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- ABSTRACT -
INTERINDUSTRY PRICE EFFECTS OF THE
WELLHEAD TAX ON CRUDE OIL
by
Alberto Gomez-Rivas

The work deals with the problem of changes in the
relative prices of industrial outputs due to the imposition
of a tax. Furthermore, the imposition of a tax induces
changes in all of the components of the input-output table.
The magnitude of the changes is a function of the degree of
forward shifting of the tax under consideration.

Although the analysis can be applied to any tax
with due consideration to its shifting characteristics,
the wellhead tax was selected as an illustrative example for
several reasons. The tax has been proposed as an alternative
to the existing system of controls and entitlements imposed
on the production of crude oil in the United States after the
0oil embargo of 1974. The wellhead tax is equivalent to the
tax on profits when the elasticity of supply of crude oil
is zero. The tax on profits in another alternative which
has been proposed to replace the system of controls and
entitlements.

The input-output tables of the U.S. Departmeqt
of Commerce were analyzed in regard to their sources
of data and methods of construction. From this analysis

the conclusion was reached that the only possible



interpretation of the tables'is in "value" terms.
That is, dollars for the transactions table and dollars
per dollar for the direct requirements table.

Three philosophically different methods were
developed to analyze the price effects and to recompute
the direct requirements table. The three methods
yield identical results.

The treatment of direct and indirect taxes in the
American tables does not agree with accepted
concepts of shifting in public finance. Namely, in
the tables, indirect taxes are fully shifted forward
while direct taxes are not shifted. 1In this work,
simulations were run assuming different percentages
of forward shifting for the wellhead tax. Comparison
of the results, with analysis by Robert E. Hall, indicates
that his study is equivalent to a sixty percent forward
shifting of the tax.

The analysis of the American input-output tables
indicates that studies of tax incidence assuming
constant input-output coefficients, such as the study
by Henry Aaron, are logically inconsistent for any degree

of forward shifting other than zero.

ii
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I. INTRODUCTION

The Nature of the Problem

The Carter Administration, concerned by greater
national fuel consumption, in spite of sharply increasing
costs of imported crude oil, has sent an energy program to
Congress in an attempt to encourage consumer conservation.
An important aspect of the proposal, the wellhead tax, is
designed to bring the cost of crude oil in the United States
up to world level. Under the existing system of price con-
trols, allocations, and entitlements, the price of domestic
oil was approximately forty-eight percent below the world
level in 1977. This percentage increased to sixty-five per-
cent below the world level in 1979. Our analysis is based
on the 1977 price differentials which reflect a more modest
price increase in imported crude oil. Faced with ever-
dwindling natural resources and a seriously waning domestic
oil supply, the Administration stressed the wellhead tax as
an essential step in providing economic incentive to limit
energy consumption. Now there are plans for deregulation.
It is desired to correct profit explosion with the windfall
profit tax. The wellhead tax and the windfall profits tax
have some common features which are presented in this work.

Since the cost of crude o0il is an important deter-
minant of the rate of inflation in the United States, deter-

mining price effects of the wellhead tax is of interest.
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A more interesting aspect, however, is the differential
price effects on the various sectors of the economy .

This paper is a study of public finance aspects of
input-output analysis in general and specifically of the
price effects of the wellhead tax. Price effects are
evaluated for the different sectors of the American economy

and also on the overall price level.1

Its Importance

The price of oil in the world market was quadrupled
by the impact of the OPEC pricing policies of 1974.2 To
mitigate the inflationary effects of the increases, the
Federal Energy Administration (FEA) adopted two main
policies. It placed price controls on domestic crude oil:
to'prevent the price from rising to that of foreign crude,
and it established an entitlement program to ensure all
refineries of the same crude oil costs. Under this system,
entitlements, or rights to buy domestic cruds, are sold
to refineries of domestic crude by the Federal Energy

Administration, and the money collected is paid as a

Lrhe wellhead tax case was selected to illustrate
the public finance aspects of input-output analysis. The
conclusions of the study could be applied to other excise
taxes.

2rhe values and quantities used to estimate the price
effect of the wellhead tax and the economic consequences
of the tax are taken from: U.S. Congress, Senate, "Economic
Analysis of the Proposed Tax on Crude 0il," statement of
Robert E. Hall, Senate Finance Committee, June 6, 1977.
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subsidy to refiners of foreign crude. This sale of entitle-~
ments is equivalent to a tax on domestic crude, but it is paid
directly by the refineries, rather than by the crude oil pro-
ducers. This equalizing system has the net effect of holding
down the price of oil in the United States. (U.S. Congress
1977)

The proposed wellhead tax, to be paid by the producers,
will raise the prices charged by domestic refineries for their
products. The estimated effect on the price of gasoline, when
shifted to the consumer, amounts to about seven cents a gallon,
according to Hall. A barrel of Arabian crude.that cost $2.50
in November‘l973, cost more than $10.00 the following spring.
The cost of this crude is assumed to be about $18.00 in 1980.
This estimate is too low. The price in January of 1980 was
$26.00. This assumption represents a more modest increase than
the actual. The value of $18.00 is used to enable us to com-
pare our results with those of Hall.

However, to estimate the price effect on gasoline and
the overall price effect is not enough. It is also necessary
to evaluate the price effects for the different sectors of
the American economy, in order to determine how large an im-
pact it will have on specific areas. For example, both the
air transportation sector and the textiles sector of the
economy will be affected in substantially different ways.

The air transportation sector could experience increases in
its price level substantially higher than the overall price

increase. The textile sector, on the other hand, could
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experience price increases below the overall price increase.
Other sectors of industry that make extensive use of oil
derivatives, and could thus suffer from the adverse impact,
include the manufacturers of chemicals, plastics and rubber
products.

The price effects of the wellhead tax depend on the
portion of the tax that is shifted to the purchasers. An
excise tax, such as the wellhead tax, imposed on a good
produced under monopolistic conditions may be largely ab-
sorbed by the monopolist. (Musgrave 1976) Since the market
for crude oil has monopolistic characteristics, the price
effects of the wellhead tax must be analyzed under several
shifting assumptions.

The wellhead tax will be partially absorbed or shifted,
depending upon the nature and elasticities of supply and de-
mand. However, we have no perfect knowledge of this. Our
theories are too simple. Hence, we shall assume the shifting
factors and, given such assumptions, we shall derive the

effects.

Solution to the Problem

To analyze the price effects of the wellhead tax we
shall use an input-output economic model incorporating in-
tersectoral relationships under different shifting assump-
tions. Input-output analysis can also be used to interpret
the price effects of different shifting assumptions. (Aaron

1968)
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There are two basic schools of input—ouféut: The
practical school, represented by Harry W. Richardson and
William H. Miernyk, and the theoretical school with repre-
sentative members Paul A. Samuelson and Michio Morishima.
These two schools interpret differently their input-output
models. The practical school interprets the tables in
value terms and is not usually concerned with "prices".
Also, they do not consider labor as the only scarce primary
factor of production,following Leontief. The theoretical
school, on the other hand, interprets the tables in
physical units and, following Samuelson, considers labor
to be the only scarce factor of production.

Paradoxically, it is difficult to identify Wassily
Leontief, the originator of the input-output analysis,
with either of the two schools. Leontief sometimes inter-
prets the tables in physical units and sometimes in
quantity values. (Leontief 1941)

Our study is based primarily on the input-output
tables of the United States Department of Commerce which
represent large data collection efforts and which could
~ also be interpreted as an integral part of the national
accounts. Our input-output model is based upon a twenty-
one sector version of the tables,published by the Lawrence
Berkeley Laboratory and the Operations Research Center of
the University of California. (University of California 1975)

The detailed procedure for construction of the

tables as presented in an article entitled "Input-Output
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Structure of the U.S. Economy: 1967" (U.S. Department of

Commerce 1974a) is discussed in Definitions and Conventions

of the 1967 Input-Output Study (U.S. Department of Commerce

1974b) .

From these definitions and conventions it is noted
that the tables are constructed in value terms. Firms
classified by standard industry codes (SIC) report their
transactions in dollars with firms of other SIC codes. The
dollar value of these transactions is added to get the
total value of transactions between SIC codes. Two main
points should be noted: An SIC code industry is a mix of
heterogenous goods that cannot be measured with a common
physical unit, and the firms do not report prices or physical
quantities for the transactions. Only the dollar value of
the transaction is reported.

Transactions between the SIC codes industries are
grouped in sectors and totals for transactions between sec-

tors are computed. Tables with 484 sectors were computed in

1967. These tables were alternatively reduced to 367
sectors and to the 85 industry levels. (U.S. Department
of Commerce 1974a) Further combination of sectors to obtain
smaller tables for specific purposes is recommended. (U.S.
Department of Commerce 1974b) Furthermore, the tables are
based on producers' price which include excise taxes paid
by the producers. |

‘Once a clear understanding of the tables is obtained,

the next step is to develop a model based on these tables.
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The model developed in this study is an input-output model
with two main characteristics. First, the coefficients of
the direct requirements table are in value terms. Second,
these coefficients change when excise taxes are imposed.
The magnitude of the change depends on the'percentage of
the tax that is shifted forward. These properties of the
model are consistent with the Department of Commerce de-
finitions. (U.S. Department of Commerce 1974b)

The "price" determination model used in this pro-
ject is a variation of the one proposed by Leontief.
(Leontief 1966) The two modifications of the model are:
the direct requirément coefficients -- dollars of input per
dollar of output change and several shifting assumptions
being made. These two modifications are not trivial re-
finements, but critical model assumptions. Some direct re-
quirement coefficients may change by more than twenty per-
cent when the wellhead tax is imposed. The Leontief model
assumes that indirect taxes are shifted forward one hundred
percent. This may be an unrealistic assumption, because
the actual shifting depends on the nature of each market.

The model developed in this work, incorporates
several assumed shifting parameters by which a proportion
of the wellhead tax is shifted forward to the consumers.
Simulation runs are performed using a computer model to

study the'price effects of the wellhead tax under such
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different shifting assumptions.

The effect of the tax on the direct requirement
coefficients may be analyzed by three different methods
yielding identical results but presenting different
economic interpretations of the problem. The three
methods are: direct method, balancing of sectors and

linear programming.

Results

The results obtained from this analysis can be
classified threefold: @onclusions about the proper inter-
pretation and usage of the United States Input-Output
Tables, conclusions related to the construction and inter-
pretation of input-output models based on these tables and
measurement of the price effects of the wellhead tax under
different shifting assumptions.

The input-output tables of the United States, are
in value terms. Interpretation of these tables in
physical terms is not methodologically acceptable.

To analyze the price effect of taxes, input-output
models must include procedufes to recompute the direct
requirements matrix insofar as excise taxes are changing
these matrices.

The assumptions made for this study are presented
in Table D-3. Actual prices already exceed these assump-
tions. The results presented here are for an average

foreing price of crude oil of $18.00. Since the actual
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price increase has been more severe, our conclusions are
conservative.

We find that differential price effects of the
wellhead tax among the sectors of the economy are signifi-
cant. Under full shifting assumptions, the price of
petroleum refining products, such as gasoline, will in-
crease by eighteen percent. We also find that the price
of the textiles and apparel sector will not increase.

These differential effects on prices in sectors is
less pronounced when the tax is only partially shifted.
The situations of partial shifting are, perhaps, the most
interesting in practice because they reflect the diverse

nature of the markets in our economy.

Organization of Report

This study is documented in the following six
chapters: Chapter I is an introduction and overview of
the project and its conclusions. Chapter II covers the
history of the wellhead tax and the aspects of input-
output analysis which are relevant to the project.
Chapter III presents the tables used in the study together
with a description of the methodology used to construct
the tables. Chapter IV describes the input-output model
developed for several shifting assumptions. Chapter V
describes the conditions assumed for computer simulations
using the model, together with the results of these

simulations. Chapter VI evaluates the study and its
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conclusions. There are six appendixes covering the

following topics:

Appendix

Appendix

Appendix
Appendix
Appendix

Appendix

o

2 B s B o B e |

Closed Form Method

Balancing of the Transactions
Table Method

Linear Programming Method

Data

Results of Simulations

Computer Programs



II. PRESENT VIEW OF THE PROBLEM

What is the Problem?

The problem that we intend to study is twofold:
that of the relative price effects of the wellhead tax
and the effect that the imposition of the tax has in the
input-output tables. The second part, the changes that
the input-output tables experience after the imposition
of an excise tax in one of the industries, is our main
goal. The wellhead tax case has been selected because
of its current interest (U.S. Congress 1977), and also
because of the big effect the tax could have on prices
and the components of the input-output tables.

The model developed here applies to selective excise
taxes applied to the output of an industry. It could also
be applied in countries other than the United States as
long as the methodology used to construct the input-output
tables is similar in its critical aspects to that of the
American tables (U.S. Department of Commerce 1974b).

Economic interpretation and method of construction
of the input-output tables are key aspects of our analysis.
The interpretation of the tables and the models built based
on the tables should be consistent with the procedures used

to construct the tables.

11



12

The interpretation of the transactions table in value
terms or physical units is basic for the development of the
model proposed in this work. Price effects of a tax can be
analyzed only in input-output models when the transactions
table is in value terms. Transactions tables in physical
units have been developed for industrial and defense appli-
cations. These types of tables are outside the scope of
this work.

Here we are concerned only with input-output tables
related to national accounts. The following quotation from
Richard Stone outlines well the scope of our work:

The present report is concerned with the pro-

blems of classifying and analyzing the product
flows which emerge if the product account in a
system of national accounting is subdivided by
industry. This whole subject is usually termed
input-output tabulation and analysis or the study
of inter-industry relationships. It is intimately
related to national accounting but in fact it has
tended to show up as a somewhat separated discip-
line although the problems common to the two sub-
jects are numerous and confusion and waste tends
to result from keeping them apart. (Stone 1961)

Often overlooked are two questions related to na-
tional input-output tables that are fundamental for their
economic interpretation. The first one consists of the
units of the input-output tables, especially the units of
the transactions table from which all other tables are de-
rived. The second question deals with the degree of compe-

tition observed in the economy and presented by the tables.

The units problem is critical. The transactions
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table in input-output is balanced by definition. Column
totals shall be equal to row totals. Oscar Lange questions
the validity of column addition using physical units when

he states: o o

From the matrix of the balance of production
we can find the interdependence between the various
items in it.

Prior to this, however, we must agree on the
unit of measurement for expressing the magnitudes
which appear in the matrix of balance of production.
We may give the volume of output either in
physical units (tons, metres, etc.) or else in
monetary units. If the output is expressed in
physical units then, obviously the expressions of
the various rows of the matrix can be summed up,
since the items of any given row are homogeneous,
referring as they do to the output of one and the
same sector. On the other hand, it will be
impossible to sum up the items of the various
columns since these items refer to the outputs of
different sectors and, hence, are given in
different units of measurement. (Lange 1978)

Transaction tables in which column addition cannot
be interpreted,cannot be used for the construction of
models relating prices to factors costs. Since this type
of model is basic for our analysis, tables in physical
units are not within the scope of our analysis. These
types of tables have been used for other planning purposes:

We have seen that the physical input-output
table (Table IVb) gives us a profound insight into
the conditions of the internal consistency of
production plans. From this table we can determine,
among other things: (a) what the proportions should
be to ensure the internal consistency of the plan
and the smooth course of the process of reproduc-
tion, (b) how an increase in the final product of
one sector requires an increase in the total output
of other sectors and (¢) how an increase in the
final product of one sector increases the general
employment of labour force.

