quarter of 1973 (73:4). It 

represents a regime of fairly stable motor fuel and 

oil prices. The second subperiod covers 74:1-78:4, 

and the third encompasses 79:1-85:4. Both of 

these subperiods were dominated by sharp in-

creases in motor fuel prices at the beginning of 

the period as a result of the 1974 and 1979 ad-

verse oil shocks. The fourth subperiod, 86:1-89:4, 

was characterized by sharply declining motor fuel 

and oil prices. 

Note that prices did not rise steadily throughout 

either of the periods designated as having adverse 

oil price trends. Each adverse trend period has 

been designated to extend from the beginning of 

one shock to either the next adverse shock or a 

subsequent dramatic change in the direction of 

prices. This delineation allows including the re-

sponse time as part of the period being consid-

ered and therefore is consistent with the theories 

being tested. In this way, the period from 74:1 to 

78:4 is deemed an adverse price trend episode 

even though prices did not rise uniformly over the 

period. So is the entire 79:1-85:4 period, even 

though prices declined somewhat at the end of 

that time. According to this treatment, the econo-

my experienced two consecutive adverse price 

shocks. 

Unlike the aggregate demand for oil (see Brown 

and Phillips 1989a, b), household demand for motor 

fuel does not appear to behave symmetrically during 

periods of increasing and decreasing motor fuel 

prices. This conclusion is evidenced in part by the 

test results presented in Table 2, where the equality 

of the 70:1-73:4 subperiod expenditure (demand) 

function with all other subperiod expenditure func-

tions except the 86:1-89:4 subperiod has been reject-

ed. Further evidence derives from the fact that the 

expenditure function for the period exhibiting the 

most adverse, or sharply rising, prices (74:1-78:4) is 

significantly different from the subperiod during 

which prices fell sharply (86:1-89:4). No signifi-

cant difference was found between the 70:1-73:4 

base period, characterized by stable motor fuel 

prices, and the period of sharply falling motor fuel 

prices. 

Although the tests recorded in Table 2 indicate 

that the household motor fuel expenditure (de-

mand) function is not symmetric around motor fuel 

price increases and decreases, these tests do not 

shed light on the economic implications of the 

asymmetric responses. In the next section of this ar-

ticle these economic implications are explored by 

examining the nature of the income and price elas-

ticities implied by the subperiod expenditure (de-

mand) functions. 

Table 2 
Tests of Equality of Motor Fuel Expenditure 

Functions during Periods of Adverse (Rising), 
Stable, and Favorable (Falling) 

Motor Fuel Prices* 

Period Price Trend Test Result* 

1970:1-1973:4 
vs. 

1974:1-1978:4 

Stable 

Adverse 
Reject 

1970:1-1973:4 
vs. 

1979:1-1985:4 

Stable 

Adverse 
Reject 

1970:1-1973:4 
vs. 

1986:1-1989:4 

Stable 

Favorable 
Accept 

1974:1-1978:4 
vs. 

1986:1-1989:4 

Adverse 

Favorable 
Reject 

1979:1-1985:4 
vs. 

1986:1-1989:4 

Adverse 

Favorable 
Accept 

* Likelihood ratio test of equality of expenditure func-
tions at 5 percent level. 
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Income Elasticities of Demand for 
Motor Fuel 

The household income-elasticity index can be 

computed using the formula given in equation (2). 

This index measures the relationship between a rela-

tive change in household income and the conse-

quent relative change in demand for motor fuel, 

other things constant. As noted earlier, income elas-

ticities are positive for normal goods—that is, de-

mand increases as income increases, other 

conditions remaining constant. 

Household income elasticities of demand for mo-

tor fuel for each of the subperiods examined in 

Table 2 are given in Table 3- These income elastici-

ties were computed using equation (2) with the sub-

period parameter estimates and the mean values of 

the other relevant variables for each subperiod. 

As can be seen in Table 3, all subperiod income 

elasticities are positive (motor fuel is a normal good), 

ranging from a high of 1.10 for the 70:1-73:4 base 

period to a low of 0.34 for the 79:1-85:4 subperiod. 

