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EXECUTIVE SUMMARY

This report evaluates the desirability of using a tariff on
crude oil and/or refineq petroleum products as a source of
additional government revenue. In conducting this
evaluation, the costs resulting from various potential tariffs
are compared to the costs that would result from sales or
excise taxes on refined petroleum products that would raise
the same revenue.1 We consider tariffs of $5 per barrel on
crude oil and all refined petroleum products and tariffs of $5
per barrel on crude oil and gasoline (but not on other
refined products). We also consider tariffs on the same two
groups of products that would yield the maximum increase in
government revenue.

Two measures of the costs of a tariff or a sales tax are
presented in the Summary Table. First, we examine the cost
to consumers per dollar increase in government revenue. The
cost to consumers is the reduction in the well-being of
consumers because they have to pay more for a product after

Petroleum excise taxes are considered here for
comparison , not because they are expected to be superior 

other tax alternatives, but rather because their costs can be

estimated within the same analytical framework as , that
employed in estimating the costs for petroleum tariffs.

2 Our estimate of the increase in government revenue
resulting from a tariff or sales tax differs from the revenue
raised by the tariff or tax because of existing taxes on
gasoline. Because the tariff or tax causes a reduction in the

quantity of gasoline purchased, the revenue collected from
the existing taxes will decline. This partially offsets the
increased revenue from the new tariff or tax.

. .
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the tariff or tax is imposed. As shown in the Summary
Table, the l~ost to consumers per dollar increase in
government revenue ranges from $2.54 to $4.69 for the
various tariffs we consider. With the sales tax alternatives
the consumer cost per dollar of revenue ranges from $1.05 to$1.13. Thus, the consumer cost of a tariff is as much as
four times the cost of a ' sales tax that would raise the same
amount of revenue.

The second measure of cost we consider is the net cost to
society per dollar of additional government revenue raised.
While the welfare of consumers decreases when a tariff or
tax is imposed , other segments of society gain. For example,
government revenue increases. In addition crude oil
producers and refiners may gain when a tariff is imposed.
The net cost to society subtmcts the gains to others from
the cost to consumers to arrive at a net cost of the tariff or
tax. . The net cost , to society of tariff would range
between $0.22 and $1.05. In contrast, the net cost to society
from a comparable sales tax would be between $0.05 and
$0. 13 per dollar of new reven ue raised.

In addi tion

, '

there is a cost to the consumer because
after the price rises, she no longer purchases as much of the

, prod uct.

4 The net cost to society may be the preferable
measure to use in comparing nondistributional aspects of
different proposed taxes or tariffs. Some consumers arelikely to benefit from the increased government revenues
either because other taxes can be reduced or because
government will make additional expenditures from which
they benefit. Further, at least some consumers are likely 
benefit from increased oil firm profits.

Since crude oil producers and refiners are unaffected
by these sales taxes, the net cost to society is the amountthe consumer cost exceeds the increase in government
revenues. Hence, the cost imposed on consumers with a sales
tax exceeds the increase in government revenue by between
$0.05 and $0. 13 per dollar of new revenue.

.. .
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SUMMARY TABLE

ComparisoD 01 Various Petroleum Tariffs
aad EquiYaleat Sales Taxes

(Cost Per Dollar of Revenue Raised)

Cost of a

Tariff
Cost of Equivalent

Sales Tax

Cost to Net Cost
Consumers To Society

Cost to Net Cost
Consumers To Society

$5 Tariff on Crude Oil $2. $0. $1. $0.
and All Refined Products

S5 Tariff on Crude Oil 1.12
and Gasoline

Maximum Revenue Tariff 1.06
on Crude Oil and
All Refined Products

Maximum Revenue Tariff LOS 1.13
OD Crude Oil and Gasoline

An equivalent sales tax is a sales tax on the refined products (but
not on crude oil) listed in the left hand column, which raises the same
amount of revenue as the listed tariff.

1.X



Generally, excise taxes are preferable to import tariffs
beca use they impose less costs on both - consumers and
society. The consumer cost arising from a tariff or tax
depends upon the degree to which product prices increase to
consumers as a result of the tariff or tax. Similarly, the net
cost to society depends on the distortion of prices arising
from the tariff or a tax. Since the quantity of imports on
which a tariff can be levied is less than the quantity of
refined product on which a tax can be levied, a tariff must
necessarily be of a greater magnitude than an excise tax in
order to yield the same government revenue. Consequently,
the consumer cost and net cost to society would be greater
for a tariff than a comparable excise tax.

Quite clearly, a tariff is a very ineffiCient way to raise
government revenue. In all--cases--whether we are talking
about a tariff on crude oil and just gasoline or a tariff on
crude oil and all refined products, and whether we are
talking about a tariff of $5 per barrel or that tariff which
would maximize the addition to government revenue--the
costs of a tariff would be several times the costs of 
compara ble excise tax.

All estimates assume that the prices of imported
crude oil and imported refined products would not change as
a result of the taxes or tariffs being considered. While some
change in these prices might occur, we do not believe that
the likely magnitude would be great enough to significantly
alter our conclusions. (See Appendix , Section VIII.

7 To reach a broader conclusion about the desirability
of a tax on refined petroleum products, it would be necessary
to evaluate other ways of raising revenue. We have not done
this, nor ha ve we eval ua red the desira bili ty of increasing
government revenue at all. Thus, OUf conclusions must 
limited to comparative statement about the relative
desira bility of petroleum tariffs versus sales taxes on refined
prod ucts. In this report we do not consider the desira bili ty
of tariffs or taxes as policy instrument to achieve other
conceivable policy objectives, such as reducing environmental
pollution or increasing energy security.



I. Introduction

In the search for ways to reduce the federal budget
deficit, the imposition of a tariff on imported petroleum is
increasingly cited as a potential source of increased revenue.
The Washington Post has observed

, "

As the Government'
need for tax revenues grows more urgent, the idea of an oil
import. fee is (once again) turning up here and there.
Other press articles have cited petroleum tariffs as options
being considered now that tax increases have been accepted
by the Bush administration as necessary for federal deficit
reduction. At least one member of Congress has 'been
quoted as supporting a tariff because, among other
objectives, it would raise revenue to reduce the deficit.s A
former Director of the Cong.ressional Budget Office has

1 "An Oil Import Fee?" The Washington Post, January
, 1989, p. A- 16.

. 2 "Hot Question in Washington: Have You Read Bush'
Lips on Taxes LATELY?" The Wall Street Journal May 9

. 1990, p. 2; "Eating His Words. Time, July 9, 1990, p. 16.

Pa trick Crow

, "

No major gains, losses seen for oil
industry with Bush as President Oil and Gas Journal
December 26, 1988, p. 22. Another example of support for a
tariff as a way to, among other things, raise revenue can be
found in George P. Mitchell

, "

It' s Time to Put a Tax on
Imported Oil New York Times, January 22 1989, p. F2.
Supporters of a tariff almost always cite other benefits of an
oil tariff, such as reduced dep~ndence on foreign oil, in
addi tion to increased revenue, as reasons for imposing such a
tariff. For a discussion of the disadvantages of a tariff in
achieving energy security objectives, see Anderson and
Metzger (1987).



suggested that an oil import tariff might be part of a deficit
reduction plan.

The purpose of the present paper is to explore the
desirability of using an oil import tariff to reduce the 'federal
deficit. If structured correctly, a tariff on petroleum imports
could, as proponents note, raise some revenue to reduce the
deficit. However, this does not establish that a tariff is a
desirable source of revenue. Imposing tariffs will cause the
prices paid by consumers of petroleum products to rise.
This would make consumers worse off. Further, while a
tariff would result in increased government revenues and in
increased profits for (at least some) producers in the oil
industry, the cost to consumers will generally be greater than
the benefits to others. As a result, the U.S. economy as a
whole will be made worse off-if a tariff is imposed.

Other methods ' of raising government revenue also impose
costs on the economy. If a sales or excise tax were imposed
on one or more products, the cost of those products would
rise and make consumers of those products worse off.
Further, just as with tariffs, the losses to consumers would
generally be greater than the increases in government
revenue. That is" an excise tax imposes costs on the
economy, just as does a tariff.

Rivlin (1989). However, Rivlin appears to see the
tariff more as a. way to overcome petroleum industry
objections to a gasoline tax than as a source of revenue.

Strictly speaking, a tariff levied on just crude oil
imports might not cause the prices of refined petroleum
products to rise if imports of refined products were not also
restricted. However, as we will discuss below, a tariff on
crude oil alone would, at most, raise negligible amountsof revenue.

Browning and Browning (1979), pp. 288- 292. Most
other methods the government could use to raise additional
revenue would also impose costs on the, economy.



In order , to determine the qesira bili ty, or lack thereof, of
particular revenue-raising technique, it is necessary' to

compare the costs to consumers and to the U.S. economy of
that revenue source with the costs of alternatives. A
revenue raising method is relatively desirable if the costs
resulting from its use are small. In the current paper, we
compare the costs from .the imposition of petroleum tariffs

, with the costs from new excise taxes on refined petroleum
products that would raise comparable levels of government
revenue. We show that the costs resulting from tariffs
would be substantially greater than those from comparable
sales or excise taxes. Since we do not consider other
alternative revenue sources nor address the need for
additional federal revenues, we cannot conclude that it 
desira ble to impose excise taxes on refined petroleum
products.8 However, we do demonstrate that a tariff is a

In arguing against using increased gasoline taxes as a
way to reduce the federal deficit, representatives of the
American Petroleum Institute have argued that net
government revenues would only increase by about one-third
of the revenue raised by the sales tax. (See

g., 

API
pl~mps for government action. to shore up U.S. energy
posture, Oil' and Gas Journal, November 21 , 1988, pp. 16~ 17;
and "API: U.S. economic growth threatened by gasoline tax
hike, Oil and Gas Journal Jalluary 2, 1989, p. 27. See also,
DRI/McGraw- I-1i1l (1989b). The crux of their argument
appears to be that the increase in the price of gasoline
resulting from a tax increase would increase inflation and
cause sufficient disruption in the economy -that it would
reduce revenue from other ,taxes and require increased
gover~ment outlays equal to about two-thirds of the revenue
raised ' by . the tax. Without evaluating the validity of this
argument, we note that, in order to raise a specific level of
revenue, prices would rise more with a tariff tha,n with a 
sales tax (see, 

g., 

pp. 15- 16, below) and that therefore any
dislocations would be greater with a tariff than with a tax.

8 We tlote that, using a somewhat different criteria of
desirability, a recent analysis by DRI concluded that either
expenditure cuts or a broad-based value added tax would be



relatively costly, and therefore undesirable, way to raise
additional government revenue in the event it is judged
desirable to raise such revenue.

preferable to a gasoline tax as a way of reducing the deficit.
(DRI/McGra w-Hill (1989a).

In this report, we demonstrate only that, if one
wishes to raise additional government revenues, tariffs on
petroleum imports impose more costs on consumers and
society than do comparable excise taxes. We do not consider
the desirability of either tariffs or taxes as a policy
instrument to achieve other conceivable policy objectives,
such as reducing environmental pollution or increasing energy
security. We note, however, that the most efficient way to
reduce pollution resulting from consumption of fossil fuels 
likely to be direct tax on the emissions resulting from
burning the fuels, rather than either a tariff or a tax on fuel
consumption. Further, in our earlier work, we showed that
adding to the strategic petroleum reserve appeared to be less
costly than tariff if one wished to increase energy
security. (See Anderson and Metzger (1987).



II. The Model and Assumptions Used in Measuring
the Effects of Tariffs and Taxes

In measuring the effects of tariffs or taxes on the
petroleum industry, we have used a comparative statics model
of a competitive petroleum industry, which is similar to the
model used in our earlier work.10 The refining sector of the
petroleum industry is modelled along with the crude
production sector so that we can separately estimate the
effects on these two groups of firms. In addition, the
demand for refined petroleum products is divided into two
groups: gasoline and all other refined products. This allows
us to differentiate between the effects on consumers of
gasoline and on consumers of other products. ' It also permits
us to consider tariffs and taxe~ on gasoline alone as well as
tariffs and taxes on all refined products.

While our analysis deals with only a single price and
quantity for each good, rather than a series of prices and
quantities representing market conditions at different points
in time, we have attempted to measure the effects of the
various taxes and tariffs so as to be generally representative
of the effects that would be observed in this country in the
1990' s. Specifically, changes are measured from the average
prices and quantities for the various products that are

10 Anderson and Metzger (1987).

11 As in many studies of this type, we adopt the
simplifying assumption that a change in U.S. demand for
imports of crude oil or refined petroleum products would not
affect the world price of those goods. As we discuss in
Section D of Chapter IV and in greater detail in Section VIII
of the Appendix, we do not believe that this assumption
significantly affects the results we present here.



expected in the U.S. during the 1990'
12 Furthermore, in

measuring the effects of price changes, we attempt 
estima te the change that would occur in the fifth year after

price increase first appeared. 
IS Consequently, our results

can be viewed as broadly representative of the effects that
would result in the average year of the current decade if a
tariff or tax were imposed in 1990.

Our analysis focuses on four different tariff scenarios and
comparable sales taxes. In two of these scen::trios, we
assume that a tariff would be imposed on crude oil and 
all refined products. In the other two, we assume a tariff
on only gasoline and crude oil. The tax to which each tariff
is compared is a sales tax on the refined p~oducts covered by
the comparable tariff --either all refined products or gasoline
alone. Within each pair of sce.narios, one involves a tariff of
$5 per barrel--approximately 12 cents per gallon--on imports
of crude oil and the refined products subject to a tariff. In
the other scenario, we focus on that tariff which would raise
the most government revenue.

12 These are simple averages of the prices and
quantities projected 'by the U.S. Department of Energy as the
most likely values for each year' in the period 1990 to 1999.
(U.S. Department of Energy (1989a), Appendix A. For more

, detail on the values used, see Section III of the Appendix.
In light of recent petroleum price increases due to escalating
MidEast tensions, it is interesting to note that the.
conclusions of this study are generally strengthened if a
baseline with higher initial prices is assumed. (See Appendix
Section VIII.

l3 For discussion of how these
estimated, see Section IV of the Appendix.

changes were

l4 In searching for the maximum revenue tariff, we
restricted ourselves to tariffs of the. same magnitude on
crude and all included products. That is, if the tariff were
$8 per barrel on crude oil, the tariff would also be $8 per
barrel on gasoline and $8 per barrel on other prod ucts (if
other refined products are included under the scenario in



We examine tariffs on crude oil and gasoline, in addition
to tariffs on crude oil and all refined products, because 
may not be feasible politically to impose tariffs or additional
taxe$ on important nongasoline refined products. For
example, historically consumers of heating oil have been
successful in obtaining special relief from import restrictions
and other regulations in order to limit increases in heating
oil prices.15 Similar special treatment designed to limit price
increases has been granted to importers of residual fuel oil.
We have no way of knowing whether any new tariff would or
would not include nongasoline products.l6 Therefore, we

question). However, as discussed below, if" the U.S. becomes
self-sufficient in one or more products before the price rises
by the full amount of the tariff, the price increases may
differ from product to product.

15 Dam 
(1971), pp. 19, 38-39; and Kalt (1981), p. 17.

16 The special treatment of heating oil and residual
fuel oil may have been the result of the importance of these
fuels to particular groups of consumers. While these fuels
remain important to these groups, their importance may have
declined somewhat in recent years. For example, historically,

, heating oil has been the major source of energy for home
hea ting in the New England states. Between 1960 and 1975
distillate fuel oil (which includes diesel fuels and some oils
used in electric power generation in addition to home heating
oil)' accounted for more than 60 percent of total BTUs of
energy consumed in a group of six northeastern states--
Connecticu t, Maine, Massachusetts, New Hampshire, Rhode
Island, and Vermont. However, by 1985, distillate accounted
for only 45 percent of the BTUs consumed in these same
states. (U.S. Department of Energy (l987b).

Similarly, heavy oils, such as residual, have been an
important source of energy for electricity generation in these
states. In 1970, heavy oils constituted more than two-thirds
of the BTUs used in electric generation in the same group of
six states. By 1985, this proportion had fallen to one-third.
(U.s. Department of Energy (198 7b ).



have chosen to present results both with and without tariffs
on refined products other than gasoline.

We restrict our attention to tariffs covering both , crude
oil and, at least some, refined products, because tariffs on
only crude oil or only refined products would not raise
significant amounts of 'revenue. For example, since even
small increases in the price refiners pay for imported crude
oil would make it unprofitable for domestic refiners to
process imported crude oil, it would become more economical
to import refined products.17 Similarly, a small increase in
the price of imported gasoline or other refined products
would make it more economical to import additional crude oil
and to produce all refined products in th~s country.18 For
example, we estimate that all imports of crude oil would be
eliminated if a tariff of about $0.40 per barrel was imposed
on crude oil alone. Similarly, all imports of refined products
would be eliminated by any tariff on gasoline and other
refined products (but not on crude oil) that exceeded $0.
per barrel--about 0.6 cents per gaUon.

Several other studies have examined questions simila,r to
those considered here.20 However, none has modelled the

l7 If the tariff does not cover partially refined
products, such as unfinished oil or motor gasoline blending
stocks, then imports of these products may soar with
domestic refineries processing the intermediate products intofinished product. 

18 In technical economic terms, refiners' demand for
crude oil and supply of refined products are highly elastic in
terms of both the price of their input (crude oil) and in
terms of their outputs (refined products).

19 See Section VII of the Appendix, for further details
on these estimates.

20 See
, e.g., Boyd and Uri (1989), Congressional Budget

Office (1986), Melo, Stanton and Tarr (1988), Uri and Boyd
(1989), and U.S. Department of Energy (1986).



petroleum industry in as much detail as is done in this study.
For example, none of the prior studies has separated refining
from crude oil extraction. Failure to analyze these two
industries separately can lead to misleading conclusions about
the effects of tariffs on crude oil alone. In addition, at
least some of the prior studies have aggregated natural gas
and crude oil in their analyses, which can again lead to
incorrect conclusions about the effects of tariffs and taxes.
Finally, our study uses data for the 1990's, a time period
that is more relevant for future policymaking than the earlier
periods used in the other studies.

21 For more complete discus~ion of the earlier
studies, see Section IX of the Appendix.





III. The Estimated Costs of Tariffs and Taxes:
The Concepts Involved 

A. Changes in the Prices 'of Crude Oil and Refined Products

Our estimates of the effe9ts of , the four . tariffs and
compara ble taxes are re.ported in Tables 1 through 4. Much
of the same data is presented graphically- in Figures 
through 4.22 The first section of each table reports the
change in the prices of crude oil-and refined pr,oducts that
would occur if a particular tariff or tax . was imposed. 
most cases , the price increase will be equal to the amo,unt of
the tax or tariff imposed. ' For . example, looking at Table 1
a tax of $1.95 per barrel on all refined products would raise
the same amount of revenue as-a '$5 tariff on crude pH and
all refined products. If' such a tax were. iIp.posed, the price
of all refined products would rise by ,$1.95 per barrel.
Similarly, Table I shows that if a $5 per barrel tariff were
imposed on crude oil and on aIt refined products, the prices
of crude . oil and refin,ed products other than gasoline would
rise by $5 per barrel. This occurs because the price of
Imports determines the domestic ' price both before and after
the tariff or tax is imposed; and the price consumers must

. pay for imports increases by the amount of the tariff or tax.

