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ABSTRACT ,

Title of Dissertation: Three Applications of Input-Output Fodeling
H. David.Robison, Doctor of Philosophy, 1983
Dissertetion directed by: VDE; Clopper Almon, Professor of Economic
® University of Maryland

A consistent set of equations that describe an economy were
first theorized by Walras in his general equilibrium system, and
first specified in an empirically workable form) known as
input-outpuf, by Leontief. The internzl, inter-industry
consistency of an 1npﬁt-output model gives the model applicability
to the full range of macroceconomic, microeconomic, and public
policy gquestions. This dissertation presents three new
applications of input-output modeling, one addressing each of the

previously mentioned fields of economics.

.The first application answers the public polic} guestion of
how industrial pollution abatement costs are distributed across
income classes, This study ié based on the assumption that
industrial polluters pass the full annual cost of abatement through
to their customers. B8y using input-output tables to track
cbatement costs from industries in which they were incurred through
to final goods industries, this study measures the abatement costs

' pef dollar of final goods produced for each of 78 industries. A



cross-sectional sthdy ofypersonal consumption e*pendifures‘is then
used to detehmine the percentage of income that each income cLaSﬁ

paid,'ihdirectly, for industrial poltlution zbatement.
' Alternatively, the caLtuLa{ions are done in terms of percentage of
personal ccnsumption expenditureé, to see if the‘coSts are
distributéd more régressively than,previoué studies suggest. The
findings of this study indicate that a much greafer percentage of
the jncome and a slightly greafér percentage of‘the tofél
expenditure of Llower income classes pay for indgstriatlpoLLution

abatement than is true of upper. income classes.

The éecond épplication Looks at the.léng run profitabitity of
builecing a plant to produce ethanoL from corn for use aS<an‘octéﬁe
booster in super gasoline. The apprcach téken was to build a
sub-model that is driven by the 78 sector INFORUHAinput—qutput
model. Consideration is given in fhe sub—médel to‘thé ethanol
plant efficiencies, federal and state subsidies, the pfice of crude
oil, and the price and aQailabiLity bf'corn, sqy,4and wheat. The
results from the sub-model are then fed béck into the INFORUM model
to make certain the forecasts aré consistent. Thelfindings of this
-study‘are: 1) the‘profitabte use of ethanol as an octane booster
is highly dependent on the price oflcrude ofL and the Leyel‘of

‘federal and state.fax subsidies for ethanol use; and (2) predicted



levels of ethanol production will not raise the price of corn to

the point of making ethanol unprofitable to produce.

The final application presenfs an ihput-output model designed
to prov;ide forecasts of personal consumption expenditures,
pfoducers' durable equipment purchases, government purchases,
construction purchases, exports, imports, inventory change, and
output at the 425 sector level consistent with the forecast of the'
more comprehensive 78 sector INFORUIN model. Sectoral detail cn the
output, or real, side of the more comprehensive model is
constrained to 78 sectors by the lack of data on the income, or
price, side of the model. Given a full 78 sector forecast,
econometrically estimated equations are used to produce forecasts
of each of the seven final demands at the 425 sector level.
Consistency is maintained between'each of the detailed and.
aggregate final demand types by the use of across equation
constraints, or by scaling the detailed forecast. Forecasts of
output are then obtained by passing the sum of the final deﬁands
through e 425 sector input-output matrix. UtUhile consistency of the
aggregate and detailed outputs is not mathematically guaranteed,

the differences are only minor.
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Chapter 1

Overview of Study

The internal interindustry consistency of input-output models makes
them applicable to a wide range of macroeconomic, microeconomic, and
public policy questions. Yet, input-output modelers, like most economic
modelers, are regularly faced with the question of how to apply fairly
general models to solve particular problems. Many of the prqblems are
solved easily, or uifh a minimum of effort, but a few require additional
modéling. This dissertation presents threé such abplication modelé
which draw upon a general input-output model. 'Tﬁege applications are
désigned to answer: (1)the pubLic poLicy question, "Who pays fof
industrial pollution abatement? " (2)the microeconomic question, "Will
it be profitable in the lLong run to build a plant to produce ethanol for
use as an octane booster? " and (3)the economic modeling question, "How
can more detaiied sectoral forecasts be obtained without sacrificing the
good forecasting properties of a more aggregate médeL?" Each of the
three applicatidn; is presented as a separate essay, linked to the
others only in theme and in the use of the INFORUM 78-sector

input-output model.

To answer these questions, substantial use is made of the INFORUM

78-sector input-output (I-0) model, called LIFT. LIFT is a 78-sector



input-output and macroeconomic model that is closed with respect to
income. As the phrase "closed with respect to income" impltjes, LIFT
determines income endogenously. This particular feature insures that
the.LIFT forecasts of product final demands and outputs are consistent
with forecast prices aﬁd income, a feature important in both the secohd

and third applications.

The first application, presented inAchapter 2, addresses the
question of who pays for industrial pollution abatement. Previous
studies to address this question simply assumed that dindustrial
abatement costs were distributed across income classes in proportion to
consumption expenditures because of difficulties in follduing the
interindustry flow of products. Rather than assuming a distribution,
this study attempts to measure the distribution of industrial abatement
costs across income classes for the years 1973 and 1977. The first step
in measuring the distribution is to pass the vector of pollution
abatement costs per dollar of output through the I-0 matrix to determine
the abatement costs per dollar of output for each of the 78 I-0 sectors.
More specifically, the vector of abatement costs is multiplied by the
1-0 total requirements matrix, calculated as (I - A)-1. Then by using
the consumption pattern for each of 20 income classes obtained from a
cross—-sectional study used in deveLoping‘LIFT's consumption functions,
together with the results of the first step, it is simple to determine
both the percentage of income and the percentage of expenditure each
income class pays, indirectly, for industrial pollution abatement.

Because the analysis is both static and historical, there is no need for



the forecasting properties of the LIFT model. Instead, information that

went into LIFT is used without involving the whole model.

The second of the three essays lLooks at the long-run profitability
of building a plant to produce ethanol for use as an octane booster. 1In
this apﬁlication, LIFT is used as a driver for a sub-model that provided
greater detail for the agriculture and corn milling sectors.
Consideration is given in the sub-model to the ethanol plant
efficiencies, federal and state subsidies, the price of crude oil, and
the priqe and availability of corn, soy, and wheat. The key to the
accuracy of the sub-model is the ability of LIFT to produce Long term
forecasts of outputs and prices that are consistent with an exogenously
specified crude oil price. Previous studies, which have lacked the
ability to produce consistent long term economy-wide forecasts, have
either assumed agriculturai prices to be constant and focused on ethanol
production, or assumed ethanol production to be profitable and focused
on the agricultural effects of large scale ethanol production. The
current study is the only one which combines determination of profitable
ethanol production with the agricultufal price effects in a single

Llong-term framework.

The final essay presents one answer to the question of how best to
provide greater sectoral detail in an I-0 model, without sacrificing thé
gdod forecasting properties of.a more aggregate model. LIFT has
relatively stable final demand functions and is closed with respect to

income, both highly desirable properties for a long-term model.