Studies of intersector input-output relations
expressed in physical units, therefore, constitute
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an analysis in which the problem of value and the
action of the law of value does not come into the
picture. This problem arises only when we want to
sum up the columns of the input-output tables;
then we shall have to express the items of the
tables in value units. (Lange 1978)

The terms "price", "value", "quantity" are used in
input-output literature with a rather loose definition. 1In
this report "value"means the dollar value of a transaction
between two industries in dollars. The total of all trans-
actions is then a"value"in dollars and the total of all
row and column totals is again a"value"in dollars. When
the value of a transaction is divided by the total of all
transactions we get a result in dollars per dollar and we
say that this ratio is in"value"terms.,

"Prices" in input-output are the ratios of the values
of the factors costs to the values of output in each of the
industries. (Stone 1961) These"prices" are equal to one
when the value of the input is equal to the value of
outputs in each industry.

In the development of our model we will start with a
vector of '"prices"all equal to one, impose the tax and
compute a new"price" vector. The components of the new
"orice" vector are the relative "prices" of the outputs of each
one of the industries after the imposition of the tax.

The term"quantity"is used in input-output analysis
to indicate values as in the case of Stone when he writes:

In the model of Section I of this chapter it
was tacitly assumed that the units for quantities

were the values actually produced in the base period.
With these units p = 1, that is the price of each
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output is equal to 1. (Stone 1961)

There are cases, however, where the term"quantity"is
used to imply physical units although flow of physical
units has not been observed. This is the case when input-
output tables are constructed in value terms, dollars.

The transactions table indicates the dollar value of the
transactions between industries. The table of direct
requirements is constructed dividing the entries in the
transactions table by the row total for each one of the
industries.

The coefficients of the direct requirements table
are in dollars per dollar of output. However, if prices
remain constant the coefficients can be interpreted in
quantity terms or physical units. The ratio between values
is equal in this case, to the ratio between qguantities.

On the other hand, if prices change the ratios
between values will be different than the ratios between
physical quantities. In this case, interpretation of the
direct requirements in physical units is not valid.

The model developed in this work is intended to show
the 'price"effects of the wellhead tax on crude oil. The
change in o0il prices could induce changes in all components
of the transactions table. Consequently, direct require-
ments coefficients could change as well as the vectors of
final demand and total output.

The input-output table of the Department of Commerce

is consistent with the national accounts and consequently,
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total final demand and total value added are equal to gross
national prcduct. The transactions table is recomputed
after application of the tax, and a new value of GNP is
obtained. The relationship between the original GNP and
the after tax GNP gives the overall price increase or
implicit price deflator.

A point that deserves careful consideration when
developing input-output models based on national tables
such as the American table, is the type of competition
assumed in the model.

Models based on this type of table must be short-run
models because by definition the table assumes constant
stock of capital. Current output is used for consumption
or as input in the production of some other output. Models
in which current output is used as an addition to the
economy's stock of capital, Leontief dynamic models, are
not within the scope of this project.

The value added components of the American input-
output table are presented in Table 2-1. These components
are compensation of employees, profit-type income and
capital consumption allowances, and indirect business
taxes. The profit-type income and capital consumption
allowances are made up of the following components:

Proprietor's inéome

Rental income of persons

Corporate profits and inventory valuation adjust-

ments



17

Net interest

Capital consumption allowances

The problem that one faces trying to construct a
short-run model based on the input-output tables is how
to deal with the profit-type income entry. One alter-
native will be to assume it to be equal to zero; but this
alternative is not compatible with short-run thenry or
with competitive models because this profit-type income
is not economic profit. This is the alternative followed
by Samuelson (Dorfman 1958) in building input-output models
and assuming perfect competition. }

A second, perhaps more realistic alternative is to
limit the analysis to the short-run and assume imperfect
competition. This is the alternative followed in the de-
velopment of the model presented here.

Input-output is not a model of exchange; it is a
model of production. (Baumol 1965) Demand is given in
input-output analysis; Therefore, the model does not assume
implicit zero elasticities of demand. Since the theories
of imperfect competition have been developed using exchange
models, these types of models will be used in what follows
to justify different shifting assumptions of the wellhead
tax. Different shifting assumptions are incorporated in
the model to represent more realistic assumptions that
better represent the imperfect competition of the American

economy. Introduction of shifting assumption does not implty to



18
introduction of demand theory in the input-output model.

Figure 2-1 presents the adjustments to the wellhead
tax under conditions of monopoly. BA and BC are the aver-
age and marginal revenue schedules of domestic crude oil
before the wellhead tax. Imposition of the wellhead tax
swings these schedules down to the left. B'A and B'C are
the resulting net schedules after tax. OQ is the pretax
price, OM the output, and profits equal SGDQ. SGDQ is
equal to output times the excess of price over average
unit cost AC. After the imposition of the tax, price 0Q
and output OM remain unchanged, gross profits are still SGDQ
and net profit drops to FRSG. The revenue generated by the
tax is FRQD.

Since output and price remain the same, the well-
head tax would be equivalent to a tax on profits yielding
a revenue equal to FRQD when the elasticity of supply
equals zero. Thus, in the extreme case of fixed supply of
crude oil, the wellhead tax will not affect price but will
reduce profits, as in the case of a profit tax. (Musgrave
1976).

Since the supply of crude oil is highly inelastic,
the wellhead tax could be considered equal to a tax on pro-
fits. Then, the two energy policies that were proposed
by the Carter Administration, i.e., the wellhead tax and
the excess profit tax, could have egquivalent price effects.

The wellhead tax and its equivalent policy, the ex-
cess profits tax, have been proposed as substitutes to the

present system of controls in the domestic price of
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crude oil. The model for evaluation of the price effects

of the tax, is built under the assumption that domestic con-
trols are removed, and that a tax amounting to the price dif-
ferential between domestic and imported crude is imposed.
Considering that the price of imported crude is fixed by
OPEC, analysis of the short-run stability of the cartel de~

serves consideration.

Eli Ezzati of the Brookhaven National Laboratory
developed a demand and supply world energy model to study
the stability of OPEC. (Ezzati 1978) He introduced OPEC
as a cartel rather than a monopoly:

Application of monopoly theory to OPEC price

and production strategies does not represent the
actual interaction between OPEC members and
ignores the substantial economic, social, and
political differences among them. A cartel theory
in which both the similarities and the differences
among OPEC members are reflected in their future
price and production strategies is more applicable
in this circumstance.

Ezzati analyzed OPEC's stability and its future
price and production strategies by considering for each one
of the member countries, differences in: economic infra-
structure, capacity to absorb oil revenues, and oil produc-
tion potential. At a given price the model determines how
much crude oil production is required by each OPEC country
to satisfy its economic needs. After that the model
determines whether the sum of the exports of the OPEC
members is less than or greater than what has been demanded

from them by the oil-importing countries. The excess

production over demand for OPEC oil, at any given price, is
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called the "destruction gap." This gap will lead to a
downward pressure on OPEC crude oil prices and perhaps a
disintegration of OPEC after some time. Figure 2-2a
presents the case of OPEC's "destruction gap."

If the sum of the crude oil production by OPEC for
any given price is less than the total volume of oil
demanded from the cartel, there is a deficit in production
which is called the "stability gap." This gap, if main-
tained for some time, may lead to an increase in OPEC crude
0il prices and to greater stability of the cartel. This
case is presented in Figure 2-2b.

Figures 2-2c and 2-2d present the situations in
which the supply and demand schedules for crude oil inter-
sect. Figure 2-2¢c implies that the supply elasticity is
smaller than the demand elasticity for OPEC oil. If OPEC
is initially within the stability gap a reduction in
production and increase in price may lead to the "destruc-
tion gap." In Figure 2-2d the supply elasticity is greater
than the demand elasticity for OPEC oil. The "destruction
gap" is below the séability gap. In this case a reduction
in production and price increase would improve the stabil-
ity of the cartel.

The quantity to be produced by the cartel is
determined, in the model, by the economic needs of the coun-
try. This assumption leads to downward sloping supply
curves. Ezzati concludes that the cartel will be in the

stability gap in 1980 and that the price of Arabian light
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crude o0il could be about $18.00. The size of the stabil-
ity gap would be about 6.6 million barrels per day. The
price increase has been greater than predicted by Ezzati.

Similar conclusions about the stability of OPEC in
the early 1980s are reached by Pindyck (Pindyck 1979), and
Doran (Doran 1977). With the nature of the problem
stated, it is convenient to present a literature review and
historical background of the aspects of input-output

analysis related to fiscal policy.

Literature on the Subject

General

In this chapter we deal with the historical back-
ground of input-output analysis and of the application of
this type of analysis to study the price effects of a tax.
We shall present the background related to input-output
first, and then the background related to taxes.

The literature in input-output is very extensive and
deals with different aspects of this mode of analysis. It
is not our objective here to discuss the published litera-
ture in general, but rather to concentrate on the issues
that are critical for the subject of this study: the units
of the transactions table.

The units of all input-output tables are a logical
consequence of the units used to measure the flow of trans-
actions between sectors i.e., is the transactions table in

value terms, dollars in the American case or in physical
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units: meters, tons, number of cars and others?

Table 2-1 presents the overall organization of the
transactions table of the Department of Commerce. The
square in the upper left corner is a table of interindustry
transactions of intermediary products. The elements of the
N by N interindustry table Tij represent the outputs of in-
dustry I used as current inputs by industry j. Below the
interindustry square there is a rectangular table showing
the value of various factors of production labor, capital,
and land used by the individual industries, as well as im-
ported inputs (i.e., their value added). Indirect taxes
are shown in the last row.

To the right of the interindustry square there is
another rectangular table. Its columns show deliveries
from the various industries to different kinds of final
uses:' consumption, investment, exports and government ex-
penditures. Finally there is a marginal row and column for
total inputs and outputs. They contain the rows and columns
totals for each one of the industries. These totals are
equal for each one of the industries.

Leontief's intentions when he proposed the input-
output model are presented in the quotation:

The statistical study presented in the

following pages may be best defined as an
attempt to construct. . .a Tableau Econo-

mique of the United States For the year
1919. (Leontief 1953)

We must go back to Quesnay's Tableau Economique as shown in
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Figure 2-3, reproduced from Quesnay's 1759 version.l All
entries in the Tableau are in money terms, that is, in
Milliards (billion livres).

The units used by Quesnay have been maintained in
some studies of his Tableau and changed in others. Phillips,
who provided an exposition of the Tableau as a simple
input-output system, developed the transaction table pre-
sented in Figure 2-4. He wrote:

Farmers produce a total of five milliards, two
of which they keep, one milliard is sold to
proprietors and another two milliards are sold
to artisans. Farmers purchase the two retained
milliards of their own goods, two milliards of
rental services from proprietors and one
milliard of goods from artisans. (Phillips 1955)

In Phillips' interpretation of the Tableau, both

horizontal and vertical additions are possible because the

addends are in the same units, milliafdé'df livres. The
input-output version of the Tableau provided by Phillips
was used by Blaug (Blaug 1962) and by Herlitz (Herlitz
1961) in their analysis of Quesnay's economic model.
Schlomo Maital in a commentary on Phillips' paper
wrote:
Vv, the column total, may be extracted at once
from Quesnay's numbers. Farmers use five units
of raw materials (2+2+1) to produce five units of

output. (Maital 1972)

Figure 2-5 presents Maital's interpretation in

lThe Tableau was printed in 1758 for the first time.
The best known version is the 1759 edition disecovered by
S. Bauer and published by the British Economic Association
in 1894.
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FORMULE DU TABLEAU ECONOMIQUE

REPRODUCTION TOTALE: 5 MILLIARDS

Revenu
pour les pro-
Avances pridtaries des Avances
annuelles terres, le Sou- de
de la classe verain et les la classe
productive deécimateurs sterile
2 milliards. 2 méi}iards _ -1 milliard
\\/\/ ~ ///
-~ ~ - \\
/’/ ,’\\’\ =~
Sammes qui servant a payer | 1 milliard” -~ “~ —~ =1 milliard
le revenu et les intéréts < 1 milliard~ =TT
des avances primitives 1 milliard- — "~ =~ 1 milliard

Total, 2 milliards

dont la moitie
est retenue par
Dépenses des avances 2 milliards cette class pour
annuelles les avances de 1'année
suivante

Total, 5 milliards

SOURCE: (PHILLIPS, 1955)

Fig. 2-3. Reproduction of Quesnay's Tableau
Economique
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Purchasing Industry

Producing I II . III Total
Industry Farmers Proprietors Artisans Production
I Farmers 2 1 2 ]
II Proprietors 2 0 0 2
III Artisans 1 1 0 2
Total 5 2 2 9
Purchases

SOURCE: (Phillips, 1955)

Fig. 2-4. Transactions Table for the
Tableau Economigque
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Purchasing Sector

Producing Sector Farmers Artisans Landowners

Farmers 2/5 1 1/2
Artisans 1/5 0 0
Landowners 2/5 0 1/2

SOURCE: (Maital, 1972)

Fig. 2-5. Maital's interpretation of Quesnay's
table in quantity terms
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physical units. This type of interpretation allows for
addition along the rows but not along the columns. The
physical units used in each one of the rows is different;

therefore, it is not possible to interpret the column
totals.

It is possible to construct input-output tables in
value terms or in physical units. The table in value terms,
dollars in the American tables, can include row and column
totals. The table in physical units, on the other hand,
cannot include column totals because addition of hetero-
geneoﬁs units cannot be interpreted.

The difficulties encountered measuring the output of
industries in quantity terms is presented by Joan Robinson
in the following paragraph?

The input-output tables used in some forms of
national accounting are made from the statistics
of actual industrial output. They represent an
important contribution to understanding the struc-
ture of production and they are useful in many
contexts, but they cannot help us to find a physi-
cal meaning for the net output. Industrial production
is finely graded. The output, say, of steel,
cannot be presented adequately as a number of tons
The statistics for an input-output table are
collected in the first instance in terms of, say,
dollars: all the items that make up the use of an
input such as steel are entered in terms of the
dollar prices ruling at some base date. Then the
element of gross profit entering into the prices
of inputs is in the figures. The statistics do not
represent purely physical quantities; they are, so
to say, contaminated with values that depend on the
level of gross margins in the markets in which
goods are sold. (Robinson 1973)

Richard Stone and Harry Richardson, who have made

extensive contributions to input-output analysis, do not
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consider quantity tables in their studies, Stone says,
"since it is usual to construct input-output tables in
money terms". (Stone 196l1) And Richardson adds: "a
general convention in input~output accounting is that all
entries in the table are producers' prices." (Richardson
1972)

Stone and Richardson bypass the quantity tables and
concentrate their efforts in the type of prices that can be
used in the tables, i.e., producers' prices and purchasers'
prices.