In some cases, the price rise that results from the
imposition of a tariff may result in the elimination of imports
of that product. This. would occur where the price rise
causes a sufficient increase in domestic production of, the

protected product together with, a sufficient decline in the
quantity consumers purchase to cause domestic supply to

22 Additional detail on these estimates and on, the
mogel and assumptions that underlie them is found , in
Sections II through VIII of the Appendix. In addition

, comparisons of our results with tho~e of other researchers
who have investigated similar tariffs and taxes is. fpund in
Section IX of the Appendix.



satisfy total demand. When this occurs, price would 
determined by domestic demand and supply; and the price
increase resulting from the tariff would be less than the
amount of the. tariff.2s For example, Table 1 shows the
price of gasoline rising by only $4.55 per barrel when a
tariff of $5 per barrel is imposed. Once the price " of

gasoline rises by $4.55, ' domestic refiners produce enough
gasoline to meet all consumer demand.

B. Changes in Government Revenues

The second section of each table 'provides estimates of the
effects on government revenues of a tariff or tax. There are
two elements included in this change. First, we provide an
estimate of the. revenue that would be raised by the new
sales tax or by the tariff. In the case of a tax, this figure

is equal to the quantity of the product that would 

2S It is also possible that the increase in ~onsumer
price resulting from the imposition of a sales tax would cause
demand to decline by enough . to eliminate all imports. . In
such a case, which' does not arise in any of the cases we
consider in this paper, the price' rise would be less than the
amoun t of the tax.

24 This is only true in conjunction with the other
price changes imposed in Table loo-specifically, when ' the

price of crude oil and of other refined products rises by 
per barrel. If the price of crude oil did not rise, gasoline
imports would, as noted before, disappear with a much lower
increase in gasoline price. If the price of. other refined
products did not rise, the incr~ase in the quantity of gasoline
produced by domestic refiners would be smaller and it, would
take a grea ter increase in the price of gasoline before
domestic supply was equated to demand. This occurs because
we ha ve assumed that the ratio of gasoline to other ' refined
products produced by refineries is fixed. As a result, the
quantity of refined product that refineries choose to produce
is a function of the weighted average of the prices for which
they can sell the various products they produce.



consumed after the tax was imposed multiplied by the tax
rate. " In the case of the tariff, it . is equal to the product '
the amount of the tariff and the quantity of imports after
the tariff was imposed. 

Secondly, government revenue from existing gasoline taxes
would . be reduced, partially offsetting the revenue raised by
the new taxes or tariffs. Existing federal and state sales
taxes on gasoline amount to an average of $10 per barre1.25
If a new tariff or tax was imposed on gasoline, consumers
would respond to the price increase by reducing the quantity
of gasoline they purchase. This change in quantity multiplied
by the $10 per barrel existing tax rate is the decline in
revenues from existing gasoline taxes reported as the second
element of the revenue figures in the tables. 

C. Changes in Consumer Welfare

The next several entries on the tables report on the
effect of a tariff or tax on the welfare of users and
producers of petroleum products and crude oil. First~ 
report the effect on consumers. The cost to consumers of
gasoline is reported separately from the cost to consumers of
other petroleum products in the tables.26 In the figures,
only the total effect is presented. In addition, in the figures

25 Current tax rates on motor gasoline levied by the
federal government-- 1 cents ' per gaUon- ':'and the various
states' are reported in' U.S. Department of Energy (1988c), p.
365. The average value was computed by multiplying the
various state taxes by the quantities of gasoline sold in those

states. Where a state ' tax was expressed in percentage terms,
rather than in cents per gallon, we assumed the price of
gasoline to be $1 per gallon. 

26 If a tariff or tax is imposed only on gasoline and
not 011 other refined products, there is no effect' on
consume'rs of these other products in any of the cases ' we
consider in this study. Therefore, no effect is reported in
the relevant table. 



we , have adopted the , conventjon of presenting c~s~s, 

costs to consumers, as negative values.

Consumers are made worse off anytime the price of a
commodity they purchase rises., (Conversely" they are made
better off when a price falls.) When a price rises, consumers
have to pay more for. ea~h unit of a good ~hat they C9ntinue
to purchase; and , this incf:eas~d payment (or, say, gasoline
means that they have less income, with wbich to ,purchase
other goods and se~vices. h~ additiqn, there is SOme quantity
of gasoline that . cons:umers founq worthwhile to purchase at
the old price but nQt at the, new higher price. Therefore,
consumer well-being is also reduced by the value 'consumers
place on these units ,of output' -less. the price that they had
to pay for them before the tariff or tax was imposed. The
sum of these two elements- is reported as the cost 
consumers.27 '

. ,

D. Changes in Producer Profits.

. ', .

The next two e;ntries represent the. gains-- increase in
profits--to different , groups of firms ,involved in ' the
production ' of petroJeum products." The first entry is the
increased, pro(its, of. . crude ' oil producers. .If a tariff 
imposed on imported crude oil, the price refiners must pay

, for imported oil would rise. The price received by domestic
producers of crude Qil woul~ rise as we;llt' s~nce , the price of
domestic crude: oil is constr~ined by, the price of impQrts.
This increase in revenue,~ reduced by the amount . of any

. 27 Additional 
4etajl on, the. computation of the costs or

benefits to the various gfOUpS, incJuding a graphical
presen tation, is found' in Section Vlof Jhe ,Appendix. 

~~ The .same is true, ~f prod ucers of, ~a t~ral gas plant
Ijquids and other petroleum l?~-(),duct~ . that can be used 
substitutes for crude 0# in . the , refi~erY .prQcess. When the
price of crude oil rises, , the value of these other productsrises. We expect that this will lead, to an. increase in th~
prices of these products.



increase in costs because domestic producers c:hoose to
prod\l~e more crude at the new higher price, represents
increased profits of the crude producers.

IIi the same way, refiners gain if a tariff causes the price
they receive for their products to rise. However, the case of
refin,ers is more complicated since the price of the crude oil
they must purchase to run their refineries may al~o be
increased by a tariff. The net effect for a refiner is the
increase in revenue from higher prices on his output m~nus
the increased cost caused by the higher price on his crude
oil input. Because of this, refiners can either gain or lose
from a tariff depending on whether the increase in revenqe
is grea ter or less than the increase in cost.

When a sales tax rather thatr a tariff is imposed, there is
no gain to either crude producers or to refiners. Sales taxes
apply equally to products produced by domestic and foreign
firms. While a tax does result in an increase in the price
paid by consumers, all of the price increase accrues to t!\e
government with the result that the producer receives the
same price as before the tax was imposed. so 

29 Some percentage of this increase is likely to find
its way back to the owners of the land under which the oil
is located.

so If a sales tax affected the price refiners receive for
their products, there would be red uctions in their producer
surplus. As noted previously, this would occur if the tax 'led
to the elimination of all imports. However, this does not
occur in the cases examined in tftis study. A sales tax would
also affect dom~stic refined product prices if world prices
varied with the level of S. demand for imports. This
possi bili ty is discussed in Section VIII of ,the Appendix.



~.e~SociaICost or Cost to th~U.S. Econom

The net sociat' cost~ or cost to the U.S. economy,
resulting from the imposition of a tariff or a tax is the
amoUnt by which the los ' to those made" worsc ptr by the
olfcy action outweighs ' th~ gains to , those madc(better off.

For

, :

example, in th~~ context of a sates t~x on" gasoline~ the
cost' to , the , U.S. economy would be equal' to the ' cost bor

consumers less the increase iIi government revenue from
the imposition of' the' tax. 'In the ' case 'of 'tt tariff, the net
soCiaI' cost would ' ' be the dire erence between the losses to

. ,, " , " ~ ' , " ,

consumers and the sum of the ' gaIns to crude 011 producers,
refiners, and the increase in government rev-enue.Sl,S2 "

, 0'

, '

, 3l o', Because the memben of sopiety who benefit from
incr~ased producer profits hr' froln increased government
revenue are likely to be' soriie of the ' same individuals who
suffer from increased product' prices, the net social cost
measure , may pro~i~e " . t~e' best ,measure for (:ompaiing
nondistributional aspects of proposed policy actions. ,

"' ' :; 

S2 In addition, some ana.ysts have considered other
possible effects of a tariff or tax. For example, exchange

, rates may change when U.S. demand for imported crude oil
and refined products change. It has also been argued that
tariff and tax increases can affect the amount of work
people are willing to do, because such increases reduce the
real wage earned by working an additional hour. (See, e.

g.,

Rousslang ( 1989). While we do not include these measures
, in 'our analysis, we believe that' consideration of: them would
not alter our conclusion that a tariff is a more costly source
of reven u~, than an excise, . or sales tax. In, the, Appendix we
demonstrat~ that exchange rate changes

.. '

are not likely to
rbyerse QUf condpsions. , (See , Section

' '

IX.

) '

, to

' ,

the
distortionary effects , in the l;tbor' market, we , note ~hat a
tariff involves a grea ter d~stortiqn iJ1 the 'price of petroleum
roducts than does a sares tax. " As a resuli,: the dist()rti()n in

the labor market will , be greater with the tariff , than , with
the tax alternative. ,,

: ,. , "



IV. The Estimated Costs of Tariffs and Taxes:
Specific Tariffs

In this section of the , paper, we present the results of our
analyses of various tariffs and Qf the sales taxes that would
generate the same additions to government revenue. In all
cases we will see that the costs of a tariff are greater than
the costs of a comparable tax. This occurs because prices of
refined products must rise more to achieve a particular
increase in revenue when a tariff is used than when the
revenue is raised with a tax.S3 Whether a tariff or a tax
used, the price rises on aU purchases of the refined' products
covered.s4 Therefore, because the price increase is greater
in the case of a tariff, the cost to consumers is greater with

tariff than under a tax. - Similarly, although crude
producers and perhaps refiners gain under the tariff oPtions

ss This occurs because tl)e gove-rnment collects tariffs
only on imports of crude oil plus imports of the refined
products covered by, the tariff, while a tax is collected on all
consumption of the covered refined products. In none of the
cases we consider do imports of crude oil and refined

, prod ucts covered by the tariff, after the imposition of a
tariff, constitute as much as one-quarter of total consumption
of these products. As a result, even though the sales tax
option covers only refined products, the base on which the
tax would be levied is always more than twice as large as
the base on which the comparable tariff would be levied~

S4 In the case of a tariff, the price of the domestic
product rises because the domestic product performs the same
function as imports. As a result, when the imposition of a
tariff forces the price of imports to rise, consumers of the
good will attempt to buy more of the lower-priced domestic
good. This will cause the price of the domestic good to rise.
The process will continue until the price of the domestic
good . is again equal to the price of the imported product.



the cost to society is greater with the tariff than with the
tax.

A~ '. A $S Tariff on Crude Oil" and All Refined Products

, .

Table I and Figure 1, report the results of our analysis of
$5 per barrel tariff on crude oil' and on all refined

products. As noted previously, while; the' price of crude, oil

and of refined products other than gasoline would rise by the
full . amount of the tariff, the ' S. would beco,me~ self
sufficient in gasoline, and the " price of gasoline would rise by
only $4.55 per barrel.s5 Net 'revenue raised by these tariffs
would amount to $12. billion . per yearnthe tariffs would
raise $13.1 billion ' but this would be offset by a $1.1 billion
reduction in revenueS frwn existing' gasoline. ' taxes.

Consumers would be made WOfse off by $30.5 billion per year
with gasoline consumers suffering loss of. $1 1.8 billion.
Thus, consumers would suffer losses of $2.54 for each dollar
increase in government revenue. 

" ,

Crude oil producers w,ould benefit from the tariff. In this
case,' their gain ' would come to ' $15.8 . billion per' year.
Refiners would gain, a little~~$lOO million per year. Taking
the diff erence between the losses, to consuniers ' and the gains
to other 'parts of the economy; we see that the net cost to

. society resulting from this tariff would come to' $2. 7 billion
per year, or $0.22 per dollar of revenue raised.

If a sales tax were imposed rather' than a $5 tariff 
crude oil and refined products, the tax would have to be
$1-.95, per. barrel of :refined ' product to ' raise the same $12.
billion. Because of the smaller price increase, the cost '
consumers would becortsiderably lower, only , $12.6 billion , per

S5 The values of.; tariffs, taxes, and 'price increases are
reported to the nearest $0;05 , per ' barrel throughout thisreport. .

' " ' " ; : '

S6 Individual figures may nQt sum to reported totals
due to independent rounding.



TABLE I

Co..arlio. 01 A..uaICo.', .,a B,..llt. 01 a
$5 Tariff 0" Crud. 011 a.d All ...,..,. P,troleulD Products

Aad a Salel Tax O. aen.e' Pro,-uc' Tltat Will aallt, the SalDeaneau.
(Billions of 1986 pollars. UnlC:l~ Otherwise Noted)l

$5 Tariff Sales Tax
of $1.95

C;haa,e I. Price 0'
(Dollars Per Barrel)

Crude Oil
Gasoline
Refined Products. Other Than Gasoline

+$5.
, +$4. 552
+$5.

50.
+$ 1.95
+$1.95

ChaD,.. laGo.e,DlDe,. ae.,.ue
Revenue from Tariff or New S~les Tnes
Revenue from Existinl Gasoline Tnes '

+$1'3.
-1.

+$12.

Net C"~al' ha a....". +11. +11.

COlt to Coaiu..era 0'
Gasoline
Refined Products. 'Other Than Gasolin~

Total COl. to Co.lu..e,.

11.8
11.

30. 11.

15.Gala to Crude 011 Produce"

Gala to aenaera

N.. Social COl'

Totall may Dot equal the S~UD of individual elements due to
independent roundinl. The valuel of tariffs. taxes. and price increases are
reported to the nearest $.05 per barrel.

While ~ tariff of $5.00 per barrel is imposed on gasoline. all
domestic demand for ,asoline is satisfied by domestic production once the
price of gasoline rises $4.55 per barrel above ,he baseline value. Therefore.
the price does not increase by more than t"is amount.
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year, or about $1.05 per dollar of revenue raised. Further
the cost to society would, .,e only about $600 . million per
year, or 5 cents per dollar of revenue raised. Therefore, in
this' case a . sales tax imposes only : about 40 percent of the
consumer cost and only one-quarter of the cost on the
economy of a tariff.

B. A $5 Tariff on Gasoline and Crude Oil

In the above analysis, we assumed that a tariff or tax was
imposed on all refined petroleum products. However, ~s 
discussed previously, imposiQg additional taxes on nonga$oline
refined products ' may be politidtlly" infeasible. Therefor~,
Table 2 and Figure 2 consider the effects of a $5 per barrel
tariff on only gasoline plus CJ:.Ude oil and the comparable
sales tax on gasoline.

If a tariff is imposed only on part of the refiner s ()Qtput,

it becomes unprofitable to refine" as much crude oil
domestically.s7 As a result, ctude oil demand would fall
and imports would disappear with a price increase for rrude
oil of only about $2.60 per barrel; while the price of gasolin~
would rise the full $5.00. With rt. $5 tariff on crude oil and
gasoline, revenues would rise by , only $4.4 billion per year-..
$5.6 billion would be raised from the new tariff, but $1.3

. billion in revenue from existing gasoline taxes would be lost
as the quantity of gasoline consumed declines. The increased
cost to gasoline consumers, which results from the higher
price of gasoline, would come to.. $12.9 billion per year, or
about $2.95 per dolla'r of revenue raised.

Since the price of crude oil would only rise by $2.60 in
this scenario, the gain to , pr:oduc~rs . o( crude oil w()uld be
smaIler--only $8.1 billion per year. Further~ because not all

S7 This is true provided the tariff on gasoline is equal
to the tariff on crude. . With a large enough tariff 
gasoline, refiners could gain as much or more in terms of
increased revenue as they lose as a re$ult of the increased
cost of crude oil.



TABLE %

ColDparllO. 01 A.aual COltl aa" BeDelitl 01 a
$5 Tariff o. Crude 011 lad Galolh.e ud a

Salel Tax o. Galoll.. That. Will Rail' the SaID' Re...u.
(Billions of 1986 Dollars. Unless Oth~rwise Noted)!

ChUB' I. Price 

(Dollars Per Barrel) 
Crude Oil
Gasoline

ChUlel I. Goy.r.lDeatReyeau.
. Revenue from Tariff or New Sales Taxes

Revenue from Existinl Gasoline Taxes

Net Chule la Rneaue

Colt to CoalulDers 01 Galoll..

. Gal. to Crude 011 Pl'oduc~rs

: Gal. to R.llaerl

N.t Social Colt

$5 Tadff Sales 
of $ 1.85

+$2.602
+$5.

$0.
+$1.85

+4.
.1.3

+4. +4.

11.

Totall " 'Y not equal the sum of individual elements due to
independent roundinl. Thevllues .of tariffs, ~tues, and price increases Ire
reported to the nearest $.05 per barrel.

When a 55 per barrel. tariff 4s imposed on Crude oil and' On
Iasoline, dome~tic refiners' demand for crude oil . is sati$fied by domestically.
produced crude oil once the price rises by $2.60 per barrel. Asaresult, the
price of. crude oil increases by only that amount. 

, '
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of the refiner s outPu~

' :'

W6uld be covered by tariffs, refiners
would suffer a loss of $1.8 11lion per year. Net social cost
would come to $.2.2 billion per

! .

year, o,r.~\ ents for every

dollar or' revenue raised.

' '

In order to raise :the same $484 billion increase in
revenue, gasoline taxes w.ould have to be raised by $1.85 per
barrel. Such an increase would cost consumers $4.9 billion
per year, or $1.12 per dollar of revenue raised. Net social
cost would be $500 million per year, or about $0. 12 per dollar
of revenue. A tax on gasoline would impose social costs only
about 23 percent as great as those imposed by a tariff 
gasoline and crude oil. In terms of consumer costs, the cost

of the tax would be about 38 percent of the cost of thetariff. .
C. Maximum Revenue Tariffs

In Table 3 and Figure 3, we see that the maximum
revenue from a tariff on imports of crude oil and all refined
products occurs when the tariff is set equal to $12.20, per
barrel, though the price of gasoline would rise only $10.
per barrel. This tariff would generate a net increase in
government revenue of $18.4 billion per year, but would cost
consumers $70.9 billion, or $3.85 for each dollar of new
revenue raised. The net social cost of this tariff would be
$12.0 billion per year, or about $.0..65 per dollar of revenue.
In contrast, the comparable tax on refined pro~ucts--a tax of
$3.05 per barrel-~would only cost consumers $19.6 billion per
year and the net social cost would be only $1.1 billion. Thus
the net social cost per dollar of revenue raised would only
be a bou t $0.06. "

Table 4 shows that if a tariff were imposed only on crude
oil and gasoline, revenue would be maximized if the tariff
was set equal to $15. 10. As with the smaller gasoline/crude
oil tariff, crude oil imports would be eliminated. With a
tariff of $15. 10, the price of crude would rise by only $7.
before this occurred. Net revenue raised by this tariff would
come to $7.9 billion per year, but this revenue would be



AILI 

Co.,arlloa .1 A..... C.... .... 1..dUI of 
Re.e..e Maxhalzlal rarlf' 01 Cr.cte 011 Dad

All Refl.td P,'rol..... 'rod.cls.ada
Sale, Tax 08 Renaed Prod~ct The. .WIII Ral,e the Sa... Re.e..e

(Bj1Jionsot 1986 Dollars. lJltlest O'hcrwise Noted)!