However, sectoral detail on the output side of LIFT is constrained to 78
sectors by the Lack of data on the income side. In order to takel
advantage of these properties, the 425 sector Detailed\bbtput Model
(DOM) is constructed with links to LIFT such thaf the détailed forecasts
of personal consumption expenditures, producers' durablé equipment,
government purchéses, construction purchases, imports, exports,
inventory change, and outputs will be consistent with the more aggregate
LIFT forecast. By requiring thaf the detailed forecasts of final
demands sum to the LIFT final demands, the detailed forecasts of final
demands and outputs should be consistent with the priﬁe/income‘forecast
of LIFT. Thus, none of the good forecasting properties of LIFT are
Lost, while substantially greater detail is obtained. DOM provides LIFT
‘with forecasts of the coefficients of the I-0 matrix and sevéral other
matrices because the matrices are best forécast at the more detailed
Level and because this procedure helps maintain consistency in the final
demand forecasts. Once forecast at the DOM level of detail, these’
matrices are aggregated to the LIFT level and used‘in making LIFT
forecasts. This 'friendly' Llinking of the two models should help both

produce better forecasts.

Before turning to the specific appLiqétions, it should again be
noted that each application presented is written as a separate essay.
Hence, some of the descriptive méferial is‘repeated in each chapter.
- Also, for readers who are unfamiliar with the workings of an I-0 model,
it may be best to read chapter 4, which describes the basic workings of

an I-0 model, before reading chapters 2 and 3.



Chépter 2
Who Pays For Industrial Pollution Abatement?

This study addresses the questionr"who pays for industrial
pollution abatement, the rich or the poor?" When an electric utility is
required to install a new particle precipitator in it§ smoke stack, who
uitimately bears most of the cost of the precipatator, high income or
Low income people? Some electricity is sold directly to consumers. The
distribution of the direct sales to consumers portion of abatement costs
is easily determined by looking at the relative percentages of income
the rich and the poor spend on electricity. However, some of the
electricity is sold to copper smelters, and the smelters sell copper
ingot to wire drawers (who also buy electricity), who sell some wire to
refrigerator producers, who sell refrigerators to hbuseholds, Not only
must all the intermediate flows for eLectriqity be followed, but, aLL‘
ihtermediate flows for all produéts must be folléwed'to the final
consumers to determine fully who pays for dindustrial pollution
abatement. In answering this question, detailed measurements of the
distribution of industrial pollution abatement costs across twenty
income classes, as a percentage of consumers®s income and expenditures,
are made for the years 1973 and 1977. Three factors: the magnitude and
" distribution of abatement costs across ihdustries, the input-output
matrices, and the consumption patterns by product of the twenty income
classes,. determine the distribution of the abatement cost burden. These
estimates, summarized in Tables 2.3-2.7, were made under the assumption
that each industry passes its full abatement costs into the prices it

charges for the goods or services produced, and therefore that the



burden is uLtimateLy borne by the final consumers.

Abatement costs for each firm include only the costs of abating
pollution generated by the firm, and not the cost of abatement equipment
buiLtAinto the goods the firm produces. Thus, the cost of abatement
equipment built into automobiles is not cdunfed as abatement
expenditures made by automobile manufacturers. Instead, these abatement
costs appear as abatement costs incurred by the purchasers of the goods.
If purchased by a consumer, the cost of abatement eﬁuipment in a car‘is
counted as a direct purchase of abatement equipment by the consumer and
is of’no‘concern in this‘study. Houever; if a firm purhcases a car, the
abatement equipment is then included as part of the purchasing firm's
abatement costs.

Measuring the distribution of the burden of poltutionvabatement has
been attempted in several ways for various portions of total abatement
costs. Although these studies generally handlLed other portions of total
abatement costs well, none has directly measured the distribution of
industrial abatement costs, largely because of difficulties in tracing
out the interindustry éffects. The interindustry movements of products,
and the abatement costs implicit in the products, is vital to measuring
the distribution of costs among final consumers, bécause most abatement
occurs at a very basic Level of pfoductioh (Steel) rather than at the
final goods level (Household appliances). If the majority of costs were
incufred b9 consumer goods manuf#cturers, the costs could be éssigned
directly to the consumers of the various products. However, this is not
the case, and the input-output matrix is necessary to allocate the

abatement costs to consumer products industries.



The industrial abatement cost burden is unlikely to be distributed
in proportion to income, given that spending rates and market baskets
differ across income classes. If the costs of all goods contained the
same percentage of pollution abatement costs, lLow income groups would
spend a greater percentage of their income on abatement, because théy
spend a larger fraction of their income than do upper income groups.
However, the implicit abatement content of goods does vary across
industries, and the market basket consumed by low income groups tends to
contain a greater percentage of high abatement costs necessities (such
as electricity), and a smaller percentage of Llow abatement cost
services, than does the market basket consumed by high income groups.
Thus, both because spending rates and market baskets differ across
income classes, the burden of abatement costs is Llikely to be
distributed in a regressive ménner.

Section two of this paper will review how previous attempts.at
measuring the distribution of abatement costs handled the industrial
costs. In section three the method and data used in this study will be

discussed, while the results will be presehted in section four.

Section 2: Previous Studies

Because of the difficulties in tracing the interindustry effects,
several recent articles have assumed that industrial abatement costs are
distribuéed in proportion to personal consumption expenditures. While
this assumption allocates the costs in a regressive manner, it misstates

the true distribution to the extent that income groups purchase

-different market baskets of goods with varying implicit LéveLs of



abatementcbst. Studies by Gianessi, Peskin, and Wolff (11) and Gianessi
and Peskin (10) make exactly this assumption. A third study, by borfman
and Snow(8), makes basically the same assumption with the exception of
.the abatement costs of electrical utilities. 1 Electrical utilities'
abatement costs were assumed to be distributed slightly more
regressively than the general personal consumption eipenditure‘pattern.
This aséumption certainly holds if only direct consumption is considered
but, it is unclear whether the assumption holds when all interindustry
effects are considered. Dorfman and Snow reported attempts to measure
the interindustry price effects, but found them to be too widely
diffused over all commodities to draw any conclusions. While Dorfman
and Snow's method is an improvement over Gianessi and Peskin's, it still
has the same basic flaw, the assumption of similar market baskets across
income cl.asses.2 Other than the handling of industrial pollution
abatement costs, tHese studies generally were quite good, with
interesting approaches to measuring the distribution of the
non—industrial costs. '

Lake, Hanneman and Oster (12) attempted to forecast the change in
welfare brought about by the Water Pollution Control Act Amendments of
1972, under the assumption that the provisions of the act were met as
stated. The Strategic Environmental Assessment System (SEAS) model, a
collection of several models inctuding the INFORUM input-output model,
was used. to measure the price changes given forecasts of abatement
costs. A price model was run to provide forecasts of price change;
caused by abatement costs; the forecasts were then fed into the

input-output framework to measure interindustry effects. 3



Assuming that all abatement costs were accounted for, there are
still several problems with the Lake, Hanﬁeman,<and Oster study. One
problem, one that introduced a regressive bias, was the omission of the
abatement costs of service industries, on which upper income classes

3 While service sectors have

spend a greater percentage of income.
relatively small abatement costs, they do have some impact on the
ovefall distribution, and should not be overlooked. A second problem,
one with the forecasting technique, was that no industrial production
process changes were permitted, and thus the abatement costs were
overestimated. 4 The probable effect of this assumption was to increase
the regressive bias, making the distribution Look more regressive than
it actually is. The focus of the Lake, Hanneman, and Oster study is the
manufacturing sectors which have>high abatement costs, costs which are
distributed regressively. By not allowing process change, tﬁey are
implicitly maintaining or increasing the measured regresivity of the
distribution. A third problem, one of clarity, is that the report is
not specifié on how the price changes were determined. Because the
report discusses the effects of various market structures on price
changes, it would seem that more was done than simply to pass the
increased costs into prices, but exactly how the price changes were

determined is not clear.

