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ABSTRACT

Understanding the sensitivity of gasoline demand to changes in prices and income has important
implications for policies related to climate change, optimal taxation and national security, to
name only a few. While the short-run price and income elasticities of gasoline demand in the
United States have been studied extensively, the vast majority of these studies focus on
consumer behavior in the 1970s and 1980s. There are a number of reasons to believe that current
demand elasticities differ from these previous periods, as transportation analysts have
hypothesized that behavioral and structural factors over the past several decades have changed
the responsiveness of U.S. consumers to changes in gasoline prices. In this paper, we compare
the price and income elasticities of gasoline demand in two periods of similarly high prices from
1975 to 1980 and 2001 to 2006. The short-run price elasticities differ considerably: and range
from -0.034 to -0.077 during 2001 to 2006, versus -0.21 to -0.34 for 1975 to 1980. The
estimated short-run income elasticities range from 0.21 to 0.75 and when estimated with the
same models are not significantly different between the two periods. One implication of these
findings is that gasoline taxes would need to be significantly larger today in order to achieve an
equivalent reduction in gasoline consumption. This, coupled with the political difficulties in
adopting gasoline taxes, suggests that policies and technologies designed to improve fuel
economy are likely becoming relatively more attractive as a means to reduce fuel consumption.
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1. INTRODUCTION

The short-run price and income elasticities of gasoline demand have been studied extensively in
the literature. Dahl and Sterner (1991) and more recently, Espey (1998) provide thorough
reviews based on hundreds of gasoline demand studies. However, past research has been
primarily focused on the 1970s and early 1980s. Since that time, a number of structural and
behavioral changes have occurred in the U.S. gasoline market. Transportation analysts have
hypothesized that factors such as changing land-use patterns, the implementation of the
Corporate Average Fuel Economy program (CAFE), the growth of multiple income households
and per capita disposable income, as well as a decrease in the availability of non-auto modes
such as transit, have changed the responsiveness of U.S. consumers to changes in gasoline price.
For example, a recent analysis of household data suggests that suburban households drive 31 to
35 percent more than their urban counterparts, Kahn (2000). In another study, Polzin and Chu
(2005) find that the share of transit passenger miles traveled relative to other modes has steadily
decreased over the past thirty years suggesting that U.S. consumers may be more dependent on
automobiles than in previous decades.

Given recent interest in decreasing U.S. gasoline consumption and transportation related
greenhouse gas emissions, there is a renewed interest in price-based policies such as gasoline or
carbon taxes. In this context, it is especially important to consider whether gasoline demand
elasticities have changed. This paper focuses on the short-run price and income elasticities of
gasoline demand. Historically, estimates of gasoline demand elasticities have proven to be fairly
robust. In their survey, Dahl and Sterner (1991) determine an average short-run price elasticity
of gasoline demand of -0.26 and an average short-run income elasticity of gasoline demand of
0.48. Based on over 300 prior estimates for the U.S. and other developed countries, Espey
(1998) finds a median short-run price elasticity of -0.23 and a median short-run income elasticity
of 0.39. In a study of U.S. gasoline demand, Espey (1996) suggests that the magnitude of the
short-run gasoline demand elasticity has in fact decreased in magnitude over time.

Unfortunately, none of these studies allow for a direct comparison between historical elasticities



and elasticities today as the studies surveyed in each of these papers are limited to the gasoline
market of several decades past.*

Several authors have investigated U.S. demand for gasoline in more recent years. Puller
and Greening (1999) and Nicol (2003) study the household demand for gasoline using data from
the U.S. Consumer Expenditure Survey. Schmalensee and Stoker (1999) investigate the role of
household characteristics on gasoline demand using data from the Residential Transportation
Energy Consumption Survey. Kayser (2000) conducts a similar study using data from the Panel
Study of Income Dynamics and includes adjustments in household vehicle stock. Finally, Small
and Van Dender (2007) investigate the rebound effect in the U.S. using annual cross-sectional
time-series data at the U.S. state-level from 1966 to 2001. Small and VVan Dender model
explicitly the simultaneous aggregate demand for vehicle miles traveled, vehicle stock and fuel
economy. They distinguish between the cost per mile of travel and the cost per gallon of fuel
and therefore can estimate the price elasticity of gasoline in addition to exogenous and
endogenous changes in fuel efficiency. In their analysis, the short-run elasticities of miles driven
and fuel consumption with respect to fuel price are found to decrease from - 0.045 and - 0.089 at
the 1966-2001 sample average to - 0.022 and - 0.067 for 1997-2001 average values.

In this paper we estimate the short-run price and income elasticities of gasoline demand
using a consistent dataset that spans the 1970s and 2000s. This enables a direct comparison of
the price and income elasticities of the 1970s and 1980s with today. We investigate gasoline
demand in two periods, from November 1975 through November 1980 and from March 2001
through March 2006. The periods are chosen because of the similarities in the real retail price of
gasoline and price increases. Because elasticity estimates vary according to data type and
empirical model specification (Espey, 1998), we use a consistent set of data and models between
the two periods. The models are similar in form to those used in previous studies of gasoline

demand. Average U.S. per capita gasoline consumption and personal disposable income data are

! The most recent study surveyed by Espey (1998) contains data from 1993.



used in addition to average U.S. retail prices. Our estimates of the short-run price elasticity of
gasoline demand for the period from 1975 to 1980 range between -0.21 and -0.34 and are
consistent with previous results from the literature. For the period from 2001 to 2006 our
estimates of price elasticity range from -0.034 to -0.077. The estimated short-run income
elasticities range from 0.21 to 0.75 and when estimated with the same models are not
significantly different between the two periods.