Chu,e 18 Price 01
(Dollars Per Barrel)

Crude Oil
Gasoline
Relined Products, Other Than G~soline

Chaalel I. GoYera.eat Re.eaue
Revenue from Tlrire orNe" S~le. Tuci
Revenue from. Existina Gasoline1'ues

Net Chaa,e laRe.eau.

Coat to Coaau.e,. 01

Gasoline
Relined Produc;u, Other Than (iasoU*,.

Total COl' to Co.a..."

Gala to Crude 011 Producers

Gala to Refiners

Net Social Colt

Tariff
of $12.

Sales Tax
of SJ.

+$) 2.

+$10.9,1
+$12.

SO.
+$3.
+$3.

+21.2
-2.

+19.
-0.

+18. +18.

27.
43. 11.6

70. .9.

40.

12.

Totlls may not equal .the sum of individual elements due to
independent roundinl. The value. of ,.rirfs, taxes, and price increases are
reported to the Dearest $.05 per barrel.

While a tarire olSl2.20per barrel is ilJiPo$ed on lasoline as on allimported refined products. domest.c dem.nd for aasoline is satisfie4 by
domestic production It a price of lasol~fte that is S10.95 per barrel abov'll
the baseline value. Therefore. the prie~ doe~ not rise by more than this
amount.
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TABLE..

C...,arlloa 01 ",....i C....

,... 

B~..'UI 01 aR...a... Maxladza.. Tariff .. C'.,,'QU a..eI GaloU.. aDei a
, SaltiTax 011 GalOna. Th.t WIIII.t..:th. Sa.,R",.u,

(Jiillions of 1986 Dollar,. Vnl.'. Otherwise Noted)1

Tariff
of $IS.

Sales Tax
of SJ.45

Chao., I. Price 

(Dollars Per Barrel)

Crude Oil
Gasoline

+$7.052
+$15.

$0.
+$3.

Chaa.'1 I. Go,era..ea. Re"e...e
Revenue from Tariff or New Sales Tu~s
Revenue from Existin. Gasoline t,xes

Net ChaD" la R'..D...

+ 11. +8.

+7. +7.

37.

11.

COlt to CoDI...ers of GaloU..

Gal. to Cruel. 011 Produc.,.

Gala to Rellaerl

Net Social Co..

Totals may not equal the sum of individual elements due to
independent roundi.... The valu~s9ft~ritrs. taxes. and price increases arc
reported to the nearest $.05 per banel.

A tariff of 515. 10 per b,rrel is imposed on crude oil and 
gasoline. However, domestic refiners' demand for crude oil is satisfied by
domestically produced crude oil once ' the pri~e rises by $7. 0S per barrel. As
a result. the price of' crude oil iDcrease~ by ' only that amount.
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earned at a cost to consumers of $37.2 billion per year
$4.69 per ' dollar of revenue ' raised. The ,net social cost of
this tariff would amount to $8.3 billion, or more than $1 ' per
dollar of revenue raised. By co",parison, a sales tax of, $3.45
per barrel would raise the same revenue but do so at a
fraction of the cost: Cost to c9nsull1ers would be $8.9 billion
per year, or $1.13 per dollar of revenue raised, while net
social cost would be $1.0 billion per year, or $0. 13 per dollar
of revenue.

Thus, as with the $S tariffs, we find ' that maximum
revenue tariffs impose greater costs than equivalent taxes on
refined products. In terms of consumer cost, the cost of
either tariff is about four times the cost of the tax. 
terms of net social cost, the ratio is more than eigh t to one.

D. World Petroleum Price Changes

Our estima tes of the CO$ts of tariffs and taxes have been
made under the assumption that world petroleum prices would
not fall appreciably in respQo$. to a reduction in '
demand for imported oil. Stich ~ reduction in U.S. demand
would result from the increased dri~es that consumers would
have to pay if tariffs or ta~es were imposed. This
assumption was made because there is little re~iable
information available on which to base an assumption about
how prices might change. We iccognize, however, that if the
change in the price of imported crude oil were great enoqgh
this could change the results ot this study. With a large
change in import price, a tariff could be less costly than an
equal-revenue excise tax.

In the Appendix, we examine the likely change in the
world crude oil price that would result from a change in U.
petroleum demand.s8 Based on analysis developed there, 
conclude that any change in the world crQde oil price
resulting from any of the tax or tariff alternatives
considered in this study win be sufficiently small that the

S8 See Appendix, Section VIII.



overall cost of any tariff wiHbe greater than the cost of an

~ .

equal-revenue excIse ~ax. .



V. Conclusion: Tariffs Are An Inefficient Way to Raise
Government ~eveDue

In this paper we have compared the tariffs on crude oil
and refined petroleum products with sales taxes in terms of
their efficiency in raising additional government revenue. 
have not considered tariffs on just crude oil or just one or
more refined products because such tariffs would not raise

significant government revenues. In our four scenarios, we

have consistently found that sales taxes are more efficient
than tariffs, both in terms of the costs borne by consumers
and the net costs imposed on the U.S. economy as a whole.

The four tariff scenarios we have considered impose costs on

consumers of between $254 and $4.69 per dollar of additional
government revenue raised. In ~ontrast, the four comparable
sales tax scenarios impose consumer costs of only between
$1.05 and $1. 13 per dollar of revenue. The net social cost
per dollar of revenue ranges between $0.22 and $1.05 for the
four tariff scenarios, while the net social cost is only $0.

to $0. 13 per dollar of revenue if a sales tax is used.

These figures make it cle~r that a tariff is not an
efficient way to raise additional government revenues. It
would be much cheaper, both in terms of the costs to
consumers and in terms of the costs to the U.S. economy, to
impose additional taxes on refined petroleum products. This
does not mean , however, that such additional taxes would be
appropriate. There are other alternatives that could be
employed to raise additional government revenue, and some of
these may be less costly than a ' sales tax on refined
petroleum products. Further, we have not determined
whether it is, in fact, desirable to increase government
revenues. Therefore, while w~ can conclude that a petroleum
tariff is not a desirable source of any needed additional
revenue, we cannot go further and identify a desirable source
of revenue.
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I . INTRODUCTION

This appendi~ provides a d&tailed presentation of the
analytical model, and results of this study. Section II
develops the ~h,oretical mQdel of the U. S. refining
industry. The \aaseline equliibrium, i. e., the initial
prices and quantities through which the demand and supply
equations must pass, 1s constructed in Section III.
Section IV di$cq$ses the elasti~lt1es of demand and supply,
as well as other parameter values , used in constructing the
demand and supply equations presented in Section 
Section VI t\ev~lops the methodology used in c.alculating
tariff...generated changes in consumer and producer surplus.
In Section .VII, ~h. equ~libria associated with the various
tariff alternati,ves are reported. . Section VIII examines
the robustness of the resu1ts with respect to alternative
parameter valu~ as~umptions alternative baseline price
assumptions, and tariff- induced changes in world petroleum
prices. Finally, the reaults obtained in this s1;:udy are
contrasted with those of prev~ous studies in Section IX.



II. REF'INERY MODEL

In order to accurately assess the impact of tariffs
levied on both crude oil and refined products, 
integrated model is developed ' for the " two ' vertically
related industries, crude oil production " ~and p&troleum
refining. This inv01ves modeling the refining industry not
only as a supplier of refined products but also as 
demander of crude oil. 

We model refined petroleum production as requiring two
inputs: crude oil and another factor, ' v. Empirically, we
find that there is little domestic variation in the ratio
of petroleum output to crude oil input's ' from one year to
the next. We accordingly as&QMe this r-atio equal to a
constant, r. The noncrude factor, ~, is assumed to be not
substitutable for crude oil and to be subject to decreasing
returns to scale. The production functiori is therefore o
a modified Leontief type in that 

Qr - min (rQc' f (Qv

)) 

f ' ~O, f" .c::O . (1)

where Qr is the quantity of refined product, Qc is the
quantity of crude oil inputs, 1 and Qv is the quantity of
the noncrude input.

With this production function, profit can be expressed

At this point , the term Qc includes natural gas
liquids (NGL) which are also used as a raw material in the
production process. In Section VI, NGL' s are broken out
separately when specifying coefficients for the crude oil
demand equation. . In the analysis, the quantity of NGL used
as an input to refineries is constant, although the price
is assumed implicitly to vary directly with the price of
crude oil.



c Qr f-1 (Qr (2)

By differentiat~ng the IT function with respect to Qr'
setting the re.~lting expression equal to zero, and solving
for Qr' we obtain the supply function for refined products
as a fun~tion of input and output prices. Since the
quantity of crude oil employed in the refinery process

, Qe'
is directly related. to Qr by the constant r, the demand
function for crude oil is also obtained.

In order to g~t a supp).y function that is linear in
prices, f (Qv) is specified to have the functional form

Qr =

....

(bQv 1/2 (3)

Then

P c (Qr -a)2/b (4)

and

IT' - (Qr-a)!b - 0 (5)

The supply schedule is then fo~nd by solving for Qr' or Qrsin order to indi,.cate that this is a supply relationship,

Qrs (b/2P ) P (b/2rP v) P (6)

Define Q and p so that th~s can be rewritten as

Qrs (p/r) P (7)

The deman4 for crude oil (Qed) is then

In addition, there are an infinite number of
other functional forms for which a linear supply schedule
would be a reasonable approximation. 



Qed Qrs

(aIr) (/3/r) P (/3/r ) P (8)

To simplify the analysis , constant product mix is
assumed. Specifically, it is assumed that each barrel of
refined products supplied is composed of P. barrels of
gasoline and (l-p.) barrels of other (nongasoline) refined
product. The supply functions for the two products are
then simply 

QgS p.Qrs

Qos (l-p.)Qrs '

(9)

(10)

and the price of refined product is simply the weighted sum
of the two product prices:

p.P (l- J.')P (11)

From equation (7), the own-price supply elasticity for
refined products can be found

/3P r/Qrs (12)

so , that once magnitudes . for this elasticity and the
pa.rameter r are found, the coefficients on both the price
of refined product and the pX'ice of crude oil in equation
(7) are determine'd. A subsequent fitting of the equation
through the baseline equilibrium prices and quantities
yields a value for the constant term.



III. BASELINE EQUILIBRIUM

The model is prospective in the sense of assuming a
baseline equil!brium that corresponds to roughly the
midpoint of the 1990's. To do this, annual projections 

prices and quantities for the period 1990- 1999 , taken from
the Department of Energy Annual Energy OUtlook 1989 , are
averaged to arrive at baseline prices and quantities for
the three diffe~ent. goods considered: crude oil, gasoline 
and other (nongaso1ine) refined products. 

The baseline prices ~re presented in Table , 1, with
observed prices for 1988 also presented for comparison. 
While there is only one price for crude oil and one price
for other refined products , ...separate gasoline prices are

3 U. S. D. E. (1989a). Unless otherwise noted, a11
prices in this report are expressed in 1988 dollars per
barre 1 

The crude oil price used in the D. O. E.
proj ections represents the cost of imported crude to U. S
refiners and is' reported in dollars per barrel. (U. S .
O. E. (1989a), Table A1, p. 45. The prices for gasoline

and total refined product are prices paid by consumers and
are reported in dollars per million BTU. (Ibid. For
gasoline, a conversion factor of 253 million BTU per
barrel has been .pplied in order to convert the price to
dollars per barrel. (U. S. D. E. (1987a) , p. 261.
Similarly, a 'conversion factor 6f 5. 41 million BTU' s per
barrel is used to convert the p~ice for all refined
product. (Id., Table 117,. p. 263.

' .

Other (nongasoline)
refined product price is imputed from the per- barrel prices
for gasoline and all refined products, and fr~m the fact
that, in terms of. total consumption for the period 1990- 99,the proportion of gasoline to all refined product was
projected to be approximately 0. 406. (U. S. D. E. (1989a),
Table A8, p. 51.



TABLE A-

BASELINE EQUILIBRIUM PRICESl
(1988 dollars per barrel)

llli
o\ctual

Crude Oil $14. 70

Gasoline:
To Refiners
To Consumers

$26. 70

$36.

Other Refined Products $24. 302

1990' 5

Basd il\e

$20.

$34
$44 . 90

$30.

Unless otherwise noted, source is U. S. D. E, (1989a).

The price of all refined product in 1988 was $5. 48 per
. million . BTU, while that for gasoline waS $6. 98. (U. S. D. E. (1989a) 

Table A3 I p. 47. Upon converting to dollars per barrel, the prices
were $29. 65 and $36.65. In that year, an average barrel of refined
product consUmed in the U. S. consisted of 43. 15t gasoline. (Id., . Table
AS, p. 51.) A price for nongasoline refined product can then be
imputed to be $24.34 per barrel. 



presented for refiners and for' consumers. This is done
because the state and federal governments levy excise taxes
averaging about $10 per barrel on gasoline. 5 Thus , the
price paid by consumers exceeds the price received by
refiners by $10 per barrel. 6

Baseline quantities, along with observed quantities for
1988, are reported in Table A-2. 7 The baseline quantity
for domestic crude oil production and gasoline consumption
are s imply averages of figures reported in the Annual
Energy Outlook. 1989 Demand for other refined products 
not reported , and so must be calculated indirectly as the
difference between total refined products and motor

Tax rates on motor ,gasoline considered here are
those levied by the federal government (9. cents per
gallon) and by the various states as of 1988 . (U. S. D. O. E.
(1988b) , 

p. 

365. ) The average value was computed by
multiplying the various state taxes by the quantities af
gasoline sold in those stat~s . Where a state tax was
expressed in ' percentage terms , rather than in cents per
gallon, we assumed the price of gasoline to be $1 pergallon. We assume that sales tax rates will remain
unchanged for the period of our analys is , except when
additional excise taxes on gasoline are examined as 
alternative to import tariffs.

With the exception "()f existing and proposed sales
taxes, we assume that the prices paid by consumers are
equal to the

, ,

prices received by refiners. Thus
implicitly, our refining sector not only refines crude oil
but alsc) provides the 'transportation and marketing services
needed to get the gasoline and other refined products to
consumers.

Unless otherwise noted, all quantity figures come
from U. S. D. E. (1989a), Table A8

, p. 

51. Furthermore
all quantities are in million barrels per day (mbd) unless
otherwise noted.



TABLE A-

BASELINE EQUILIBRIUM QUANTITIES1
(.tllion barrels per day)

l2..U
As: tu,,~

1990' s
Baseline

Crude Oil:
Demand
Supply
Imports (Net)

13. 13.

Gasoline:
Delland
S!,!pp 
Imports (Net)

Other Refined Products:
mand

Supply
Iliports (Net)

10.

1. 3

Unle.. otherwise noted. so~r~e is U. S. D. O. E. ( 1989a) .

S. D. E. (1989b), 1able 3. , p. 47.

Net illports of al~ refined products in 1988 were estimated to
be 1. 506.~d. (Id., Table 3. 1b, p. 39. Since net import. of gasoline
were 39 mbd, net imports of nonga.oline imports were approximately
11 IIhd. Domestic production is then estimated to be the difference

between this and total domestic demand.



gasoline consumed. Crude oil demand is equal to domestic
crude oil production plus imports minus exports. 8

The D. E. projections do not provide data on domestic
, production of gasoline and other refined products
individually. Instead, the only number reported is total
domestic production of refined products. In order to get
separate baseline quantities for the domestic production
it is necessary to specify a mix of the two products in
production. For purposes of this report, a product mix of
42. percent gaso~ine and 57. percent nongasoline is
assumed. This ratio preserves the mix of product imports
observed in 1988, roughly 25 percent gasoline and 
percent other. 

In addition, two minor adjustments are
incorporated for changes in inventories: Net Withdrawals
and the Strategic Petroleum Reserve Fill Rate.

Alternatively we could have assumed that the
ratio of gasoline production to production of all refined
products was the same in the baseline as in some recent
period. For example, this ratio was approximately 44
percent in 1988. However, if this number had been adopted,
gasoline production would have exceeded gasoline demand in
the baseline, and a tariff on gasoline would have had no
effect. In an environment in which gasoline tariffs are
being widely discussed, it seems preferable to construct a
baseline that allowed such a tariff to have some effect.



IV. PARAMETER VALUE ASSUMPTIONS

The analysis of this study relies . on partial
equilibrium, comparative static model of international
trade with linear demand and supply equations assumed for
simplicity. The equations incorporate elasticities which
reflect changes in quantities demanded or supplied five
years after a price change is introduced.

With one exception, the elasticities of demand and
supply are calculated from the low and high world oil price
scenarios reported by the Department of Energy (D. O. E. ) in
the Annual Energy Outlook. 1989 10 In general, since the
world oil price in the two scenarios first diverged in the
year 1989, an elasticity w~ calculated as the percentage
difference in quantity in 1993, divided by the average
percentage difference in the two prices over that five year
period. 11 The elasticities so computed are reported in
Table A- 

The one exception to the methodology described above 
the estimation of the own-price supply elasticity 
refined product. 12 In order to estimate this parameter, it

10 U . S .
respectively.

(1989a) , Appendices and

11 The elasticities could have been constructed with
the percentage change in the price in the fifth year if the
difference in the prices of the two scenarios had been
constant once they first diverged. However, in the two
scenarios, the prices . diverge by different amounts in
different years. Hence, we look at the average difference
over the five year period.

12 Alternatively, due to the underlying production
technolQgy assumed, the cross-price supply elasticity with



TABLE A- 3

ASSUMED MAGNITUDES OF DEMAND AND SUPPLY ELASTICITIES

Assumed Va1ue

Crude 011 Supply + 0. (~ P -$16. 30)

+33. 742 (~P -$27 . 90
-$18. 70)3

- 0. (~ P -$38. 50)

- 0. (~ P -$26. 50)

Refined Product Supply

Gasoline Demand

Other Refined Product Demand

Computed from D. E. alternative price scenario projections
unless otherwise noted. (U. S. D. E. (1986a).

Mode 1.

Computed from simulations using the D. s Refinery Yield

The RYM model used was calibrated to 1987 prices.
Accordingly, the comparable price for all refined products, PR, 
$5. 95 per llilUon BTU, or equivalently, $32. 20 per barrel. (U.

E. (1989.), Table A3, p. 47. However, this represents the price
to consumers, and so includes gasolin$ excise taxes. Since the average
barrel of refined product in 1987 contained 43. 25% gasoline , and the
average gasoline tax was approximately $10 per barrel, the average tax
paid ona barrel of refined product by consumers was $4. 32. Therefore
the price of a barrel of refined products to refiners in 1987 was
$27. 90 (in 1988 dollars). The 1987 crude 011 price (in , 1987 dollars)
was $18. 70. (Ibid.



is necessary to know how the quantity of refined products
supplied by domestic refiners would change as the price of
refined prod1,1ct changes but the price of crude oil doesnot. Since the Annual Energy Outlook projections involve
simultaneous changes in both crude oil and refined product
prices , an alternative source for this elasticity estimate
was sought. However, since crude oil is used only as an
input into refineries, and is also the most significant
component of refinery cost, one can expect little empirical
variation in refined product prices that is not
simultaneously accompanied by variation in crude oilprices. Perhaps for these reasons there have been few
studies that have estimated a value for this elasticity,
and , of those that have , no attempt was generally made to
control for the crude oil price.