Section 3. Method and Data
This study attempts to measure directly the distribution of

industrial abatement costs across twenty income classes by using



published abatement cost data, INFORUM's 78 sector input-output tables,
INFORUM's investment matrix, and the 1972 Bureau of Labor Statistics
cross-sectional consumer expenditure survey. ALL of the annual
abatement costs are assumed to be passed through into the prices of
produc¢ts. This assumption make# the price changes easy to trace out in
the input-output framework described below. When the consumer purchéses
a good, he presumably pays‘for the full costs of producing that gobd,
including any abatement costs. The industrial abatement cost burden
borne by each consumer then is determined by his particular consumption
pattern, given the abatement costs for producing each good. It should
be noted that no attempt is made to measure the change in the welfare of
consumers caused by the price change§ attributabLe to‘industrial
pollutfon abatement. In addition, no effoft is made to calculate what
the price changes would have been had all environmental standards been
met.

The assumption of full pass through of pollution abatement costs is
a reasonable long-term assumption. In the lLong run, each firm must
cover all costs and earn a normal return on investment or exit the
jndustry. Without full cost pass through, competitive firms will earn
sub-normal profits and will eventually leave the industry until those
that remain can earn normal profits. Two alternatives to this
assumption are: greater than or less than full cost pass through. In
an oligopolistic industry, it is possible that the increase in costs
Wwill bring about a price increase greater than the increase necessary
simply to cover costs. The Lake, Hanneman, and Oster study.discusseé

this possibility more fully. A price increase covering lLess than 100



percent of costs is possible, perhaps Likely, in highly competive
industries with the capacity for overproduction. Agriculture is the
industry that best fits this description, particularly for crops that
have a price support system. By assuming simple cost pass through into
prices, the problems associated with market power aﬁd perfect
competition are avoided but, an error of unknown direction and magnitude
is introduced for each sector with either problem. This error is
discussed in more detail below.

It is expected that abatemenf costs will be distributed in a
regressive manner, as a percentage of income and as a percentage of
expenditure. The differences in spending rates and market baskets
across income classes, as described above, underlie this expectation.
Previous studies, other than the Urban Systems report, have considered
only the spending-rate differences when allocating the burden in
proportion to consumption expenditures. Use of the cross-sectional
study will capture both the spending-rate and the market-basket
differences. In order to assure that the distribution is at least as
regressive as is shown, every effort was made to understate the
regressive nature of the distribution, particularly in cases where the
data are questionable.

The percentage of each income group's income (or expenditure) that
pays for the costs of industrial pollution abatement implicit in goods
purchased is caLcuLatéd by the following method. |
1

*, -
PY_i =P (I-A ) CYi

and



*_ -
PEi = P (I-A) CEi
where:

is= 1,2,...,20 signifying the income class; 1= Lowest income,
20= h1ghest income
PY. = the percentage of income of income class i that pays
v for industrial pollution abatement

the percentage of total personal consumption expenditures

that pay for industrial pollution abatement:

P = a vector containing pollution abatement costs for each
of the 78 INFORUM sectors divided by the output of the
respective industry

PE,
1

(I-A*) L a "total requirements" matrix, modified to include

capital costs per unit of output (discussed below)

CYi = a vector containing the purchases from each industry by
income class i as a percentage of income
CE, = a vector conta1n1ng the purchases from each 1ndustry by

- income class i1 as a percentage of expenditures

The percentage of income or expenditure each income class spendé on
pollution abatement is calculéted for total abatement cosfs, and for
each.of four component parts: payments to governments for pollution
abatement, air pollution abatement, water'poLLution abatement, and solid-
waste disposal costs. This division permits examination of the
distribution'of costs for each of these types of abatement expenditures

individually.‘ Hence, the equations that fully describe the model are:

= b (reaty!
'PYki = Pk (I-A) CYi
and
‘ — b croa®-1 0
where:

total abatement costs (sum of 2 = 5)
payments to government

"air pollution abatement costs

water pollution abatement costs

k =1,2,3,4,5

SWN -
L T |



5 = solid waste disposal costs
PYki = the percentage of income of income class § that pays
for industrial pollution abatement of type k
ki = percentage of total personal comsumption expenditures
that pay for industrial pollution abatement of type k
Pk = a vector containing the abatement-cost-to-output ratio
for each of the 78 INFORUM sectors for each of the five
types of abatement costs k
The other variables are as described above.

PE

An element, Aij, of an input-output coefficient matrix, or A
matrix, shows the percentage of the output of industry j that is
purchased as an intermediate flow from industy i. The standard total

requirements matrix, (1-a)"1

» shows what production is necesary, from
each industry listed as a row, to‘produce a dollar of output of any
industry listed as a column. An element, Rij, of the total requirements
matrix shows the output of industry i necessary to make a dollar's worth
of industry j's output. The difference between Aij'and Rij 1is that the
Aij describes only the direct purchases from industry i by dindustry. j,
where Rij includes the direct purchases as well as that portion of
purchases by each other industry which is eventually sold to industry j.
For example, the electric utility (row) to the auto industry. (column)
Rij includes the direct sales of electricity to autos, the sales to
steel manufacturers that go into autos, the sales to iron ore mining
which go into making the steel uhfch, in turn, goes into producing the
autos, and thaf portion of sales to all other industries which is later
sold to the auto manufacturing sector. o

Cap%tat goods necessary to produce output are not considered in the
A matrix, but are considered in the investment, or 'B', matrix. The B

matrix indicates the industry composition of the investment purchases



for each of the investment sectors. An element, Bij, shows the
percentage of investment of sector j that comes from industry {. The
INFORUM B matrix has only 55 investment sectors (columns) with 78
indu#try sellers (rons). - For this study, INFORUM's 55 investment
séctors were spread to 78 sectors, by placing the same column of the 55
order B matrix in each of the 78 ihdustry columns that were aggregated
to form that investment sector. For example, sectors 2,3, and 5 of the
78 industry detail made up sector 3 of the 55 investment sectors. To
form the 78 sector B matrix, column 3 of the 55 order B matrix was put
in columns 2,3, and 5 of the 78 sector matrix.

‘Frbm the fact that capital flows are not considered in the A
matrix, it follows that the standard total requirements matrix, (I—A)’1,
also accounts for only the intermediate flow of materials. Thus, if the
pollution abatement vectors for 1973 and 1977 were multiplied by
standard total requirements matrices, the abatement costs implicit 1in
the capital goods used in the product{on process by each sector would be
missed. Augmented A matrices, ones that include the capital costs per
unit of output, were constructéd for the years 1972 and 1977 as follows:
AY = A+ B*, where A is a standard A matrix, and B* is a B matrix,
scaled so that each column sums to the depreciation-to-output ratio for

that sector. 6

Note that the depreciation figures did not include
depreciation on pollution abatement equipment, costs already accounted
for in the pollution vector. 7 Using the A* matrices for 1972 and 1977,
"capital-included"” total requirements matrices were calculated,
(-a%"1,

.The three major sources for the pollution abatement data were The_



Survey_of Current Busipess (SCB) of June, 1978 and the Current_
Industrial Report:__Pollution Abatement Cost: and_Expenditures (PACE) for

1973 and 1977. The PACE reports provide annual operating and

maintenance costs (direct operating expenses, depreciation, and interest

on Loans) for the manufacturing industries, at the five digit Standard

Industrial Classification (SIC) Llevel, with detail for the abatement

costs for air pollution, water pollution, soLid waste disposal, and

payments to government. When aggregated from the five digit'SIc to the

78 sector Llevel, the manufacturing data account for 40 of the 78

sectors.?