We conclude that the short-run price elasticity of gasoline demand is significantly more
inelastic today than in previous decades. In the short-run, consumers appear significantly less
responsive to gasoline price increases. We speculate about a number of possible explanations
for this result in terms of shifts in land-use, social or vehicle characteristics during the past
several decades. Finally, we explore policy implications in light of future efforts to reduce U.S.

gasoline consumption.
2. BASIC MODEL AND DATA

2.1 Basic Model

The econometric models used in this paper reflect previous studies of gasoline demand. Our
base model specifies the log of gasoline consumption as a function of the log of price and

income. Specifically, we estimate:?

InGjt :ﬂo+ﬁllnPjt+ﬂ2 Iant+8j+8jt ¢H)]

where G;; is per capita gasoline consumption in gallons in month j and year t, P;; is the real retail
price of gasoline in month j and year t, Yj; is real per capita disposable income in month j and
year t, & represents unobserved demand factors that vary at the month level and & is a mean zero
error term.  Both Yj; and Pj; are in constant 2000 dollars. We model the g’s as fixed month

effects to capture the seasonality present in gasoline consumption.

2 For example see Dahl (1979) or Houthakker et. al. (1974).



Although some, including Hsing (1990), have rejected the double-log functional form, it
IS a common specification used in a large number of previous studies. It is adopted here as it
provides a good fit to the data and allows for direct comparison with previous results from the

literature. Regardless, we also present results for linear and semi-log specifications.

2.2 Basic Model Data

The data used in the analysis are U.S. aggregate monthly data reported by several U.S.
government agencies for the period from January 1974 to March 2006.® Gasoline consumption
is approximated as monthly “product supplied” reported by the U.S. Energy Information
Administration (2006), which is calculated as domestic production plus imports, less exports and
changes to stocks. Real gasoline prices are U.S. city average prices for unleaded regular fuel
from the U.S. Bureau of Labor Statistics (2006), CPI-Average Price Data.* Personal disposable
income is from the U.S. Bureau of Economic Analysis (2006), National Economic Accounts.
Prices and income are converted to constant 2000 dollars using GDP implicit price deflators
from the Bureau of Economic Analysis (2006).

Figure 1 below shows per capita monthly gasoline consumption and real prices for the
period from January 1974 to March 2006. In order to compare gasoline demand elasticities
today with those of previous decades, two 5-year periods were selected for analysis, November
1975 through November 1980 and March 2001 through March 2006. Figure 2 below shows the
monthly real retail price of gasoline for each period. The peak price in each case is
approximately $2.50 per gallon with a slightly higher price in the more recent period. The peak
price in both cases represents an increase of approximately $1.00 relative to the price at the
beginning of the period. In addition, the average monthly per capita gasoline consumption is

roughly equivalent between the two periods with mean 40.4 gal per. month and 39.2 gal. per

® Aggregate data are used due to the lack of data at the regional or state-level for all independent variables in the
appropriate time period.
* Price data on unleaded regular were unavailable prior to 1976 and as a result, 1975 data are for leaded regular.



month and standard deviation of 2.8 gal/month and 1.7 gal/month for the 1975-1980 and 2001-
2006 periods, respectively.

The choice of these two periods is an attempt to control for the potential effect of price
and on the estimated elasticities. While the two periods exhibit remarkably similar price
increases, given the nature of real economic data, some variation is inevitable. The potential
impact of these differences on the estimated elasticities is difficult to predict. Because the peak
price is higher and the price spikes are sharper in the 2001 to 2006 data, one might expect the
price elasticity to be more elastic during this period. Alternatively, the period from 1975 to 1980
is characterized by a longer period of elevated prices which might tend to increase elasticity by
allowing consumers more time to adjust to elevated prices. Price volatility, such as in the period
from 2001 to 2006, may also play the opposite role if consumers perceive price fluctuations as
temporary. In this case, consumers may be less likely to alter their behavior in response to price
changes. All in all however, the real price data are remarkably similar between the two periods

providing for a suitable comparison of elasticity estimates.

2.3 Time Series Properties of the Data

The autocorrelation plots of consumption, prices and income suggest the presence of a
unit root in each series; this is corroborated by Elliot-Rothenberg-Stock unit root tests where we
fail to reject a unit root for each series.> Given these results, our demand model can be viewed as
a cointegrating regression model. Stock (1987) shows that provided our residuals are stationary,
our parameters are super-consistent, implying they converge at a speed of T, rather than root-T.