In the producers' prices formulation, the individual
inputs into a consuming‘industry exclude distribution costs.
These distribution costs appear as separate aggregate
inputs from each of the distribution industries, i.e.,
trade and transportation.

In a purchaéers' price table, the consuming industry
pays the total cost of an input, including all of its
distribution charges, directly to the producer's industry.

The dollar values of the transactions in the American
tables reflect producers' prices which include federal,
state and local taxes collected and paid by the producer.
(U.S. Department of Commerce 1974b) |

The inclusion of excise taxes in the transactions
is what makes the American tables relevant for the analysis
of price effects due to the imposition of an excise tax
such as the wellhead tax. Furthermore the inclusion of

excise taxes in the value of the transaction means that the
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tax is assumed to be shifted forward one hundred percent.
The model developed in this analysis allows for different
degrees of shifting to provide a more flexible framework.
O'Connor agrees with Joan Robinson in the difficul-
ties that are encountered building tables in physical
units. He writes:
In theory, the entries in a transaction table
may be recorded in physical units. In practice
this cannot be done because the physical quanti-
ties are not available for many items. Even if
they were, however, commodities could not be
aggregated in such units. For example it would
not be meaningful to add tons of potatoes to
gallons of milk or to numbers of cattle or sheep.
(O'Connor 1975)
Samuelson's concepts of the units problem in input-

output analysis are summarized in his Linear Programming

and Economic Analysis. (Dorfman 1958) In the following

paragraphs we will discuss the units problem as present in
this book. On Page 204 we find the statement:

Input-output is of interest to the national
income economists because it provides a more
detailed breakdown of the macroaggregates and
money flows.

The underscore in the above quotation is ours to
emphasize the monetory flows that Samuelson sees in the
input~output tables. After that, a two-industry example
is presented on Page 206 where all entries are in physical
units. This table includes row summation but not column
summation. Samuelson observes:

The total outputs column gives the overall

input of labor and output of each commodity. On
the other hand, items in the same column are not
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measured in the same units, so that it would he
nonsense to add down the columns.

Samuelson then supposes that some physical units are
deliberately chosen so that at some given base prices, one
unit costs one million. Then, each entry in the table be-
comes a million dollar value and the columns can be inter-
preted as costs figures. He says that in these special
units it does make sense to add down the columns and that
the sum gives the total cost of producing the industries'
output.

The practical problem for application of this con-
cept to the input-output tables of a country is that
Samuelson does not suggest what these special units could
be.

One could be tempted to adjust a balanced trans-
action table using the given base prices in such a way that
the entries cost one million. The procedure to achieve
this result would be to divide each row by the correspond-
ing price. The result would be a table out of balance
because each one of the entries in a column would be divid-
ed by a different factor. The only case in which the
balance is not destroyed is when all prices are equal to
one.

On Page 237 Samuelson writes:

So far we have dealt with physical quanti-

ties of outputs: of Xj's, Cj's and xj4's. The
ajy's consequently physically measured input/outputs.



It is critical to observe that Samuelson is not
referring here to the physical units of his Table 9-1, but
to the deliberately chosen physical units which permit
column summation. He continues:

Leontief, however, dealt originally in dollar
values only, and most statisticians have since
followed him on this. To the superficial eye,
the whole subject appears to be more a branch of
money national income accounting than the struc-
ture of physical production.

Samuelson then observes that Leontief begins by
measuring value flows in dollar terms and that these value
quantities can be arranged in a table, commenting that:

It is a little dangerous to add the columns

at this stage but if we are willing to accept the
fact that all profits are zero and all capital
accumulation and other complications can be
ignored, then we may risk doing so. The sum of
any column would then, by definition, be the same
as the sum of the corresponding row . . . .

Samuelson's statement that column summation is valid
only when all profits are zero and that capital accumula-
tion is ignored, results from his assumption that in input-
output there is only one primary factor of production,
labor. To our knowledge Leontief never assumed a single
primitive primary factor of production.

Being unable to find in Leontief's writings any
statement about the number of factors of production in the
input-output model, we called Professor Leontief at his

office at New York City University. He was very emphatic

in stating that he never assumed a single factor of
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production in his model and that, furthermore, he has not
paid any attention to conclusions based on this restricted
assumption.

Klein (Klein 1953) in his paper on the interpre-
tation of Professor Leontief's system states:

In deriving a rationale for interpreting
Leontief's system, the unrealistic assumption is
made that each sector of the economy produces
only a single type of output.

Samuelson uses this assumption and the
additional assumption that the system has only one
primary factor of production . . . .

Klein's statement seems to verify that the assump-
tion of a single factor of production is imposed by
Samuelson and not by Leontief. In the same paper Klein
states that the coefficients computed in input-output are
not the ratio of two physical quantities, but the ratio of

two values.

The review of the published literature presented in
this part substantiates the fact that the only possible in-
terpretation of the American input-output tables is in val-
ue terms. Furthermore, as presented in the data descrip-
tion part of this work, the input-output tables of the
United States which are based on standard industry class-
ification can be interpreted only in value terms. Conse-
quently, a key assumption of our model is that the trans-
action table, cornerstone of the input-output model, is
in value terms. ‘

This assumption permits the application of input-
output analysis to search for the price effects of an

indirect tax.
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Were the input-output table in physical units, it could not
be used for this type of analysis.
Leontief is more vague and interprets the input-output
tables in physical units and in quantity values according to
the type of input-output model that he is associating with

the tables. The following quotation from hiz paper, "Some

Basic Problems of Structural Analysis" (Leontief 1952) in
which he refers to the first input-output table of the
American economy, presents well Leontief's view of the

units problem:

All figures in this table are shown in dollars.
They might as well have been given in physical units
appropriate for the description of the outputs
of the individual sectors of the economy -- tons
of coal, bushels of wheat, ton-miles of transpor-
tation, man-hours of work, and so on. As a matter
of fact, the dollar figures entered in each parti-
cular row can be interpreted in this sense pro-
vided one defines the physical units in which they
have been measured as "the amount (i.e., number of
tons, yards, ton-miles, or hours) of the parti-
cular product purchasable for one dollar at the
prevailing 1939 prices." Only the"total inputs"
do not lend themselves to this kind of physical
interpretation: tons of coal, yards of cloth, and
man-hours of labor cannot be added for any useful
purpose. Thus so long as the argument is conducted
in physical terms -~ as it will be in the follow-
ing two or three pages -- the bottom row of figures
must be entirely neglected.

To explain the particular configuration of the
flows of goods and services shown in the input-
output table, one must turn to the analysis of the
basic structural characteristics of the individual
sectors of the economy. Turning from description
to explanation one can discern two sets of basic
conditions which must be satisfied by any consistent
set of interindustrial commodity and service flows.

First, there are the balance requirements: the
combined inputs of each commodity or service must
equal its total output.

Second, there are the structural character-
istics of all the individual sectors of the



37
economy. These imply the existence of definite
relationships between the quantities of all the
outputs absorbed by any one particular industry
and the level of its total output.

Leontief's first condition, the balance require-
ments, implies that the tables have to be constructed and
interpreted in dollars, otherwise it is impossible to bal-
ance the table. He then allows for interpretation of the
tables in physical units as long as the total inputs are
not interpreted. Leontief, therefore, allows for physi-
cal units in the outputs model or rows model not in the
inputs or column model.

It is, perhaps, possible to present leontief's

input-output analysis as a mixture of two techniques: The

Tableau Economiqué and the material balances method.

Leontief acknowledges Quesnay's influence in the

intruiuctory statement of The Structure of American Econ-

omy, 1919-1929 and also in the chapter where he deals

with consolidation of industries:

The majority of theoretical and practical
economic problems for the solution of which the
Tableau Economique may be used are not formulated
in terms of individual business enterprises and
households but relate rather to whole classes of
such independent units. (Leontief 1941)

The material balances technique or method of suc-

cessive approximations can be better described as a
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process of administrative interaction which requires the
negotiation of provisional entries as inputs or outpﬁts in
material balance targets within and between them and indus-
trial associations until a feasible set emerges which con-
forms to specified economic objectives.

The balances method was used exteﬁsively in the
Soviet Union for the first five-year plan; Leontief as a
student at the University of Leningrad was familiar with the
technique before he proposed the input-output method of
analysis in 1925. (silk 1974)

The method of balances == planning output and its
disposal in physical units, can be considered the ancestor
of input-output in physical ﬁerms. Leontief, however,
disclaims to be heir to material balance techniques.

In Essays in Economics he writes:

Western economists have often tried to discover
"the principle" of the Soviet technique of plan-
ning. They never succeeded, since, up to now, there
has been no such thing. The "Method of Balances,"
to which the Soviet writers themselves invariably
refer, hardly deserves its high-sounding name. It
simply requires that the overall national economic
plan be constructed in such a way that the total
output of each kind of goods be equal to the
quantity which all its users are supposed to receive.
The method does not, however, say what information
and what computational procedure can be used to
achieve the simultaneous balancing of many thousands
of different goods and services covered by a compre-
hensive blueprint of a national economy.

At the last two meetings of the International
Statistical Institute, the official Soviet delega-
tion made input-output analysis the subject of its
principal scientific papers. Its leader used this
opportunity to declare this to be a topic singularly
well suited for scientific exchange between East
and West.
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As soon as the baby was adopted, the question
of its intellectual parentage was investigated with
great diligence and it was found to be, after all,
of respectable Soviet Russian ancestry. A search
through old economic journals revealed that in 1925
a short article on the then newly compiled balance
of the Russian national economy was published in one
of these periodicals over my signature. (Actually
I wrote this paper when still a student at the
University of Berlin; it was first published in
Germany and then translated and published in Russia.)
Another Soviet priority claim seems to be more
substantial. (Leontief 1966)

The specific‘tables to be used in our model, are
the U.S. Department of Commerce input-output tables. The
first point to be emphasized is that the methodology and
procedures to build these tables are well documented in the

report Definitions and Conventions of the 1967 Input-Output

Study: (U.S. Department of Commerce 1976b)

- The valuation underlying the tables in this
report is based on producers' prices. Producers'
prices have been defined to include federal, state
and local excise taxes collected and paid by the
producer. Such prices exclude the distribution
costs which make up the difference between the
producers' and purchaser's prices. . the distribu-
tion costs associated with all inputs appear as
separate aggregate inputs from each of the distri-
bution industries -- trade and transportation.

Tables so constructed cannot be interpreted as re-
presenting physical units more over physical units cannot
be retrieved from the tables. There are no physical units
that could measure distribution costs.

A second important point is that the data that is
collected and used to build the tables comes in a special

form.
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Firms classified by standard industry codes, four-
digit SIC codes, report to the Bureau of Census the dollar
value of their transactions with other firms classified
also by SIC codes. The reports also include value added,
and number of employees. They do not include prices or
physical quantitiés.

This‘procedure means that values of transactions
between firms are not shown as the product of quantities
times unit prices. 1In the aggregate of values, firms do
not reveal the unit prices used in their transactions.

Because of the integration of the input-output
tables with the national accounts, the first element that
is computed is the control total. Control totals are the
column and row totals for each one of the sectors. The
entries in each one of the individual cells is then com-
puted based on SIC code information. Considering that the
information available to fill the cells is not perfect,
the rows and columns are balanced by detailed procedures
described in the documentation of the tables. (U.S. De-

partment of Commerce 1974b)

The detailed description of how the tables are con-
structed is presented in Chapter III under Description of
the Data. From the above considerations and the evidence
presented in that part it is obvious that the American ta-

bles are in dollar values. Furthermore, it is not possible,
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using the data available at the present to convert the

tables from values into physical units.

Specific

Let us now discuss papers that deal with the price
effects of a tax using an input-output framework, then
papers that present analysis of the tax effects of the
wellhead tax regardless of the method used in the analysis.

In the paper, "The Differential Price Effects of a
Value Added Tax", Henry Aaron examines the effects of the
substitution of a value added tax for the corporation
income tax. (Aaron 1968) The study uses a thirty-three
sector variant of the Department of Commerce tables develop-
ed by the Harvard Economic Research Project. The tables
are identical in methodology. The only difference is
the aggregation of the thirty-three sectors:

The direct requirements matrix is obtained in input- -
output dividing each column of the transaction table by the
column total. Division of dollars by dollars yields
results in dollar per dollar. Each element .A15 of the
direct requirements matrix represents the amount in dollars
of the output of sector i per dollar of output of sector j.

Aaron makes the following statements about the
matrix:

A is an N by N matrix in which each element

Aj4 represents sales by industry i to
industry ] divided by total output of industry j.
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This is the same definition of direct requirements
table given above which agrees with the Department of Com-
merce. However, on the same page of his paper, Aaron writes:
Indeed, throughout the following discussion,

it will be assumed that physical input-output
coefficients and final demand vector all remain

constant.

These "physical input-output coefficients" are the
same elements of the direct requirements Table A, to which
he refers in the first statement. How these coefficients
in value terms became "physical" and remain constant when
relative prices change is the problem that remains unex-
plained.

Furthermore, the final demand vector cannot remain
constant when there is change in prices. The model develop-
ed in this project and presented in Chapter IV yields a new
vector of final demand after the tax is imposed.

Aaron does not transform his table units, therefore,
he must interpret the tables remain value terms. Since
he works with value coefficients that remain constant, he
is assuming zero forward shifting. But in the model, he
assumes different degrees of forward shifting hence he is
not consistent.

Part of the problem may be one of semantics. It is
improper to call his coefficients physical. The name dir-
ect requirements seems to fit the value nature of the co-

efficients better. But the problem is not only of nomen-
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clature. In Aaron's paper these coefficients and the vector
of final demand remain constant even after the imposition

of a tax on value added as substitute for the corporate in-
come tax, while assuming a degree of forward shifting.

The assumption of constant value coefficients and
constant final demand implies that the transaction table
remains constant after the corporate income tax is replaced
by the value added tax. The value of the transactions can-
not remain constant for two reasons. First, the evidence
in the study of the price effects of the corporate income
tax suggésts that the tax could be partially shifted via
administered price adjustments in the short run (Krzyzaniak
and Musgrave 1963). Aaron is aware of this fact and he
introduces in his model, different degrees of shifting for

the corporate tax.

The second reason is that the value added tax
studied by Aaron is of the "gross product type."l
Musgrave considers this tax equivalent to a sale or excise
tax applicable to both consumer and capital goods.
(Musgrave and Musgrave 1976) Since the transactions table
is constructed using producers' prices and including excise

taxes, the entries in the table should change when the

value added tax is imposed.

lIn this case firms are instructed to compute their
tax base by deducting from gross receipts only purchased
intermediate inputs.
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We consider that Aaron did not use the proper direct
requirements matrix in his analysis. Since the corporate
income tax existed when the tables were constructed he
should have followed a two-step approach: First, compute
the relative price effects of the corporate tax and compute
a new direct requirements matrix subtracting those price
effects. Second, apply again his pricing model, using the
new matrix to compute the price effects of the value added
tax. After that, he could have combined the two price
effects.