The estimated elasticity index of 1.10 in the 70:1-73:4 

base subperiod implies that households treated gaso-

line as a luxury good during this period. A good is 

Table 3 
Household Income Elasticities of 

Demand for Motor Fuel 

Income 

Period Price Trend Elasticity ( r m ) 

1970:1-1973:4 Stable 1.10 

1974:1-1978:4 Adverse 0.58 

1979:1-1985:4 Adverse 0.34 

1986:1-1989:4 Favorable 0.74 

1970:1-1989:4 0.47 

considered a luxury good if its income elasticity of 

demand exceeds unity. That is, for a given percent-

age increase in the household's income, the demand 

for the luxury good increases by a more than pro-

portionate amount, other things being equal. 

Following the 1974 oil shock, all subperiod in-

come elasticities are estimated to be below unity. 

Thus, it appears that the first oil shock in effect con-

verted gasoline from a luxury good into a necessity. 

A good is considered a necessity if it is normal with 

an income elasticity less than unity. The estimated 

income elasticities dropped dramatically relative to 

the base-period value during both oil-shock subpe-

riods. These index values suggest that the high price 

of gasoline, combined with energy conservation 

measures such as car pooling and improved fuel ef-

ficiency of automobiles, may have served to reduce 

household dependence on motor fuel during these 

particular subperiods. This idea seems particularly 

plausible given the time required for these measures 

to have taken effect and exerted an impact on de-

mand. Because oil and oil products have few close 

substitutes, it is reasonable to expect income elastic-

ities to diminish as price elasticities increase over 

the longer run, when alternatives are developed and 

new habits are solidified. 

The income-elasticity index increased from a low 

of 0.34 during the subperiod of the second adverse 

oil shock to a value of 0.74 during the 86:1-89:4 sub-

period, which was characterized by the positive oil 

shock and falling oil and motor fuel prices. This 

change is somewhat disturbing because it suggests 

that reversal of the conservation-related gains follow-

ing the 1974 and 1979 shocks may have begun dur-

ing the later subperiod. The rebound in income 

elasticity implies that the oil price declines of 1986:1 

through 1989:4 were seen as permanent. The fixed 

costs of conservation and conversion were not ex-

pected to be incurred again, and the change in be-

havior was abandoned. The lower relative price of 

motor fuel may have moved it back toward the 

luxury-good category. 

Price Elasticity of Demand for 
Motor Fuel 

In the research discussed here price elasticities 

of demand for motor fuel have been computed 

using the formula given in equation (3). The price-

elasticity-of-demand index measures the proportion-

al magnitude that quantity demanded increases as 

price falls. Because motor fuel is a normal good, the 

price-elasticity index should be negative, indicating 
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that demand for motor fuel is inversely related to the 

price of motor fuel. The price elasticities of demand 

for each of the four subperiods examined above are 

given in Table 4. 

The estimated price elasticities for each of the 

subperiods and the entire sample period have the 

anticipated negative sign. The results in Table 4 cor-

roborate those reported in Table 3. For the preshock 

base subperiod (70:1-73:4) household motor fuel de-

mand was very inelastic or insensitive to the price of 

motor fuel. However, following the first oil shock in 

1974, the sensitivity of the household motor fuel de-

mand function increased noticeably. The index more 

than doubled in absolute value, increasing from 

-0.40 during the preshock base subperiod to a value 

of -0.85 during the subperiod of the first oil shock. 

On the other hand, the estimated demand elasticity 

for the 86:1-89:4 subperiod (characterized by dra-

matic declines in oil and motor fuel prices) was 

again approaching the value estimated for the base 

preshock subperiod. 

This pattern of response in household motor fuel 

demand to rising and falling gasoline prices lends ad-

ditional support to the asymmetric price response the-

ory. As can be seen in Table 4, the drop in demand 

resulting from the motor fuel price increase following 

the 1974 adverse oil shock exceeds the increase in de-

mand resulting from the lower motor fuel prices that 

followed the favorable 1986 oil price shock.5 In ad-

Table 4 
Price Elasticities of Demand for Motor Fuel 

Price 

Period Price Trend Elasticity (am ) 

1970:1-1973:4 Stable -0.40 

1974:1-1978:4 Adverse -0.85 

1979:1-1985:4 Adverse -0.63 

1986:1-1989:4 Favorable -0 .47 

1970:1-1989:4 -0.61 

dition, the trend toward a more inelastic household 

motor fuel demand function since the 1974 subperi-

od is consistent with the notion that the energy con-

servation measures introduced following the 1974 

adverse oil shock had lost much of their effective-

ness by the early 1980s. 