Both autocorrelation plots and Elliot-Rothenberg-Stock tests of the residuals strongly
suggest that the residuals are stationary. In Figures 3 and 4, we plot the autocorrelations of both

the historic and recent residuals. There is little evidence in these figures to suggest non-

® This is true for both the entire sample and the two sub-samples using Schwert’s suggested lag lengths and focusing
on the Ng-Perron optimal lag lengths.



stationarity. Furthermore, despite the small sample sizes, we reject a unit root for both sets of
residuals using the Elliot-Rothenberg-Stock tests.®

Combined, these results suggest that our parameter estimates are consistent (indeed, they
are super-consistent) and the reported standard errors should be viewed as upper bounds of the

true standard errors.

2.4 Basic Model Results

The empirical models described in Section 2.1 were estimated for each period using ordinary
least squares (OLS). In all estimates, we report Newey-West standard errors to control for
heteroskedasticity and autocorrelation. Table 1 provides a summary of the estimated parameters
for the basic double-log model in the periods from 1975 to 1980 and from 2001 to 2006. The
model provides a good fit to the data with adjusted R-squareds of 0.85 and 0.94 in the early and
more recent periods, respectively. The monthly fixed effects illustrate the strong seasonality
effects present in the demand for gasoline. Signs are consistent with the expectation that
gasoline demand is high during the summer months and lower during the winter. The
magnitudes of seasonal effects are similar between the two periods although the winter effect is
somewhat smaller today than in the period from 1975 to 1980.

In Table 2, we present the results from two alternative functional forms along side the
double-log functional form. The monthly dummy variables have been excluded to simplify
presentation of the results. The coefficients on price and income are significant (p < 0.01) for
the basic model irrespective of functional form. Table 3 summarizes the average elasticities for
the three models; estimates of the price elasticity of gasoline demand range from -0.31 to -0.34
in the period from 1975 to 1980 and from -0.041 to -0.043 in the period from 2001 to 2006.
Assuming that the samples from each period are independent, we perform a Student’s t-test on

the elasticity estimates for each model and in all cases reject the null hypothesis that the price

® To conserve on power, we use one lag. For the historic and recent periods, the ESR-test statistics are 3.015 and
4.221, respectively. For each test, the 5% critical value is 3.122 and the 10% critical value is 2.825. Therefore, we
reject a unit for both subsamples at the 10% level and for the late period at the 5% level (also at the 1% level).



elasticities are the same in the two periods.” The income elasticity of gasoline demand ranges
from 0.47 to 0.49 for the period from 1975 to 1980 and from 0.53 to 0.54 in the period from
2001 to 2006. In this case, we fail to reject the null hypothesis that the income elasticities are
different in the two periods. Finally, we conduct a test of differences between the two models by
stacking the data and interacting the explanatory variables with a dummy variable equal to one
for the period from March 2001 to March 2006 and zero otherwise. A test for the joint
significance rejects the null hypothesis that the interacted coefficients are zero, with an F-
statistic of 16.54. This result further supports the conclusion that the 1975 to 1980 and 2001 to

2006 models are significantly different.

3. ALTERNATIVE SPECIFICATIONS AND RESULTS

In order to test the robustness of the price and income elasticity estimates produced by the basic
model, we employ a number of alternate model specifications in an attempt to decrease the early
period elasticity or increase the recent period elasticity. Sections 3.1, 3.2, 3.3 and 3.4 outline
alternate model specifications, in Section 3.5 we summarize the results of all alternate model
specifications. In Section 3.6 we investigate the robustness of the estimated price elasticity with

respect to analysis period.

3.1 Recession and Estimation with Macroeconomic Variables

In this section we investigate the possibility that the early period elasticity estimates are biased
upward because of omitted variables. The period of high gasoline prices from 1975 to 1980
coincided with an economic recession in the United States. To the extent that factors such as
high unemployment and inflation contributed to changes in gasoline consumption during this
period, it is important to account for historical macroeconomic conditions in our elasticity

estimates. Using the basic double-log model we estimate price and income elasticities using as
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explanatory variables unemployment rate (UE), interest rate® (BR) and inflation rate (INR) in
addition to real price, income and fixed month effects. If the economic recession contributed to
a decrease in gasoline consumption during the period from 1975 to 1980, failure to account for
this effect would artificially inflate the estimated price elasticity.

Results for the basic double-log model incorporating macroeconomic variables are
presented in Table 4. Results using 1-year and 10-year bond interest rates are shown. The
macroeconomic variables are jointly significant with F-statistics of 12.48 and 12.66 for the 1-
year and 10-year interest rate models, respectively. The coefficients on unemployment rate and
inflation rate are independently significant in each model (p < 0.05). As expected, accounting
for the effect of the recession during the period from 1975 to 1980 produces more inelastic price
elasticity estimates of -0.22 and -0.21 for the 1-year and 10-year interest rate models,
respectively. The estimated income elasticities are also more inelastic at 0.33 and 0.38.

Using the same models with macroeconomic data for the period from 2001 to 2006, the
estimated price elasticity is approximately -0.03. As is the case with the basic models, a formal
test of model differences indicates that difference between models with macroeconomic data is

significant with an F-statistic of 12.47.

3.2 Simultaneous Equations Models

A well-known problem in estimating demand equations occurs when price and quantity are
jointly determined through shifts in both supply and demand resulting in biased and inconsistent
parameter estimates. This problem is especially important when attempting to compare elasticity
estimates between two periods. One potential explanation for the estimated elasticity differences
is that the high prices of 1975 to 1980 were largely supply driven, while the high prices of 2001
to 2006 were demand driven; if this is the case, then our elasticity estimates for historic period

will be unbiased, while our late-period elasticity estimates will be biased towards zero.