At our request, the Division of Energy Analysis and
Forecasting of D. E. performed runs of the 1987 version of
their Refinery Yield Model (RYM),. a large-scale linear
programming model of the U. S . refinery industry. 13 Since
the RYM is an annual model that assumes that the capita:l
stock is fixed the supply schedule at (or near) full
capacity generated in the RYM is relatively steep for
increases in output. On the other hand, for decreases in
output below full capacity, the supply function is
relatively flat. Because we are interested in the effects
of a change in production five years after a. change in
price first occurs, the assumption that the capital stock
is fixed is not reasonable for our purposes. Accordingly,
we chose to focus on a .decrease in output below that
observed in 1987, rather than an increase. . Specifically,
in estimating the own-price supply elasticity, we sought to

13 In order to simplify the programming problem,
only the portion of the RYM representing PAD III was used.
However, since PAD III, the coastal region consisting of
Texas ~nd Louisiana, is perhaps the most significant
marginal supplier of refined products to much of the
nation, this portion of the RYM is probably the most
relevant in studying the supply , response of the U. S.
refining industry.



measure the percentage change in the supply price (i. e. ,
marginal cost) of refined product that resulted when output
was decreased by 5%, holding all other parameters and
variables (e. g. , the crude oil price) constant. 
reported in Table A- 3, the resulting refined product supply
elasticity with respect to the price of refined products 
+33. 74.

One other parameter remains to be specified: the ratio
of refined product to crude oil input, or r. This ratio 
determined by the quantities in our baseline to be 1. 041.

14 In order to impute a supply elasticity value that
did not control for the crude oil price-- e., a "grosselasticity-- from the current study, it would be necessary
to know the exact manner in which the refined product price
changes in response to a change in the crude oil price.
For example, if the demand function is given by

a fJPc + -yP r 
then the " pure" price elasticity would be (fJP IQ). If the
price of refined product is observed to change by J1. for
each $1 change in the price of crude oil, then the grossprice elasticity would be 

-(-fJ -YJ1.)(P IQ) 

While there are obvious problems in defining and
calculating an aggregate price for all refined productscasual empiricism would suggest that 

J1. is in the
neighborhood of unity. However, imputing a "gross" supply
elasticity from an assumed pure demand elasticity is highly
sensitive to the choice of a value for this parameter. For
example, the gross elasticity can be calculated fromequation (15) to range from +3. 3 to - 3 as J1. ranges from95 to 1. 05.

15 In the baseline. equilibrium, the total quantity
of refined products is comprised of ,,6. 86 mbd of gasoline
and 9. 28 mbd of other refined products, while inputs equal



V. SPECIFICATION OF DEMAND AND SUPPLY FUNCTIONS

The assumptions and parameter values adopted up to this
point are sufficient to fully specify the demand and supply
functions needed for an analysis of crude oil and refined
product import tariffs and sales taxes. 16 In establishing
these relationships, it is important to recall that a sales
tax and (generally) a tariff will increase the price paid
by consumers of a product by the amount of the tariff or
tax. 17 However, only a tariff will increase the price
received by producers. Thus, while tariffs (te, tg, and
o' for tariffs on crude oil, gasoline and other refined

product, respectively) appear in both ' demand and supply
equations, sales taxes (se' Sg, and So for sales taxes on

13. 7 mbd of crude oil plus 1. 81 mbd of natural gas liquids.
Therefore, 16. 14 million barrels per day of refined
products are produced from 15. , mbd total inputs.

16 In arriving at the coefficients of these demand
and supply relationships, the assumed elasticity values
were assumed to hold at the prices and quantities at which
they were estimated. Accordingly, the elasticities
calculated at the baseline prices and quantities will have
slightly different vaiues than those assumed.

17 For a tariff, this is true provided the product

is still imported after the tariff is introduced; imports
are perfect substitutes for domestic production; and the
world price of imports is not affected by the quantity of
imports demanded by the United States. The latter two
provisions are general assumptions of this study. Thefirst provision holds for most tariffs considered.
However, for those tariffs in which imports are choked off,
the price of domestically supplied product rises less than
the tariff amount. The price of foreign supplied product
would go up by the full amount of the tariff.



crude oil gasoline .an4 other refined
respec~ively) appear only Srn de.and equations.

prQd~9'T" 

Crude Oil Su~ply

Given the ass~ed e14s~1cif1 of crude oil $UPP~Y .~d t~~

baseline values for crude oil price and quantity . ~~e
$upply function for crude otl by 4()mestic producers 'b,qQ~e.

Qcs == 3. 6872 + 0. 1376P

(~~~

or when a tariff is impose4.

Qcs == 3. 6872 + 0. 1376(Pc; + t , ftft)

where Pc is the vorld pr~ce of ~J'Ude oil, which is a.._~ct
to , remain unchange~, .an4 tc 18 the tariff on cru4. 

..~\

imports.

of Ref ned Pro uct

, ..

Given the assumed baseliqe , prirces and quantities "" w~a.~
as the supply elasticity tJ1e domestic supply of ~.flfte4
products can be found:

Qrs - -225. 0165 - 17. 7~16P + 18. 4961P (1~~

HQweyer t , since the price of . !refined ' prodpct is s1IDf~~,
weighted average of the p,",~c.s of gasoline and ~~1)4J:
refined products 

42SP

g + .

S75P , (16)

equation (15) becomes

Q.rs 225. 064 - 17. 7676'c; *.7. 860~~1 + 10. 6352Po . ( J. 

, these equ.tions I as , bef~re, prices .re woX'l(l 's...,
recei.ved by ' producers rath~r ~han pJ:ices paid by con~~ta.'",
where there is a difference be~~een the two. 



, '.' , ,

" Introducing the , effect of po'ssible tar'iffs on the prices
refiners receiv~ tor ~ith~r ~gasQline or' other refined
products , and the effects of a tariff or a sales tax on the
price refiners must pay for crude oil, 18 the relationshipbecomes 

)rt r"

' " ' , ~ -

225. 1'65 - 17. 76(P + t + s )

,,, "

rs."

, ~ , ,, :" ' , ' " j ,, ~ 

;1. J; 

,,- '

+ 7. 860SCP a

"~ 

+ t ) + 10. 6352(Po + t (18)

.;, '

Sikn:ce the quantities of gasoline and of other nongasoline
product are constant fractions

, .

425 and . 575 respectively,
of the total supply of refined" product, the individual
supply functions are

~ ' ',: ~,,

95. 6950 

.?~

~12(Pe + te + s
+ 3. 3409(Pg '+' t f + 4. 5200(Po + t

) ,

, (19)

~.,.,." 

.' Q

, . ' ..' 

and

Qos 129. 4700 - 10. 2164(P~ + t~ 

+ ~

; t 

' " .' "~", , , ,,:, '..

' 4, 52~O(~g l153(P + t (20)

; , ' ::" .' "":,

Demand for Crude Oil

: " ' "

Crude oil, plus natu~, , gas liquids (NGL' s) are assumed
!~ tC;: '

' '

con$tant fr~ct!orr of the total ' supply of refined
lSrl'du ~t, i.

.' : ' :' :'), , '

(;:1 

,. .. ..

Qrs - 1. 04l(Qed + NGL) , (21)

~ f

, " ,

18 
We also" assume that ' changes in the pt-ice of crudeoil will, be r~flecte~ in the price of natural gas liquids

,-,~ ,, ! '" ' , , , '

i'" , 

, .';"'

(NGV' s) ~- , s1nce NGL' ir are " u~red as" a substitute" for' crude
, ~Yt-;'~ gn(f since 'their supply ' l, cort$t~nt in ' this ana1ysls.

:' , 

\ i

~ " . ~:' '

r" "

, , ::" '
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where NGL is constant at 1. 81 mbd. Thus, using equation
(18), the demand for crude oil is seen to be simply

Qed == (Qrs/1. 041) - NGL

== -

218. 0000 - l7. 0474(Pe + te + s
+ 7. 5445 (P g + t ) + 10. 2072 (P 0 + t (22)

Demand for Gasoline

Fitting an equation through the baseline price and
quantity, consistent with the assumed demand elasticity,
the demand for gasoline is found to be

Qgd == 10. 3398 - O. 0686(Pg + tg + 10 + S (23)

where, as in other equations; P g is t:he price received by
refiners for gasoline, tg is the tariff on gasoline, and
(lO+s ) is the existing plus any additional level of excise'
taxes on gasoline.

Demand for Other. Nongasoline Refined Product

Fitting a linear equation for the demand for refined
products other than gasoline through the baseline price and
quantity, consistent with the assumed demand elasticity,one obtains: 

Qod == 15. 1575 - 0. 1473 (Po + to + s (24)



VI. METHODOLOGY FOR CALCULATING GAINS AND LOSSES

In estimating the distributive impact of a proposed
tariff or sales tax, we estimate the effect on consumers,
producers, and government revenue. Two types of producer
surplus, that for crude oil producers and for refiners, and
two types of consumer surplus that for consumers of
gasoline and for consumers of other refined product, are
relevant here . 19 The' sum of the changes in the welfare of
all of these groups represents the net societal gain or
loss, or, since it is typically negative, the deadweight
loss.

An import tariff on a given good has the obvious effect
of rais ing the price of imports by the amount of thetariff. In addition, unless the tariff reduces imports ofthe good to zero, the price of the corresponding
domestically produced good will increase by the same
amount. 20 On the other hand , a sales tax causes the price
of both imported and domestically produced goods to rise by
the amount of the tax regardless of its impact on imports.

The impact of petroleum import tariffs and sales taxes
on two vertically related industries, crude oil production
and petroleum re~ining, are .depicted in Figure A-l, where
the upper panel corresponds to the upstream industry (crude
oil), and the lower panel corresponds to the downstream

19 Consumer surplus arising from the "consumptionof crude oil by refiners is subsumed into refiners'
producer surplus.

20 Implicit in this statement is the assumption that
the domestically produced good is a perfect substitute for
the imported good, which is an assumption made in this
analysis. If the goods are imperfect substitutes, the
domestic good would not generally rise by the same amount
as the tariff.
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industry (refined products). Thus , a tariff on crude oil
causes the price to rise from Po to PI in the upper panel,
while a tariff on refined products causes the price to rise
from Po to Pl in the lower panel. When a tariff is levied
on an upstream good such as crude oil, it raises the costsof downstream producers (refiners), causing the supply
curves of those producers to shift up. Such a shift 
shown in the lower panel of Figure A-l. Similarly, if a
tariff is levied on a downstream good such a gasoline, it
raises the marginal revenue product of the upstream good
causing the demand schec:Iule for the upstream good to shift
out. This is shown in the upper panel of Figure A-

Government Revenues

With a tariff, the government gains revenues equal to
the amount of each tariff times the level of imports of
that product after the tariff is imposed. Consider the
case of a tariff on crude oil and refined product, as
depicted in Figure A-l. The tariff revenue collected on
crude oil imports' would correspond to the sum of the areas
C and D in the upper panel. The tariff revenue collected
on refined product imports would correspond to the sum of
, d , e and f in the lower panel.

With a sales tax, government revenue is equal to the
amount of the tax times the quantity consumed. Thus , if a
sales tax on refined products is depicted in the lower
panel of Figure A-l by the increase in the price paid by
the consumer from Po to Pl' government' revenue would 
equal to areas a, b , c d, e and 

One of the two refined products, gasoline, is currently
subject to significant excise taxes, amounting to
approximately $10. per barrel.. If , a tariff or additional
taxes on gasoline causes domestic consumption to fall, this
would reduce the revenues collected from existing excise
taxes. The decline in excise tax revenue, which is not
shown in Figure A- l, would be equal to the amount of the



current tax (approximately $10 per barrel) multiplied by
the decline in consumption.

Crude, Oil Producer Surplus and Refined Product Consumer
Surplus

The calculation of three of the four surplus measures 
straightforward. For example, crude oil producer surplus
is simply the increa$ed price received for that quantity of
oil that would have been sold at the lower price, plus the
revenue in excess of cost received on additional barrels
produced because of the higher pri This area is denoted
as area A in the upper panel of Figure A- l, which depicts
the pre- and post-tariff (or -tax) equilibria in the market

21 The analysis has not taken ' into account revenue
generated from current sales taxes on diesel fuel. While
diesel fuel taxes are often lumped with gasoline sales
taxes , diesel "fuel is, in this analysis, a component of
other refined product. In ignoring this tax, our results:
(1) underestimate the revenue obtainable with a hike in the
gasoline sales tax to the extent that it would , in all
likelihood, be accompanied by a comparable hike in the
diesel fuel tax, and (2) overestimate the revenue
obtainable with any tariff that encompasses other refined
product, since such a tariff would have the effect of
lowering consumption of, and hence tax revenues generated
from , diesel fuel.

22 Currently there are tariffs imposed on most
petroleum imports: approximately $0. 05 per barrel on crude
oil, $0. 50 per barrel on gasoline , and up to $0. 10 per
barrel on some of the other refined products such 
distillate and residual fuel oils , kerosene, and naphthas.
Since these tariff levels are small relative to those under
consideration in this study, and since even the largest ofthese existing tariffs--that on gasoline--does not
significantly affect the revenue and deadweight loss
estimates reported below, they have ,not been incorporated
into the analytical model.



for crude oil. Similarly, the chang~ in consumer surplus
is calculated in the traditional way. For each of the two
refined products under consideration, there would be a
diagram corresponding to the lower panel of Figure A- 1, in
each of which the change in consumer surplus would 
represented as the sum of areas a, b, c, d, e, f, g, and 

Refiners' Producer Surplus

The measurement of the change in refiners' surplus is
somewhat more complicated, since a tariff can potentially
affect either refiners' revenues. or costs, or both. 
arrive at a measure of refiners' surplus, assume that the
change in refiners' producer surplus is equivalent to the
change in profit. Further, in order to simplify the
analysis, assume there is only one ~efined product , which
is denoted by the subscript r. Therefore, as in equation
(2) above , profit can be written as

P rQr - P cQc - V(Qr

Qr - /r - V(Qr (25)

where natural gas liquids are subsumed for the moment into
Then, any change in prices arising from tariffs and/or

sales taxes, denoted by ~Pc arid ~Pr, affects profit:

~n (~Qr) + (~P )Qr

(~Qr) + (~P )Qr )/r
(V(Q:)-V(Qr

)) 

(26)

where Q: represents the post-tariff (or post-tax) quantity
of refined product. Note that the first bracketed term 
the change in revenues arising from the tariff, while the
second and third terms are the increases in costs
attributable to crude oil and other variable inputs,respectively. While the first two terms are readily
estimable from observed prices and quantities, the last is
more problematic. 



Now, profit maximization implies

an/aQr P r - (P c/r) - v(Qr (27)

where v(Q) denotes the derivative of V(Q). Note that upon
solving equation (27) for Pr, the inverse supply schedule
is found, and similarly, by solving for Pc' the inverse
demand schedule for crude oil input is found.

Since the term (V(Q:) -V(Qr)) can be expressed as the
integral of ' I1'(Q) between Qr and Qr , then, upon substituting
for v(Qr) from equation (27), this term can be simplified
to:

(V(Q:) - V(Qr Q: vex) dx

~: 

(x) - . (x)/r) dx (28)

where P (Qr )==Pr' P (Qr ' )=P:, P (Qr)-Pc' and P (Qr ' )=P~.
Since both the inverse supply schedule (for refined
product) and the inverse demand schedule (for crude oil
input) are linear in Qr, 23 this equation can be further
simplified to: 

(V(Q:) - V(Qr ((P +Pr') - (P )/r) (~Qr )/2 . (29)

Upon substituting equation . (29)
obtain

in to equa t ion (26) ,

23 If the refined product supply function is linear
in Pr, then the inverse supply function must be linear in

Similarly, if the crude oil demand function is assumed
to be linear in Pc' the inverse crude oil demand function
must be linear in Qc Moreover, since Qc is a constant
proportion of Qr' it must also be linear in Qr



~II = (~Qr) + (~P )Qr

(~Qr) + (~P )Qr ' 1/r

((P +Pr') - (P )/r1(~Qr)/2

((~P r ) - (~P )/r1 (Qr+Qr ' )/2

((~P )(Qr+Qr )/2) - ((~P )(Qc+Qc )/2) (30)

Therefore the change in producer surplus can 
interpreted as the difference between: (1) the change in
the product price times the average quantity sold, pre- and

post-tariff; and (2) the change in the input price times
the average quantity of the input purchased , pre- and post-tariff. Ignoring natural gas liquids the change in
producer surplus can be simply . represented as the
difference between two areas in Figure A-l: the area in
the upper panel bounded by the two price lines the
vertical axis and a line segment connecting the two points
denoting crude oil demand pre- and post-tariff, subtracted
from the area in the lower panel bounded by the two price
lines, the vertical axis, and a line segment connecting the
points denoting supply pre- and post- tariff. 

Social Cost or Deadweight Loss

The sum of the gains and losses accruing to all segments
of society- -consumers, crude oil producers, refiners and
the government- -yields a measure of the loss to society as
a whole, commonly referred to as the deadweight loss. 
the basis of the gains and losses outlined above , the
deadweight loss arising from a tariff on crude oil and
refined products can be depicted in Figure A- l as the sum
of areas B, E and F in the upper panel plus areas g and 

24 In Figure A- , the first area is the sum of areas
A, B, C , D, E and F. The second area is the sum of a , b,

and c.



minus area c, in the lower panel. Upon further
manipulation, this becomes simply area B in the upper panel
and areas g, h, and i in the lower pane1.25 On a more
conceptual level, this loss can be broken down into the
following components:

1) excessive domestic production of crude oil arising as
result of the artificially high crude oil price

(area B);

2) under-utilization of resources used in domestic
refineries, due to reduced refinery activity,
attributable in turn to the artificially high crude
oil price (area i);

3) reduced consumption of r~fined products, attributable
to the artificially high prices for refined products
(areas g and h).

25 Due to the assumed constant ratio of crude oil
input to refined product, it can be shown that the sum of
areas E and F in the upper diagram equals the sum of areas
c and i in the lower diagram. More specifically, using
similar triangles" the increase in costs attributable to
the tariff on crude oil upon increasing output from q~ to
qo can be represented identically as 2 (E+F) in the upper
panel and (c+d+2i) == 2 (c+i) in the 10w~r panel. Therefore
E+F = c+i.



VII. PREDICTED OUTCOMES WITH VARIOUS PETROLEUM IMPORT
TARIFFS

In this section, the results are reported for the
various tariff and tax alternatives referenced in the text.
First, we present the quantity and surplus calculations for
four single tariffs,. i. e., a tariff on just crude oil,
gasoline, other (nongasoline) refined product, or all
refined product. Next, the equilibrium quantities are
reported for four combined tariffs, defined here as 
tariff on crude oil and at least one refined product.
Finally, the equilibrium quantities are presented for four
refined product sales taxes that are used as comparisons to
the combined tariff alternatives. 