However, these same results also are consistent 

with the idea that conservation measures and the de-

velopment of alternatives have limitations. That is, as 

prices rise, equal marginal increases in oil prices do 

not yield equal marginal declines in consumption. 

The initial price increases elicit conserving behavior 

and a search for substitutes. Additional marginal con-

servation efforts yield smaller returns, though, so 

that, within some limited period of time, additional 

price increases result in decreasing adjustments to 

motor fuel demand. 

Implications and Conclusions 

The widespread belief among economists that ad-

verse supply shocks lead to changes in behavioral 

relationships that persist long after a shock's initial 

impulse has passed is examined in this article. In 

particular, the question of whether U.S. household 

motor fuel demand is sensitive to the price of motor 

fuel is investigated. Casual observation of household 

gas and oil consumption during the last two decades 

would suggest that household motor fuel consump-

tion is not very sensitive to motor fuel prices. Two 

popular theories have been advanced to explain this 

nonsensitivity—the nonprice conservation theory 

and the asymmetric response theory. 

At the household level during the 1970-89 period, 

the empirical results reported in this article do not 

support the nonprice conservation theory—which 

holds that household demand for motor fuel should 

have become less sensitive to changes in motor fuel 

prices since the 1974 oil shock as a result of gaso-

line and energy conservation policies. The differing 

price and income elasticities associated with various 

oil price trends support the asymmetric response 

theory, which hypothesizes that the decrease in de-

mand for motor fuel subsequent to an increase in its 

price will exceed, in percentage terms, the increase 

in demand following a comparable decrease in the 

price of motor fuel. For the time periods covered by 

the analysis discussed here, the estimates from the 

econometric model reveal that the change in price 

elasticity as prices rise is greater than the change as 

prices fall. Future research efforts will be directed 

toward investigating this asymmetry and strengthen-

ing the basis for elasticity forecasts to allow for esti-
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mates of d e m a n d response to pr ice changes o f 

no t on ly d irect ion but a lso different speeds and 

vary ing persistence. 

The test results concerning U.S. household motor 

fuel demand reported in this article suggest that if re-

sponse to the 1990 oil shock follows previous pat-

terns, gasoline and oil demand growth will slow as 

the price elasticity o f demand increases and the in-

come elasticity declines. These responses will proba-

bly be smaller than those to earlier oil price shocks, 

however, because the payoff for increasing conser-

vation and switching to substitutes decreases for ev-

ery marg ina l increase in o i l prices. I n add i t i on , 

consumer reaction to the price increase will depend 

on whether the price increase is v iewed as perma-

nent or temporary. 

The relatively inelastic d e m a n d for oi l suggests 

that, at least in the short run, a motor fuel (gasoline) 

tax is a good source of revenue, considering that the 

tax base (motor fuel consumpt ion ) is not very re-

sponsive to the tax rate. At the same time, an oil or 

gasoline excise tax is not likely to elicit cont inued or 

permanent conservation efforts unless the tax rate is 

increased over t ime, because the marginal savings 

declines over time. 

Notes 

1. This measure is the composite refiners' acquisition cost. 

2. For a review of this evidence through 1980, see Bohi 

(1981). 

3. These demand functions are homogeneous of degree 

zero in prices and income and satisfy the adding-up cri-

terion, and the matrix of substitution terms is symmetric 

and negative semidefinite. 

4. However, it should be noted that, because the coeffi-

cients in Table 1 are estimated with a correction for the 

possibility of serially correlated residuals, it is possible 

that any technological drift in household motor fuel 

consumption over the sample as a result of energy or 

gasoline conservation measures was of a nontrivial 

(nonlinear) form captured by the time-series proper-

ties of the residuals of the model. The value of the 

first-order auto correlation coefficient for equation (4) 

was estimated to be 0.67 and is only marginally statisti-

cally significant. 

5. Note that there was considerable nonprice rationing of 

motor fuel coincident with price increases early in the 

1974-78 period. This factor may introduce an upward 

bias to the price elasticity measure for that period. 
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