® Interest rates as indicated by interest rates for 1-year and 10-year U.S. Treasury Bills.



To address this concern, we instrument for price in the late period. An ideal instrumental
variable for determining gasoline demand is one that is highly correlated with the price of
gasoline (the endogenous variable) but not with unobserved shocks to gasoline demand. With
respect to selection of instrumental variables, Ramsey, Rasche and Allen (1975) and Dahl (1979)
have used the relative prices of refinery products such as kerosene and residual fuel oil as
instrumental variables. The problem with this approach is that the relative prices of other
refinery outputs are likely to be correlated with gasoline demand shocks. Since gasoline demand
and oil price are correlated, unobserved shocks to gasoline demand are likely to be correlated
with the prices of other refinery outputs via the price of oil.

As it turns out, identifying appropriate instrumental variables for gasoline demand is
difficult. In this paper we experiment with crude oil production disruptions as instrumental
variables.® Disruptions are represented for three countries, Venezuela (VZy), Iraq (1Qj) and the
United States (US;j;). These three countries were selected because each has had its production of
crude oil affected by external shocks that are unlikely to be related to gasoline demand shocks.
In Venezuela, a strike by oil workers beginning in December 2002 cut production to near zero
and has significantly affected output for several years. In lIrag, an international embargo and
more recently war have caused major disruptions to oil operations. In the United States,
production has been in steady decline since the 1970s due to declining resources. In 2005,
hurricanes Katrina and Rita resulted in the temporary loss of several hundred thousand barrels of
production in the Gulf of Mexico.

For each country, crude oil production disruptions are defined by the difference between
actual production and a production forecast,™ for example VZ;; = production - forecast.’* The

start of each disruption is defined by a specific event leading to a loss in production. In

° We also investigated crude oil quality as indicated by sulfur content and API specific gravity, however the
coefficients on these variables were not significant in the first stage regression.

19 For forecasted oil production in each country we employ a simple double-log model using only a time trend and
fixed month effects as explanatory variables.

1 In unreported results, we instead used a set of indicator variables representing the supply shocks. The results were
qualitatively similar.



Venezuela, the disruption start corresponds with the oil worker strike beginning in December of
2002 as reported by Banerjee (2002). In Irag we use the beginning of the Second Gulf War in
March of 2003 as reported by Tyler (2003). Finally, in the U.S., hurricane Katrina marks the
beginning of the disruption reported by Mouawad and Bajaj (2005) in September 2005. The end
of each disruption is defined as the month in which actual production reaches the forecasted
production level. Inthe U.S., the forecast and production do not converge, but because
production follows a highly seasonal pattern, the disruption end date is defined by the winter
production peak marking the return to “normal” operations. Based on these definitions, the
disruption periods are, December 2002 through March 2003 (VZ), March 2003 through
November 2003 (1Q) and September 2005 through January 2006 (USA).

Using these instruments, we estimate Equation (1) via two-stage least squares (2SLS).
Unfortunately, data on the instrumental variables are not available for the entire study period.
This prevents analysis of gasoline demand in the period from 1975 to 1980 using the
instrumental variable approach. However, our goal is to determine if the elasticity differences
we estimate are due to a bias in the later period estimates.

To gauge the strength of the instruments, Table 5 summarizes the coefficient estimates
when we regress the log of real gasoline price on the production disruptions. The U.S. crude oil
production disruption (USA) is found to be significant, (p < 0.01), however the coefficients on
production disruptions in Venezuela and Iraq are not significant (p = 0.13 and p = 0.22,
respectively). Given these results, we also report the results when using only disruptions in U.S.
production.*?

Table 6 compares the 2SLS estimates using disruptions in all three countries and using
only the U.S. disruption. In both the three-country and USA-only cases the price and income
coefficients are significant (p < 0.01). The estimated price elasticities are -0.060 and -0.077 for

the three-country and USA-only cases, respectively. In the case of the USA-only model, the

12 If we instead use the log of the shortages as instruments, all three instruments are significant in the first stage.
However, using logs, instead of levels, does not qualitatively change our results.



price elasticity estimate for the period from 2001 to 2006 is more elastic and significantly
different from the basic model estimate for the same period. The instrumental variable results

suggest that these effects may be small relative to other factors affecting price elasticity.
3.3 Price Income Interaction Parameter Model

In order to study the interaction between the price elasticity of demand and income, we utilize a
simple interaction model of the form of Equation 2 below. The interaction term, InPjiInYij;
captures the extent to which the responsiveness of consumers to price changes increases or
decreases as income changes.*® In this specification, the price elasticity of gasoline demand is
equal to Ep, = A1 + SInYj. Since the price elasticity is less than zero, a positive coefficient £ on

the interaction term indicates a decrease in the price response as income rises.

NG, =8, +B InP, +B,InY; + B, InP, InY, +&; +&, (2)

Results from OLS estimation of the price-income interaction model and partial-
adjustment models are presented in Table 7 below. In the case of the price-income interaction
model, the coefficients on price, income and the interaction term are significant for the period
from 1975 to 1980 (p < 0.05) and for the period from 2001 to 2006 (p < 0.01).

