
A New Tax on Gasoline: Estimating Its Effect on Consumption 

Abstract. Based on extrapolation of a recent estimate of the elasticity of demand 
for gasoline, it is concluded that a tax of 5 cents per gallon per year over the period 
1979 to 1988 can be expected to prodtuce significant reductions in gasoline consump- 
tion, contrary to widely expressed opinions. 

In its year-long deliberations on ener- 
gy legislation, Congress has shown little 
willingness to consider adding a tax to 
gasoline sales in order to reduce con- 
sumption. Many others undoubtedly 
agree with Senator Hayakawa, who said, 
"I do not believe a gasoline tax proposal 
will achieve the objective of conserva- 
tion. ... I believe a majority of Ameri- 
cans will continue to buy gasoline 
regardless of the price" (/). 

My recent study of the changing pat- 
terns of gasoline consumption in Califor- 
nia since the large price increase that fol- 
lowed the 1973 oil embargo provides a 
basis for estimating the effect that a fu- 
ture tax would have (2). In this report I 
give a short review of the methods and 
main results of that study and discuss 
some of the unfamiliar characteristics of 
the methodology used to measure elas- 
ticity. I then use the value of elasticity 
obtained therein to calculate the poten- 
tial savings from a hypothetical new fed- 
eral tax on gasoline. The reader who is 
specifically interested in the elasticity es- 
timate should read (2, 3). 

Elasticity estimate. In the study, the 
price elasticity of gasoline was calcu- 
lated once for each of 24 months from 
April 1974 through March 1976, the 
"forecast interval," a period during 
which gasoline was readily available to 
the purchaser. The computation for any 
one month went as follows. First, a fore- 
cast was made of what the sales would 
have been if there had been no embargo 
and the dynamic mechanisms underlying 
the growth patterns of gasoline sales had 
continued unabated. This was done by 
using a Box-Jenkins seasonal-nonsea- 
sonal integrated moving-average model 
(4). The model had been derived to fit 
monthly sales over a 13-year period of 
growing consumption and decreasing 
real prices, 1960 to 1973, the "model-fit- 
ting interval" (3). Monthly forecasts 
were made for the forecast interval, us- 
ing data up to and including October 
1973, the last month of the "normal" 
pattern preceding the embargo. Next, 
the actual sales for the month, corrected 
for 3.09 percent savings (5, 6) due to 
slower freeway driving (the 55-mile-per- 
hour speed limit), were subtracted from 
the predicted sales to get the decrease in 
consumption, AC, attributable to price. 
This was divided by the predicted sales, 

SCIENCE, VOL. 202, 17 NOVEMBER 1978 

C, to get the fractional decrease, AC/C, 
for that month. The actual price in the 
same month, corrected for the inflation 
(7) that occurred since October 1973, 
was then compared to a forecast of what 
the real price would have been in the ab- 
sence of an embargo (8). The forecast 
real price, P, was the price of October 
1973, reduced by 1/12 percent per month, 
reflecting a continuation of the trend in 
which the real price of gasoline dropped 
an average 1 percent per year over the 
model-fitting interval. This forecast price 
was consistent with the sales forecasts 
produced by the model. The difference 
AP between forecast real price and ac- 
tual real price, divided by the former, 
gave the fractional change in price, 
AP/P, for the month. The ratio of AC/C 
to AP/P gave the elasticity estimate E 
for the month. This process was repeat- 
ed for each of the 24 months. No esti- 
mates of elasticity were made for the pe- 
riod November 1973 through March 1974 
because gasoline was in short supply 
during that time. 

The resulting 24 estimates of elasticity 
were plotted against time. A least- 
squares straight-line fit to these data had 
a slope of essentially zero, showing no 
major change in elasticity over the 24 
months. The elasticity obtained was 
-0.2054, which is in line with estimates 
made by typical econometric methods, 
specifically the short-term elasticity of 
-0.07 to -0.14 and long-term (21/2 year) 
elasticity of -0.24 to -0.32 of Verleger 
and Sheehan (9) and the short-term elas- 
ticity of 0.21 used in the Federal Energy 

Administration (FEA) model described 
by Hirst (10, 11). Hirst also cites a long- 
term value of -0.72 (the time period was 
not defined), which is numerically much 
larger than any effects I noted. 