Furthermore, Aaron's computation of the overall
price index contradicts the existing linkage between the
American tables and the national income and product accounts.
After the tax policy is implemented a nev} vector of final demand
is derived and a new value of GNP is obtained. The ratio
between this value and the old value at GNP is the only
valid overall price index.

Henry Aaron's paper, however, contributed much to
the development of our model which is similar to his. How-
ever, we do not assume constant coefficients and constant
final demand vector; Hence, the overall price increase
(implicit price deflator) is also different. Thus this
work can be considered a refinement of Aaron's methodology
in the field of public finance, although it is applied to

a somewhat different problem: The relative "price effects
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of the wellhead taxhusing input-output analysis and vari-
able direct requirements.

In the existing literature on the price effects of
the wellhead tax, input-output analysis has not been ex-
plicitly applied. Works which are discussed in the follow-
ing paragraphs are selected because either they deal with
this specific tax or they apply similar techniques to the
analysis of fiscal policies in energy-related problems.

Boadway and Treddenick in the paper, "The Effect of
Corporate Tax Changes by Industry on Employment in Canada:
A Short-Run Analysis" (Boadway 1975), use input-output
analysis to study short-run employmeht effects resulting
from changes in corporate tax rates by industry. Their
reasons to use input-output rather than other aoproaches,
such as the Harberger model (Harberger 1962), are: the
impossibility of application of a full employment model to
analyze employment effects; the need to study more than two
sectors going down to the industry level; and the need to
incorporate interindustry transactions that have relative
price effects.

The model developed by Boadway and Treddenick is
an extended input~output model incorporating a simple
Keynesian consumption function. Only the characteristics
of the model that are interesting to our analysis are
discussed here, They recognize that input-output co-

efficients and final demand change with relative price
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changes, but do not use the concept,

The rationale for neglecting the changes in
coefficients arising from the relative price changes
is that when we use the I-0 matrixes to show the
influence of changes in final demand on outputs
(and labour demand below), the final demand changes
we see, C, ir have Had price changes removed.

The model incorporates an equation which relates
expenditure changes to relative price changes, price
elasticities. consumption changes, and consumption
elasticities. This equation is based on old prices and
0ld consumption levels.

The other characteristic of their model of interest,
is the incorporation of partial shifting of the corporate
tax. Degrees of shifting are presented by a parameter
changing from one to zero according to the degree of
forward shifting of the corporate tak.

Perhaps the most comprehensive analysis of the tax
on crude oil is presented by Robert E. Hall of the
Massachusetts Institute of Technology in his statement
before the Senate Finance Committee in June of 1977.

(U.s. Congressl977)

Hall considers the tax on crude oil the most
important component of the Administration's energy program.
The tax is cénsidered the better alternative to the existing
system of price controls, allocations and entitlements.
Hall presents an economic analysis of the effects of the

tax, including an estimate of the effect on the price of

petroleum products on the general price level.
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According to Hall the tax will 1ift the price of
crude oil to refiners to the world level of $2.80 per
barrel above the price that would exist if the current
system were continued. He estimates the resulting increase
in the price of o0il products to be about $.07 per gallon.
The overa;l energy bill for the United States will raise by
about sixteen billion dollars in 1980, as a result of the
imposition of the wellhead tax.

Hall estimates that the rate of inflation would
increase by about 0.75 percentage points if the present
system of price controls is scrapped and substituted by

a wellhead tax on crude oil.

He calls attention to the possibility that the in-
crease in cost of crude petroleum is not fully passed to

the consumers:

The existing controls and entitlement system
for equalizing the cost to refiners of crude oil
from all sources has the effect of making crude oil
cheaper in the U.S. than in world markets. The
proposed tax will raise the U.S. price of crude to
world levels; by about $2.50 per barrel. The prices
charged by U.S. refiners for products will rise on
account of this cost increase. However, that rise
would be limited by another, little-noticed
feature of the Administration's proposal: Under
the current system, entitlements are received only
for imported crude oil, and not generally for
imported products. The result has been to insulate
U.S. markets from the competitive pressure of low
prices currently prevailing in world markets for
refined products. To put it another way, immediate
decontrol of the U.S. crude price would cause it
to rise per barrel. To some extent, the U.S.
would switch from importing crude oil to importing
refined products and thereby take advantage of the
slack conditions in world product markets. The
profits of U.S. refiners would fall, of course.
(U.S. Congress 1977)
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Since the guantities reported by Hall in his state-
ment are used for comparative purposes in our analysis,
the detailed presentation of these quantities is found
in Appendix D.

E. A. Hudson and D. W. Jorgenson, of Data Resources
and Harvard University respectively, estimate future energy
prices in the paper, "Energy Policy and U.S. Economic
Growth." Their results are based on a two-stage model
involving an econometric model and a linear programming
model (Hudson 1978).

The linear programming model allocates energy sup-
plies to energy demands so as to minimize costs. This part
of the model is based on the Brookhaven National Laboratory
model which develops coefficients for an input-output table
by an optimization algorithm. The Brookhaven model is
similar in methodology to that presented by Robert A. Klein
in his integrated process analysis model. (Klein 1976).

The econometric model refines the estimates of the
coefficients as functions.of prices énd productivity. The
Hudson and Jorgenson paper deals with prices and quantities
in the year 2000. Our opinion is that twenty years,
considering the present political, technological, and
sociological world conditions, is too big a time horizon
for dependable forecasts.

Hudson and Jorenson consider the imposition of

a wellhead tax that would bring domestic petroleum prices
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to world levels. They find that the largest percentage
increase in price occurs in the transportation sector,
followed by the energy (utilities), agriculture, manufactur-
ing, and service sectors. (Hudson 1978)

J. A. Hausman, in the paper, "Project Independence
Report", an appraisal of U.S. energy needs up to 1985 pre-
sents a much shorter span analysis than the one studied by

Hudson and Jorgenson. (Hausman 1975)

Although the paper by Hausman deals with a "business
as usual" situation and does not consider tax policies,
two aspects of the paper are of interest for our work.
First, it presents the view of the Federal Energy
Administration, at the time, that demand for foreign crude
in American markets is price inelastic. Second, the oil
supply model used in the analysis assumes a perfect competi-
tion market with accounting profits of fifteen percent and
an economic profit of zero.

These assumptions do not seem to agree with the real
world. 1In our work we prefer to assume imperfect
competition and different levels of economic profit for the
different industries as presented in the input-output table.
Different percentages of forward shifting are assumed in

our work to account for those market considerations.



ITI. DATA

U.S. Input-Output Tables

The input-output tables of the United States are
constructed by the Interindustry Economics Division of the
Bureau of Economic Analysis, U.S. Department of Commerce.
The methodology for construction and revision of the tables
is different from that of the one-time efforts that are
usually discussed in the published literature.

Harry W. Richardson presents what is, perhaps, the
most detailed analysis of data collection and preparation in
published input-output literature. The techniques that he
describes, however, are surveys and other indirect sources,
such as employment data, to estimate the entries of the
transactions table. No discussion is presented by Richardson
of integration of the input-output table and the national
accounts. (Richardson 1972)

The input-output framework is used in the U.S. by the
Department of Commerce for the most fundamental components
of the national accounts. The personal consumpticn expendi-
tures and producers' durable equipment components of the

national accounts are- estimated by input-output analysis:

30
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Personal consumption expenditures for goods
as well as services are estimated for benchmark
years as final demand components of the Input-
Output Table.

The estimate of the "producer's durable
equipment" component of fixed capital equipment
is based on the input=-output technique . . . . .
(U.S. Department of Commerce 1976)

Input-output tables are published every year including
benchmark years.l The table for 1971 is the fourth in BEA's
newly instituted series of annual I-O tables. Tables for
1968, 1969, and 1970 were released in September of 1975 in

BEA Staff Paper No. 27. (U.S. Department of Commerce 1975)

Overview of the Tables

There are three. standard tables in the U.S. input-
output studies. These are: the transactions table, the
direct requirements table, and the total requirements table.
These tables, as they appear in the February 1974 "Survey
of Current Business", and some of the important inter-
industry relationships, are described below.

The transactions table, Table 3-1, shows the values
of transactions representing the purchases and sales rela-

" tionships among industries and final markets. The values
listed in each column are the dollar values used in produc-
tiqn by each industry. Correspondingly, each row shows the
distribution of an industry production, in dollars, to using
industries. Each row of the transaction table also shows in

the final demand columns, on the right-hand side, the dollar

lpenchmark years are census years in which the national
accounts are fully reconciled.
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value of the deliveries by each industry to the final mar-
kets of the economy during a calendar year. The sum of
appropriate final demand columns is equal to gross national
product (GNP) for that year. Also in the bottom rows of

the table are shown total value added for each industry in
three components: employee coﬁpensation, indirect business
taxes, and property type income. The sum of value added for
all industries is also equal to GNP.

The direct requirements table, Table 3-2, is obtained
by dividing each one of the columns of the transaction table
by the column total. Each column of this table shows the
inputs that the industry named at the top requires from the
industry named at the beginning of each row to produce a
dollar of its output.

The total or direct and indirect requirements table,
Table 3-3 shows the output required both directly and indir-
ectly by the industry named at the beginning of each row per
dollar delivery to final demand by the industry named at the
head of the column. This table is computed by subtracting
the direct requirements matrix, excluding value added rows,
from the identity matrix and inverting the resulting square
matrix.

The direct and total requirement tables are computed
from the transaction table by mathematical transformations.
Since the transaction table is given in dollars; the direct
and total requirement tables are given in dollars per dollar.
The remainder of this chapter will trace the flow of data

to the transaction table.
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Sources of Data

The transaction table shows the dollar value of trans-
actions between industries. It is critical for input-output
analysis to define how the dollar values of the transaction
table were obtained.

There are only two alternatives: first, the trans-
action table is the result of a long chain of accounting
entries, all of them in dollars; second, the transaction
table is the result of multiplying quantities times unit
prices. The first alternative precludes any physical
interpretation of the transactions table. Following the
second alternative, computation of a transaction table in
physical units would be possible because the absolute prices
of the transactions would also be recorded. In the case of
the U.S. tables the former procedure was applied.

The basic framework for collection of interindustry
data in the United States is the Standard Industry
Classification, SIC. The SIC was developed to classify
economic establishments by type of activity in which they
are engaged. Four-digit SIC codes are assigned to each
establishment. The SIC is intended to cover the entire field
of economic activity. The following data measures are
collected under the Standard Industry Classification:

Division Data Measure
Agriculture, forestry, and Value of production
fishing, hunting, and trap-

ping (except agricultural
services)



Mining=—-==c—ecccecnca e Value of production

Construction--==—==eeececcca. Value of production

Manufacturing=====—ccccee--- Value of production

Transportation, communication, Value of receipts or
electric, gas, and sanitary revenues.
services.

Wholesale trade=~-—==—==—==—ce=- Value of sales

Retail trade~======m——e—ece—- Value of sales

Finance, insurance, and Value of receipts
real estate

Services (including agricul- Value of receipts or
tural services) revenues

Public administration~=-===-- Employment or payroll

The structure of the classification makes it possible
to tabulate, analyze and publish establishment data on a
division, a two-digit, a three-digit, or a four-digit
industry code basis, according to the level of industrial
detail considered most appropriate. (0Office of Management
and Budget 1972) An agency may use additional subdivisions
within specific four-digit industries for its own specific
use. The critical point is that the classification used
to collect data is in dollar values.
The transactions are estimated as follows:
l. Control totals are established for output of
484 industries; then subtotals are calculated
for added and intermediate purchase of
goods and services. For each industry, value

of the input is equal to the value of the
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output. This accounting equality is used
to adjust the collected data.

2. Estimates are prepared for each industry of
the distribution of its output to other
industries and to final demand.

3. Trade and transportation margins associated
with each industry's purchases are'calculated.l

4. Estimates of value added for each industry
are calculated by subtracting the value of
intermediate purchases from the total output.
These value added figures are compared with

independently derived value added totals.

(U.S. Department of Commerce 1974b)

Valuations of Transactions

The dollar value of the transactions in an input=-output
table can be given either in the amount paid by the producer
or the amount paid by the purchaser.z' In the U.S. tables
the valuation is based on producers' prices. (U.S.
Department of Commerce 1974b) These producers' prices

include federal, state and local excise taxes collected and

Isince producers' prices are used consistently through-
out the tables, the trade and transportation margins appear
as separate purchases from the trade and transportation
sectors.

2 producers' prices exclude the distribution costs
which make up the difference between producers' and
purchasers' prices, but include excise taxes collected and
paid by the producer. Alternatively stated, producers'
prices are equivalent to values F.0.B. the shipper's plant.
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paid by the producer. Under this system the inputs into a
consuming industry are valued at producers' prices while
the distribution cost associated with all of these inputs
appear as separate aggregate inputs from each of the distri-
bution industries: trade and transportation.

It is important to observe the inclusion of federal,
state and local excise taxes in the value of the transac-
tions between industries. Due to this inclusion, all
elements in the industry row should change when a tax is
imposed on the corresponding industry. Changes in the

transaction table would cause subsequent changes in the

direct and indirect requirements tables.

Direct Requirements Table

The direct requirements table relates each of the
inputs requirements of an industry to its total output.
Thus, each column of Table 3-1 shows the inputs that the
industry named at the top of that column required from each
of the industries named at the beginning of the rows to
produce a dollar of its output.

The direct requirements tables of the U.S. are obtained
by dividing each column by the column total in the trans-
action table. Considering that all entries in the trans-
action table are in dollars, and that the column totals are
also in dollars; the elements of the direct requirements

table are in dollars per dollar of output.
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Aggregation in the U.S. Tables

Aggregation of some rows and columns must result in the
subsequent loss of information, which cannot be retrieved,
were we trying to enlarge the size of the base matrices.

The Standard Industry Classification is designed to
classify establishments and collect the dollar value of the
transactions between these establishments. Of course, the
gquantity and price data may exist besides wvalues, but the
U.S. Department of Commerce does not keep this information
available to users of its input-output tables.

Construction of the transactions table involves many
statistical adjustments and aggregation of the data into
484, 367, and 85 sectors. In making combinations of estab-
lishments to form industries, the main objective is to
achieve homogeneity in terms of the input patterns which
characterized the various products and activities included
in each industry. The combination of establishments and
the treatment of their outputs follow different conventions
for different industries. These conventions are well docu-
mented in the input-output publications of the Department

of Commerce. (U.S. Department of Commerce 1974b)
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Secondary Products and Imports

Secondary products and imports are treated in a
parallel manner. Establishments are classified in an
industry based on its principal activity. Once an estab-
lishment is classified in an industry, its entire output,
subsidiary as well as principal, is counted as part of the
output of that industry. It is the principal output -- also
called primary output -- that determines the industry classifi-
cation. Its other (subsidiary) outputs are called secondary.
Secondary outputs present a problem because they can be
produced by more than one industry. That is, therefore, a
source of possible misinterpretation and is not desirable
for correct input-output analysis.