3.4 Partial-Adjustment Models

Another common approach to modeling gasoline demand is through the use of a partial-
adjustment model. For example, see Houthakker, Verleger and Sheehan (1974). The partial-
adjustment (PA) model is a dynamic model that includes a lagged dependent variable. The
rationale is that frictions in the market prevent reaching the appropriate equilibrium level and as
a result, only a fraction of the desired change in consumption between periods is realized. In this
section, we estimate a one-month partial-adjustment model. We use In G;* in Equation 3 to

represent the log of the equilibrium level of gasoline consumption. The realized consumption in

3 We also investigated the possibility of quadratic relation between price elasticity and income using an interaction
term of the form InPjt(Iant)z. However, colinearity between InYj and (InY,-t)2 made this analysis impossible.



month j and year t, InG;; is given by consumption in the previous period, InGj.1 plus a fraction A
(adjustment coefficient) of the difference between InG;* and InGj.; as shown in Equation 4

below.
InGjt*:ﬁo+ﬁlIn Pjt+ﬂ2 Iant (3)

ING;, =G, +A(G; *-G; ;) +&;,0<A<1 4)

it jt»

Substituting for InG;* in Equation 4 yields Equation 5 below which is estimated by OLS.
The short-run price and income elasticities are given by the coefficients &, and &, respectively.
The fully-adjusted coefficients on the price and income terms, &,,/1=¢&,, / (1-¢) are
generally interpreted as long-run elasticities. However, the interpretation is not as clear when
monthly data are used. If the speed of adjustment (1/2) is relatively short, on the order of several
months, the fully adjusted elasticities may also be interpreted as short-run. Both the short-run

and fully-adjusted coefficients are reported for comparison.

InGjt =£, +§1Gjt4 +&,1n Pjt +&, Iant +é& (5)

The partial-adjustment models provide mixed results.** For the period from 2001 to
2006, the coefficients on price, income and the lagged dependent variable are significant (p <
0.01) for both lag structures. For the period from 1975 to 1980, however, the coefficients on the
lagged dependent variable and on income are not significant. With respect to the 2001 to 2006
results, the speed of adjustment is approximately 1.5 months. This suggests that the fully-
adjusted elasticity estimates may be interpreted as short-run estimates and are included below for
comparison. While the lagged-dependent variable is not significant in the historic period, the

implied elasticities across the two time periods remain significantly different.

14 Because the Durbin-Watson test is not an appropriate test when lagged dependent variables are included as
regressors, we perform a Breusch-Godfrey Lagrange-Multiplier (LM) test for serial correlation up to order 12 using
TRZ.x as the test statistic. In the recent period, we fail to reject the null hypothesis that the p’s are equal to zero,
suggesting the presence of serial correlation in this model. In order to account for the downward bias that serial
correlation would introduce into the standard error estimates, we use the Newey-West approach to calculate
heteroskedasticity and autocorrelation consistent standard errors.



3.5 Summary of Alternative Specifications Results

The estimated price and income elasticities of gasoline demand for alternate model specifications
are summarized in Table 8 below. Based on the price income interaction, simultaneous
equations and recession data models, the estimated price elasticity of gasoline demand is
between -0.21 and -0.22 in the period from 1975 to 1980 and between -0.034 and -0.077 in the
period from 2001 to 2006. While the partial-adjustment models do not provide a basis for
comparison between the two periods, the estimated price and income elasticities in the period
from 2001 to 2006 are consistent with other model specifications. A student’s t-test of the
simultaneous equations and recession data model results shows that the estimated price
elasticities in the two periods are significantly different (t = 3.15) even in the most conservative

case.

3.6 Stability of the Estimated Price Elasticity Over Time

The basic double-log model assumes that elasticities are constant over each analysis period.
However, factors such as the level and change in gasoline price as well as the implementation of
the Corporate Average Fuel Economy (CAFE) program may lead to differences in price
elasticities estimated during different periods. To investigate these issues, Equation 1 is
estimated for a series of 61-month periods where in each subsequent estimation, the analysis
period is shifted by one month.*® Figure 5 plots the estimated price elasticities for the entire
period from November 1975 through March 2006. The date associated with each elasticity
estimate corresponds to the middle month of each analysis period. The estimated price
elasticities are relatively elastic during the late 1970s and early 1980s at approximately -0.30 to -
0.20. During the early to mid-1980s, the estimated price elasticities become more inelastic as a
result of falling gas prices and increases in fuel economy due to CAFE standards. During the
late 1980s and early 1990s, the price elasticity is relatively constant at approximately -0.10.
Finally from 1995 through the end of the sample, the estimated price elasticity is relatively stable

at approximately -0.04.

15 We include all of the macroeconomic variables because our rolling windows span a number of recessions.



4. DISCUSSION

The results presented here strongly support the existence of a structural change in the demand for
gasoline. Estimates of the short-run price elasticity of gasoline demand for the period from 1975
to 1980 range from -0.21 and -0.34 and are consistent with estimates from the literature that use
comparable data. However, estimates of the price elasticity for the more recent period are
significantly more inelastic ranging from -0.034 to -0.077. This result has important policy
implications.