26 We do not consider the imposition of a sales tax
on crude oil, either alone or in combination with a tax on
refined product. While the social costs of raising a given
amount of revenue from taxes on crude oil and refined
products could be reduced slightly by imposing a very small
tax on crude oil, and reducing the tax on refined product
the effect is very small as is the tariff on crude oil.
For example , as shown below, a tax of approximately $1.

. per barrel on refined products will raise $12 billion of
government revenue per year. (See Table 1 of the text.
If a crude tax of $0. 05 per barrel was imposed and the tax
on refined products reduced by about $0. 04, the same
revenue would be raised and the social cost resulting from
the tax scheme would be reduced by about $10 million per
year. However, if the tax on crude were higher than $0.
per barrel, the social cost would be higher than if taxes
were placed only on refined products.

This result differs from that of Melo, Stanton , and
Tarr (1988). For a discussion of their results and our
reason for believing our result is more realistic, see
Section IX below.



Single Tariffs

Consider first a $5 tariff on imports of crude oil.
This would have the immediate effect of raising the
domestic price of crude oil for both domestic producers and
refiners. Since the domestic prices of refined products
are determined in the world market and would be unaffected
by this tariff , refiners' could be expected to respond to
this cost increase by decreasing output and, hence, crude
oil demand. As is reported in Table A- , a $5 tariff would
reduce demand sufficiently so as to cause imports to fall
to zero. Since, in the new equilibrium, domestic demand
and supply of crude oil are equated at a price that 
roughly $0. 40 higher than before , any tariff equal to or
greater than this amount would yield zero revenue for the
government, but nevertheless raise domestic price by $0. 40.
As is seen in the same table, this tariff would reduce net
producers' surplus as well as social welfare, by 
approximately $600 million per year without any offsetting
benefit in the form of tariff revenue. 27 ,

Consider next a $5 tariff on gasoline ' imports. The
immediate effect would be to increase the domestic pricefor both refiners and consumers. Refiners could 
expected to increase production, and eonsumet:'s could be
expected to reduce consumption', causing imports to decline.
Indeed , since gasoline imports constitute only ' 6% of total
demand in the baseline equilibrium, a tariff of as little
as $0. 15 would be sufficient to choke off gasoline imports.
(Table A- Once again, with zero imports , no tariff
revenues would be forthcoming. However, with the domestic
price $0. 15 higher , consumers would incur a loss of $300

27 The maximum tariff revenue that could 
generated from this type of tariff would be approximately
$275 million at a tariff level of $0. 20 per barrel.



TAiLE A-4

$5 TARIFF ON CRUDE OIL IMPORTS

(Doae.tic Price of Crude 011 Increa~es by $. 40 per barrel)

OUTPUT COMPARISON (ab/d)
Baseline Post-Tarlff

Crude Oil:
Demand 13.
Supply
Import

Gasoline:
Demand
Supply
Import

Other Refined Product:
Demand 10. 10.
S\,1pply
Import 1. 3

SURPLUS ANALYSIS ($bl111on/y.ar)

Change In GoveJ;'nment Revenue:
Tariff on Crude 011
Existing Casoline Tax

Total

+1. 3

.:.1...1

Net Revenue Change

Change inConsuaer Surplus:
Gasoline
Other Refined PrQduct

Total

Change in Produf:er Surplus:
CNd.Oil
Refining

Me t Social Cos t :



TABLE A. 5

$5 TARIFF ON GASOLINE IMPO~TS
(Doaest1c Price of Gasoline Increases by $, : 10 per barrel)

OUTPUT COMPARISON (mb/d) ,

Crude 011:
Demand
Supply
Iliport

Gasoline:
Demand
Supply
Import

Other Refined Product:
Demand
Supply
Import

SURPLUS ANALYSIS ($billion/year)

Change In Government Revenue:
Tariff on Gasoline
Existing .Gasoline Tax

Ne t Revenue Change

Change in Consumer Surplus:
Gasoline
Other Refined Product

Total

Ghani- in Producer Surplus:
Crude 011
Refining

Total

Net Social Cost:

Base line

13.

10.

1. 3

Post-Tariff

14.

10.

--.Q.

--.Q.

:!:Q...1

:!:Q...1



million per year. 

A tariff of $5 per barrel on nongasoline refined
products would have a similar effect as that for gasoline.
The domestic price would rise by approximately $0. 20 at
which point imports would equal zero. (Table A-
tariff revenue would be generated, ' but consumers would
realize a loss of $800 million per year. 29

Finally, a tariff of $5 per barrel on all refined
products would be identical to a $5 tariff on other refined
product, in that only the price of other refined product
would increase as a result of the tariff. 

In conc 1 us ion, a
commodi ty cannot 
revenue s .

tariff on . any single petroleum
expected to generate significant

28 There is no maximum tariff revenue realizable
from a simple gasoline import tariff. While the government
would realize some revenue if a tariff smaller than $0.
were levied, this ' new revenue would be more than offset by
a reduction in revenue from existing gasoline taxes, due to
decreased gasoline consumption. For example, if a tariff
of $0. 06 were i~posed, the government would realize about
$4. 3 million per year in tat;iff revenue. However, gasoline
consumption would fall by about 4, 000 barrels per , day,
causing gasoline tax revenue to fall by about $15 millionper year. 

29 The maximum revenue realizable from an import
tariff on nongasoline refined products is approximately $25
million at a tariff rate of about $0. 10 per barrel.

30 Al though the price of gasoline would 
unaffected by the tariff, domestic supply of gasoline would
expand to exceed domestic demand, as refiners expanded
production of its joint product. Implicit in this resultis the assumption that U. s. suppliers would be able to
export gasoline at the world price.



TABLE A-

$5 TARIFF ON OTHER REFINED PRODUCT IMPORTS
(Domestic Price Increases by $. 20 per barrel)

OUTPUT COMPARISON (mb/d)

Crude O~ 1 :

Demand
Supply
Import

Gasoline:
Demand
Supply
Import

Other Refined Product:
Demand
Supply
Import

SURPLUS ANALYSIS ($billion/year)

Baseline

13.

10.

1. 3

Change In Government Revenue:
Tariff on Other Refined Product
Existing Gasoline Tax

Net Revenue Change

Change in Consumer Surplus:
Gasoline
Other Refined Product

Total

Change in Producer Surplus:
Crude Oil
Refining

Total

Net Social Cost:

Post-Tariff

15.

10.
10.

---a.2

+0.



Combined Tariffs

combined tariff is defined here to be a tariff 
crude oil and at least one category of refined products.
Four combined tariffs are considered 'here: a $5 tariff on
crude oil and all refined product; a $5 tariff on crude oil
and gasoline: a revenue-maximizing, uniform tariff on crudeoil and all refined product: and a revenue-maximizing,
uniform tariff on crude oil and gasoline. The equilibrium
quantities for each of these alternatives are presented in
Tables A- 7, A- , A-9, and A- , respectively. The results
of the associated surplus calculations have been previously
reported in the text and will not b~ repeated here.

Excise Taxes

In terms of deadweight loss, the social costs associated
with the four combined tariffs discussed above appear
significant, ranging from $0. 22 to $0. 64 per dollar of
revenue raised. 31 In general , a tariff can be judged to beinferior to any tax alternative that raises the same
revenue at a lower cost. The list of such alternatives 
most likely large. Petroleum excise taxes are considered
here for comparison purposes, not because they are expected
to be among the best of , such alternatives , but rather
because their costs can be estimated within the same
analytical framework employed to estimate the costs forpetroleum tariffs. 

For each combined tariff discussed above, a sales tax 
considered that: (1) yields the same net government
revenue, and (2) impacts the same refined product prices.

31 Similarly, the consumer cost per dollar 
revenue can be calculated to range from $2. 54 to $2. 93.
However, since consumers gen~rally also have stakes in the
fortunes of both government and business, this measure by
itself is incomplete.



TABLE A- 7

$5 TARIFF ON CRUDE OIL ANQ ALL REFINED
PRODUCT IMPORTS: EQUILIBRIUM OUTPUT COMPARISON

(Domestic Price of Gasoline Increases by $4. 55 per barrel)

Baseline Post- Tariff

Crude Oil:
Demand
Supply
Import

13. 13.

Gasoline:
Demand
Supply
Import

Other Refined Product:
Demand
Supply
Import

10.

1. 3

~. 9



TABLE 

$S TARIFF ON CRUDE, OIL AND GASOLINE
IMPORTS: EQUILIBRIUM OUTPUT COMPARISON

(Domesti~ Price of Crude 011 Increases by $2. 60 per barrel)

Baseline Post-Tartff

. Crudfi' 011:
Demand
Supply
Import

13.

Gasoline:
Demand
Supply
Import

Other Refined Product:
Demand
Supply
Import

~ 6 10.
S .



TABLE A-

REVENUE-MAXIKIZING TAilIFF ON. CItUDE OIL AND AIJ. ~EFINED
PRODUCT IKPOllTS: EQUILIBalUK OUTPU!COKPAIUSON

($12. 20 Tariff: Domestic Price of Gasoline
Increases by $10. 95 per barrel)

BaseU'Oe Post- Tariff

Crude on:
Demand 13. 12.
Supply
Import

Gasoline:
Demand

' ;

Supply
laaport

().

Other llefine4 Prod\,&c t:

Demand 10.
Supply
Import 1. 3



TULE A-

aEVENUE-KAXIMIztNG TARJFF'ON caUDE' OIL AND '
GASOLINE IHPOaTS: EQUJLlBaIUM OUTPUT COMPARISON

ens 10 Tari!f; Domestic: Price of Crude Oil
Inpuases by $7. 05 per bar!:,el)

Baseline Post-Tariff

Crude.on:
Demapd
Supply
Import

13.
7 ;4

. 0.

Gaso1~ne :
Demand
Supply
Import

Other ~efiped Product:
Demand
Supply
I~port

10.

, l.
10.



For example, in the ease of a tariff on crude oil and
gasoline, a sale. tax on a.s~:lrJ.ne was found that generatedthe same net government t;ev~nues . Consequently, four
excise taxes a~e considered here: an excise tax 
approximat~ly $2 on all retined products (which raises the
same revenue a$ a $5 tarif:( o~ crude oil and all refined
product); an excise ta.x of approximately $1. 90 on gasoline
(corresponding to a $5 tar~ff on crude oil and gasoline);
an excise tax of approximately $3 . 10 on all refined
products (corresponding to a revenue-maximizing tariff on
crude oil and all refined product); and an excise tax of
approximately $3. 45 on gaso;L~ne (corresponding to arevenue-
maximizing tariff on cr~de oil and gasoline). 32 The
equilibrium qu,.ntities for each of , these excise tax
alternatives are presented in Tables A~tl , A- , A- , and

respectlvely. The resu~ts of the associated surplus
calculations hav~ been prev10u$ly reported in the text and
so are not repeated here.

32 It is unlikely that an informed policymaker would
choose either of the two revenu~-maximizirtg tariffs , given
the high associated socia~ cost. For example, the net
social cost per dollar of revenue increases from $0. 22 for

$5 uniform ta~iff on all petroleum to $0. 64 for the
$12. 15 uniform tariff that ma~imizes revenue. Since the
revenue yields for these two tariffs are $12 billion and
$18. 5 billion respectively, the cost can be seen to rise by
200% upon increasing revenues by 50%. 



" TABLE A- it.

, ;' 

EXCISE TAX ON ALL REFINED PRODUCT YIELDING SAKE
NET GOVERNMENT REVENUE "S $5 TARIFF ON CRUDE OIL
AND "LL REFINED PRODUCT IMPORTS: EQUILIBRIUM

OUTPUT COMPARISON 
($1. 95 Excise Tax)

Baseline Post-Tariff

Crude Oil:
Demand
Supply
Import

13. i~. 7

Gasoline:
Demand
Supply
IQlPort

Oth$r Refined Product:D$mand 
Supply
Import

10.

1.3

10.

1.1



TABLE A-

EXCISE TAX ON GASOLINE YIELDING SAKE NET GOVERNMENT
REVENUE AS $5 TARIFF ON CRUDE OIL AND GASOLIN~ IMPORTS:

EQUILIBRIUM OUTPUT COMPARISON
($1. 85 Excise Tax)

Base line Post-Tariff

Crude Oil:
Demand
Supply
Import

13. 13. 7 .

Gasoline:
Demand
Supply
Import

6. -g-

0:3

Other Refined Product:
Demand
Supply
I~port

lO.

1. 3

10.

, 1.4

. ,



TAiLE A-13

EXCISE TAX ON ALL REFINED PRODUCT YIELDING SAKE NET
GOVERNMENT REVENUE AS REVENUE-MAXIMIZING TARIFF ON

CRUDE OIL AND ALL REFINED PRODUCT IMPORTS:
EQUILIBRIUM OUTPUT COKPAllUON

($3. 05 Excise Tax)

Ba.eUne Post-Tariff

Crude 011:
Demand
Supply'
Import

13. 13.

Gasoline:
De.and
Supply
Import

Other Refined Product:
De.and
Supply
Import

lO.

1.3

10.

76,



TABLE A-

EXCISE TAX ON GASOLINE YIELDING SAKE NET GOVERNMENT REVENUE AS
REVENUE-MAXIMIZING TARIFF' ON CRUDE OIL AND GASOLINE IMPORTS:

EQUILIBRIUM OUTPUT COMPARISON THAT MAXIMIZES NET GOVERNMENT REVENUE
($3. 45 Excise Tax)

Baseline Post- Tariff

Crude Oil:
Demand
Supply
Import

13. 13.

Gaso 1 in. 

Demand
Supply
Import

9, 

Other Refined Product:
Demand
Supply
Import

10.

1.3

10.

1.4

77 



VIII. ROBUSTNESS OF RESULTS

Sens~tv Analysis of Parameter Value Assumptions
In order to assess the significance of the estimates C?f

gains and losses reported above, it is useful to perform a
sensitivity analysis. An "analysis of this type is designed
to determine the sensitivity of the estimates to changes in
the underlying parameter assumptions. The four most
critical parameter values are: the crude oil supply
elasticity, the refined product supply elasticity, and the
demand elasticities of gasoline and other refined products.
For each parameter, the model is solved at a value
corresponding to 50% and 150% of the assumed value. For
example, the crude oil supply elast~city is varied by . 165
around its assumed value of . 33.-.. Since the assumed demand
elasticities for gasoline and other refined products were
derived from . the same source and were moreover almost
identical in magnitude (e. g., . 37 and . 38 respectively),
they were varied simultaneously in this analysis.

A representation ' of four tariff/tax alternatives were
used in this analysis: a $5 tariff on all petroleum, a $5
tariff on crude oil and gasoline, the revenue-maximizing
tariff on all petroleum, and the excise tax on all refined
products that yields the same revenue as a $5 tariff on all
petroleum .

In terms of revenue yield and net social loss, the
analytical results can be "seen in Table A-IS to be only
mildly affected by the choice of the crude oil supply
elasticity. The greatest effect is seen in the case of the
revenue-maximizing tariff , in which a 50% change in the
elasticity causes a 15-25% change in both the revenue
estimate of $18. 4 billion and the net social cost estimate
of $12 billion.

In all but one case , the analytical results are shown to
be almost invariant to a 50% variation in the refined



TABLE !tr-

$ENSITIVITY ANALYStS:
CRUDE QIL SUPPLY ELASTICITY

$5 Tariff on All Petrolewa

Base Hiih

Elasticity Value:

. .

Change in Domestic Price of:
(Dollars per barrel)

Crude Oil $5. $5. $5.
Gasoline $4. $4. $4.
Other $5. $5. $5.

Change in Domestic Supply of:
(Killion barrels ~er day)

Crude 011 ; 3 1.0
Gasoline J.. 

Other

Change in Deman~ for:
(Million barrels p~r day)

Crude 011
Gasoline

- . ~

Other

- .

Welfare Analysis:
(B1llion dollars' per year)

Consumers $ - 3P. 5 $ - 30. 5 $ - 30 . 5

Crude Oil Producer. $15. $15. $16.
R.efiners
Government Revenues $12. $12. $11.
Net Social Gain/Loss $-f.



TABLE A-

SENSITIVITY ANALYSIS:
CRUDE OIL' SUPPLY ELASTICITY-. Continl\ed

Revenue Maximizing Tariff on All Petroleum

Elasticity Value:

Change in Domestic Price of:
(Dollars pe~ barrel)

Crude Oil
Caso line

Other

Change in Domestic Supply of:
(Million barrels per day)

Crude Oil 
Gasoline
Other

Change in Demand for:
(Million barrels per day)

Crude oil
Gasoline
Other

Welfare Analysis: 
(Billion dollars per year)

Consumers 
Crude Oil Producers
Refiners
Government Revenues
Net Social Gain/Lo$S

$15.
$13.
$15.

1. 2

. .

87.
$49.

$- .

$23.
15.

Base

$12.
$10.
$l~. 20

1.1

- .- . - .

1. 8

$ - 70 . 9
$40.

$ - . 3
$18.

$ -

12. 0

Hiv:h

. $10.
$9.

$10.

1. 7

- . - .- .

1. 5

$ - 59.
$34.

$15.

$ -

10.



TABLE A-

SENSITIVITY ANALYSIS:
CRUDE OIL SUPPLY ELASTICITY- - ContinUed

$5 Tariff on Crude Oil and Gasoline

Hilzh

Elasticity Value: 17 

Change in Domestic Price of:
(Dollars per barrel)

Crude Oil $2. $2. $2.
Gasoline $5. $5. $5.
Other

Change in Domestic Supply of:
(Million barrels per day)

Crude Oi 
Gasoline - 3.
Other

Change in Demand for:
(Million barrels per day)

Crude Oil - 7.
Gasoline

- .

- . 3
Other

Welfare Analysis:
(Billion dollars per year)

Consumers

$ -

12.

$-p. $ -

12.
Crude , Oil Producers $8. $8. $8.
Refiners 1. 8 1.8 1.7
Government Revenues $4. $4. $4.
Net Social Gain/Loss



TABLE; A-

SENSITIVITY ANALYSIS:
CRUDE OIL SUPPLY . ELASTICITY - - Continued

Excise Tax on Refined Product Yielding Same Revenue as
$5 Tariff on All Refined Product

Base Hiah

Elasticity Value: 17 

Change in Domestic Price of:
(Dollars per barrel)

Crude Oil
Gasoline $2. $1. 95 $1. 85
Other $2. $1. 95 $1.

Change in Do~estic Supply of:
(Million barrels per day)--

Crude Oil 

Gasoline
Other

Change in Demand for:
(Million barrels pe~ d~y)

Crude Oil
Gasoline

- .

- . 1

- .

Other

- .

~ . 3 - . 3

Welfare Analysis:
(Billion ~ollars per year)

Consumers 13. $-12.

$ -

12.
Crude Oil Producers
Refiners
Government Revenues $12. $12. $11.
Net Social Gain/Loss



product supply elasticity. (Table A-16. For the case of
$5 tariff on crude oil and gasoline, the choice of a

lower elasticity value increases the net social cost from
$2. 2 to $2.8 billion. 