The most straightforward solution to the problem of
secondary products is to remove them from the industry
where they are secondary products and add them to the
industry where they are primary products. Such a technique
is referred to as "redefinition". In the U.S., data to
support this complicated adjustment in many cases does not
exist. Furthermore, such adjustment would present a picture
of the economy which is not representative of the actual

industrial organization of the nation.
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An alternative approach would be the "transfer" method .t
The transfer approach eliminates the problém of multi-
industry source for a product but does not solve the problem
of heterogeneity of outputs and inputs. The transfer
approach does not.depart from the establishment basis which
is the foundation of all data sources. At the same time,
all consuming industries are shown as purchasing their
inputs of a given material from a single industry. The
Department of Commerce tables use the transfer procedure
in the mining and manufacturing sectors, while the redefini-
tion procedure is followed for the trade, construction and
service sectors.

Imports used for production, such as crude oil, which
can be '‘substituted for domestically produced goods and
services are treated in a similar manner to secondary
products. The domestic port values of these imports are
added to the outputs of the domestic industry producing
similar goods and distributed‘as part of the total output
of these industries. The industry makes fictitious purchas-
es from the import row and from the distribution sector of
the economf (trade, transportation and insurance) which
bring the product to a domestic port. Imports used in

production which have no domestic counterparts, and imports

Ithis approach leaves secondary production where it
occurs, but also adds it to the output of the primary
industry. Secondary production of an industry is treated
as if sold to the primary industry where it becomes part
of the output available for distribution.
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purchased by final users are shown as purchased directly

by the consuming industry or f£inal market.

Economic Interpretation of the Tables

From the analysis of table contents and the sources
of data used to construct these tables, one concludes that:
a. The transaction table is in dollars

b. The direct requirements table is in dollars

per dollar of output

c. The total (direct and indirect) requirements table
is in dollars per dollar of delivery to final

demand.

1980 Input-Output Tables

The 1967 Input-Output Tables are already eleven years
old. Because of the need to evaluate the price effects of
the wellhead tax in 1980, the year for which the tax has
been proposed, the following procedure was followed.

A set of the Department of Commerce tables updated
to 1972 was obtained from the University of California.
These tables were updated by the Energy and Environment Div-
ision of the Lawrence Berkeley Laboratory as part of their
research on energy usage in the United States. The tables
have been aggregated to twenty sectors and, furthermore,
the documentation of the tables provides information to dis-
aggregate the crude petroleum and crude natural gas sectors.
(University of California 1975)

This disaggregation of the crude petroleum and crude

natural gas sectors is basic for our analysis because the
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wellhead tax is proposed for petroleum only. The tables of

the Department of Commerce have only one sector for the two
products even at the 484 sector level.

The University of California version of the tables
is just an aggregation and update of the larger Department
of Commerce tables; therefore, all qualitative observations
apply to both sets of tables equally well.

On the other hand, the aggregation by the University
of California should be considered optimum for analyses of
energy related problems. For the analytical purposes of
this study, the twenty~one by twenty-one sectors table is
considered satisfactory.

Appendix D presents the input-output tables used in
this project together with some mathematical properties of
their matrices. Table D-1 presents the transactions table
for 1972 obtained from the University of California. The
value of GNP from this table is $1,144,531, while the value

of GNP from the Statistical Abstract of the United States

1974 is $1,155,200. (U.S. Bureau of Census 1974) These two
values agree within less than one percent.

The vector of final demands for 1972 was updated to
1980 by us as follows: first all values in the vector were
multiplied by the ratio between GNP forecasted for 1980 and

the GNP for 1972.1 This conversion assumes uniform rate

lrhe forecast for GNP for 1980 was taken from
"Econometric Forecast" prepared by L. R. Klein and publish-
ed in the Wharton magazine. (Wharton 1978) The forecasted
value was $2,492,850. The root mean square error of the GNP
forecast is 2.0 percent or less,
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of growth for all sectors of the economy. The consumption
of crude o0il and refining products have grown from 1972 to
1978 in a proportion much larger than the growth in Gross
National Product. The imports of petroleum products that
in 1972 were valued at $4.3 billion, reached a value of
$32.2 million in 1978. (U.S. Department of Commerce 1979)
The 1978 value of imports was used to adjust the 1972
values. No further adjustment was considered necessary
between 1978 and 1980 because the growth in imports has
leveled off aue to the Alaskan production of new crude
petroleum. Table D-2 presents our estimate of the input-
output table for 1980 computed with basis on the estimated
vector of final demands for 1980 using the outputs model
developed in Appendix A.

The input-output table for 1980 is in close agree-
ment with Hall's estimates of domestic production of crude
oil. A summary of his estimates is presented in Appendix D.
Table D-3 shows a value of approximately $40 billion for
domestic production of crude oil. The transactions table,
Table D-2, shows a value of $41.6 billion for domestic
production in 1980. This figure is obtained by subtracting
from the gross output of the sector the value of transfer
imports.

The tables were adjusted to reflect the size of the
American economy of 1980 which the 1967 tables do not
represent well. Many different alternatives for adjustment

were tried but, as far as the price effects of the wellhead
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tax are concerned, the results obtained did not seem to be
sensitive to these adjustments. Appendix D represents our
1980 transaction table together with the direct and total

requirements tables for the same year.

Wellhead Tax Estimates

The values and quantities used to estimate the price
effect of the wellhead tax are taken from the statement by
Hall before the Senate Finance Committee on June 6, 1977.
(U.S. Senate, Congress 1977)

Since Hall made his estimates for 1980, our computa-
tions are also for 1980 so that comparisons between his and
our results can be made. Table D-3 in Appendix D presents
Hall's eétimates.

Domestic production is divided in tiers or groups
for regulatory purposes. Tier 1 consists of "old" oil
produced at pre-1975 levels, Tier 2 of "new" oil produced
from existing fields beyond the Tier 1 level, and Tier 3

of "new" 0il that was discovered in 1977 or later.



IV. DEVELOPMENT OF THE MODEL

This chapter describes the structure of the input-
output model in value terms that is used to evaluate the
relative "price" effects to different sectors of the
economy due to imposition of the wellhead tax on crude
oil. Moreover, three methods for evaluation of the "price"
effects and direct requirements matrix after imposition of
the tax are presented.

The detailed mathematical formulation of the model
and the methods used for solution are presented in
Appendixes A, B and C. Appendix A includes all necessary
notation. 1In this chapter the critical equations of the
model are presented using the same notation of the appendixes

to facilitate cross-reference.

Conditions for existence of solutions to the model
based on characteristics of the direct requirements matrix
A are included in Appendix A. The A matrix used in this

work satisfies the conditions for existence of a solution.

Baumol sets the stage for input-output analysis

stating:

Input-output analysis, for which we are in
debt to Professor Leontief, is the name given to
the attempt to take account of general equilibrium
phenomena in the empirical analysis of production.
The three italicized elements are crucial and

66
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merit further discussion. Reversing their order,
we observe first, that the analysis deals almost
exclusively with production. Demand theory plays
no role in the hard core of input-output analysis.
(Baumol, 1965)

He states also that:

The second distinctive feature of input-
output analysis is its devotion to empirical
investigation. This is primarily what distin-

~guishes it from the work of Walras and later
~general equilibrium theorists. A consequence
of this no doubt long overdue concern with
facts is that compromises have been forced on the
investigator. Input-output employs a model
which is more severely simplified and also more
narrow in the sense that it seeks to encompass
fewer phenomenon than does the usual general
equilibrium theory. Its narrowness lies in its
exclusive emphasis of the production side of
the economy. (Baumol, 1965)

Then Baumol clarifies what is meant by general equil-
ibrium in input-output:
The term "equilibrium" is misleading here.
The outputs found by this method need not satisfy
market equilibrium conditions. The analysis
qualifies for the title "general equilibrium"
in that it takes account of the interdependence
of the various sectors of the economy. Perhaps
we can say, more properly, that the model is

characterized by the "general" without the
equilibrium. (Baumol, 1965)

It is difficult to find in the published literature
about input-output a better statement of the capabilities
and limitations of input-output than the above quotations
from Baumol.

Input-output is a model of production. Equation
A-7b

-1
X=[I-Aa] Y (A7-b)

is the outputs determination model or outputs model. The
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economic interpretation of this equation is as follows:
Assuming that the direct requirements matrix A is known in
dollars per dollar and also assuming a vector of final
demands Y in dollars, it's possible to determine the
level of outputs in dollars, the vector X.

This model is an open model because the final
demand vector is given. Attempts to close the model by
including the household as an industry could be done under
the assumption that households are industries not
households in the economic sense.

There are econometric models such as the Wharton
model which includes input-output tables. These models
should be considered for what they are: Macroeconomic
models with input-output components rather than extensions
of input-output analysis. In the Wharton long term model
a vector of final demands is estimated by econometrics
methods. The vector is used then to compute a vector of
industrial outputs. (Preston, 1976)

The observation that Baumol made should prevent
interpretations of the input-output model as a model of
. exchange including demand functions and elasticities of
demand.

Alternatively, Henry Aaron states:

Although the input-output model assumes

zero demand elasticities, it is clear that price
changes would lead to some significant changes
in demand. (Aaron, 1971)

As far as equilibrium is concerned, the assumption
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implicit in equation A-7b is that the dollar value of inputs
of an industry is equal to dollar value of its outputs. The
outputs of the transaction table include "net change in
inventories" as part of the final demand vector Y. Since
these changes in inventories are excesses of supply over
demand, it is possible to say that, as far as "market clear-
ing" is concerned, input-output is more a model "disequi-
librium" than of equilibrium itself.

The output model by itself assumes constant prices,
or, perhaps it is better to say that it does not include
prices. The model can be interpreted in dollar values or
physical units. Because of the nature of the American
input-output tables the model presented in this chapter is
in dollar values.

The outputs determination model in value terms
without regard for prices is the most common application
of input-output analysis. Typically the vector of final
demand Y is estimated by econometric methods for a future
year. The model is then applied to estimate the level of
outputs X necessary to support the given level of final
demand. (Groub, 1976)

Further. considerations will be made about the
outputs model under changing "prices" after the pricing
model is described. It will be possible to see then the
implications for the elements of the model of change in
"prices" due, for instance, to the introduction of an

excise tax.
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Equation A-7a presents the "price" determination

model in input-output analysis.
-1
F=1(1-8" v (A-7a)
Given a vector V representing the value added in
each industry per unit of output, the pricing model
determines a vector of prices, P. The critical issue here
is to find an economic interpretation for P.
If V is equal to the initial vector V obtained
from the input-output tables, P is a vector of ones.
Perhaps it is better to start by saying what P is not.
P is not a vector of exchange prices because the input-
output model is not a model of exchange.
Richard Stone interprets the pricing model as
follows:
Clearly each price is made up of the costs
of the inputs from other industries and the costs
of factors of production directly engaged in the
industry in question. If the outputs levels of
the transactions table are taken as units for
outputs and if P, of type n x 1, denotes the

prices of the n industries measured in these
units, then

=2 p+ VT

_qz - ATt T (Stone, 1962)!

Stone is putting two conditions that are necessary

lStone presents his equation as
]. .
p=A p+g
= (r - ahg

p corresponds to B; A to AT and g to VT
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for economic interpretation of the pricing model: first,
each price is the total of costs of inputs from other
industries plus costs of factors of production. 1In other
words prices in the input-output model are equal to total
costs of production.

Second, the value of the output levels are taken as
units. Equation A-7a yields a vector P equal to one when
the initial vector of value added V is used. When V is
changed to V by changes in the primary factors of produc-
tion, the wellhead tax being just a possible case, then
the pricing model yields a new vector of "prices" 5
whose elements are different from one.

This vector 5 measures the changes in the cost of
production of the total inputs of each one of the industry
with respect to their initial value of one. It is very
important to observe that the model in value terms present-
ed by Equation A-7b does not include the value of the
outputs after the V is changed to G, that is, after the tax
is imposed. The value of the outputs and the new value
of the final demand vector after imposition of the tax
is given by equation A-16.

It is important to reconsider at this time that
the transactions table is a record of the transactions
between industries at a given set of prices P. If the
relative "prices" change to P the value of the inter-
industry transactions, the deliveries to final demand and

the value of the outputs should change. Equation A~16
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presents the outputs model after changing the vector of
values added by imposition of the wellhead tax.
X=[1-4"1¢ (A-16)

The main conclusions to be obtained from the outputs
model in value terms are:

First, the direct requirements matrix A does not
remain constant as has been commonly assumed in the
published literature,including Aaron. (Aaron 1968)

It changes to a new matrix A that is computed as discussed
in Appendix A.

Second, the vector of final demand Y does not
remain constant as is the case in Aaron's model. The
value of ¥ is also computed in Appendix A. The same
observation applies to the vector of outputs X.

The American tables, because of their intersection
with the national accounts, made the total of the final
demands of all industries equal to Gross National Product
GNP, therefore:

Y,

GNP
1 1

i
e =]

i

The value of GNP at new prices is then

GNP
and the implicit price deflator (IPD) or overall price

increase due to the imposition of the tax is

~

GNP

GNP

IPD
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Aaron, because of his assumption of constant Y
uses a Laspeyres index which is not consistent with the
concept of integrated national accounts. (Aaron, 1972)

The input-output model in value term developed
here determines a vector of relative "prices" BP.

These prices are indexes that indicate the changes in the
value of the inputs of the industries due to changes in
value added -~ specifically the imposition of the wellhead
tax. These "prices" are the only prices that are compat-
ible with input-output analysis. Stone makes the
Observation that in input-output it is useless to observe
market prices because they cannot be introduced in the
model. (Stone 1962)

We move now to make some observations about the
constancy of the direct requirements table in value terms
when an excise tax is imposed. Since by definition the
transactions table includes excise taxes, when a new tax
is imposed the transactions table should change as in the
case of our model.

The degree of forward shifting is a critical
determinant of the degrée of change in the transactions
table. 1If no portion of the tax is shifted forward, the -
transactions table should remain unchanged. On the other
hand, if part of the tax is shifted forward, the value of
the transactions should change.

The direct requirements table also changes, keeping

the main diagonal elements constant. This pattern of
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change makes economic sense because of the definition of
the elements of the direct requirements table. Appendix A
presents the computation of the new elements of the
direct requirements table.

Stone calls attention to the fact that the outputs
and prices models are not linked. (Stone 1961) This
statement applies to the outputs model interpreted in
quantity terms. A critical characteristic of our model
in value terms is that the two models are linked. After
computation of P and A it is always necessary to go to the
output model to compute X and ¥ using equation A-16.

Three different methods all yielding identical results
were used to solve the model. The methods compute the new
vector P, recompute the matrix A to A, and evaluate new
vectors X and ¥.

The three methods are:

a. Direct method

b. Balancing of the transactions table method

¢. Linear programming method

The direct method operates as follows: First, the
tax is imposed and the value added is modified accordingly.
Second, the pricing equation is used to obtain a new vector
of "prices" B. The vector P is used to construct a
diagonal matrix R. This "tax-price transforming matrix" R
provides the transform to compute A, ¥ and X. If a new
vector of prices P is computed after all the components of

the transaction table have been adjusted, the resulting
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vector is again a vector of ones.