The short-run price elasticity is a measure of the change in driving behavior as a result of
a change in the price of gasoline. A driver’s response to higher prices is largely composed of a
reduction in the amount of driving (vehicle miles traveled) and an increase in the fuel efficiency
of driving. The fuel efficiency of driving can be increased through for example, improved
vehicle maintenance or changes in driving behavior such as slower acceleration or reduced
vehicle speed. In addition, shifts in household vehicle stock utilization may contribute to short-
run elasticity. The short-run elasticity may also include more permanent changes in the vehicle
stock (e.g. the purchase of more fuel efficient vehicles), though vehicle purchase decisions are
typically regarded as more long-run in nature. The results presented here suggest that on
average, U.S. drivers appear less responsive in adjusting to gasoline price increases than in
previous decades.

It may be the case that today’s U.S. consumers are more dependent on automobiles for
daily transportation than during the 1970s and 1980s and as a result, are less able to reduce
vehicle miles traveled in response to higher prices. One hypothesis is that an increase in
suburban development has led to larger distances between travel destinations. This could mean
that drivers have less ability to respond to price changes because greater distances decrease the
viability of non-motorized modes such as walking or biking. In addition, when development
patterns increase the distance between home and non-discretionary destinations such as the
workplace, a greater share of the total vehicle miles traveled are fixed. An increase in multiple

income households would further decrease flexibility if a greater share of the population requires



a daily work commute. Finally, these effects are compounded if the availability of public transit
is less than in earlier decades.

Another hypothesis is that as incomes have grown, the budget share represented by
gasoline consumption has decreased making consumers less sensitive to price increases. The
price income interaction model presented here provides insight into this hypothesis. If
increasing income results in a decrease in the consumer response to gasoline price changes, one
would expect the coefficient on the interaction term of the model to have a positive sign.
However, in both periods we find that the coefficient on the interaction term is negative
suggesting that on average, gasoline consumption is more sensitive to price changes as income
rises. This somewhat counterintuitive result is supported by the household gasoline demand
analysis conducted by Kayser (2000) who also finds a negative coefficient on the price income
interaction term.*® The hypothesis proposed by Kayser is that as incomes rise, a greater
proportion of automobile trips are discretionary. Alternatively, at lower income levels, the
amount of travel has already been reduced to the minimum leaving little room for adjustment to
higher prices. Another possible explanation is that the number of vehicles per household
increases with income. When the number of household vehicles exceeds the number of drivers,
there is the possibility for drivers to shift to more fuel efficient vehicles within the household
stock as gasoline prices rise. Whatever the explanation, the overall decrease in price elasticity
despite growth in incomes suggests that these effects are relatively minor compared to other
factors affecting gasoline demand.

Finally, the overall improvement in U.S. fleet average fuel economy since the late 1970s
and early 1980s may have also contributed to a decrease in the responsiveness of consumers to
gasoline price increases. Largely a result of the U.S. Corporate Average Fuel Economy (CAFE)

and market penetration of fuel efficient foreign vehicles during the period, the U.S. fleet average

16 Small and Van Dender (2007) find that increases in income reduce the rebound effect, in contrast to our results.
There are two potential reasons for this difference. For one, our data are aggregate in nature. Second, by splitting
the entire series into two time periods, the large income swings between the 1970s and 2000s are captured by
changes in the intercept.



fuel economy improved from approximately 15 miles per gallon in 1980 to approximately 20
miles per gallon in 2000 according to National Research Council (2002). Because the vehicle
fleet has become more fuel efficient, a decrease in miles traveled today has a smaller impact on
gasoline consumption. That is to say if for example discretionary travel is reduced, the resulting
reduction in gasoline consumption today is less than in 1980 because today’s vehicles consume
less fuel per mile driven.

Whatever the cause, the results presented here suggest that today’s consumers have not
significantly altered their driving behavior in response to higher gasoline prices. It is important
to note that these results measure consumers’ reactions to short-run changes in gasoline prices.
However, it is the long-run response that is the most important in determining which polices are
most appropriate for reducing gasoline consumption. As it turns out, it is relatively difficult to
measure long-run gasoline elasticities in practice due to factors such as the cyclical nature of
gasoline prices. In this paper, we are also limited to currently available data and the relatively
short history of high gasoline prices during the past several years.

Analysis of the short-run price elasticity does however provide some insight into long-run
behavior. The long-run response to gasoline price increases is the sum of short-run changes
(miles driven) and long-run changes (fuel economy of the vehicle fleet). The short-run results
suggest that consumers today are less responsive in adjusting miles driven to increases in
gasoline price. This component seems unlikely to change significantly for long-run behavior.
This is because factors that may contribute to inelastic short-run price elasticities such as land
use, employment patterns and transit infrastructure typically evolve on timescales greater than
those considered in long-run decisions.