Investment in polLution abatement equipment data are available from
the SCB at an aggregated Level for 27 of the non-manufacturing sectors.
These sectors are primarily services, mining, and utilities (except
electric). The aggregates were allocated to the individual sectors in
proportion to the output of the sectors involved. For example, if 10
million dollars is the aggregate total to be divided among three
sectors, and the output of the sectors is 200, 300, and 500 million
dollars per year, the costs would be allocated 2 million dollars to the
first sector, 3 million to the second, and S million to the third. To
move from investment in pollution abatement equipment to an operating
and maintenance (0+M) estimate, the investment figures were multiplied
by the ratio of 0+M to investment for all the manufacturing sectors.
This total uas‘then allocated to air, water, solid, and government
payments in the same proportions as the total for all manufacturing
sectors: 7 percent to payments to government, 41 percent to air, 35

percent to water, and 17 percent to solid waste disposal. Manipulating



the data in this way is probably not unreasonable, because the abatement
costs for these sectors are very small, together making up lLess than
nine percent of total abatement investment in either year. A test run
using double the abatement costs obtained by the described method
‘reduced the regressive nature of the distribution only slightly. Thus,
the results are not heavily dependent on the ébatement costs for these
sector#.

0f the 78 sectors, the PACE reports provided data oﬁ 40
manufacturing‘sectors, and the SCB added 27 service, mining, and utility
(excepf électric) sectors. Of the remaining sectors, nine had no
applicable abatement data, while the agriculture and electric utilites
sectors had no single consistent source for all the data. The main
difficulty with the agriculture sector is that the federal government
pays between 204and 90 percent of farmers' abatement costs, depending on
the size of the farm and typical crops grown.9 (There is an upper limit
on the actual dollar amount the government will pay to an individual
farmer.) Prices of agricultural products prqbably reflect only that
portion of the costs fhat farmers paid for themselves, and not the
government's share. Hence, the agricultural abatement costs used for
1973 and 1977 are "best guesses'" at the true costs that farmers pa'id.10
Because Low income classes spend a greater percentage of income on food
and agricultural products, the "best guess" at agricultural abatement
costs were chosen on the Low side of the reasonable range of estimates
to avoid introducing a regressive bias to the study.

Electric Utilities,isAa sector of particular importance when

discussing pollution abatement, because it accounts for between 20 and

- 16 -



45 percent of all industrial abatement costs. No single’rdata source
provided cost estimates that were consistent with data for the other
sectors. Estimates for 1977 annual costs range from 2 to 5 billion
dollars, while estimates of investment in abatement equipment ranged
from 1.5 to 3.4 billion dollars. The 1977 base case value of slightly
more than 3 billion dollars is obtained by multiplying the investment
fu'ig'ure in the SCB by the Environmental Protection Agency's (EPA)
estimated operating cost to investment ratio for electric utilities.
(The results of measuring the distribution using this figure are given
in Tables 4.2, 4.4, 4.7, and 4.8.) Both the Council on Environmental
Quality (CEQ) 1978 feport‘ (9) and the EPA estimate that the abatement
costs for electric utilities in 1977 were approximately 5 billion
dollars. However, cost estimates for other industries from both of
these sources are higher than those "in the PACE report used for this
study. Thus, for consistancy and to minimize the estimated regressivity
the Lower figure was chosen for the ba#e value. |

An intermediate step in measuring the distribution of costs is to
calculate each sector's abgtement costs per dollar of output, which is
done by multiplying the pollution abatement vector by the capital
included total requirements matrix. This step yields the total
abatement costs per dollar of purchase for eéch of the 78 dindustries,
including in the total both direct and indirect abatement costs. For
example, - the abatement costs per dollar of purchase of motor vehicles
includes nof only abatement costs incurred at the final assembly level,
but also the abatement costs for the steel, electricity, and other

materials used in producing the component parts of the vehicle. The
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remaining step in calculating the distribution of abatement costs by
income class is to multiply the results of the first step by the vector
of consumption purchases for each income class.

The final data needed for the distribution measurement are
consumption purchases from each sector by each of the twenty income
clésses. Unfortunately, detailed cfoss-sectionat consumption studies
are not available for any year after 1972. A 1972 BLS study does
provide consumption expenditures on 50 categories of goods along with
income and taxes paid, for approximately 8000 households. (7800 of the
observations were used.) Household income was divided by the number of
persons in the household producing the family's per capita income. On
the basis of per capita income, the households were divided into twenty
income classes, which shall be referred to as ventiles. The vectors of
household consumption, for all households faLlihg into each income
class, are summed and divided by the total number of persons in that
ventile. An average, per-capita consumption vector was calculated for
each of the income cléssés, by summing the consumption vectors for all
people in the ihcome glass and dividing by the number of people in that
class. |

At this point, the consumption vectors are vectors of 1972
consumption, and unless the assumption is made that the consumption
pattern remains the same, the vectors need to be 'moved up' to become
1973 and 1977 vectors. Data are available on the movement of income for
each of the ventiles for the years 1972 - 1977, so what is needed is a
determination of how the consumption vectors changed in response to a

change 1in 'income.11 Engel curves, curves which relate consumpfion of a



- good to incoﬁe, provide the desired measure. Piece-wise linear Engel
curves for the same S0 consumption goods as given in the cross—seqtional
study were estimated by Paul Devine as part of his doctoral
dissertation.12sting the available change in incomé data, thé
consumption of each good by each income class was moved up the
appropriate Engel curve to construct 1973 and 1977 consumption vectors.
(Note: Using the Engel curves assumes constant relative prices, an
assumption which may be reasonable for 1973 but perhaps not fof 1977.)
The final step in preparing the consumption data was to pass the 1973
and 1977 consumption vectors through a bridge table to disaggregate the
50 consumption goods to the 78 input-output sectors, producing
consumption vectors fof each income class at the desired input-output

sector level for 1973 and 1977.

Section 4: Results

The two major findings of this study were as expected: abatement
costs per dollar of output range from nearly zero for some service
sectors to about 5.4 percent for electricity in 1977, and the
distribution of abatement costs across income classes is fairly
regressive. Indirect payments for industrial pollution abatement range
from .227 to 1.16 percent of income for the highest and Lowest income
groups fespectively in 1977 (.153 to .77 percent for 1973). Contrary to
earlier studies' assumptions, the costs are also disfributed
regressively when measured as a percentage of expenditure, ranging from
<44 for high {ncome groups to .54 for Lou‘income groups in 1977 ( .307

to .372 percent for 1973).