The Box-Jenkins model is dynamic. 
Without explicitly structuring the 
sources of growth, it captures the result 
of the processes of change acting during 
the model-fitting period, including the 
growth in population, the building of 
freeways and housing developments, 
changes in affluence, changes in the cost 
of gasoline relative to mass transit, and 
so on. Forecasts made with the model 
are valid to the extent that the same 
change processes, whatever they may 
be, continue over the forecast interval. 
The solid line of Fig. 1 shows the actual 
gasoline sales, and the dotted line shows 
the forecasts. Note that the forecasts 
capture the general upward trend of the 
1960-1973 data and that the August 1975 
forecast is the highest one. The yearly 
pattern, with dips in January and Febru- 
ary and peaks in July and August, is also 
very well modeled. The model used is 
equivalent to fitting a 13th order dif- 
ference equation to the underlying dy- 
namic system. Loosely speaking, the 
forecasts are a representation of the sys- 
tem coasting under its own inertia, with 
zero values assumed for the unknown 
shocks in the forecast interval. The Box- 
Jenkins method also provides an esti- 
mate of the error in the forecasts, based 
on the residual errors over the model- 
fitting interval. In this case, the stan- 
dard deviation of each monthly forecast 
is almost exactly 2 percent of forecast 
sales. 

What the forecasts obtained by this 
method cannot capture (without outside 
help) are changes in sales that result 
from a change in the underlying process 
(a change in the structure of the dynamic 
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Fig. 1. Gasoline sales history in California for 1960 to 1976. 
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system) during the forecast interval. For 
example, if a convenient, fast, zero-fare 
mass-transit system had been built in 
Los Angeles between November 1973 
and March 1974, there could have been a 
major switch away from cars and a con- 
comitant decrease in gasoline consump- 
tion not predicted by the model. 

Looking over the forecast interval to 
ascertain the presence of such effects, I 
examined two possibilities. Of the aver- 
age 7.8 percent drop in consumption, rel- 
ative to what it would have been with 
stable prices, 3.09 percent was attributed 
to the lower driving speeds. This effect 
was fully corrected for, as described ear- 
lier. 

The second effect was the possible de- 
crease in gasoline sales due to (i) volun- 
tary efforts following the President's 
pleas in 1974 to 1976 for energy con- 
servation and (ii) the increase in un- 
employment in California that fol- 
lowed the embargo. This effect was not 
explicitly measured. Instead, a sensitivi- 
ty analysis was performed in which it 
was found that a 1 percent decrease in 
gasoline sales due to voluntary con- 
servation or unemployment, or both, 
would have revised the elasticity esti- 
mate to -0.1624. (The elasticity of 
-0.2054 corresponds to zero savings 
from voluntary conservation and unem- 
ployment.) However, the general lack 
of enthusiasm for the car-pool program 
(12), the public opposition to the ill- 
fated "diamond lane" experiment in Los 
Angeles (13), plus the suspicion on the 
part of many that there is no energy 
crisis (14, 15) strongly suggest that vol- 
untary conservation contributed little, if 
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Table 1. Fuel economy standards for passen- 
ger cars (sales-weighted by manufacturer). 

Model year Miles per gallon* 

1978 18.0 
1979 19.0 
1980 20.0 
1981 22.0 
1982 24.0 
1983 26.0 
1984 27.0 
1985 27.5 

*Data from (24) 

anything, to the observed reductions in 
gasoline use. Although the savings due 
to voluntary conservation and unem- 
ployment may have been underesti- 
mated, it is even more likely that the 
savings due to the reduced speed limit 
have been overestimated. The latter sav- 
ings, estimated in (5, 6) for 1974, were 
presumed to hold for 1975 and the first 3 
months of 1976. However, most observ- 
ers in California have noted that the free- 
way speeds have gradually edged up- 
ward above the speed limit (16). The net 
result is that if the elasticity is in error, it 
is probably numerically too small. 

The net reduction in gasoline con- 
sumption relative to what it would have 
been without the embargo, all other 
things remaining equal, was 4.78 percent 
(7.87 percent -3.09 percent). The real 
price rose between 18 and 30 percent, 
depending on the month, which is con- 
sistent with the averaged elasticity esti- 
mate of -0.2054. 