In terms of vehicle fuel economy, consumers may respond to higher gasoline prices in the
long-run by purchasing more fuel efficient vehicles. However, if consumers in the period from
2001 to 2006 were purchasing more fuel efficient vehicles in response to higher gasoline prices,
one would expect to see at least a portion of this effect in the short-run elasticity. While our

results do not preclude a significant shift to more fuel efficient vehicles in the long-run response,



the highly inelastic values that we observe suggest that the vehicle fuel economy component is
small. If the long-run price elasticity is in fact more inelastic than in previous decades, smaller
reductions in gasoline consumption will occur for any given gasoline tax level. As a result, a tax
would need to be significantly larger today in order to achieve an equivalent reduction in
gasoline consumption. In the U.S., gasoline taxes have been politically difficult to implement.
Higher required tax levels pose an addition hurdle. This may make tax policies impossible to
implement in practice. In this case, alternate measures such as increases in the CAFE standard

may be required to achieve desired reductions in gasoline consumption.

5. SUMMARY AND CONCLUSIONS

In this paper we estimate the average per capita demand for gasoline in the U.S. for the period
from 1974 to 2006. We investigate two periods of similar gasoline price increases in order to
compare the demand elasticities in the 1970s and 1980s with today. We find that the short-run
price elasticity of U.S. gasoline demand is significantly more inelastic today than in previous
decades. This result is robust and consistent across several empirical models and functional
forms. The observed change provides evidence of a structural change in the U.S. market for
transportation fuel and may reflect shifts in land-use, social or vehicle characteristics during the
past several decades. Provided our results extend to long-run elasticities, these results suggest
that technologies and policies for improving vehicle fuel economy may be increasingly

important in reducing U.S. gasoline consumption.
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9. FIGURE CAPTIONS
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FIGURE 5 Monthly price elasticity estimates from May 1978 through September 2003.
Dotted lines represent the 95% confidence interval.



Table 1

Bo
In(P)
In(Y)

Jan

Feb

Mar

Apr
May

Jun

Jul
Aug

Sep

Oct

Nov

SJ-S

Adj. R-squared
S.E. of residuals
Durbin-Watson stat
Sum squared resid

Basic Model: Double Log

1975 - 1980 2001 - 2006
-0.615 -1.697***
(0.929) (0.587)

-0.335*** -0.042***
(0.024) (0.009)
0.467*** 0.530***
(0.096) (0.058)
-0.079*** -0.044***
(0.010) (0.006)
-0.129%** -0.122%**
(0.019) (0.010)

-0.019*** -0.008
(0.006) (0.005)
-0.021 -0.024***
(0.016) -0.005
0.013 0.026***
(0.011) (0.004)
0.020 0.000
(0.010) (0.004)
0.031*** 0.040***
(0.010) (0.005)
0.042*** 0.046***
(0.010) (0.004)
-0.028*** -0.039***
(0.006) (0.005)
0.002 0.008
(0.010) (0.005)
-0.058*** -0.032***
(0.012) (0.004)
y y
0.85 0.94
0.027 0.011
1.762 1.520
0.033 0.006

*** (n < 0.01)



Table 2
Basic Model

Basic Model: Linear Basic Model: Semi-Log Basic Model: Double-Log

1975-1980 2001 - 2006 1975 -1980 2001 - 2006 1975 -1980 2001 - 2006

Bo 34.006 20.254 3.554 3.183 -0.615 -1.697
(3.868) (2.460) (0.098) (0.064) (0.929) (0.587)
P -7.252 -1.018 -0.180 -0.026
(0.554) (0.174) (0.013) (0.005)
Y 1.254E-03  7.943E-04 3.018E-05 2.035E-05
(2.633E-04) (9.862E-05) (6.536E-06) (2.567E-06)
In(P) -0.335 -0.041
(0.024) (0.009)
In(Y) 0.467 0.530
(0.096) (0.058)
£;'S y y y y y y
Adj. R-squared 0.85 0.94 0.85 0.94 0.85 0.94
S.E. of residuals 1.081 0.407 0.027 0.011 0.027 0.011
Durbin-Watson stat 1.721 1.591 1.729 1.582 1.762 1.520
Sum squared resid 54.925 7.794 0.0343 0.005 0.033 0.006

Notes: Figures in parentheses are standard errors, P is the real price of gasoline in
constant 2000 dollars, Y is real per capita disposable income in constant 2000

dollars



Table 3

Basic Model
1975 - 1980 2001 - 2006
E, E; E, = ty ti

Basic Model: Linear -0.312 0.487 -0.042 0.538 10.823 0.420

(0.024) (0.102) (0.007) (0.067)
Basic Model: Semi-Log -0.309 0.471 -0.043 0.540 10.975 0.560

(0.023) (0.102) (0.007) (0.068)
Basic Model: Double-Log -0.335 0.467 -0.041 0.530 11.632 0.562

(0.024) (0.096) (0.009) (0.058)

Number of Observations = 61

Notes: Figures in parentheses are standard errors



Table 4

Estimates Using Macroeconomic Data
(1975 - 1980)

Unemployment Rate, 1- Unemployment Rate, 10-
Yr Bond Rate, Inflation Yr Bond Rate, Inflation

Rate Rate
Bo 1.105 0.668
(1.685) (1.663)
In(P) -0.216 -0.207
(0.035) (0.039)
In(Y) 0.331 0.380
(0.168) (0.166)
In(UE)* -0.114 -0.118
(0.046) (0.042)
In(1-yr BR)* 0.010
(0.023)
In(10-yr BR)* -0.015
(0.042)
IN(INR )* -0.141 -0.130
(0.031) (0.030)
&j's y y
Adj. R-squared 0.87 0.87
S.E. of residuals 0.024 0.024
Durbin-Watson stat 2.267 2.255
Sum squared resid 0.026 0.026
F(3,44)* 12.475 12.660