The balancing of the transactions table method
computes a new matrix A by the following steps: First,
the tax is imposed and the total value added is changed.
Second, new row and column totals are computed. Third,
the sector with the largest difference between totals is
selected. Fourth, the selected sector is multiplied by
the ratio of its new column to row total. Fifth, the
second, third, and fourth steps are repeated until the
difference between the row total and column total for each
one of the sectors is less than a specified tolerance.

For the results presented in this work the tolerance
was assumed to be $0.1 million. Since the transactions
table is in millions of dollars, ﬁhe resulting table is
thus in total balance.

From the new transactions table the direct require-
ments matrix A is computed by the same procedure used in
the original tables. During the balancing procedure new
vectors of gross outputs and final demands are computed.
This method as proved in Appendix B is equivalent to an
iterative computation of the tax-price transforming matrix
R. The method is computationally efficient because it
converges very fast and all results for the transactions
table are obtained at once.

The third method is based on the linear programming
interpretation of input-output analysis. This interpreta-

tion is based on the duality between total outputs and
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"prices"in the input-output model in value terms. The
mathematical formulation of the linear programming  method
is preéented in Appendix C. The emphasis here is put on
the economic interpretation of the method.

The outputs model can be interpreted as a linear
programming problem where the goal is to minimize total
value added, satisfying final demand. The dual of this
problem maximizes deliveries to final demand subject to
the constraints imposed by the primary factors of produc-
tion. This dual problem yields the same solution as
the pricing model. The fact that the outputs and pricing
models are dual problems brings to light the relationship
between the two models, which is frequently overlooked

in the literature.

Let's consider the second programming problem where
the value of goods delivered to final demand is maximized.
If the vector of value added V is changed to a new vector
v by imposition of the tax, solution of the programming
problem yields a new vector of prices P and what is more
interesting, a new vector of products Y ° P. This new
vector of products is the new value of goods delivered to
final demand Y. The new vector of "prices" can be used
to recompute the direct requirements table and obtain the
matrix A by means of the tax-price transforming matrix R.
Using A in the solution of the first programming problem
yields a new vector of outputs X.

Clearly the linear programming method and the direct
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method should yield the same solution. Therefore, to

use both methodswould be redundant. The linear programming
method is presented to give another interpretation of the
input-output model in value terms. The linear programming
interpretation seems to be the best way to get an under-
standing of the economic meaning of the input-output model
in value terms.

The model presented in this chapter does not include
different degrees of forward shifting. For clarity in
exposition it was considered convenient to present first
a simple model and include shifting considerations in the
next chapter.

Although it is not our intent to reconstruct the
computations done by Henry Aaron (Aaron, 1968), we would
like to outline the approach that we considered should be
followed in his case:

First, use equation A-7a to remove the price
effects of the corporate income tak. He assumed that this
tax and its "price" effects are included in the tables,
and compute a new matrix A.

Second, using the new matrix A compute the "price"
effects of the value added tax. This two-step approach
is necessary because the price effects of tﬁe corporate

tax are included in the observed direct requirements matrix.



V. SIMULATION OF DIFFERENT SHIFTING VARIANTS

Our input-output model has been defined as one in
value terms with coefficients made variable to account for
different degrees of forward shifting of the wellhead
tax. Furthermore, we noted that primary factors in the
different sectors receive unequal returns. This would be
done to reflect better the monopolistic and labor union-
ized characteristicé of the petroleum markets as well as
due to different human capital contents in the lakor of
various industries. The short-run nature of our analysis
justifies also a third alternative, namely that labor was
not mobile to bring equalization of labor returns.

The wellhead tax operates under very special condi-
tions as far as shifting of the tax is concerned. The
tax is imposed to the crude petroleum sector, which is
supposed to pass the tax fully to the petroleum refining
sector. The costs of the petroleum refining sector go up.
The question is: To what extent is this sector able to
pass the cost increase to the other sectors and to final
demand?

This question is different from the traditional

analysis of selective sales taxes. Musgrave writes on the

78
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general equilibrium view of this type of tax:
If both products are produced under conditions
of constant costs, relative prices will change
by the extent of the tax wedge only and consumers
of other products will not be thus burdened.
(Musgrave 1976)

This conclusion does not apply when there are inter-
mediate products. Musgrave reaches his conclusion using a
simplistic view of the economy that does not apply to the
case of crude and refined petroleum products in the
American Economy. Quite to the contrary, in the American
economy, which is indecomposable,l a selective sales tax
will affect the consumers of all products.

It is also necessary to clarify the shifting issue,
the wellhead tax imposed on crude petroleum is fully
shifted to the petroleum refining sector. That is, the
price of domestic crude goes up by the full amount of the
tax. The question that we intend to answer in this
analysis is then to what extent would the price of
petroleum refining products go up?

The existing system of entitlements or rights to buy
domestic crude oil were sold by the Federal Energy
Administration and the money collected is paid as a subsidy
to refineries of foreign crude. It has been claimed that

the entitlements are an arrangement by which inefficient

refineries receive entitlements that result in owners

1ThJ.s statement applies to the American economy
as presented by the input-output tables of the Department
of Commerce. If the economy, that is the direct requlre-
ments matrix of the economy, is decomposable, an excise
tax would not affect all consumers in the economy.
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clearing 6Q to 200 percent return on their investment. As
a result of these welfare payments to refineries, U.S.
dependence on light, easily refined crude oil found in

Algeria, Nigeria and Libia is increasing. (New York Times,

1978)

If the above claim is correct, foreign refineries
cannot compete with U.S. refineries, which can always un-
dersell their products. Under these circumstances the well-
head tax could be shifted forward at less than 100 percent.
Once the tax is imposed and the subsidy eliminated, only
the excess of the tax over the subsidy will have to be
shifted. This is the reason for expecting that a forward

shifting of about 60 percent rather than 100 percent shift

will result.

Before we proceed any further, it is necessary to
define shifting for this special case. Considering that
the analysis shows significant price increases for petro-
leum refining products only, we will assume that all other
sectors can pass their cost increases one hundred percent
to the other sectors and final demand, but the refineries
may be able to shift at different degrees, especially if
the tax would erase the domestic-world crude price
differentials caused bj price controls and entitlements.
In addition, given the steep price increase, the refineries
may not be able to shift the tax burden in full.

The simulation of different shifting assumptions
have to be performed in two parts. First, the tax is

applied and a new value for the output of the sector is
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computed. Second, the value added in the sector is
reduced by the proportion of the increase in value of
the output that is not shifted to the other sectors.

Equation A-18 presents the mathematical formulation
of these assumptions.

The simulations were run using the balancing of the
transactions table method which is computationally very
efficient. The same procedure could be followed if either
one or the other methods were used for the simulations.

Appendix E presents the results of the simulations.
Since the assumed price of gasoline is sixty-three cents
per gallon, the results presented in Table 5-1 are

obtained:

The simulation presented in Appendix E were run
assuming several percentages of forward shifting by the
petroleum refining sector. All other sectors were as-
suming to shift their additional costs forward one hun-
dred percent. The model developed in this work is more
general. It is possible to assume different percentages
of forward shifting for each one of the sectors and ob-
tain results which perhaps‘reflect better economic reality.
This type of simulations require additional information
about the characteristics of each sector and are proposed

here as aspects for future studies.
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TABLE 5-1
Simulation Results. Price of Gasoline

Percentage Percentage Price Increase New Price

Shift Price Increase ' (Cents) . ~_(Cents)
100 17.5 11 74

80 13.8 9 62

70 11.9 7 70

60 10.0 6 69

50 8.1 5 68

30 4.4 3 66

20 2.5 2 65

10 0.7 | 0 ‘ 63

The price increase assumed by Hall of éeven cents
(Hall 1977), corresponds to a cost shifting of seventy
percent. In spite of the production slack in foreign
refineries, it ié difficult for us to assume that the
foreign refined products would be offered at a lower price
than those from domestic refineries. Therefore, our con-
clusion is that the cost could be shifted forward about
sixty to seventy percent for a new price of sixty-nine
to seventy cents per gallon of gasoline.

It is possible to conclude then that the forward
shifting of about sixty to seventy percent yields results
for the price of gasoline similar to those obtained by
Hall. It is perhaps necessary to call attention to the
fact that this estimate is based on constant prices for
all other products, it does not include increases in the

price of gasoline due to the general process of inflation.



VI. EVALUATION

The main contribution of this work is to shed light
on the problem of changes of the input-output tables due
to change in relative prices. Three methods yielding
identical results are developed for this purpose. We
could have presented the analysis without reference to a
specific application. Considering that our interest in the
field of economics lies mostly in public finance, we
directed the effort towards input-output in public finance.
The relative price effects of the wellhead tax is the
specific problem analyzed.

Two open input-output models are discussed in this
work: the outputs model and the "prices" model, The
"prices" model is the main concern of this paper. The
outputs model is represented by a horizontal summation of
table entries or along the rows. This summation can be
performed regardless of the units of the table.

The "prices" model, however, requires summation
along the columns. This summation can only be performéd
if the table is in value terms, millions of dollars for
the American tables.

A serious analytical problem arises when the
"prices" modél is applied to the American tables since
relative prices change, coefficients will also change.

83
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This case is the specific subject of this work. When
the wellhead tax is imposed, relative prices change and
the direct requirements coefficients change. The magnitude
of the changes will be discussed later in this section;
however, the conclusion is that the constancy of coeffic-
ients in the price model is untenable when the tables are
in value terms.

Having tables in value terms and variable coeffic-
ients, three different methods for the development of an
input-output model with variable coefficients were
applied in this work.

The first method or direct method seeks a vector
of relative prices which is used to recompute all the
components of the transaction table at the new relative
prices. Therefore, a new direct requirements matrix is
computed and a new final demand vector is computed.

The overall price effect is obtained by the ratio of
GNPs after and before imposition of the tax.

The second method involves a technique to impose
the tax to the crude o0il sector which puts the table out
of balance. The method simulates the working of the
economy in which industries with the greatest unbalance
tend to balance first, creating smaller unbalanées in
other sectors. A balanced condition is reached. Proof
of the convergence is given for the method. The same

results of the previous model are obtained.
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The third method is based on the linear program-
ming interpretation of input-output. This perhaps is
the most interesting because the linear programming inter-
pretation reveals immediately the contradiction between
relative price changes, such as the ones induced by the
imposition of a tax, and constant coefficients input-output
models when the models are in value terms.

The input-output method in value terms yields a
vector of final demands evaluated at new prices which is
coupled with a new vector of outputs via the output model.
A transactions table recomputed with basis on the new
outputs produces a different direct requirements table.

In the realm of public finance this work relates
to the shifting assumptions of the input-output model.

The price model in value terms implies degrees of shift-
ing forward of all excise taxes.

For the specific assumption of one hundred percent
forward shifting of the wellhead tax, the price of petro-
leum refining products will rise by 17.5 percent (Refer to
Appendix E). On the other hand, when the tax is fully
shifted backwards, the price of refined products would not
increase relative to other prices.

The relative prices in different sectors of the
economy should vary greatly depending on how intensive
the sectors are in the use of petroleum refining products,
and on the degree of forward shifting.

Appendix E presents the price effects for all
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shifting assumptions. In all cases analyzed, except the
one hundred percent backward shifting, the petroleum
refining, air transportation and chemicals, plastics and
rubber, show the greatest price increases. Gas utilities,
services, trade and others are the least affected sectors.

However, the differential in price increases is
very wide. It ranges from thirty-three percent for crude
petroleum to about zero for the gas utilities sector for
one hundred percent shifting assumption. The increase
of 17.5 percent in the price of petroleum refining
products is equivalent to eleven cents for the average
price of sixty-three cents per gallon assumed by Hall
in 1980. This increase would be very sensitive as he
pointed out in his testimony, to the percentage of the
tax passed to the consumers. Since the wellhead tax has
been propounded as an alternative to the existing system
of entitlements, it is reasonable to assume that the
refineries would not be able to shift the tax forward com-
pletely and their profits would go down. We believed that
the tax would be shifted sixty to seventy percent forward
by evaluation for an increase of 10 to 12 percent in
refined products price.

How does our analysis and results compare with
previous studies? Certainly the outputs and pricing models
were proposed by Leontief and have been applied in many
published works including public finance and international

trade. All previous works, however, assumed that the
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direct requirement matrix remains constant, together
with the vectors of outputs and final demands. This con-
stancy was based on the physical interpretation of the
tables.

In our work the tables are in value terms and the
change in relative prices is considered to cause changes
in the direct requirement table and in the outputs and
final demand vectors.

Table 4 shows the percentage changes of the direct
requirements matrix due to the imposition of the wellhead
tax. Some of the changes are significant, in the order of
thirty percent. There is a large number of elements of
the matrix changing by about twenty percent and other
large groups changing by about fifteen percent. Only
thirty percent of the elements of A remain constant
after the tax is imposed.

Referring specifically to the work of Henry Aaron,
the following observations are made:

First, the assumption of constant direct require-
ments matrix and constant final demand vector do not agree
with the tables that he used.

Second, the problem that he studied was the differ-
ential price effect of the corporation income tax and the
value-added tax. Since the corporation income tax existed
when the tables that Aaron used were constructed, removal
of the tax would have changed the direct requirements

matrix. Our contention is that he used the improper direct
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requirements matrix for the computation of the relative

price effects.

The following procedure is recommended for the

study of relative "price" effects due to tax imposition

or removal using input-output tables:

a.

Analysis of the tables to see how the tax is
dealt with in the valuation of the trans-
actions.

If the tax was included in the valuation

of the transactions, it is possible to remove
its relative price effect by the methods
developed here.

If the tax was not included in the trans-
actions, it's again possible to add its
relative price effects by the same methods.
For the study of the differential price
effects of two taxes it is necessary to
remove the effect of one tax and recompute
the direct requirements matrix. After that
and using the new matrix it is possible to

compute the price effects of the tax imposed.

There is not linear relationship between the
degree of forward shifting and the price increases
of the different sectors. In order to obtain
the price effect for a given S <1 it is necessary

to run the simulation with the proper value of S.
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Summary
The methodology to deal with the price effects

of a tax using input-output analysis, was, up to now,
confusing.. In this paper we tried to remove the con-
fusion.

Input-output tables are in "value" or "quality"
terms. The U.S. tables are in "value" terms and the
consequences of this fact are very important since only
"value" tables permit summation of columns. Furthermore,
the treatment of taxes in the American input-output tables
does not agree with accepted public finance theories of
shifting. The tables assume that all indirect taxes are
fully shifted forward and direct taxes are not shifted.

Because ltaxes are partially shifted forward,
they have a consequence in the existing tables and
in the prices. Namely, transaction prices will
change and the table of direct requirements will
change also. Henry Aaron's method for computing price
effects and its assumption that the direct requirement
coefficients do not change, contradicts his assumptions

of forward shifting of the tax.