The analytical model' results appear to be most
sensitive to variations in the assumed refined product
demand elasticities. (Table A- 17. In the case of a
revenue-maximizing tariff, the maximum attainable revenue
varies by 30- 50% around the model' estimate of $18.
billion, from $13. 2 to $28. 2 billion per year. Similarly,
the net social loss varies by about 25% about the model'
estimate of $12. 0 billion, from $9. 6 to $16. 1 billion per
year. While the assumption of lower demand elasticities
i. e. , in the neighborhood of . would appear to
significantly increase the revenue yield , the net social
loss would be greatly increased as well. 33 Moreover, there

33 For the deadweight loss to vary inversely with
the demand elasticity is contrary to conventional wisdom
(as reflected in the results obtained with the other two
tariffs and the sales tax considered) This arises because
the magnitude of the revenue-maximizing tariff itself
varies (inversely) with the assumed demand elasticity, from

level of $17. 95 for the low elasticity value to $9. 05
with the high elasticity value. Nevertheless , even though
the social loss is higher at the lower demand elasticity,
the social cost per dollar of revenue declines from $0.
to $0. 57 upon halving the baseline elasticity, However,
the social cost per dollar for the corresponding equal-
revenue excise tax on refined products would also decline
from about $0. 06 to $0. 03 per dollar revenue.



TABLE ,A~ 16

SENSITIVIty ANALXSIS:
REFINED PRODUCT SUPPLY ELASTI~ITY

$5 Tariff on All Petrolel,UD

Low Base Hiih

Elasticity Value: 16. 33. 50.

Change in Domestic Price of:
(Dollars per barnl)

Crude Oil $5. $5. $5.
Gasoline $4. 60. $4. $4.
Other $5. $5. . $5.

Change in Domestic Supply of:
(Killion barrels per daY)

Crude Oil
Gasoline

. ~

Other

Change in Demand for:,
(Killion barrels per day)

Crude Oil
Gasoline
Other

- . . .

Welfare Analysis:
(Billion dollars per year)

30.Consumers $ ~ 30. $ - 30 . 5

Crude Oil Producers $15. $1~. $15.
Refiner
Government Revenues $12. $12. $12.
Net Social Gain/Loss



TABLE A-

, SENSITIVITY ANALYSIS: 
REFINED PRODUCT SUPPLY ELASTICITY- - Continued

!' .

Revenue Maximizing Tariff on All Petroleum

Elasticity vaiue: 

Change in Domestic Price of:
(Dollars per barrel)

Crude Oil
Gasoline
Other

Change in Domestic Supply of:
(Million barrels per day)

Crude Oil
Gasoline
Other

Change in Demand
(Million barrels

Crude Oil
Gasoline
Other

for:
per day)

Welfare Analysis:
(Billion dollars per year)

Consumers
Crude Oil Producers
Refiners
Government Revenues
Net Social Gain/L,?ss

16.

$12. '
$10.
$12.

1. 7 "

- . 5

$ - 70.
$40;9

$ - .

$18 :5

$ -

12.

tow

- .- .

1. 8

33.

Hiih

50.

$1?20 $12. 15'
$10. ~~ i $10;~5
$12. 20 $12.

'1. 7

~ .

- . 5

- .- .

1.8,

$ - 70.
. $40.

$18. 4 '
12.

~,;

1.7
. .'4

8 ,.
1. 8

" ,

. $ - 70.
$40.

$- .

. $18.

11.



TABLE A.

SENSITIVITY ANALYSIS:
REFINED PRODUCT SUPPLY ELASTICITY- - Continued

$5 Tariff on Crude 011 and Gasoline

Low Base Hhh

Elasticity Value: 16. 33. 50.

Change in Do~estic Price of:
(Dollars per barrel)

Ctude Oil $3. $2. $2.
Gasoline $5. $5. $5.
Other

Change in Domestic Supply of:
(Million barrels per day)

Crude Oil
Gasoline - 3.
Other

Change ~ri Demand for:
(Million bar~els per day)

Crude Oil
Gasoline

. . - , - .

Other

Welfare Analysis:
(Billion dollars per year)

Consumers

$ -

12.

$ -

12.

$ -

12.
Crude Oil Producers $9. $8. $7.
Refiners 1.8 1.2
Government Revenues $4. $4. $4.
Net Social Gain/Loss



TABLE A-

SE~SITIVITY ANALYSIS:
REFINED PRODUCT SUPPLY ELASTICITY- - Continued

Excise tax on Refined Product Yie lding Same Revenue as
$5 Tariff on All Petroleum

Base Hi2:h

Elastici ty:Value: 16. 33. 50.

Change in Domestic Price of:
(Dollars per barrel)

Crude Oil

$ .

~ 00

. $ .

Gasoline $1. 95 $1. 95 . $1.
Other $1. 95 $1. 95 $1. 95

Change in Domestic Supply of:
(Million barrels per day)

~ "

Crude Oil
Gasoline
Other

Change in Demand for:
(Million barrels per day)

Crude Oil
Gasoline

- .

- . 1
Other

- . - . - .

Welfare Analysis:
(Billion dollars per year)

Consumers

$ -

12. 12.

$ -

12. 7

Crude Oil Producers $:0
Refiners
Government Revenues $12. $12. $12.
Net Social Gain/Loss

. $-

6 '

$- .



TABLEA-

SENSITtVITYANALVSIS:
REFINED PRODUC'l'DEKAND ELASTICITY

$5 Tariff on All Petroleum

Base Hiatt

Elasticity Value:
Gasoline
Other

Change in Domestic Price of:
(Dollars per barrel)

Crude OU $5. $5. $5.
Gasoline $4. $4. $4.
Other $5. $5. $5.

Change iri Domestic Supply of:
(Killion barrels per day)

Crude OU
Gasoline
Other

Change in Demand for:
(Killion barrels per day) 

Crude Oil
Gasoline

- .

Other

We lfare Analys is:
(Billion dollars per year)

Consumers $-31. $ - 30 . 5 $ - 30 . 0
Crude 011 Producers $15. $15. $15.
Rettner.
Government Revenues $13. $12. $10.
Net Social Gain/Loss 1.7



TABLE A-

SENSITIVITY ANALYSIS:
REFINED PRODUCT DEMAND ELASTICITY- - Continued

, ,

Revenue Maximizing Tariff on All Petroleum

Hi~

Elasticity Value:
Gaso line

Other

Change 1n Domestic Price of:
(Dollars per barr~~)

Crude Oi $17. $12. $9.
Gasoline $16. $10. $8.
Other $17. $12. $9.

Change in Domestic Supply of:
(Million barrels per day)

Crude Oil 1. 7 1. 2

Gasoline

- . - .

Other

- .

Change in Demand for:
(Million barrel~ per day)

Crude Oil -J.
Gasol~ne

- . - .

Other 1. 3 1. 8

Welfare Analysis:
(Billion dollars per year)

Consumers 106. $ - 70. 52.
Crude Oil Producers $6:2. $40. $29.
Refiners
Government Revenues $28. $18. $13.
Net Social Gain/Loss $ - 16 . 1

$ -

12.



TA8LE A-

SENSITIVITY ANALYSIS:

REFINED PRODUCT DEMAND ELASTICITY- - Continued

$5 Tariff on Crude and Gasoline

Low Base Hhh

Ela.ticity Valu.:
Gasoline
Other

Ch~nge in Domestic Price of:
(Dollars per barrel)

Crude OU $2. $2. $2.

Gasoline $5. $5. $5.

Other

Change in Domestic Sl,1pply of:

(Million barrels per day)
Crude OU
Gasoline

. -

Other

Change in Demand foY;':

(Million barrels per day)
Crude Oil
Gasoline

- .

Other

Welfare Analysis:
(Billion dollars per year)

Cons WIle r s $~13.

$ -

12.

$ -

12.

Crude Oil Producers $8. $8. $8.

Refiners 1. 8 1.8

Government Revenue. $5. $4. $3.

Net Social Cain/Lo..



TABLE A-

SENSITIVITY ANALYSIS:
REFINED PRODUCT DEMAND ELASTICITY 

- - 

Continued

Excise Tax on Refined Pr~duct Yielding Same Revenue as
$5 Tariff .on All Petroleum

Elasticity Value:
Gasoline
Other

Change in Domestic Price of:
(Dollars per barrel)

Crude Oil
Gasoline
Other

.. ,

Change in Domes tic Supp ly of:
(Million barrels per day)

Crude Oil
Gasoline
Other

Change in Demand
(Million barrels

Crude Oil
Gasoline
Other

for:
per day)

Welfare Analysis:
(Billion dollars per year)

Consumers
Crude Oil Producers
Refiners
Government Revenues
Net Social:Gain/Loss

" ,

$~OQ.
$2,
$2.

13.

$ .

$13.

$- .

ase

$ ,

$1. 95
$1. 95

- .- . $ -

12.

$ .

$12.

Hi2:h

$ .

$1.
$1. 75

- .- . - .- .

11.

$10.

$ - .



is little evidence to suggest that these elasticities would
be in this neighborhood in a five year time horizon. 

In conclusion, the sensitivity analysis provides strong
support for the conclusions of this report. The cited
alternative speci~~c.~J:ions did not in any instance change
the sign of galn loss going 1;() .ny subgroup of society
or to society as a whole. Indeed; in most instances, there

, w.s no significant variation in magnitude.

Alternative Baseline, Price Assumption

The baseline price level used in this study was
calculated as an average of prevailing prices predicted for
the decade beginning in 1990. 

3S While recent MidEast
tensions have increased petrOleum prices dramatically,
there is little reason at this point. to believe that these
increases will be any more than short term in ' duration

. .

Nevertheless , we address in' this section 'the impact of
assuming higher baseline prIces on the results of this
study.

An alternative initial equilibrium based on higher
petroleum prices would in all likelihood be characterized

34 As indicated preYiously, these estimates were
obtained from D. E. projections. In a recent book, Bohi
(1981) surveyed numerous studies of gasoline demand and
concluded that an appropriate estimate was about . 2 for the
short run and at least . 7 .for the long run. ' A survey ofabout seventy such studies by Dahl (1986) provided
comparable findings. For comparison purposes, the five
year time horizo11 of this model can probably be reasonably
characterized as being midway between short run and long
run.

3S Recently, D. E. updated its projections forprices and quantities for this period. (U. S. D. O. E.
(19 90a) . The revis ions were minor and would not
significantly affect the estimates provided in this study.
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by: (1) , reduced domestic consumption of petroleum
products; (2) increased domestic crude oil production; (3)
virtually unchanged U. S. refinery output; 36 and (4) reduced
imports of both crude oil and refined products. 37 . With
these characteristics ~n mind, it is possible to predict
how an alternative baseline assumption would, affect the
gains and losses of consumers, crude oil producers
refiners, and the government.

Clearly, with lo~er levels of imports, the government
revenues that could be collected from a given tariff would
be reduced in going to an alternative initial equilibrium
based on higher petroleum prices. An equal-revenue excise
tax would by its definition raise a correspondingly lowerlevel of revenues. 

For consumers , a higher baseline price assumption would
reduce the consumer cost of an impoJ:t tariff in two ways.
First, as indicated above, the level of consumption of
refined prod~cts would be lower. Hence , consumers would
incur an increase in, price on fewer units of petroleumproducts. Second, the tariff-generated increase in
domestic prices of such products may be lower. Recall that
for the uniform 'tariffs considered in this report , the
increase in domestic price of gasoline (or all refined
products) was less than the amount of the tariff. This
occurred because. imports were choked off before domest
prices had risen by as much as the tariff. Since ,
indicated abQve, an initial equilibrium based on higher

36 Since crude oil and refined product prices would
move more or less in tandem, domestic refinery output
should not be significantly affected.

37 This follows as a
three. preceding points.

logical consequence of the



prices would involve fewer imports, price would rise less
before imports were reduced to zero. 38 

The consumer cost of an equal-revenue excise tax would
also be reduced in two ways by a higher baseline price
assumption. First, the level of consumption of refined
products would be lower~ Second, because the corresponding
tariff would yield less revenue at the new baseline, the
tax rate per unit may be lower. 39

- .

Due to a correspondingly higher output, the gain to
crude oil producers 'arising from a tariff would be greater
when calculated from an initial equilibrium based on higher
petroleum prices. 40 As before, crude oil producers would

38 An illustration can be found in the $5 tariff on
all petroleum, where it was observed that' the U. S. became
self-sufficient with respect to ' ga~oline. Similarly, a
revenue-maximizing tariff of $12. 20 on all petroleum
resulted in self-sufficiency for all refined products. In
both cases, as domestic prices increased, domestic demand,
shrunk to the point where domestic refineries satisfied
domestic demand. Consequently, if the analysis were to
assume higher baseline prices, both domestic consumption
and imports of refined products would be lower in the new
baseline than in the original baseline. The U. S. would
become self-sufficient in gasoline, and perhaps in other
refined products, with smaller price increases for any
given tariff.

39 This presumes, as was the case in this study,
that the higher prices associated with the alternative
baseline would cause the tax base of the exc1se tax to
decrease less than the tax base of the import tariff. That
is, the elasticity of demand for refined products is less
than the elasticity of demand for all petroleum imports.

40 An exception to this could conceivably occur if
imports of crude oil were eliminated by the tariff in the
higher price baseline but not in the , lower price baseline.
However, given the relative magnitudes of supply in the two



be unaffected by an equal-revenue excise tax , whatever the
initial baseline assumption.

Finally, the effect of higher baseline prices on
refiners' gains or losses from imposition of a tariff is
indeterminate. If higher baseline prices cause the priceof gasoline and/or other refined product to rise less
before all imports are eliminated, refiners' gains (losses)
are likely to be smaller (greater). On the other hand , if
all imports of crude oil are eliminated, and , as a result
the increase in pric~ of crude oil is smaller with higher
baseline prices , refiners are likely to find their gains
increased (or losses decreased). 41 

In summary, for a tariff on petroleum imports the
assumption of a higher baseline price level would reducetariff revenues, reduce the costs to consumers , increase
the , gains to crude oil producers , and reduce or increase
the gain or loss to refiners. For an equal-revenue excise
tax, a higher baseline price would (only) reduce the costto consumer$. While the net effect (i. e . , in terms of
deadweight loss) is unambiguously positive for the excise

baselines, the domestic price increase in the former would
have to be significantly less than that in the latter.

41 For example, in the' case of $5 tariff on all
petroleum imports , the domestic price of gasoline rose by
only $4 . 55. With a higher price baseline , the pre-tariff, level of imports would be less, so that the same tariff
would , cause the domestic gasoline price to rise by even
less than $4. 55. If imports of other refined products were
also choked off , then the increase in that price would beless than $5.00 as well. To the extent that higher
baseline prices did not affect the tariff- induced increase
in , input prices but reduced the increase in one or more
product prices, refiners' gain (loss) from the tariff would
be reduced (increased). A contrasting example can be foundin the case of a $5 tariff on crude oil and gasolineimports. In this case, it is crude oil imports that are
choked off.



tax, the sign of the net effect for the tariff is ~ot
readily apparent.

In order to ascertain the robustness of the results
reported in this study with respect to higher baseline
prices, two alternative baselines were examined. World
prices were assumed to be $10 and $20 higher than the
original baseline level, corresponding to crude oil prices
of approximately $30 and $40, respectively. 42 In examining
a tariff of $5 on all petroleum imports and a $5 tariff on
crude oil and gasoline imports, the same results were
obtained:

1) Tariff revenues were reduced by approximately 50% at
the $10 higher baseline, and fell to zero at the $20
higher baseline;
2) The deadweight loss arising from a tariff was not
substantially different across baselines;
3) The deadweight loss per ' dollar revenue was
consequently twice as 11igh at the $10 higher baseline; 
4) The dea4weight loss per dollar of an equal-revenue
excise tax was essentially unchanged in going from the
original to the $10 higher baseline.

The results of this study are therefore strengthened by

42 Refined product prices were arbitrarily assumedto increase by the same amount, $10p and $20p, where 

represents the rate at which the world price of refined
product changes with respect to the world price of crudeoil. For competitive markets, this rate can be argued
intuitively to be in the neighborhood of the ratio of crude
oil input to refined product output, i. e. , l/r. That is,
for a cost increase to be fully passed on to consumers, a
$1 increase in the price of a barrel of crude oil should
cause the price of a barrel of refined product to increaseby (l/r) While the appropriate value of should
probably be that for the world (i. e., 1. 02) rather than
that for the U. S., both values were used in this exercise.
(U. S. D. O. E. (l988b). The results ,were not significantlydifferent. 

, \, )



the assumption of higher baseline prices. Not only does a
tariff generate substantially less revenue as baseline
prices are increased, it does so at a much higher cost per
dollar relative to the corresponding equal-revenue excise
tax.

The Effect of Tariffs on World Petroleum Prices

This study has assumed that world petroleum prices would
be unaffected by a tariff on U. S. imports or a sales tax on

U. S. consumption. That is, we have assumed that :the
foreign supply curve of petroleum is infinitely elastic.
As a result, any tariff or tax would be fully passed
through to consumers. This assumption was made because
there are no reliable estiInates of how the world price of

crude oil might change in response to a change in U. S.

demand occasioned by a tariff or tax 

However, because the United States accounts for a large
share of world petroleum consumption, it is possible that

the world price would decline if a tariff or tax were
imposed. If this were to occur, the costs of the tariff or
tax would only . be partially passed through to U.
consumers; the remainder of the tariff or tax would be
reflected in the lower price received by foreign and
domestic producers. As a result, the losses to consumers

as well as the ' gains to producers would be smaller than
what has been reported here For a given tariff or tax
rate, government revenues would also increase slightly.
The net social costs of the tariff or tax would be lower
than what we have estimated.

In addition to reducing the costs of the two instruments
we have analyzed, the presence of an upward sloping supply

curve would reduce the differences between the costs of a

tariff and the costs of an equal revenue excise tax.
Indeed, if the world supply curve is sufficiently
inelastic, a tariff may involve a lower net social cost--

though not a lower cost to consumers- - than the equal
revenue tax. This occurs because ~he upward sloping supply
curve implies that the U. S. can exercise monopsony power in
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its purchase of foreign oil, and because a tariff does a
better job of extracting the available monopsony rents.

The effect of a world supply curve with less than an
infinite elasticity ca~ be analyzed within the context 

the model developed in this study. 43 Specifically, we can
determine how the amount of any tariff or tax that would be
passed through to U. S. consumers is affected by alternative
assumptions regarding the supply of crude oil and the
demand for refined pr,oducts in the rest of the world. For
purposes of this calculation, we have for simplicity
aggregated gasoline and other refined products.

Define the import supply functions for crude oil and
refined products as the excess of foreign supply over
fore ign demand:

I - ) - D (3la

(P c' P ) - D (P r

- D (31b

where m is the ratio of refined product output to crude oilinput. The quantity of refined product imports can be
expressed in terms of crude oil equivalent measure by
dividing Ir by

~. 

Total imports in crude oil equivalent
measures is then

43 As with the analysis based on the assumption that
the tariff or tax would .be fully passed through this
analysis is based on the assumption that world petroleum
markets function competitively, so that a supply curve can
be said to exist. Although. the crude oil market is not
strictly competitive sizeable competitive fringe
constrains OPEC' s ability to set price substantially above
the competitive ' level. Its ability to attain this
constrained profit maximization level is further
constrained by the fact that the OPEC members do not all
have the same incentives. OPEC pricing, decisions thereforerepresent compromises. 