Notes: Figures in parentheses are standard errors,
UE is the unemployment rate, 1-yr BR and

10-yr BR are interest rates for 1-yr and 10-yr U.S.
Treasury bonds, INR is the inflation rate

* F-statistic for joint significance of indicated
variables



Table 5

Stage 1. Instrumental Variable
Models (2001 - 2006)

Production Disruptions

(Venez., Irag, USA) (USA only)

Bo -54.601 -52.019
(6.870) (6.757)
In(Y) 5.388 5.137
(0.674) (0.663)
VZ -0.077
(0.050)
IQ 0.069
(0.055)
USA -0.346 -0.353
(0.092) (0.093)
&;'s y y
Adj. R-squared 0.65 0.64
S.E. of residuals 0.112 0.114
Durbin-Watson stat 0.716 0.628
Sum squared resid 0.567 0.616

Notes: Figures in parentheses are
standard errors, Venez, Iraq and
USA are monthly crude oil production
disruptions in Venezuela, Irag and the
United States in million barrels

per day



Table 6

Stage 2: Instrumental Variable
Models (2001 - 2006)

Production Disruptions

(Venez., Irag, USA) (USA only)

Bo -2.837 -3.910
(1.185) (1.165)
In(P) -0.060 -0.077
(0.016) (0.013)
In(Y) 0.642 0.748
(0.117) (0.115)
;'S y y
Adj. R-squared 0.94 0.93
S.E. of residuals 0.011 0.012
Durbin-Watson stat 1.544 1.476
Sum squared resid 0.006 0.007

Notes: Figures in parentheses are
standard errors, P is the real price
of gasoline in constant 2000 dollars,
Y is real per capita disposable
income in constant 2000 dollars



Table 7

Partial-Adjustment
Model: 1-month Lag w/
Month Dummies

1975-1980 2001 - 2006 1975 - 1980 2001 - 2006

Price-Income Interaction
Model

Lo -12.755 -6.286 -0.467 -1.482
(6.094) (1.491) (0.838) (0.361)
In(P) 27.572 10.297 -0.300 -0.033
(13.678) (3.223) (0.039) (0.005)
In(Y) 1.720 0.981 0.409 0.390
(0.630) (0.146) (0.101) (0.033)
In(P)In(Y) -2.879 -1.014
(1.413) (0.316)
InG ;4 0.107 0.330
(0.106) (0.074)
A 0.893 0.670
&S y y y y
Adj. R-squared 0.86 0.95 0.85 0.95
S.E. of residuals 0.026 0.010 0.027 0.010
Durbin-Watson stat 1.661 1.691 2.004 2.175
Sum squared resid 0.032 0.005 0.033 0.005
TR? ox 28.635 18.569

Notes: Figures in parentheses are standard errors, P
is the real price of gasoline in constant 2000 dollars, Y
is real per capita disposable income in constant 2000
dollars, InG ; refers to 1-month lags of the dependent
variable, per capital gasoline consumption, TR is

the test statistic for the Breusch-Godfrey
Lagrange-Multiplier test for serial correlation



Table 8

Price-Income Interaction Model
Simultaneous Equations (USA Disrupt.)*
Recession Macroeconomic Data (10-Yr BR)**
PA Model: 1-month Lag w/ Month Dummies

Implied Fully Adjusted Elasticity

Summary of Alternate Model Specifications

1975 - 1980 2001 - 2006
E, E, E, E; t, t;

-0.222 0.212 -0.034 0.506 3.304 1.261
(0.056) (0.219) (0.010) (0.080)

- - -0.077 0.748 9.481 1.880

(0.013) (0.115)

-0.207 0.331 - - 3.147 2.051
(0.039) (0.168)
-0.300 0.409 -0.033 0.390 6.791 -0.179
(0.039) (0.101) (0.005) (0.033)
-0.336 0.458 -0.049 0.583

Notes: Figures in parentheses are standard errors, * No data

available for simultaneous equations model for period from 1975 to
1980, t statistics are for 1975 t01980 double-log model, ** t statistics
are for 2001 to 2006 simultaneous equations model



Figure 1
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Figure 2

Gasoline Prices 1975-1980 & 2001-2006
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Figure 3

Correlogram for Historic Residuals
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Figure 4

Correlogram for Recent Residuals
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Figure 5

Monthly Price Elasticity Estimates
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10. APPENDIX - ALTERNATIVE SPECIFICATIONS DATA

Additional data used in the alternative model specifications are defined as follows. The monthly
crude oil production for Venezuela, Iraq and the United States are monthly average production in
million barrels per day from the International Petroleum Monthly, U.S. Energy Information
Administration (2006). Unemployment rates are U.S. aggregate for citizens over the age of 16
from the U.S. Bureau of Labor Statistics (2006). Interest rates are for one-year and ten-year U.S.
Treasury Bills (constant maturities) as cited by the U.S. Federal Reserve Board (2006). Per
capita quantities are calculated using mid-period monthly population from the Bureau of

Economic Analysis (2006).
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