Expected savings from a gasoline tax. 
Let us now consider the reduction in 
consumption that would be induced by a 
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hypothetical new federal gasoline tax of 
the following form: 5 cents per gallon in 
1979, increased 5 cents each year to 50 
cents per gallon in 1988. [This tax is simi- 
lar to that proposed in the President's 
original energy package (17).] The fol- 
lowing extrapolations and assumptions 
are made. First, the value of elasticity 
found in California is applicable to the 
nation as a whole. Second, the value of 
elasticity, computed for conditions in 
1974 to 1976, will continue to apply un- 
der the anticipated altered conditions of 
1979 to 1988-that is, higher energy 
prices, inflation, new mass-transit 
routes, improved new-car fuel economy, 
and so on. Further, the elasticity, which 
was found to remain constant for 2 years 
following a major price increase, will re- 
main constant for 10 years following a 
price change-that is, there is no 10-year 
elasticity that is larger than that found 
over 2 years. Third, the elasticity ob- 
tained for a maximum real price change 
of 30 percent will continue to hold for 
larger changes, up to as much as 100 per- 
cent. 

These assumptions are discussed in 
order. First, the demand for gasoline 
may be more elastic in the nation as a 
whole than in California because there 
are no viable mass-transit alternatives for 
many Californians, and also because of 
the long commuting distances found 
here. Second, it may be, as many econo- 
mists believe, that the long-term elastic- 
ity is numerically larger than the short- 
term value, but that more than 2 years 
must elapse for the long-term effect to be 
seen. This could be due, for example, to 
automobile owners continuing to drive 
gas guzzlers as long as they perform sat- 
isfactorily, but buying fuel-economy cars 
when it is time to replace them. Also, 
over the long term, substitutes may be- 
come more practical and technological 
change can take place. Third, this as- 
sumption is conservative, as it is usually 
thought that a large price increase is 
more likely to stir responses than a small 
increase. The net result of these assump- 
tions, if anything, appears to be con- 
servative, tending to bias the results in 
the direction of underestimating the ef- 
fect of the tax; if the elasticity is numeri- 
cally larger than 0.2054 for any reason, 
the tax will have a greater effect than that 
shown below. 

I now consider the historic record and 
future projections of annual gasoline use 
in the United States. Gasoline consump- 
tion from 1958 to 1978, in millions of bar- 
rels per day, is shown in Fig. 2. (18-21). 
A forecast for 1978 to 1988 (curve 1) is 
obtained by extrapolating from 1977 at 
an annual 3.4 percent growth rate. This 
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is what consumption might be if no mea- 
sures were taken to slacken its growth. It 
is the pattern of the past projected into 
the future. If anything, it is a low esti- 
mate of unrestricted growth, since the 
growth rate of the few years preceding 
the embargo was considerably higher 
than the 3.4 percent average growth rate 
of the 1950-1973 period. Curve 2 is an 
estimate, which I adapted from the 
PIES demand model of the Department 
of Energy (DOE), of what can be ex- 
pected as a result of the automobile effi- 
ciency standards mandated by Congress 
and now existing in law (Table 1) togeth- 
er with expected gasoline price increases 
resulting from market actions, but other- 
wise no new legislative action. Curve 2 
represents a significant decrease in con- 
sumption relative to curve 1. 

Curve 4 in Fig. 2 is the year-by-year 
national goal established by President 
Carter in his energy proposal to Con- 
gress (17). It calls for 10 percent less gas- 
oline consumption nationwide in 1985 
than in 1977. A large gap remains be- 
tween this goal and the best present fore- 
cast of future sales based on existing leg- 
islation. 

How much additional conservation 
would the proposed tax stimulate? The 
elasticity is used to answer this question. 
Consumption without the tax is taken 
from curve 2. Price without the tax is ex- 
trapolated from the current average price 
for regular gasoline at full-service retail 
outlets, estimated [by extrapolating data 
from the last 4 years (22)] to be 66.5 
cents per gallon. According to a DOE 
forecast (C forecast, middle values of 
supply and demand) the price will rise at 
nearly 1 percent per year, in 1978 dol- 
lars; at the highest, it may rise at an aver- 
age rate of 1.93 percent (their F forecast, 
high import price) (23). Extrapolation us- 
ing the two forecasts leads to 1988 prices 
of 73.5 and 80.5 cents per gallon without 
tax (123.5 and 130.5 cents per gallon with 
tax), respectively, bracketing the reason- 
ably expected range of future prices. 
(Results obtained with lowest price fore- 
cast of DOE, their D forecast, are not 
significantly different from those ob- 
tained with the C forecast.) 