Tables 2.1 and 2.2 Llist the direct abatément costs per dollar of
output for each industry for the years 1973 énd 1977 respectively. Also
given is the allocation of direct abatement costs per dollar of output
into its four component parts. Direct abatement costs range from 4.43
cents per dollar of output for electric utilities, through .140 for
motor vehicles, to 0.01 for several service seétors.

With the exception of a few sectors , such as utilities (except
electric), petroleum refining, all mining sectors, and air
transportation, the abatement costs per dollar of output rose between
1973 and 1977. Tighter standards and greater compliance with
environmental standards were the main reasons for the increasing costs
per dollar of output. Abatement téchnology certainly improved during
the period 1973 to 1977 decreasing abatement costs per dollar of output
but, for most sectors the stricter standards and increased compliance
more than offset this decrease. Imprbving abatement technology may be
the explanation for the declining cost sectors, tho&gh for the mining
sectors and utilities the problem may be lLack of precise data.

Total abatement costs per dollar of output, thg intermediate step
result, for 1973 and 1977 are Listed in Tables 2.3 and 2.2. In most
sectors, the effect of the input-output calculations on the 1977 direct
costs is to raise abatement costs per dollar of output by 18 (eLectEic
utilities) to 4000 (Eating and drinking establishments, Automotive
repair) per;ent. The sectors with the lLargest percentage increases in
moving from direct to total abatement costs were generally the service
and consumer oriented sectors. One major exception to this rule is the

electric utility sector, which had only a small percentage change.



Industries with high abatement costs per unit of output are easily read
from Tables 2.3 and 2.2, and are generally the basic manufacturing
industries such as: Paper, Plastics, Agricultural fertilizers,
Chemicals, Copper, Steel, Petroleum refining, and Electric utilities.
Service sectors such as Retail trade, Real estate; and Business services
have reLatingy low abatement costs. Most final assembly industries,
such as Motor vehicles, Ships and boats, Household appliances, and
Computers, fall in the middle range of abatement cbsts. 1

For a majority of sectors, air pollution abatement costs are the
largest percentage of total abatement costs, followed by water, solids,
and payments to the government. In sectors such as Copper, Steel,
Stone, clay, and glass, and Other nonferrous metals, air pollution
ébatement costs are more than twice those for water. Hater pollution
abatement costs are greater than those for air in industries that
produce or use large amounts of chemicals such as: Paper, Printing and
publishing, Other chemicals, and Agricultural fertilizers. Industries
that use vast quantities of chemicals also are the sectors with the

Largest solid waste disposal costs, costs associated with disposal of

unwanted chemicals.

The distribution of the abatement cost burden across income classes
became only slightly more regressive between 1973 and 1977. Tables 2.5
and 2.6 display the distribution of the burden for 1973, measured as a
percentage of income and expenditure respectively. Tables 2.7 and 2.8
provide the same information for 1977. 1In 1973, .77 percent of the

income of an average person in the lLowest income class paid for the
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abatement costs implicit in purchased goods, compared with .157 for the
highest income class. By 1977 the high income peréentage had increased
to .227, but the low income pertentage moved up to 1.16, a greater.
relative change for tHe Lower income class. As a percentage of
expenditure, the highest income ventile experienced an increase from .31
to .44 percent, compared to .37 to .54 for the Lowest income ventile.
The measured distributions for each df the four types of abatement
costs, air, water, solids, and payments to government, are regressive,
though not perfectly so.

Payments to government has the most regressive distribution of the
four types of abatement costs, followed by water, solid waste, and air.
A quick Look back at table 2.3 and 2.4 makes it easy to see why payments
to government are distributed regressively; the only sectors with
significant payments to government are Textiles, Knitting, Food, Shoes,
Paper, Electricity, and Other chemicals. Food, Elothing, shoes, and
electricity are essentials of Life, and are goods on which Low income
classes spend a much greater percentage of their incomes than do high
income cLasses. Similarly for water, the sectors with the highest
abatement costs are sectors providing Life'é necéssitieé; Air pollution
abatement costs are the costs spread most evenly across all sectors,:

which explains why they have the least regressive distribution.

Alternate Electricity Cost Runs
Due to the lLarge proportion of all industrial abatement costs that
are incurred by Electric utilities and the uncertainty as to the exact

costs incurred, the distribution of the costs across income classes is



also measured with two alternate levels of Electric utilities abatement
costs. The two cost Levels chosen represent the high and Low end of the
range of estimated costs for Electric utilities. Tables 2.9 and 2.10
display the results of the intermediate calculation of total abatement
costs per dollar of output and the distribution ﬁalculéted as a
pefcentage of expenditures respectively, based on an abatement costs
estimate taken'frpm the Council on Environmental Quality (CEQ) report of
1978. Tables 2.11 and 2.12 present the results for a somewhat Lower
abatement cost estimate. 4Surprisingly, there is Little or no effect on
the distribution, despite Lower income cLasses spending a greater
percentage of their expenditures on electricity than do upper income
classes. (The distribution becomes only slightly more regressive as the
abatement costs for Electric utilities increase.) The reason for this
apparent discrepancy can be found in comparing Table 2.4 with Tables 2.9
and 2.11, which display the abatement costs per dollar of output for
each industry. Sectors most strongly affected by the increase in

Electric utilities abatement costs are the service sectors, on which

~higher income classes spend a greater percentage of their expenditures

than do lLower income classes. For example, in the CEQ run, total
abatement costs per dollar of output for Food and tobacco was 8 percent
above that in the base case (Table 2.4), while total abatement costs
were up by 17 and 24 percent respectively in the Eating and drinking

establishments and Finance and Insurance sectors. As a result of the

“increase in indirect abatement costs of services, the upper income

groups feel the increase in abatement costs as much (percentage wise) as

low income groups. The abatement costs for Electric utilities are then



only important in determining the level of total abatement costs and not
the distribution of costs'uhen calculated as a percentage of
expenditure. O0f course, when calculated as a percentage of income, the
larger the abatement costs the more regressive'the distribution, because
of the savings rate differences. This result is contrary to the Dorfman
and Snow (8) assumption of Electric utilities abatement costs being

distributed more regressively than general consumption goods.

When completing a study of this nature, two questions need to be
asked: First, are there any systematic biases in the study? And
second, what if anything, can be concluded from the work? One
previously acknowledged bias is that the abatement costs were chosen to
minimize the regressivity of the distribution in cases where the data
were least reliable, mainly in égriculture and electricity. A second
bias exists if firms raised their prices by more or Less than was
necessary to offset the increase in costs caused by the‘abatement
regulations. Were all firms to have raised their prices by more than
costs, all the price chaﬁges lisTed in tables 2.3 and 2.4 would be
understated, as would the regressivity of the distribution. Conversely,
if firms did not pass through all éosts, the bias would Likely be in the
opposite direction. Of course, the assumption of simple cost
pass-through could be valid in general, with the exception of only a few
sectors. In this case, the effect on the distribution is dependent on
which income classes spend a greater percentage of their income on those
sectors whose price changes were more or lLess than in proportion to

costs. Third, a 'quality’ bias exists in this study; 1if high income
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groups purchase more expensive, higher quality goods,‘thaf do not use
proportionately more materials or abatement than the Lower quality
goods. For example, a person from a high income class may spend twice
as much for a car as a low income person. By the method used in this
study, the high income person paid twice as much pollution abatement as
the low income person. However, the car may not be twice as lLarge, and
therefore would not contain twice as much steel, electricity, rubber, or
abatemeht. To the extent that such a quality bias exists, this study
overstates the abatement payments by high income groups and understates
abatement payments by low income groups, and thereby underestates the
regressivity of the distribution.