) - D )/m (32

Differentiating with respect to Pc yields

8I18P c (8S 18P c

) - 

(11m) (8D 18P c P I (33

where is the derivative of P r with respect to Pc' If 
assume that a $1 increase in the price of a barrel of crude
oil is fully passed on to consumers by refiners, 44 then the
price of a barrel ~f refined products will increase by
$l/m. Upon performing this substitution and introducing
the foreign supply and demand elasticities, one finds

8I18P c /P c + D IP w, e d r w~O . (34

Because this permits the -approximation dP c ~, dI/w, the
amount of the tariff passed through to consumers can be

calculated from the change in imports resulting from a
given tariff. Specifically, the "pass- through" associated
with a $t tariff would be ((t+dP )/t) , where dP ~O.45 
. Using equation (34) and the estimates of the changes in

U. S. demand for imported crude and refined product, we can

estimate how a tariff or an equal-revenue excise tax would

affect the world price of crude oil. 46 For purposes of
this analysis, prices, quantities, and the ratio of refined

44 This would be generally true if petroleum
refining were essentially a competitive industry.

45 When world prices are unchanged by a tariff, it
is commonly referred to as full or 100% pass- through. If
on the other hand , a tariff caused world prices to decline
by X% of the amount of the tariff, it would be termed a

(lOO-X)% pass- through.

46 Any such change in the world petroleum prices
will affect the change in U .8. imports by affecting U. S .

prices. Consequently, we have to solve iteratively for the
change in world prices and changes in imports.



product to crude oil input (m) are set at values that are
consistent with world production levels and baseline U.
values assumed previously. 47 The foreign demand elasticity
of refined products is assumed to be comparable to that in
the U. S., and is calculated as the weighted sum of the two
U. S. demand elasticities. 

. )

More problematic is arriving at an estimate of the
foreign supply elasticity. There is no reason to believe
that U. S. and foreign supply elasticities would 
comparable, given the differences in geologic features and
availability of reserves. Conceptually, the elasticity of
supply reflects the ability of producers to expand

. ', )

47 For the world as a whole, the value of m appears
historically to have been approximately 1.02. (U. S. D. O. E.

(1987c), p. 30- 31, 121. The results are not changed
appreciably if the U.S. value of 1. 04 is used. (U.
D . 0 . E . ( 1988 b), pp. 30 - 31, 121.

The foreign refined product price, $31.60, 
. calculated as the weighted sum of the baseline world prices
of gasoline and other refined products. The weights, .
and 80 respectively, are chosen consistent with observed
foreign refinery mixes. (U. S. D. (1987c), p. 30-

The baseline foreign crude oil supply Sc is ~ssumed to
be 67. mb/d. World crude oil production in 1990, 1995 and
2000 is estimated to be 66.3, 68. 7 , and 68. mb/d.,
respectively. (D. O. E. (1990b), P . 34- 5. ) Subtracting the
baseline U.S. crude oil production of 6. 5 mb/d from the
average of world production in these three years yields
foreign production of 67. mb/d.

The baseline foreign demand Dr for refined products is
calculated from Sc and the baseline U. S. imports to be
46. 0mb/d. Specifically, Dr - (S /m - 54.
(1. 7/1. 04) in crude oil equivalent measure. 

48 . To arrive at demand elasticity for the
aggregate, refined product, the U. S. . elasticities for
gasoline and other refined products are summed, weighted by
their apparent shares in world consumpt~on, namely . 25 and
75, respectively. This yields a. value of about . 43 .
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production given an increase in the price. Crude oil
suppliers who have only limited oil reserves can 
expected ceteris paribus to be less able to expand
production than suppliers possessing bountiful reserves.
Consequently, the supply elasticity may be expected to vary
directly, and perhaps even proportionally, with the ratio
of reserves to actual production of crude oil.

The rat io of U. S. oil reserves to actual production 
approximately 3, 300 days, while that for foreign producersis approximately 18. 800 days. 50 This suggests that the
foreign supply elasticity may be five to six times greater
than that of the U. S. It is conservatively assumed here

49 In the petroleum supply forecasting model 
Adelman and Jacoby , current production at any point in time
can be expressed. as the product of reserves and some
function of the profit-maximizing rate of extraction. This
rate is in turn a function of price. Upon finding an
expression for the average production level over the
timepath , the elasticity of supply in this model can 
shown to be proportional to the ratio of reserves to actual
production. (Ade~man & Jacoby (1979), pp. 25-28.

Alternatively, consider the case where a country is
producing x units per day at the prevailing price and has R
units in reserve. Reserves are defined as the amount of
crude oil economically recoverable at prevailing price
ranges " i. e., at prices in the neighborhood, € , of the
current price, p. If only ~R could be extracted in a given
day once these reserves are brought on- line, production
could be expected to. expand by (~R/x)%, if price were to
rise by (E/p)%. Therefore, in this admittedly simplistic
example the elasticity of supply is approximately
((~R/x)/(€/p)), and can be concluded to vary proportionally
with the ratio of reserves to actual production.

50 U. S production and reserves in 1989 were
estimated to be 7. 7 million barrels per day and 26 billion
barrels, respectively. Non-U. S. production and reserves
were 51. 7 million barrels per day and 976 billion barrels.
Oil and Gas Journal , December 25, 1989, pp. 44-
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that the foreign crude oil supply elasticity is three times
that assumed for the U. S., or 1. 3 at the baseline prices.

Based on these values, w in equation (4) is found to
have a value of about 5. 1. Upon solving for the effect of

$5 tariff on all petroleum imports , we find that the
world price of crude oil would fall by about $0. 30. 51 That
is, the "pass-through" of the tariff would be approximately
94%. The tariff raises $12. 3 billion dollars in revenue,

a net cost of $1. 6 billion to society and $28. 7 billionto consumers. 52 An equal-revenue excise tax of $2.
causes world prices to fall by about $0. 10, resulting in a
lower net social cost of $0. 6 billion and a lower consumer
loss of $12. 6 billion.

In general, for the analytical model of this study, an
import tariff will involve a higher net social cost than an
equal-revenue sales tax for pass-throughs above
approximately 85%. For pass~throughs less than
approximately 85%, an import tariff will result in net
gains for soc~ety as a whole, although the consumer cost
will remain significantly greater than that for an equal-
revenue excise tax down to a pass-through of about 40%.

There is little reason to believe that world petroleum
prices would fall in response to an import tariff
sufficiently to make the social cost of a tariff less than
that of an equal-revenue excise tax. For example, even if
the foreign supply elasticity were assumed to equal thatfor the U. S. , the resulting pass-through would 
approximately 85%. As indicated above, the foreign supply
elasticity is in all likelihood significantly greater.

51 To obtain this, the analytical model is solved
iteratively with the modification that 8P c"8P g-8P 0-81/5.
where 81 ~ 81c + ( (81g +81 ) /1. 04) .

52 For the alternative assumption of full pass-
through , the tariff was estimated to raise $12.0 billion
dollars in revenue, at a net cost of $2. 7 billion 
society and $30. 5 billion to consumers. (Table I.
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In conclusion, if world prices would . change

significantly in response to the imposition of a U. S.
tariff or tax, then, contrary to the results obtained in
this study, a tariff may in fact be more attractive than an
equal-reyenue petroleum. excise tax. 53 However, this would
occur only if the pass-through is less than about 85%. It
is our belief that, in fact, the pass-through is greater
than 85%.

53 Moreover, as pointed out previously, the latter
tax is not necessarily the best alternative to a petrole."un
import tariff, but rather serves in this study as 
comparison that can be calculated readily from the same
analytical framework.
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IX. COMPARISON WITH RESULTS OF OTHER STUDIES

Table A- 18 provides several comparisons of the various
studies that have examined the effects of additional
tariffs or taxes on crude oil, on some or all refined
petroleum products, or on both crude oil and refined
products. Where the same study contains analyses of
different levels of tariffs or taxes on the same set of
products, the figures in Table A- 18 are for the case that
comes closest to a $5 per barrel tariff. However, since
there are still differences in the tax or tariff scenarios,
we base our comparison on measures that should 
relatively insensitive to small changes in the size of the
policy change being considered. First, we report the
estimated increase in revenue per unit of tariff or tax.
In looking at tariffs, this is billions of dollars in
annual government revenue per dollar of tariff. For taxes

the figure is billions of dollars of government revenue per
penny of tax. Second, we look at the social cost, or
deadweight loss, per dollar of revenue earned.

Tariffs on Crude Oil Alone

The first section of the table compares estimates of the
effect of a tariff on crude oil alone; no restriction 
imposed on imports of refined products. A striking
difference exists between our results--both in the current

study and in our 1987 report- -and those reported by 
Melo, Stanton, and Tarr and by Boyd and Uri. As explained
in the text, we find that any significant tariff on crude
oil alone will not generate any revenue because it will
simply result in the substitution of imports 
unrestricted refined products for imports of crude oil. 
contrast, de Melo, Stanton and Tarr estimate that a 
percent import tariff on crude oil--which, given that their
model is benchmarked to 1984, amount. to a tariff of
slightly more than $7 per barrel- -will generate $7.
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TABLE A-

COMPARISON OF ESTIMATED EFFECTS OF
ADDITIONAL TARIFFS AND TAXES ON

CRUDE OIL AND REFINED PETROLEUM PRODUCTS

Source of Estimate
Revenue Per Unit
Tariff or Tax

Social Cost Per
Dollar of Revenue

A. Tariffs on Crude Oil Alone

Current Study $0.

Anderson and Metzger (1987)

Melo , Stanton and Tarr (1988) 1. 02 . $0.

Boyd and Uri (1989) - 1. 002

Tariffs on Crude Oil and Gasoline

Current Study

Anderson and Metzger (1987)3 1. 34

Revenue figures are measured in billions of dollars per year.
tariffs I they are measured as revenue per dollar per barrel of tariff.
taxes , they are measured as revenue per penny per gallon of tax.

For
For

This is the sum of the change in household utility and the change
in government utility J as reported by Boyd and Uri. If utility derived from
the provision of government services is not ,included , the cost per dollar of
revenue is $0'06. 

When it was assumed that the world price of crude oil and gasoline
depended on the quantity demanded by the U. S. I the estimated increase in
government revenue was $1. 64 billion per . year per dollar of tariff and the
social , cost was $0. 44 per dollar of increased revenue.
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TABLE A-

COMPARISON OF ESTI~TED EFFECTS 9F
ADDITIONAL TARIFFS AND TAXES ON

CRUDE OIL AND REFINED PETROLEUM PRODUCTS- -Continued

Source of Estimate
Revenue Per Unit
Tariff 9r Ta~

Social Cost Per 

pollar of Revenue

C. Tariffs on Crude Oil and
All Refined Products
Current Study

U. S. Department of Energy (1986) 1. 95 N/A

N/ACongressional Budget Office (1986) 1. 91

D. Excise Tax on Gasoline

Current Study

Uri and Boyd (1989) 87'

S. Departmencof Energy (1986) N/A

N/ACongressional Budget Office (1986)

E. Excise Tax on All Refined Products

Current Study

Melo, Stanton and Tarr (1988) N/A

Revenue figures are measured in billions of dollars per year.
tariffs. they are measured as revenue per dollar per barrel of tariff.
taxes, they are measured as revenue per penny per gallon of tax.

For
For

This is the sum of the change in household utility and the change
in government utility, as reported by Uri and Boyd. If utility derived from
the provision of government services is not included, the cost is $1. 87 per

dollar of revenue.

106



billion in government revenue. 54 Similarly,
timate that government revenue would be

$3. 41 billion per year by the imposition of 

c:r:ueJ,e tariff. 

Boyd and Ur 
increased by
$5 per barrel

We believe that the differences between our results and
those of the other authors can be ascribed to the more
detailed an~ accurate modelling of the crude oil and
refining sectors in our work. In particular, our model 
the petroleum industry includes two sectors: crude oil and
refined petroleum products. By contrast, the ' two other
studies include natural gas and crude oil in the same
sector.

The ' other important assumption in ,explaining the
difference between our results and those of the other two
studies is found in our assumption that imported petroleum
is a perfect substitute for domestic petroleum, whether in
the ' form ' of crude oil or refined. For example, if domestic
products and imports are imperfect substitutes , 56 crude oil
imports might not be eliminated with the imposition of a $5
tariff on , crude oil. However, we believe that domestic and
imported refined products are sufficiently ' close
substitutes that the estimates obtained under the perfect
substitute assumption are reasonable approximations to what
would be observed. Similarly, while there are numerous
different "types of crude oil, the assumption is probably
nevertheless reas~nable for our purposes since: (1) for
many (if not most) types of foreign crude oil , there exists

cqmparable domestic counterpart; and (2); within the
relevant . five ' year time horizon, capacity can 

~elo, Stanton, and Tarr (1989), p. 436.

Boyd and Uri (1989), p. 40.

56 In particular, it is possible that some consumers
may have , a , preference for domestically refined products
because of increased certainty of supply and smaller leadtimes on deliveries. 
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reconfigured and expanded to process different types of
crude oils.

In contrast, de Melo, Stanton, and Tarr assume that
domestic and imported petroleum- both crude oil and refined

products- ~are considerably less than perfect substitutes.
In their model, the degree of substitutability in demand
between domestic products and imports for use 
intermediate goods is determined separate from that for
final consumption. For intermediate goods, the de Melo,
Stanton and Tarr model expresses the degree of
substitutability in terms of the elasticity 
substitution. 57 Whenever two inputs are perfect
substitutes, the elasticity of substitution is equal to
infinity. However, de Melo, Stanton and Tarr assume the
elasticity of substitution to ~e 2. 4 for both crude oil and
refined products, 58 considerably less than infinity and,
moreover, less than the elasticity of substitution for
three out of four nonpetroleum manufacturing sectors 
their model. 59 In the case of . final demands, the
combination of the assumptions made about own elasticities
of demand and the structure of the demand system used by de
Melo, Stanton, and Tarr implies that domestic refined

57 The elasticity of substitution is defined as the
percentage change in the ratio of quantity of. domestic
crude oil used to the quantity of imported crude oil used,
divided by the p'ercentage change in the ratio of the two
prices. Note that the ratio of the prices is expressed in

. an inverse manner relative td the ratio of the quantities.
, That is, if the quantities are expressed as the ratio of

domestic product to imports, then the prices would 
expressed as the ratio of imports to domestic product. 
a result, the elasticity of substitution is positive.

Melo, Stanton, and Tarr (1989), p. 434.

59 Tarr (1989) , p. 5-
automobiles, where the elasticity
assumed to be 2. 01.

The exception isof substitution is
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products are complements, not substitutes , for imports. 
That is " an increase in the price of imports will cause the
demand for domestically produced refined products to
contract , not expand. We see no reason to believe such a
condition is at all realistic.

Because we estimate that there would be no revenue
earned from a crude oil tariff, we do not compare our study

with those of others on the basis of social cost per dollar
of revenue. However, it is interesting to note how much
this statistic differs between the other two studies.
While de Melo. Stanton. and Tarr find that society loses
about $0. 26 per dollar of revenue realized . Boyd and Uri

find that society actually is better off by a dollar for
each dollar of revenue earned. 

60 Specifically. given the structure of the demand
equations used by Melo, Stanton, and Tarr. any time the own
price elasticity of demand for a good is less than -
the c:ross-elasticity of demand between that good and any
other good , including imports or domestic production of the
same good , is less than zero. (Tarr (1989), p. 5- 10).
Melo Stanton. and Tarr assume that the own price
elasticities of demand are - 92 for both domestic and
imported refined products (as compared to our use of

37). (Melo, Stanton , and Tarr (1989), p. 434.

61 Boyd and Uri report that welfare declines by
approximately about $208 million per year , or $0. 06 per

dollar of revenue raised. - (Boyd and Uri (1989), p. 42.

However, this figure is based solely on changes in welfare
accruing directly to households. In their model,
government also accrues utility; and the government utility
increases by $3. 6 billion per year when the tariff 
etlacted. Since the utility generated by the government
must ultimately be the value consumers place on the
provision .of government services , it would appea-r- to 
more appropriate to include changes in government welfare
in evaluating the effects of a tariff o~ tax.
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While it is possible that a tariff can increase U. S.
welfare by causing the price that must be paid to foreign
producers to fall- - i . e . . an optimal tariff may exis t - - it is
virtually impossible for the social gain from the tariff to
be as large as the revenue collected by the government. In
the context of the conventional partial equilibrium
analys is, this could only occur if the import supply curve
were perfectly inelastic. 62 The Boyd-Uri analysis is based
on a computable general equilibrium model. While the crudeoil import supply equation used in the model is not
reported, the autho~s do report sufficient information to
suggest that a perfectly inelastic import supply curve 
not the explanation for their results. 

62 With a perfectly inelastic import supply curve,.
the price paid to foreign producers would fall by the
amount of the 'tariff and nothing else would change in the
domestic economy.

63 Another 'seeming anomaly in the Boyd-Uri paper
arises in comparing the reported change in the quantity of
imported crude oil and the reported increase in ' the price
of domestic crud~ oil. Boyd and Uri report that the price
of domestic crude oil would ,rise by only 0. 064 percent if a
$5 tariff was imposed on imported crude oil. This would
seem to imply either that domestic and imported crude oil
are very poor substitutes or that the price of imported
crude oil only rises slightly in response to the tariff,
i. e ., the world price falls by almost as much as thetariff. However, the authors acknowledge that domestic and
imported crude oils are "near perfect substitutes. (Boyd
and Uri (1989), p. 38. In addition, the assume4
elasticity of demand for crude oil imports and the reported
change in the quantity of imports are inconsistent with the
notion that the price of imported crude oil does not risesignificantly. 
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Tariffs on Crude Oil and Gasoline

The second section of Table A- 1S provides a comparison
of our current estimates of the effects of a $5 per barrel

tariff on both crude oil and gasoline (but not on other
refined products), with our analysis 

of the same tariff in

our 1987 study. Our current estimates of the net increase

in government revenue resulting from the tariff are about
one-third smaller than what we estimated previously. Two

factors primarily account for this difference. First , in
our current study we estimate that the $5 tariff on crude
and gasoline would reduce revenues from pre-existing
gasoline taxes by $1. 25 billion per year or $0. 25 billion

per dollar of tariff. We did not consider the loss of

revenue from such existing taxes in our earlier work.