In this work we have developed three philosophically
different methods yielding identical results to compute the
price effects of taxes which are shifted forward. Regarding

the specific computations of the price effects of the well-
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head tax, the assumption of a price of $18.00 per barrel

was too low. The value was used to be able to compare our
results with the figures given by Hall. We found that price
increases assumed by Hall, of seven cents per géllon cor-
responded to a cost shifting of seventy percent, which seems
to be consistent yiéh the conditions of the market for petro-

leum refined products.



APPENDIX A

Closed Form Method

Notation

The following notation is used consistently in the

chapters and appendixes of this work.

A

LB

T Q0 B U 0w

2B, ®" H
8 &4 93

)
=

Direct requirements matrix before imposition
of the tax.

Direct requirements matrix after imposition
of the tax, given shifting assumptions.

[I - A] matrix.

Column vector of consuptions.

GNP deflator.

Column vector of exports.

Column vector of government purchases.

Column vector of total value added.

The identity matrix.

Column vector of profits.

Column vector of wages.

Column vector of imports.

Column vector of relative "prices" before tax
imposition P = 1.0.

Column vector of relative "prices" after tax
imposition and full forward shifting of tax.
Column vector of relative "prices" after tax
imposition and partial forward shifting of tax.

Column vector of investments.
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Tax-price transforming matrix. Transform
A into A.
Shifting factor.
Column vector of summations along the rows of
the A matrix.
Column vector of summations along the columns of
the A matrix.
Transactions matrix before imposition of the
tax.
Transactions matrix after imposition of the tax
Column vector of total added coefficients.
Column vector of total value added after imposi-

tion of the tax.

Column vector of total value added evaluated at
the new prices.

Column vector of total value added for less than
one hundred percent forward shifting.

Vector of outputs vector of inputs in the
balanced input-output table. Values before tax
imposition.

Diagonal matrix of outputs before imposition of
the tax.

Vector of outputs after imposition of the tax.
Diagonal matrix of outputs after imposition of

the tax.
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Column vector of final demand before imposition
of the tax.
Column vector of final demand after imposition

of the tax.

' Qolumn vector of indirect taxes.

Means "is by definition equal to."

Given to vectors X and Y

a. X 2 Y means Xi i Yi for all 1i.

b. X > Y means Xi > Y for all i and
Z i .

strict inequality for at least one i.

c. X > Y means Xi >y for all i.
i
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Properties of the Input-Oufput Maﬁrices

Akira Takayama in his Mathematical Economics
(Takayama 1974) presents three theorems that present all
the properties of the matrices A and [I - A] which are
of interest in input-output analysis.

Theorem 1: Let A be the n X n nonnegative matrix.
Let B = [I - Al. Then the following six conditions are
mutually equivalent:

(I} There exists an X2 0 such that B+ X > 0.

(II) PFor any Y20, there exists an X 2 0 such that

B.X =Y.
(III) The matrix B is nonsingular and B~1 > g.

(IV) All the successive principal minors of B are

positive.

(V) The real parts of all the eigenvalues of B

are positive.

1

(VI) )< 1 where ) is the Frobenius™ root of A.

If in addition A is indecomposable, then any of
the above conditions is equivalent to either of the

following conditions:

1 A the Frobenius root of A has the following

- characteristics:

A is the largest positive eigenvalue of A and
A is a simple eigenvalue (Takayama 1974)
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(VII) There exists an X 2 0 such that B+X20.
(VIII) The matrix B is nonsingular and B-1>9.

(IX) The series K

[+
) A is convergent and ecual

K=0

to B°L,

Theorem 2: Let B be an n x n matrix such that
<0 for i # j. Then the following four conditions

ij =
are mutually equivalent:

B

(I) There exists an X 2 0 such that B+X>0.
(II) There exists a P 2 0 such that BT.p>0 where
BT is the transpose of B.
(IXII) There exists an X >0 such that B.X>Q

(IV) There exists a P>0 such that BT .p>q.

Theorem 3: Let A be an n x n nonnegative

indecomposable matrix. Let

lj' j=1,2, 3. . . n(colum sum)

n
r: = 1 a.
i=ji

If ri X 1.0 for all i with strict inequality for
some i, then A< 1 when A is the Frobenius root of A.

Condition (IV) of Theorem 1 is the Hawkins-Simon
condition (Hawkins 1949). Theorem 3 is equivalent to the
Solow conditions (Solow 1952). It is very convenient for
applied work in input-output to have the above equivalences

established. To check if the A matrix satisfies the
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Hawkins-Simon condition for instance, it is necessary to
check if B~! > 0 rather than to compute all the principal
minors of B which is very time consuming.

It is not warranted that the A matrix of a system of
input-output tables satisfies the conditions of theorems
1, 2 and 3. Since we are working with the American tables,
it is important to study which conditions are satisfied
in these tables and in consequence which properties they
have.

Inspection of the A matrix in the 85 by 85 and our
21 by 21 tables show that the entries are nonnegative.

In both sets of tables

X 0 and ¥ > 0

jv

since B - X =Y thenB * X > 0
consequently condition (I) of theorem 1 is satisfied,
together with all other equivalent conditions.

Condition (III), theorem 1 is verified by inspec-
tion of the direct and indirect requirements tables.
The condition is satisfied both in the 85 by 85 and in the

21 by 21 sectors tables.
Condition (VI), theorem 1 is the most compact of the

conditions. Computation of the Frobenius root yields the
following results for the 21 by 21 matrix. A Matrix:

r = 0.4899125 < 1.0

1The 85 by 85 is printed in U.S. Department of
Commerce, 1974b. The 21 by 21 tables are printed in
Appendix D, Table D-4.
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which satisfied the condition.

Table D~8 presents the eigenvalues of the [I - A]
matrix, B matrix. Observation of the table shows that
the real parts of all eigenvalues are positive. Therefore,
condition (V) of Theorem 1 is satisfied.

The A matrix does not need to be indecomposable,
however, inspection of the Bl matrices of the two sets of
tables shows that B-l > 0 condition (VIII) of

Theorem 1 is satisfied. See Table D-6 and U.S. Commerce

1976b.

lPhe literature on indecomposable or irreducible
matrices is very extensive. The decomposability of Matrix
A is often studied with basis on its own structure. This
method, however, requires extensive computational efforts
to identify the proper transforms. An algorithm was
developed for this work and is included in Appendix F.
However, to test all possible transforms in a large matrix,
85 by 85 is extremely time consuming.

On the other hand, by definition a Matrix A is
indecomposable if _,

B >0

because B_%g represents the direct and indirect purchases
of industry j from industry i when all
-1
B.. >0
1]
the Matrix A is indecomposable. (Takayama 1976)
G. Hadley states:

An economy (matrix) is said to be
indecomposable if each industry buys
directly or indirectly from all other
industries; otherwise the economy is
called decomposable. (Hadley 1962)

The important point to observe then is that the
notion of decomposability involves not only direct but
also indirect purchases between industries. This is what
makes the Matrix B~l very valuable in the study of
decomposable matrices. (Kemp 1978)
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The convergence of the series in condition (IX) is

supported by Table D-9 where we find that Al3 = 0 is presented.

Condition (I) of theorem 2 has been verified above.
Table D-5 presents a vector of relative "prices"
P=1.0
and a value added vector which is positive. Since this
value added vector is equal to
BT - P
as presented in Appendix A, then condition (III) of
theorem 2 has also been verified. Condition (IV) of the
same theorem is again verified by inspection of Table 3-2.
Inspection of Table D-2 shows that rj < 1 for all
j, then condition (I) of theorem 1 immediately follows

so that A < 1. If we let

n
s, = I a:.,
1l j=1 1]

we can show analogically that ifsj; < 1 for all j then A>1.

j=1, 2, 3 . . . . n (row sum)

Either ry £ lors; <1 yield A<l. For both the
85 by 85 and the 21 by 21 tables the r, < 1 condition
applies and A<l. However, the condition si-il is not
satisfied in either one of the two tables. |

Takayama and Fisher (Takayama 1960), (Fisher 1965)
have proved that

Tmin £ A2 £ TIpax
Table D-4 shows that

0.1322 < 0.4899 < 0.7634
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Indecomposability is not a necessary property of
the A matrix in input-output analysis. For the public
financé aspects of input-output, however, indecompos-
ability is interesting. If the A matrix is indecomposable
a tax imposed on one industry will affect the price of the
output of every other industry when some degree of forward
shifting is assumed.

Indecomposability is also a matter of degree. If
the transactions matrix is constructed in dollars, that
is if the flow of transactions in the economy is recorded
to the dollar, it will be difficult to find empty entries
in the transactions matrix. If on the other hand, trans-
actions are recorded to the million there would be empty
cells. We observed that both the 85 by 85 and the 21 by
21 tables remain indecomposable even if the transactions
were recorded at the billion dollar level.

Based on this test we say that the input-output
matrix of the U.S. is indecomposable and therefore, imply-
ing that a tax imposed to one sector should induce price
effects to the whole'ec0nomy.

With the properties of the input-output matrices
established, we can move on to define the properties of

the model.

Description of the Model
Table A-l presents how the standard input-output

table is organized. 1In the square in the NW corner we
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have interindustry transactions, i.e., so called "Inter-
mediate products." These are goods used in producing
other current domestic products. The elements of the n by
n interindustry table T.. if looked rowwise represent the
outputs of Industry i u;;d as current inputs in Industry j.

Same T s looked columnwise are intermediate inputs

1]
(i.e. "T" matrix). The rectangular matrix below the

interindustry square shows the values of purchases of
various factors of production, labor, capital and land by
the individual industries, as well as imported inputs
(i.e. their value added).

Direct taxes are included in the labor or capital
rows according to their nature. Taxes on wages are in-
cluded in the labor row and taxes on profits are included
in the profits row. In the American tables only indirect
taxes are presented as a separated row of the value-~added
matrix.

The American tables are constructed under the follow-
ing shifting assumptions:

a. Direct taxes are not shifted

b. Indirect taxes are fully shifted forward.

Neither one of these assumptions is satisfactory be-
cause both direct and indirect taxes are shifted to some
degree. To reconstruct the tables, however, requires
information that is not available. The alternative followed

in this work was to take the tables as given and concentrate
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our analysis in the wellhead tax on crude oil. For this
tax different degrees of forward shifting will be assumed.

Two alternatives could be considered for the imposi-
tion of the wellhead tax on crude oil:

a. The tax is substitute for an existing indirect
tax. In this case real demand could remain
constant because government expenditures could
remain the same under the two tax conditions.

b. The tax is a new one. In this case government
expenditures substitute for private expenditures
with no change in rzal demand.

The model to be developed in this work collapses
all components of value~added in a single vector. 1In
consequence, for the analysis of the price effects of the tax
it is not important if the tax is direct or indirect, what
matters is its degree of forward shifting. Since the tax
that is to be analyzed is an indirect tax, the wellhead tax,
the presentation of the value added matrix of Table A-1,
where only indirect taxes are presented in a separate row,
is considered satisfactory. The labor and capital rows
could be broken down in net wages and net profits for
the analysis of the price effects of forward shifted in-
direct taxes.

To the right of the interindustry square there is
another rectangular matrix; its columns show deliveries

from the various industries for the different kinds of
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final consumption, investment, exports, and government
expenditures. Finally, there are marginal rows and columns
for total inputs and outputs.

The entries in Table A-l1 are, for various reasons,
measured in money terms. Note that, no matter how fine the
classification of industries the individual elements of an .
empirical table will always be comprised of heterogenous
commodities and services. As these are expressed in money
terms their addition is permitted. This may be observed
within the context of national accounting, where it is
customary to form totals by summing the individual elements
both ho;izontally and vertically. Vertical addition makes
sense only if all commodities and services are expressed
in value terms. Also one notes that capital services are
extremely difficult to measure in anything but value terms.
Finally indirect and direct taxes are value sums.

Thus, entries of the input-output tables of the U.S.
accounts must be defined in value terms. One may here
distinguish situations in which quantities and prices are
known, separately before values are computed from the more
usual case when only the values are known. In both cases,
the value matrix may be formed, but usually only the values

alone are known.
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Total value of outputs is obtained by horizontal

summation:

n
X: = I T, .+ C, +Q, + E, + G, (A-1)
= J 1 1 1 1

Where Xy is the total industry output, Tij the

output of industry i sold to industry j; and Ci’ Q;/
Ei' and Gi are sales of industry i to consumption,

investment, exports, and government respectively.

And for the inputs by vertical summation:

X, =
J i

t~Ms

T, + L, +K, + M + 3, (A~2)
1 1j J J 3 J

Where Lj’ Kj' M and Zj are inputs from labor,
J
capital, imports and the value of indirect taxes

respectively.

The total output value must be equal to the
total input value for any industry, that is:
Xi = Xj for i = 3§ (A=-2a)
In the American tables, because of the consolida-
tion of the input-output tables with the national accounts

the following identities apply:
n
GNP = iil Ci + Qi + Ei + Gi
where GNP is gross national product and the sum of Cy,

Qi' E;j and G; are total value of consumption, investment,

exports and government expenditures respectively.
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where GNI is gross national income and the summation of L ,
J
K, M and Z are total wages, profits, imports and in-

direcg taxesjrespectively.

It is necessary to observe at this point that the
American input-output tables do not contain enough information
to answer many questions of interest. The tables do not
indicate if the budget is balanced or not because total tax
revenues are not presented in the tables. As discussed above,
only (forward shifted) indirect taxes are presented as a
separate row in value added.

The tables do not indicate the level of employment of
resources related to its availability. In consequence, from
the tables alone it is not possihle to determine the potential
output of the economy. These questions could be answered

using input-output analysis but require extensive supplementa-

ry data collection (Richardson 1972).

Equation A-1 can be written in matrix notation by
the following procedure. First, letting

Yi = Ci + Ii + Gi + Ei
where Yi is the total final demand for Industry 1i.
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Second, dividing each Tij by the column total Xj

and defining
A, = 1] (A-3)

It is possible to write Equation A-1 as follows:
X-AX =Y (A-4)
In Eﬁuation A-4, X is a column vector of industry outputs,
Y is a column vector of final demands.
Let us remember that Aij is in value terms.
Equation A-2 can be also written in matrix notation

as follows. First making

H, = L, + K., + M, + 2 (A-5)
] J J ] j
and
Xj Xj Xj 3 Xj
or
A
= A.. + R T .+ V. = V,
1 15 A2] AnJ 5 where -7 j
Xz
J
and in general matrix form.
alpT + vT = pT (A-6)

where overscript T means that the vector or matrix has been
transposed, and P, a unit vector may also be considered a
"price" of a unit, since in the literature it has been
called a price. This "price", however, is peculiar and
could be considered a price of some selected quantity of
goods.

It is convenient to consider the price implications
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of this "price" system. It is clear that in view of
constant returns to scale, these prices must equal average

costs of production.