In answer to the second question, this study has shown that the
distribution of industrial abatement Eosts is more regressive than most
other studies suggest. In addition, because every effoft was made to
understate the regressivity of the distribution, the true distribution
is quite Likely to be more regressive than is reported here. This study
has also provided some weak evidence that indicates the regressivity of
the distibution is increasing over time, measured as a percentage of
income. These findings, in turn, imply that the distribution of total
abatment costs is very probably more regressive than most of the other
studies report, putting an even greater burden on the lLower income
‘classes. As indicated by this study, 1.16 percent of the income of a
typical person in the Lowest income class paid for industrial pollution
abatement implicit purchased goods, as compared t070.23 percent of a
typical pérson in the highest income classes.

In considering these findings, the Lack of reliable data for some



sectors as well as the assumption of simple abatement costs being passed
through into prices should be kept in‘mind. The}lack,of reLiabLé Hata
for the Electric utilities and Agriculture sectors are particular
problems because of the impact they can have on the magnitude and, for
agriculture, distribution of the costs. By providing a framework by
which to measure the distribution of industrial abatement costs, this
paper has moved one step towards a more accurate assessment of the
distribution of the effects of current pollution abatement policy.
Obviously, there is more work thét can be done in the area of measuring

‘the distribution of costs, as well as the distribution of benefits.



Table 2.1

Abatement Costs per dollar of output in 1973
Direct Costs Only

(1.00 means 1 cent of every $ purchase goes for pollution abatement)

SEC. TITLE TOTAL GOVERN. AIR WATER SOLID
1 AGRICULTURE,FORE 0.08257 0.00248 0.01651 0.06192 0.00165
2 IRON ORE MINING 0.24226 0.02059 0.09521 0.08091 0.04554
3 NONFERROUS METAL 0.16722 0.01421 0.06572 0.05585 0.03144
4 COAL MINING 0.27688 0.02353 0.10881 0.09248 0.05205
5 NATURAL GAS EXTR 0.39129 0.03326 0.15378 0.13069 0.07356
6 CRUDE PETROLEUM 0.26310 0.02236 0.10340  0.08788 0.04946
7 NON-METALLIC MIN 0.206%96 0.01759 0.08133 0.06912 0.03891
8 CONSTRUCT ION 0.05280 0.00449 0.02075 0.01763 0.00993
9 FOOD & TOBACCO 0.13953 0.03958  0.02788 0.04031 0.03182

10 TEXTILES, EXC. K 0.11851 0.03458 0.02098 0.03886 0.02409
11 KNITTING 0.10419 0.04268 0.01130 0.03013 0.02008
12 APPAREL, HOUSEHO 0.00000 0.00000 0.00000 0.00000 0.00000
13 PAPER 0.68538 0.05129 0.18401 0.32171 0.12775
14 PRINTING & PUBLI 0.05716 0.01218 0.01624 0.00312 0.02593
15 AGRICULTURAL FER 1.11365 0.00975 0.52270 0.39397 0.18723
16 OTHER CHEMICALS  0.74466 0.03814 0.24638 0.34741 0.11207
17 PETROLEUM REFINI 0.95685 0.00623 0.54528 0.3498 0.05552
18 FUEL OIL 0.00000 0.00000 0.00000 0.00000 0.00000
19 RUBBER PRODUCTS 0.18531 0.02364 0.06618 0.02364 0.07280
20 PLASTIC PRODUCTS 0.15948 0.01595 0.03606 0.0298 0.07696
21 SHOES AND LEATHE 0.10383 0.02213 0.01532 0.03234 . 0.03404
22 LUMBER 0.20244 0.02477 0.04921 0.04029 0.08818
23 FURNITURE 0.10565 0.01761 0.04002 0.00880 0.03922
24 STONE, CLAY, GLA 0.49662 0.02165 0.31283 0.05221 0.10994
25 FERROUS METALS 0.71483 0.02009 0.38714 0.22557 0.08203
26 COPPER 0.41018 0.00784 0.27121 0.09078 0.04035
27 OTHER NONFERROUS 0.43847 0.03625 0.27141 0.08279 0.04752
28 METAL PRODUCTS 0.13709 0.02005 0.04318 0.04147 0.03273
29 ENGINES AND TURB 0.10975 0.01335 0.03708 0.02521 0.03411
30 AGRICULTURAL MAC 0.08930 0.01488 0.02381 0.01935 0.03126
31 CONSTR,MINING,OI 0.08955 0.00746 0.02879 0.01919 0.03412
32 METALWORKING MAC 0.06679 0.015%0 0.02120 0.00742 0.02226
33 SPECIAL INDUSTRY 0.10428 0.01112 0.02920 0.03476 0.02920
34 MISC NON-ELECTRI 0.07828 0.01220 0.02745 0.01220 0.02643
35 COMPUTERS 0.06120 0.01224  0.01224 0.01496 0.02176
36 OTHER OFFICE EQU 0.07718 0.01029 0.02573 0.02058 0.02058
37 SERVICE INDUSTRY 0.16848 0.02106 0.02106 0.02771 0.09976
38 COMMUNIC EQ, ELE 0.11992 0.01947 0.02180 0.05217 0.02687
39 0.19272 0.01416 0.05664 0.08259
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Table 2.1 continued