The savings induced by the tax are 
shown by year in the lower right corner 
of Fig. 2. Curve a corresponds to the C 
forecast and curve b to the F forecast. 
When these savings are subtracted from 
the sales without tax, the results are 
curves 3a and 3b of Fig. 2. The savings 
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of Fig. 2. Curve a corresponds to the C 
forecast and curve b to the F forecast. 
When these savings are subtracted from 
the sales without tax, the results are 
curves 3a and 3b of Fig. 2. The savings 
induced by the tax are substantial; in 
1988, for example, they amount to more 
than 1 million barrels per day, 14 percent 
of what would otherwise have been con- 
sumed. Futhermore, the savings are not 
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very sensitive to the assumed future 
price without the tax. Thus, contrary 
to popular opinion, a tax of the kind 
proposed can be expected to provide a 
substantial reduction in gasoline con- 
sumption. 

ALAN M. SCHNEIDER 
Department of Applied Mechanics and 
Engineering Sciences, University of 
California, San Diego, La Jolla 92093 
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The toxicity of adenosine to cultured 
mammalian cells, first described in the 
early 1960's (1), is now of interest largely 
because of its possible role in causing the 
severe combined immune defect in chil- 
dren with autosomal recessive defi- 
ciency of adenosine deaminase (ADA; 
E.C. 3.5.4.4) (2). Beyond relevance to 
this specific condition, study of this phe- 
nomenon with inhibitors of ADA activity 
has led to recognition of unexpected in- 
terrelationships between aberrant adeno- 
sine metabolism and several other meta- 
bolic processes. Thus when ADA is 
blocked, adenosine can induce pyrimi- 
dine starvation in cultured cells (1, 3-5), 
can increase adenosine 3',5'-mono- 
phosphate (cyclic AMP) concentrations 
(6), and can interfere with S-adeno- 
sylmethionine-dependent methylation 
(7) and with the hexose monophosphate 
pathway of carbohydrate metabolism 
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(8). Deoxyadenosine, also a substrate for 
ADA, has long been known to inhibit 
DNA synthesis in cultured mammalian 
cells after conversion to deoxyadenosine 
5'-triphosphate, an allosteric inhibitor of 
ribonucleoside diphosphate reductase 
(9-14). Which of these mechanisms con- 
tributes to the immune deficit in ADA- 
deficient children is still unknown. 

In an attempt to identify an intra- 
cellular mediator of adenosine toxicity, 
we searched directly for a protein ca- 
pable of binding adenosine with high af- 
finity. Two lines of reasoning led to this 
approach. First, it appears that only 
small amounts of adenosine may be gen- 
erated by cultured human lymphoid cells 
(15), and very little adenosine has been 
found in the plasma and urine of ADA- 
deficient children (16). Indeed, some 
have proposed that adenosine itself plays 
no role in causing the immune dysfunc- 
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have proposed that adenosine itself plays 
no role in causing the immune dysfunc- 

0036-8075/78/1117-0757$00.50/0 Copyright ? 1978 AAAS 0036-8075/78/1117-0757$00.50/0 Copyright ? 1978 AAAS 

S-Adenosylhomocysteine Hydrolase Is an Adenosine- 

Binding Protein: A Target for Adenosine Toxicity 

Abstract. When adenosine deaminase activity is inhibited, low concentrations of 
adenosine are toxic to human lymphoblast mutants that are unable to convert adeno- 
sine to intracellular nucleotides. In order to identify the mediator of this cytotoxicity, 
we searched for a cytoplasmic protein capable of binding adenosine with high affini- 
ty. Such a protein was identified in extracts of human lymphoblasts and placenta as 
the enzyme S-adenosylhomocysteine hydrolase. 

S-Adenosylhomocysteine Hydrolase Is an Adenosine- 

Binding Protein: A Target for Adenosine Toxicity 

Abstract. When adenosine deaminase activity is inhibited, low concentrations of 
adenosine are toxic to human lymphoblast mutants that are unable to convert adeno- 
sine to intracellular nucleotides. In order to identify the mediator of this cytotoxicity, 
we searched for a cytoplasmic protein capable of binding adenosine with high affini- 
ty. Such a protein was identified in extracts of human lymphoblasts and placenta as 
the enzyme S-adenosylhomocysteine hydrolase. 

757 757 