Equations A-4 and A-6 have general solutions.

pT = [ - aT) 1yt (A-7a)

X =[I-al"% (a-7b)

The input-output system expressed in value terms
determines a set of equilibrium relative "prices". The
relationship between "prices" and costs is given by
Equation A-6. This equation can be written as:

pT - aTpT - T

or for each one of the industries:

n
P, - I A,.P, =V, (A-8)
i 4oy 1374 i

where Pi is the "price" of output i and Vi is the value
of the primary inputs per unit of output i. Equation (A-8)

can be written "in extenso" as:

[1 - All] Pl - A2l P2 - e e e . -Anl Pp =V,

"Alz Pl + [l - A22] PZ- e o o Anz Pn = V2
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which has the general solution:

P. =B Vl + B v, + .. . +B A%

1 11 21 2 nl n
P2 = B12 Vl + B22 V2 + .. .+ an Vn (A~9)
Pn = Bln Vl + an V2 + . . + Bnn Vn

where Bij Vi is the cost of primary inputs embedded in the
amount of commodity i, directly and indirectly required to
produce one unit of j. All these indirect and direct costs
for use of primary inputs add up to the "price" per unit
of output. Each output has been dissolved in primary inputs.
Given the value of primary inputs per unit of
output, Vi’ Equation (A-9) or (A-7a), which are equivalent,
determine the prices of all outputs. The Vi are expressed
in money terms. It follows, therefore, that a change in
relative primary input prices will imply a change in rela-
tive output prices.
Let's consider the system of equations A-7a

and A-7b:

T

pT = [T - AT]-lVT

X = [I-a]Yy

Imposition of a tax could change the vector of net
final payments V to V, and if equation A-7a produces a

new price vector P, the value of gross outputs will change
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’

and, therefore, the value of Tij in Table A-1l will also

change. In conseguence

will change if i # j. Therefore, if P and V are not the

initial vectors, equation A-7a shall be written

BT = [1 - aT1"L9T
or
8T « AT 4 §T = 37T (A=10)

Constructing a tax-price transforming matrix R such that:

iy i

i3

2

we can transform equation A-10 as follows:

BT [r71r] AT r°! + ¥T R7Y = 3T r-1 (A-11)
since

5. R-l = pT
making - -1

A ZRAR (A-12)
and vt oz ¢ gL

where ¥T is a new column vector of total value added

evaluated at the new prices.
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equation (A-11) becomes
T

pT AT + ¥ = pT
pT = [T - AT]"19T (A-13)

Equation (A-7b) can be written

RAX+RY=RX

defining R X = X (A-14)
RY = ¥ (A-15)
We have -1
R A [R R] X + RY = RX
and _— - .
AX+Y=X
or . .
X =1[I -A]lY | (A-16)

The operation of the model can, then, be presented
as follows:
1. Impose a tax and change V to v.
2. Apply Equation A-7a to compute new relative
"prices" P.
3. Form the matrix R and compute R, X and Y.
4. The overall price effect as indicated by

the GNP deflator will be:

<

(A-17)

O

li
-
[l

It 31 a3
2

e
[
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One should observe that Equation A-~13 yields a price

vector PT which is again equal to one.

Table D-2 presents the transactions table for 1980
before the tax is imposed. All sectors are balanced in
this table. Table D-4 is the initial A matrix or direct
requirements table. Table A-2 presents the vector of re-
lative price effects of the wellhead tax. Table A-4 shows
the precentage changes of the direct requirements matrix
due to the imposition of the wellhead tax. Table A-5
presents the new transaction matrix, after the tax is
imposed. This table presents the i matrix together with

the ¥ and X vectors.

The conditions for existence of [I - A]-l have been
established by theorems 1, 2 and 3. It is important for
the solution of the proposed model to study the conditions
for existence of [I - i]-l.

For the A matrix we have that:

rj <1
is sufficient to answer the existence problem, the
nonsingularity problem and the convergence problem. When
the tax is imposed, value added goes up or at least remains

constant according to the shifting assumptions. Since for

each column
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and

then

where r £ is the column sum in Matrix & and Ej < 1.
J

The Matrix A satisfies then the conditions for

existence, nonsingularity and convergence that have been

established for Matrix A.

It is critical for the economic interpretation of
the model to observe that X and Y change after imposition
of the tax. As far as Y is concerned, all its components
change. No assumptions are made about different price
changes for private consumption and government expendi-
tures. The nature of input-output analysis with hundreds of
intermediate products made the assumption of constancy of
some components of final demand very unrealistic. Only
in the case of zero forward shifting all prices remain
constant. The question that remains to be answered is what
to do with the additional tax revenue. This is a question
of policy, the government can use the proceeds of the tax to
purchase additional goods in which case the vector of final
demands in Equation A-16 will change, yielding a new
vector of outputs. It is necessary to observe that in
this process there is no price change. All transactions
will occur at the new set prices 5, which is a consequence

of the imposition of the tax.
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Shifting Assumptions
We want now to generalize equation A-7a to allow

less than full shifting assumptions. Equation A-7a
pT = [1 - AT] VT (2-7a)

implies that the imposition of the wellhead tax rises Vj

for the crude petroleum sector and a new solution

pT = [1 - a7 ¢T (A=9a)

is obtained. The economic constraints for imposition of
the tax are such that the price of crude to domestic
refiners will go up by the full amount of the tax.

However, it is possible that the petroleum refining sector
would not be able to pass its cost increases to the other
sectors. To take account of this possibility the following
definition of cost shifting is established.

Let S be the fraction of the tax cost that is allowed
to be shifted. If S = 1.00, the sector could pass all
additional costs to other sectors. If S = 0, the sector
has to absorb all cost increases.

Which component of value added absorbs the cost
increases does not affect the short-run results of this
analysis. Consequently to treat the total value added as
a single vector is satisfactory for the scope of our study.
Transfer imports are included under total value added.

The wellhead tax on crude oil has some characteris-

tics that require consideration. The tax is imposed on
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the crude petroleum sector which is supposed to shift the
tax fully forward to the petroleum refining sector. The
petroleum refining sector would be able to shift its
additional costs forward according to different shifting

assumptions.

The effect of the tax was presented in our model

as follows:
1. A Wellhead yielding tax of $19,400 million
was imposed on the crude petroleum sector.
The value of the tax was based on the assump-
tions presented in Appendix D.
2. A new vector of outputs X was computed.
The additional cost imposed on sector j was

X, - X,
J J

3. The following equation establishes our

definition of tax shifting:

Vj = Vj - (Xj - Xj) (1 - 8) for all j (A-18)

In our analysis the vector of S values was one for all
sectors except the petroleum refining sector where S
varied from 1.00 to 0.10. Simulations of results under
variable shifting assumptions given in Appendix E are com-

puted using Equation A-9a as
P=I-a"]JvV?"T (A-9a)

where P is the "price" effect after tax imposition and

partial forward shifting.



APPENDIX B

Balancing of the Transactions Table Method

The direct method presented in Appendix A computed
a new matrix A by Equation A-12,
A=rar? (A-12)

Constructing a diagonal matrix X such that

=l

.. =X for i=73
ij 3
then Equation A-3

T.s
A, = .2 (A-3)
13 x,
J
can be presented as
T=AX (B-1)
We can transform Equation B-1l as follows:
RT = R A * ¥ [RCR]
or
RT = R A R X R
then ~ o~
RT = A X
Therefore ~
T=RT (B=2)

Equation B-2 could be used to compute the new
transaction matrix,if the tax-price transformation matrix R
is known. Alternatively, a balancing method is presented in
this appendix which does not require previous computation of

the R matrix.
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Equation B-2 provides a method for computation of
the transaction matrix using the following algorithm:

1. Impose a tax and change H in Table A-l.

2. Compute the new row and column totals.

3. Select the sector with the largest difference

between column totals and row totals.

4. Multiply the selected row by the ratio of the
new column total to the old column total.

5. Repeat steps 2, 3 and 4 until the difference
between the sum of row totals and the sum of
column totals is smaller than a specified
tolerance.

The above algorithm is presented in the function
BALANCE, Appendix F. For the cases studied the algorithm
converges very fast.

Figure B-l1 presents the convergence of the Petro-
leum Refining sector.

After the new transactions table is obtained the
Matrix A is computed by the normal procedure. That is:
i,

ij

=z
J

A,
1]
The A matrix has the following properties:

~

A, . A for i ]

ij * i il
A..=1a,. for i=73
13 ij
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Fig. B-l. Inputs-outputs difference for the
Petroleum Refining sector.
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These properties can be proved as follows:

For i = j
- (1] [2] [3] [n]
Ti' = Tii . xi . Xi . - xi ¢ o0 x-—-—i e
J X3 x, (11 x, (2] x, [n=1]
i
x, [n]
where X[n] indicates the value of Xi at step n and
~ ' 5ii
A.. =
ii x. [n]
i
[n]
== T . xi l
i.'l. X X In]
i
then g_, = A,, (B-5)
i ii
For i # j
- X.[l] X.[Z] x.[n]
T. = T * l [ l ” [ L] l
ij 1j X x_[ll x.ln-l]
1 i i
X [n]
= T P L
i3
J Xi
iy~ x A
J
[n]
=T . . 'Xi . 1
ij X x.[nl
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then . [n] X
4 — (B-6)
. In

Since equation A-12 can be written as

~de

R.
A = . 1 :L—- -
3= Aij == (A-14)
33
and from equation A-14
X
Ry = — (B-7)
Xy

considering that X£n1= X,

; » substitution of equation (B-7)

in equation A-12 vyields equation B-6

The balancing method that is presented in this Appendix is
then an iterative computation of the Matrix R computed in
Appendix A.

The balancing method starts with the initial
transaction table, Table D-2. After the tax is imposed
the transaction table is unbalanced. A shifting factor
S = 0.75 was used in the computations to show how the
resultant transaction table is different from Table A-5
where S = 1.0.

Table B-l1 presents the new balanced transaction
table. Total inputs and outputs of all sectors are equal.
The crude petroleum sector shows now total inputs and
outputs of $93,818.

The main advantages of this method are its computa-
tional efficiency and the ability to produce a new balanced

transaction matrik from the initial one without
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intermediate steps. Table B-2 represents the price effects
of the wellhead tax with seventy-five percent forward
shifting. These effects are smaller than those presented

in Table aA-2.
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APPENDIX C

Linear Programming Method

Lihear programming provides a sdiution to the model
which yields the same results of the direct and alternative
methods while it reveals the relationship between the two
equations of the model.

The linear programming solution to the computation
of the relative price effects of the imposition of the
wellhead tax on crude oil is as follows.

Let's consider the system of equations A-7a and

T .1 -aT; T (A=7a)

L}
]

[T - a]" 1ty (A-7b)

=<
]

The duality of prices and values in an input-output system

can be presented by the linear programming problem

[I-AlX>Y ; X > 0
n
Minimize Z = I V, X,
j=1 33

This problem minimizes total value added in the
economy when the bill of goods and services Y is delivered
to final demand. The values are measured by their total

value, in our case millions of dollars.

133
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The solution to this problem is given by equation

A-7a . Considering the dual problem we have

[x - a1t BT < vT pT 5> 0

- e

Maximize 2 = 7 Yj P

The solution to this problem is given by Equation
A~7b . In this case we maximize the value of final demand
subject to the constraints® imposed by the primary factors
of production.

The imposition of the wellhead tax changes the
Vector V into V and the second linear programming formula-
tion yields a new vector of prices B.

It is critical to observe the difference between P
and P. Table C-1 presents the results of the linear
programming solution. The table shows that P is a vector
of ones, while P is not.

The new vector of prices yields the solution to
our guestion because it presents the price effects of the
wellhead tax. We can go further, however, and reevaluate
the transactions matrix premultiplying by R as presented
in Appendix B. This operation is the same performed in the

direct method. The system of equations

AX+Y =X
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changes into a new system due to the relative price changes.

The new system is presented by

~ ~

AX+Y¥=2X
solving the maximization problem using the new Matrix A
yields the new Vector X.

The linear programming solution to the tax problem
has been presented in an extended manner for clarity in the
presentation and interpretation of the results. Actually
the solution of a single linear programming problem yields
the necessary results.

The compact solution requires only to impose the
tax and compute V. Solution of the minimization problem
yields the new vector of prices and the dual variables
are the elements of the X vector.

Linear programming algorithms used in practice give
the values of the structural variables 5; the dual
variables, X; and furthermore the values of the constraint
in the minimization problem using A gives the new values of
final demand Y.

The linear programming problems were solved with the
help of a revised simplex algorithm, RSIM, presented in
Appendix F.

Table C-1 presents the solutions to the linear program-
ming problems solved in this Appendix. Column 1 shows the
values of X. Column 2 the values of P for the initial

conditions, that is, before tax. These vectors are
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the structural variables and the dual variables of the
minimization problem.

Columns 3 and 4 present the values of Y and X
before tax imposition. Column 5 presents the value of 5,
relative prices after imposition of the tax. Finally,
Column 6 presents the value of final demand Y after the
wellhead tax is imposed.

All answers by the linear programming method agree

with the results of the direct and balancing methods.
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APPENDIX D

‘Data
This appendix presents the input-output tables
for 1972 (University of California, 1975) and the
estimation of the input-output tables for 1980 done by us
using the procedures described in Chapter III. Mathemati-
cal properties of the input-output matrices discussed in

Appendix A are ensured to hold here.
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APPENDIX E

Results of Simulations

This appendix presents the results of simulations
using different shifting assumptions of the wellhead tax
in year 1980. The source of the results included in this
appendix are computations for this work using the
programs of Appendix F.

Analysis of the table E-1 shows that for S=1.0,
the crude petroleum price increases by 27 percent and
the price of petroleum refining products increases by
17.04 percent. The price of air transportation
increases by 1.5 percent in this case.

When S=0.7, the price increase for crude pet-
roleum is still 27 percent. The price increase of pet-
roleum refining products is 11.58 percent and the price
of air transportation goes up by 1.02 percent.

For the case, S=0.3, the price increase of"
crude petroleum remains at the 27 percent level
and the price of petroleum refining increases by 4.30
percent. Air transportation price increases by 0.38
percent.

Analysis of these price increases and of the
assumed shifting factors reveals that the price increases
are not proportional (linear relationship) to the degree

of forward shifting. The price increases in the petroleum
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refining sector and in
are less than would be
tion.

This conclusion

which S=01. Petroleum

157
the air transportation sector

indicated by a straight propor-

is well presented by the case in

refining prices increase by 0.65

percent and air transportation by 0.06 percent. A

straight proportion would indicate price increases of

1.70 percent and 0.15 percent respectively.

Consequently, observation of the results indicates

that for cases where S<1, it is necessary to run the

simulation because interpolations based on proportiona-

lity between factors of forward shifting and price in-

creases are not valid.
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APPENDIX F

Computer Programs

The computer programs used in this work are presented
in this appendix. All programs were coded in APL (A
Programming Language) which is very efficient for matrix
algebra operations. Each one of the APL functions is
presented with brief documentation.

A Control Data Corporation CYBER 175 was used for
the computations. Since APL is perhaps the most standard-
ized computer language, the functions should operate

properly in any other computer having an APL interpreter.
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