SEC. TITLE TOTAL GOVERN. AIR WATER SOLID
40 HOUSEHOLD APPLIA 0.17220 0.02719 0.05309 0.04791 0.04402
41 MISC ELECTRICAL 0.15576 0.02431 0.04772 0.04322 0.04052
42 TV SETS,RADIOS,P 0.04935 0.01234 0.00617 . 0.00617 0.02467
43 MOTOR VEHICLES 0.12424 0.01212 0.03635 0.03557 0.04021
44 AEROSPACE - 0.09220 0.01474 0.02021 0.03621 0.02063
45 SHIPS, BOATS 0.13104 0.01139 0.02089 0.02849 0.06837
46 OTHER TRANSP. EQ . 0.07884 0.01342 ~ 0.01845 0.02348 0.02684
47 INSTRUMENTS 0.13072 0.01626 0.01188 0.05504 0.04753
48 MISC. MANUFACTUR 0.11858 0.0148 0.04681 0.02106 0.03666
49 RAILROADS 0.09867 0.00839 0.03878 0.03296 0.01855
S0 TRUCKING, HWY PA 0.02031 0.00173 0.00798 0.00678 0.00382
51 WATER TRANSPORT 0.02205 0.00187 0.00866 0.00736 0.00414
52 AIR TRANSPORT 0.10726 0.00912 0.04215 0.03582 0.02016
53 PIPELINE 0.02756 0.00234 0.01083 0.00921 0.00518
54 TRANSPORTAION SE 0.02788 0.00237 0.01096 0.00931 0.00524
55 COMMUNICATIONS S 0.02437 0.00207 0.00958 0.00814 0.00458
56 ELECTRIC UTILILI 3.23055 0.27460  1.26961 1.07900 0.60734
57 GAS UTILITY 0.19735 0.01677 0.07756 0.0659 0.03710
58 WATER AND SANITA 0.03063 0.00260 0.01204 0.01023 0.00576
59 WHOLESALE TRADE 0.02798 0.00238 0.01100 0.00935 0.00526
60 RETAIL TRADE 0.02837 0.00241 0.01115 0.00947 0.00533
61 EATING & DRINKIN 0.02863 0.00243 0.01125 0.00956 0.00538
62 FINANCE & INSURA 0.02659  0.00226 0.01045 0.00888 0.00500
63 REAL ESTATE 0.00000 0.00000 0.00000 0.00000 0.00000
64 OWNER-OCCUPIED H 0.02629 0.00223 0.01033 0.00878 0.00494
65 HOTELS; REPAIRS 0.02831 0.00241 0.01113 0.00946 0.00532
66 BUSINESS SERVICE 0.02800 0.00238 0.01100 0.00935 0.00526
67 AUTOMOBILE REPAL 0.02972 0.00253 0.01168 0.00993 0.00559
68 MOVIES AND AMUSE 0.02685 0.00228 0.01055 0.00897 0.00505
69 MEDICINE,EDUCATI 0.00000 0.00000 0.00000 0.00000 0.00000
70 FED & S8L GOVT E 0.00000 0.00000 0.00000 0.00000 0.00000
71 NON COMPETITIVE 0.00000 0.00000 0.00000 0.00000 0.00000
72 DOMESTIC SERVANT 0.02889 0.00246 0.01135 0.00965 0.00543
73 UNIMPORTANT INDU 0.00000 0.00000 0.00000 0.00000 0.00000
74 SCRAPS AND USED 0.00000 0.00000 0.00000 0.00000 0.00000
75 REST OF THE WORL 0.00000 0.00000  0.00000 0.00000 0.00000
76 GOVERNMENT INODUS 0.00000  0.00000 0.00000 0.00000 0.00000
77 INFORUM STAT. DI 0.00000 0.00000 0.00000 0.00000 0.00000
78 NIPA STAT. DISC 0.00000 0.00000 0.00000 0.00000

0.00000
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Table 2.2

Direct Costs Only

Abatement Costs per dollar of output in>1211

(1.00 means 1 cent of evéry $ purchase goes for pollution abatement)

SEC. TITLE TOTAL GOVERN. AIR WATER SOLID
1 AGRICULTURE,FORE 0.24792 0.00389 0.03886 0.20206 0.00311
2 IRON ORE MINING 0.07907 0.00546 0.03266 0.02720 0.01376
3 NONFERROUS METAL 0.07443 0.00514 0.03074 0.02560 0.01295
4 COAL MINING 0.07521 0.00519 0.03106 0.02587 0.01309
5 NATURAL GAS EXTR 0.07528 0.00519 0.03109 0.02590 0.01310
6 CRUDE PETROLEUM 0.07528 0.00519 0.03109 0.025%0 0.01310
7 NON-METALLIC MIN 0.07564 0.00522 0.03124  0.02602 0.01316
8 CONSTRUCTION 0.01021 0.00070 0.00422 0.00351 0.00178
9 FOOD & TOBACCO 0.17686 0.05340 0.02929 0.05321 0.04096
10 TEXTILES, EXC. K 0.16876 0.04662 0.02617 0.05807 0.03790
11 KNITTING 0.14053 0.06436 0.01395 0.03647 0.02575
12 APPAREL, HOUSEHO 0.00000 0.00000 0.00000 0.00000 0.00000
13 PAPER 1.04134 0.079N3 0.26280 0.54232 0.15669
14 PRINTING & PUBLI 0.06123 0.01221 0.01424 0.00366 0.03092
15 AGRICULTURAL FER 1.38336 0.00697 0.40856 0.75266 0.21517
16 OTHER CHEMICALS 1.01995 0.03845 0.27268 0.52882 0.18018
17 PETROLEUM REFINI 0.93060 0.00550 0.59026 0.27997 0.05497
18 FUEL OIL 0.00000 0.00000 0.00000 0.00000 - 0.00000
19 RUBBER PRODUCTS 0.20114 0.01953 0.072%0 0.02604 0.08202
20 PLASTIC PRODUCTS 0.17742 0.01696 0.03557 0.03846 0.08643
21 SHOES AND LEATHE 0.21049 0.07244 0.01504 0.05604 " 0.06697
22 LUMBER 0.16961 0.00716 0.04714 0.03974 0.07579
23 FURNITURE 0.14517 0.01701 0.06256 0.00911 0.05710
24 STONE, CLAY, GLA 0.62230 0.02234 0.41139 0.06296 0.12533
25 FERROUS METALS 1.17357 0.02300 0.69528 0.29840 0.15703
26 COPPER ] 1.01312 0.01210 0.87672 0.08250 0.04290
27 OTHER NONFERROUS 0.64378 0.01624 0.47635 0.09902 0.05123
28 METAL PRODUCTS 0.16508 0.02716 0.04302 0.04967 0.04523
29 ENGINES AND TURB 0.19389 0.01855 0.06679 0.06494 0.04360
30 AGRICULTURAL MAC 0.12546 0.01451 0.04779 0.01963 0.04353
31 CONSTR,MINING,OI 0.11719 0.01270 0.03002 0.02656 0.04734
32 METALWORKING MAC 0.05786 0.01736 0.00868 0.00723 0.02459
33 SPECIAL INDUSTRY 0.12105 0.01333 0.02888 0.02665 0.05220
34 MISC NON-ELECTRI 0.09090 0.01767 0.02345 0.02345 0.02827
35 COMPUTERS 0.06508 0.02662 0.00444 0.01701 0.01701
36 OTHER OFFICE EQU 0.1478&3 0.01945 0.04279 0.04668 0.0389%0
37 SERVICE INDUSTRY 0.17152 0.02339 0.01646 0.03205 0.0992
38 COMMUNIC EQ, ELE 0.12936 0.02259 0.01560 0.05944 0.03173
39 ELEC INDL APP & 0.01983 0.04610 0.04717 0.03913