Second, on the basis of more precise information on the
U. S. ' refinery operations, we have modeled domestic
refiners' deman for crude oil as being much more
responsive to changes in the prices of inputs and outputs

than we did in our earlier work. 64 As a result, while we
previously estimated that the U. S. would import 1. 1 mbd 

crude oil after the imposition of the $5 tariff, we now
show all imports of crude oil being eliminated well before
the domestic price of crude oil rises by the amount of the
tariff. Our current estimate of the revenue generated by

64 In our earlier model, the imposition of 

tariff on crude oil would have caused refiners ' demand for

crude oil to fall by 2. 41 million barrels per day (mbd),
hC?lding the price of refined products and everything else
constant. In the current model, the same $1 crude oil
tariff would cause demand to fall by 17. 04 mbd. 
tariff on both crude oil and gasoline would reduce demand
for crude Qil by 9. 5 mbd in the current model, compared to
a reduction of 12 mbd in the earlier model. (Anderson
and Metzger (1987), p. 71.
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the tariffs
work. 65

accordingly lower than our earlier

Indeed, the current study refinery sector model--
which a value of 33. 74 is assumed for the refined product
supply elasticity--is one of the ~ost significant
departures from the analysis contained in the earlier
study. This departure is primarily attributable to an
improved understanding of the refining process, together
with the superior elasticity estimate obtained from

Refinery Yield Model. This elasticity value,
while admittedly large, appears reasonable given the
characteristics of the industry: . Petroleum refining is
essentially a processing or manufacturing activity that has
for the most part two inputs: capital (in the form of
plant and equipment) and crude oil. In a five year time
horizon, it is expected that the former can be modified
and/or expanded so as to increase capacity without
appreciably raising average and marginal costs. That is,
the industry supply curve (holding crude oil and capital
prices constant) should be relatively flat, consistent with
the assumption of a high elasticity value.

Tariffs on Crude Otl and All Refined Products

Part C of Table A- 1S compares estimates of the revenue
that would be ge~erated from, the imposition of a tariff on

crude oil and all refined p~oducts. 66 Our estimates of the

65 Estimated imports of gasoline in the current
study are somewhat higher than in the earlier one, i.
3. 7 mbd as compared to 3. mbd. While this partially
offsets the reduction in imports of crude oil, the total
quantity of imports subject to the $5 per barrel tariff 
lower in the current model (3. 1 mbd) than in the earlier
one (4. 2 mbd).

66 Since neither the study by the Energy Information
Administration nor that by the Congressional Budget Office
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revenue realized per dollar of tariff appear to be somewhat
higher than those reported by the Energy Information
Administration in the Department of Energy (D. O. E. ) or by

the Congr$ssional Budget Office (C. B. 0.

) .

67 This appears
to be the result of higher levels of imports in our
baseline. While imports of crude oil and refined products
come to 9. 0 mbd in our baseline, the D. O. E. study has
baseline imports of only 6. 7 mbd. The C. B. O. study appears
to have used similar figures. 

This difference may be the result of the periods covered
by the different baselines. While the D. O. E. baseline is
for 1990 and the G. O. figures cover the period 1987 to
1991 J our baseline is an average for the period 1990 to
1999. Since imports are expected to rise over time J it is
not surprising that our baseline has a higher level 
imports . 68

provid$ estimates of the welfare effects of the tariffs
they analyze J , we have nothing with which to compare our
estimate of the social costs that would result from such a
tariff.

67 In addition to estimating changes in government
revenues J these two studies consider the effects of the
t8.riffs on economy-wide unemployment and inflation rates 
as " well' as , the resulting changes in government
expenditures. Such changes in government expenditures are
not included in our comparisons nor are they considered in
the current study. However J we note that the authors of
these studies estimate that such increases could
substantially reduce the deficit-reducing effect of such
tariffs. (C. O. (1986), pp. 15-17; and U. S. D.
(1986) J pp. 43- 44.

68 According to the Annual Ener2Y Outlook 1989
imports of crude oil and refined products would be 7. 0 mbd

in 1990 if the price of crude oil is $18 per barrel. (U. s.
O. E. (1989) J P . 75. ) Since higher prices result in lower
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Another difference between our study and the other two
concerns the tax revenues included in the analys is . Our
study considers only changes in tariff revenues and in
state and federal gasoline taxes. The D. O. E. and C . B. O.

studies include estimates of the effect on the revenue from
the Windfall Profits Tax and on general corporate and
personal income tax revenues. 69 Since the Windfall Profits
Tax was repealed in 1988, there are no longer any effects
to include. 70 Neither of the other studies consider the
effect on state gaso~ine tax revenues.

Excise Tax on Gasoline

Different estimates of the effects of increasing excise
taxes on gasoline are reported in section D of Table A- 18.
In terms of revenue earned per penny-per-gallon tax, three
of the four estimates do not differ greatly. The greatest
difference is between our study which estimates revenue of 
almost $1 billion per year for each penny per gallon
increase and the results of Uri and Boyd who estimate that
each one cent increase in the tax will only generate about
$540 million in revenue per year. An even greater
difference between the current paper and the work of Uri
and Boyd is found by comparing the estimates of social cost
per dollar of revenue raised. While our estimates show a
relatively small social cost . of $0. 12 per dollar of revenue
raised, Uri and Boyd estima~e $0. 87 of utility is lost for

levels of imports, this figure compares quite favorably
with the 6. 7 mbd figure in the D. E. baseline, where a
price of $20 per barrel is assumed. (U. S. D. E. (1986),
p. 39.

69 C.
(1986), p. 44.

(1986) ,

pp.

15, 17 ; and

Energy Users News , August 29, 1988, p. 
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each dollar of revenue raised. 71 Because Uri and Boyd'
results come from a complex general equilibrium model and
all of. the details of the model are not included in the
published article, we have not been able to determine what

is causing their seemingly anomalous, results. However, tie
note that the 21 percent increase in the price of "Gasoline
and Other Fuels" as a result of a tariff on gasoline which
amounts to less than 15 percent of total cost seems very
surprising. 72 
Excise Tax on All Refined Products

The final section of Table A- 18 compares our analysls of

the effects of imposing an excise tax on all refined
products with that of de Melo ,-Stanton , and Tarr. Since de
Melo, Stanton, and Tarr express their tax as a 15 percent

ad valorem tax, we cannot determine the revenue that would
be realized per penny of tax levied. . However, we note that
in both studies the social cost per dollar of revenue
earned is lower than the estimated cost of any of the other
tax or tariff options considered. 

71 As in their analysis of the effects of a tariff
on crude ail (see footnote 61 above), Uri and Boyd report
changes in welfa~e based only on the direct changes in the

welfare of consumers. Thus, the' authors report that
welfare declines by approximately $15 billion per year , or

, $1. 87 per dollar of revenue raised. (Uri and Boyd (1989),
p. 368. However, when the $8 billion per year increase in
government utility is included in the analysis, we get the

$0. 87 per dollar figure reported in the text.

72 The tariff analyzed was $0. 15 per gallon in 1984,
when the price of gasoline was less than $1~, 00 per gallon.

73 The one exception is Boyd and Uri' s estimates of
the costs (or benefits) of a crude oil tariff. However ,
discussed above , there are questions ~bout the reliability
of these estimates.
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General Versus Partial EQuilibrium Models

While the analyses of Boyd and Uri and of de Melo,
Stanton, and Tarr are based on general equilibrium models,
both of the analyses by the current authors employ a
partial equilibrium model. It is therefore useful to
briefly consider the relative advantages and disadvantages
of these two types of models. One of the main advantages
of a general equilibrium (GE) approach is the ability to
capture the interactf:.ons among industries. 74 If one goodis used as an input in the production of another,
imposition of a tax or tariff on the first good can have
significant effects on the profitability of producing the
second good. While such effects are not generally captured
by partial equilibrium models, they will be captured by a
general equilibrium approach.

Inter- industry effects are certainly important in
evaluating policy changes in the petroleum industry. Some.
refined petroleum products are used by almost every
industry. However, the most important interrelationships
would appear to be those between the crude oil and refining
industries. 75 Because we model both of these sectors in
our partial equilibrium analysis, these relationships are
captured in our work. Indeed , since we are able . to focus
on these two industries, these relationships may well be
more completely a~d accurately captured in our work than in

typical GE model. For e~amp1e, rather, than combining
crude oil and natural gas production as occurs in both of
the general equilibrium studies, we can look just at crude

Tarr (1989), pp. 2- 5; Boyd and Uri (1989), 

pp.

30- 31.

75 Virtually all crude oil is consumed by the
petroleum refining sector. In only two of the twelve
sectors in the model used by Melo, Stanton, and Tarr--
Agriculture and Mining-- purchases from the petroleum
products sector amount to more than three percent of total
expenditures. (Tarr (1989), pp. A-27 - 28.
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oil. 76 Further, we can differentiate between gasoline
demand and the demand for other refined products. This
level of market differentiation does not appear to exist :J..nthe existing general equilibrium models. Also , with a
partial equilibrium approach, many of the computational
complexities are avoided and fewer parameters must 
determined. As a result, the analyst can better understand
the model' s dynamics and can concentrate attention on the
more important parameters. It , is there~ore not clear that
the GE models provide a better estimate of the likely
inter- industry effects of petroleUm tariffs or taxes.

The other advantage of general equilibrium models
according to proponents of these models , is that they can
capture the effects of changes in exchange rates that may

76 ' The fact that natural gas is included in the same
sector as crude oil may explain why Melo, Stanton, and Tarr
find that the least-cost way to raise a given amount of
government revenue is to impose taxes on the oil and gas
sector and subsidize the production of refined products.
This result differs considerably from our finding that
social costs are minimized with a very small tax on crude
oil and a larger , tax on refined products. It appears to
arise because the inclusion of natural gas production in
the oil and gas sector means that when a tax is . imposed 
the oil and gas sector, a ' tax is levied on users of natural
gas in addition. to refiners. In our case , we are dealing
only with a tax on crude oil which is used almost
exclusively as an input into petroleum refining. Whether
it is desirable to include natural gas along with crude oil
as being subject to any import tariff depends on what
policy change is actually being considered. We are unaware
of any discussion of placing a tariff on imports of naturalgas. Further,~ natural gas imports are a relatively small
percentage of total consump,tion-- 5. 6 percent in 1987--and
come predominantly from Canada. (U .:S. D. O. E. (1988a), p.
155. ) Particularly given the United States Canada Free
Trade Agreement , it seems unlikely that new tariffs would
be imposed on natural gas.
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occur when tariffs or taxes are changed. 77 Basically, the
argument here is that when a tariff is imposed, less of a
good is imported. As a result, fewer U. S. dollars are used
to pay foreigners for imports of the good. Because the
supply of U. S. dollars involved in foreign trade is
reduced, foreigners may be willing to pay more. in terms of
foreign currency to attract dollars. As a result, we can
purchase more foreign goods with the same number of
dollars. This increase in U. S. welfare can, at least
partially, offset the direct costs of the tariff which are
captured in the partial equilibrium analysis. As a result,
a partial equilibrium analysis may overstate the social
cost of a tariff.

However, there does not appear to be a consensus in the
economics profession as to -how changes in exports and
imports affect the exchange rate between two countries. 
Thus estimates obtained from partial equilibrium analyses
that assume no change in the exchange rate may provide a
useful comparison to general equilibrium estimates. based on
specific assumptions about the way in which exchange rates
are determined.

Furthermore, partial equilibrium analysis will not
overstate the costs of those tariffs considered in the
current study that do not have the potential to result in
currency appreciation. For example, a tariff on crude oil
and gasoline would appear to result in more dollars being
used to purchase imports rather than fewer. 79 This occurs

Tarr (1989), pp. 2- 5 - 2-

See Tarr and Morkre (1984), footnote .3, p. 23.
79 Without tariffs, we estimate that the U. S. would

spend $73. 6 billion per year on imports of crude oil and
refined petroleum products. If a tariff of $5 per barrelis imposed on crude oil and gasoline, but not on other
refined products , this figure would rise to $100. 8 billion.
With a maximum revenue tariff on crude oil and gasoline, we
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primarily because this tariff makes it more prq~~~~ble to
import refined products rather than to refin~L(d.11lported
crude in this country. As a I:'esult of importing high-
valued product rather than, lower-valued crude, a tariff on
crude oil and gasoline is likely to lead to a depreciation,
rather than an appreciation, of the U. s. currency.

While it is not clear that imposing tariffs on crude oil
or refined petroleum products would result in welfare gains
because of dollar appreciation, we have attempted to
estimate the maximum potential effect of exchange rate
changes in order to be certain that such effects do not
have the potential to alter , our basic ' conclusion that
tariffs are less efficient than taxes as a way to raise
revenue. In doing this, we have employed a method
developed by Morkre and Tarr- for evaluating the maximum
potential effect of currency changes in a, partial
equilibrium model. 80 The , results of this analysis are
contained in Table A-19. For examp;te, we estimate that a
$5 tariff on crude oil and all refined products ' could
conceivably induce exchange rate changes that would improve
U . . welfare by $700 million per year. 81 While this effect
would' reduce the net ,social cost of the tariff from $2.

, estimate that annual expenditures on imported crude oil and
petroleum products would amount to $84. 4 billion.

See Tarr and Morkre (1984), pp. 26-27.

81 The magnitude of the exchange rate effect 
determined by the change in the value of imports. Absent
any tariffs, the U. S. is estimated to spend $73. 6 billion
per year on imports of crude oil and refined products. If

$5 tariff is imposed on crude oil and all refined
products, the value of imports, before the tariff duty is
added, falls' to $55. 2 billion per year. Thus, imposition
of the tariff results in a gain of $18. 4 billion in the
balance of trade. The Tarr-Morkre estimate of the change
in welfare is equal to 0. 038 times this gain or about $700
million.
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billion per year to around $2 billion, the effect is not
nearly great enough to reverse the finding that a sales
tax, which would only impose social costs of about $640
million per year- -or $450 million if the maximum adjustmentfor the welfare effects of exchange rate, changes 
assumed- - is a far more efficient way to raise revenue.

Summa ry

In this section, we have compared our results to those
obtained in other s~udies that have examined the costs of
imposing tariffs or taxes on the petroleum sector. , Where
the findings of these other studies have differed
significantly from our own, WA have sought to explain th~m.
In some cases, it appears that the explanation is to be
found in the more accurate modelling. of the refining
industry in our partial equilibrium analysis. In other
cases, the limited information provided about the
specification of the general equilibrium models used by
other researchers has made it impossible to determine wha~,
has generated the differences. Nevertheless" for some of
such studies, we have identified inconsistencies that call
into question their results. Finally, we have shown that
our primary finding--that sales or excise taxes are a more
efficient source of revenue than a tariff-- is not altered
by consideration of exchange rate effects.
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TABLE A-

EFFEC~ OF EXCHANGE ~TE CHANGES ON
ESTIMATED SOCIAL COSTS OF TARIFFS AND EXCISE TAXES ON

CRUDE OIL AND REFINED PETROLEUM PRODUCTSl

Social Cost of Tariff or Tax
(Billions of Dollars per Year)

Wi thout
Exchange Rate
Effec t;s

Including
Exchange Rate
Effec ts

$5 Tariff on Crude Qil
and All Refined Products $2. $2.

Excise Tax on All Refined
Produc ts Equivalent to
$5 Tariff on Crude Oil
and All Refined Products

$5 Tariff on Crude Oil
and Gasoline . 3.

Excise Tax on Gasoline
Equivalent to $5 Tariff
on Crude all and Gasoline

Tariff on Crude Oil and All
Refined Products That
Raises Maxim~ Revenue 11. 9 10.

Excise Tax on All Refined
Produc ts Equivalent to
Maximum Revnue Tariff . on
Crude Oil and All Refined
Produc ts 1.1

Tariff on Crude Oil and
Gasoline That Raises
Maximum Revenue

Excise Tax on Gasoline
Equivalent to Maximum
Revenue Tariff on Crude
Oil and Gasoline 1.0

The effects shown here are the maximum effects that could result
from exchange rate changes due to the tariff or tax. The effects could
easily be smaller.

121



122



Bibliography

Anderson, Keith B., and Michael R. Metzger (1987), A Critical
Evaluation of Petroleum Import Tariffs: Analytical and

Historical Perspectives, Bure~u of Economics Staff Report

to the Federal Trade Commission (April).

Boyd, Roy, and. N oel D. U ri (l989), "Assessing the Impact of
an Oil Impprt Fee, Energy: The International Journal, 
(January), pp. 29-44. 

Browning, Edgar K. (1987), "On the Marginal Welfare Cost of
Taxation," American i Economic Review, 77 (March), pp. 11-
23. 

Browning, Edgar K., and Jacqueline M. Browning (1979),
Public Financ' . and the Price System MacMillan PublishingCo., Inc. 

Congressional Budget, Office, Congress of the United States
(1986), The Budgetary and Economic Effects of Oil Taxes

(April).

Dam Kenneth W. (1971), "ImpJementation of Import Quotas:
The Case of Oil Journal of Law and Economics (April),

pp. 

1..60.

DRI/McGraw-Hill (l989a), "The Macroeconomic Effects 
Alternative Deficit Reductit;)n Measures: A Comparison of
Alternatives," Unpublished analysis (April 18).

(1989b), "The :Macroeconomic Effects of an
Increase ' in the Federal Tax on Gasoline," Unpublished
analysis (April 18)~

123



Kalt, Joseph P. (1981), The Economics and Politics of Oil
Price in Regulation: Federal Policy in the Post-Embargo
Era, The MIT Press.

Melo, Jaime de, Julie Stanton, an9 David Tarr (I988),
Revenue Raising Taxes: General Equilibrium Evaluation
of Alternative Taxation in U.S. Petroleum Industries,
Journal of Policy Modeling, V 01. 11 (Fall), pp.425-449.

Rivlin, Alice (1989), "The Continuing Search for a Popular
Tax, American Economic Review, 79 (May), pp. 113- 117.

Rousslang, Donald J. (1989)." "The Welfare Cost of Import
Tariffs in the Presence of Domestic Taxes, Unpublished
manuscript (August).

Tarr David G. (1989), General Equilibrium. Analysis of the
Welfare and Employment Effects of U.S. Quotas in
Textiles, Autos, and Steel, Bureau of Economics Staff
Report to the Federal Trade Commission (February).

, '

Tarr, David G., and Morris E. Morkre (1984), Aggregate Costs
to the United States of Tariffs and Quotas on Imports:
General Tariff Cuts, and! Removal ','of Quotas' : on
Automobiles, Steel, Sugar, and Textiles Bureau of
Economics Staff Report to the Federal Trade Commission(Decem ber). 

Uri, Noel D., and Roy Boyd (1988), "Crude Oil Imports into
the United States," Applied Energy, 

, pp. 

101~118.

(1989), "The Potential Benefits and Costs of an
Increase in US Gasoline Tax, Energy Policy (August), pp.
356-369.

S. Department of Energy (1986), Energy Inf orma tion
Administration

, "

The Impact of Lower World Oil Prices
and Alternative Energy Tax Proposals on the U.
Economy," Service Report (April).

124



(l987a), Energy Information Administration
Annual Energy Review 1986 (May).

(l987b), Energy Information Administration State
Energy Data Report: Consumption Estimates, 1960- 1985
(August).

(1988a), Energy Information Administration
Annual Energy Review 1987 (May).

(l988b), Energy Information Administration
International Energy Annual 1987 (October).

(l988c), Energy Information Administration
Petroleum Marketing Annual 1987 (October).

(l989a), Energy Information Administration
Annual Ene y Outlook 1989 (January).

(l989b), Energy Information Administration
Monthly Energy Review: October 1988 (January).

(1990a), Energy Information Administration
Annual Energy Outlook 1990 (January).

(1990b), Energy Information Administration
International Energy Annual 1990 (March). 

Worldwide Oil and Gas at a Glance, Oil Gas Journal
(December 2$, 1989), pp. 44..

125