0.15223
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Table 2.2 continued

TOTAL

SEC. TITLE GOVERN. AIR WATER SOLID
40 HOUSEHOLD APPLIA 0.17304 0.02788 0.03941 0.04807 0.05768
41 MISC ELECTRICAL 0.18641 0.02757 0.05275 0.05934 0.04735
42 TV SETS,RADIOS,P - 0.09426 0.01158 0.01488 0.02977 0.03969
43 MOTOR VEHICLES 0.13986 0.01662 0.04039 0.04081 0.04220
44 AEROSPACE 0.10867 0.01961 0.01865 0.04051 0.03022
45 SHIPS, BOATS 0.23861 0.01679 0.04316 0.07554 0.10312
46 OTHER TRANSP. EQ 0.11859 0.01860 0.02442 0.02790 0.04651
47 INSTRUMENTS 0.17453 0.01939 0.03483 0.06530 0.05501.
48 MISC. MANUFACTUR 0.09841 0.01761  0.02745 0.01398 0.03885
49 RAILROADS 0.07327 0.00506 0.03026 0.02521 0.01275
S50 TRUCKING, HWY PA 0.01696 0.00117 0.00700 0.00583 0.00295
51 WATER TRANSPORT 0.01714 0.00118 0.00708 0.005%0 0.00298
52 AIR TRANSPORT 0.03507 0.00242 0.01449 0.01207 0.00610
53 PIPELINE 0.01637 0.00113 0.00676 0.00563 0.00285
54 TRANSPORTAION SE 0.01710 0.00118 0.00706 0.00588 0.00298
55 COMMUNICATIONS S 0.01030 0.00071 0.00425 0.00354  0.00179
56 ELECTRIC UTILILI 4.43832 0.03384 2.62239 - 1.74826 0.03384
57 GAS UTILITY 0.06017 0.00415 0.02485 0.02070 0.01047
58 WATER AND SANITA 0.01071 0.00074 0.00443 0.00369 0.00186
59 WHOLESALE TRADE 0.01022 0.00071 0.00422 0.00352 0.00178
60 RETAIL TRADE 0.01023 0.00071 0.00423 0.00352 0.00178
61 EATING & DRINKIN 0.01024 0.00071 0.00423 0.00352 0.00178
62 FINANCE & INSURA 0.01026 0.00071 0.00424 0.00353 0.00179
63 REAL ESTATE 0.00000 0.00000 0.00000 0.00000 0.00000
64 OWNER-OCCUPIED H 0.01021 0.00070 0.00422 0.00351 0.00178
65 HOTELS; REPAIRS 0.01026 0.00071 0.00424 0.00353 0.00179
66 BUSINESS SERVICE 0.01027 0.00071 0.00424 0.00353 0.00179
67 AUTOMOBILE REPAL 0.01022 0.00071 0.00422 0.00352 0.00178
68 MOVIES AND AMUSE 0.01051 0.00073 0.00434.  0.00362 0.00183
69 MEDICINE,EDUCATI 0.00000 0.00000 0.00000 0.00000 0.00000
70 FED & S&L GOVT E 0.00000 0.00000 0.00000 0.00000 0.00000
71 NON COMPETITIVE 0.00000 0.00000 0.00000 0.00000 0.00000
72 DOMESTIC SERVANT 0.01013 0.00070 0.00418 0.00348 0.00176
73 UNIMPORTANT INDU 0.00000 0.00000 0.00000 0.00000 0.00000
74 SCRAPS AND USED 0.00000 0.00000 0.00000 0.00000 0.00000
75 REST OF THE WORL 0.00000 0.00000 0.00000 0.00000 0.00000
76 GOVERNMENT INDUS 0.00000 0.00000 0.00000 ‘0.00000 0.00000
77 INFORUM STAT. DI 0.00000 0.00000 0.00000 0.00000 0.00000
78 NIPA STAT. DISC 0.00000 0.00000 0.00000 0.00000 0.00000
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Table 2.3

Total Abatement Costs per dollar of output in 1973

(1.00 means 1 cent of every $ purchase goes for pollution abatement)

SEC. TITLE TOTAL GOVERN. AIR WATER SOLID
1 AGRICULTURE,FORE 0.38768 0.02092 0.13363 0.18529 0.04783
2 IRON ORE MINING 0.60403 0.04599 0.24782 0.20114 0.10%09
3 NONFERROUS METAL 0.49639 0.03696 0.20256 0.16728 0.08958
4 COAL MINING 0.61078 0.04719 0.24897 0.20119 0.11341
S NATURAL GAS EXTR 0.51265 0.04181 0.20433 0.17065 0.09586
6 CRUDE PETROLEUM 0.45262 0.03568 0.18276 0.14954  0.08463
7 NON-METALLIC MIN 0.58382 0.04363 0.24087 0.19384 0.10549
8 CONSTRUCTION 0.10048 0.00753  0.04168 0.03256 0.01871
9 FOOD & TOBACCO 0.46278 0.06665 0.14149 0.17085 0.08384

10 TEXTILES, EXC. K 0.63784 0.07894 0.19986 0.24832 0.11049
11 KNITTING 0.61395 0.09395 0.18174 0.22923 0.10884
12 APPAREL, HOUSEHO 0.32957 0.03968 0.10671 0.12450 0.05860
13 PAPER 1.26963 0.09282 0.38432 0.55723 0.23435
14 PRINTING & PUBLI 0.389%1 0.03754 0.12732 0.13626 0.0888
15 AGRICULTURAL FER 1.85184 0.03938 0.83307 0.66725 0.31200
16 OTHER CHEMICALS 1.24231 0.06783 0.43875 0.54353 0.19131
17 PETROLEUM REFINI 1.40055 0.03506 0.73437 0.50368 0.12741
18 FUEL OIL 0.00219  '0.00018 0.00090 0.00067 0.00044
19 RUBBER PRODUCTS 0.56286 0.05064 0.20353 0.17320 0.13628
20 PLASTIC PRODUCTS 0.63957 0.04686 0.21102 0.22146 0.15927
21 SHOES AND LEATHE 0.37118 0.04698 0.10665 0.13020 0.08726
22 LUMBER : 0.55808 0.05271 0.18361 0.15322 0.16855
23 FURNITURE 0.46918 0.04580 0.18369 0.12810 0.11152
24 STONE, CLAY, GLA 0.84153 0.04476 0.46066 0.16196 0.17409
25 FERROUS METALS ~ 1.28107 0.05053 0.65557 0.40840 0.16654
26 COPPER 1.08152 0.04137 0.62753 0.27713 0.13546
27 OTHER NONFERROUS 1.09592 0.08185 0.60385 0.26623 0.14321
28 METAL PRODUCTS 0.65263 0.04733 0.29381 0.20426 0.10752
29 ENGINES AND TURB 0.51144 0.03721 0.23127 0.14635 0.09658
30 AGRICULTURAL MAC 0.46372 0.03748 0.19746 0.13587 0.09292
31 CONSTR,MINING,OI 0.44934 0.02758 0.19883 0.13091 0.09203
32 METALWORKING MAC 0.33791 0.03218 0.14917 0.09104 0.06551
33 SPECIAL INDUSTRY 0.41854 0.02978 0.17419 0.13488 0.07967
34 MISC NON-ELECTRI 0.43350 0.03271 0.19587 0.12279 0.08211
35 COMPUTERS 0.25841 0.03020 0.08959 0.07836 0.06031
36 OTHER OFFICE EQU 0.39080 0.03256 0.15581 0.12407 0.07831
37 SERVICE INDUSTRY 0.54060 0.04460 0.18601 0.14078 0.17038
38 COMMUNIC EQ, ELE 0.35864 0.03926 0.11985 0.13074 0.06923
39 ELEC INDL APP & 0.54158 0.03622 0.20022 0.16429

0.14079

———— m Gmm . — e T S — - — S — — D — . S — - St — - — — — —— . — — — — —— — - t— —— — v — — — — tutn



Table 2.3 continued
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NIPA STAT. DISC

0.00000

SEC. TITLE TOTAL GOVERN. AIR WATER
40 HOUSEHOLD APPLIA 0.57080 0.05316 0.22740 0.17676 - 0.11342
41 MISC ELECTRICAL 0.55637 0.05270 0.22950 0.16587 0.10820
42 TV SETS,RADIOS,P 0.36158 0.04072 0.12385 0.11076 0.08636
43 MOTOR VEHICLES 0.53715 . 0.03989 0.21924 0.16371 0.11435
44 AEROSPACE 0.31291 0.03343 0.11216  0.10815 0.05868
45 SHIPS, BOATS 0.47715 0.03401 0.17543 0.13766 0.12813
46 OTHER TRANSP. EQ 0.52545 0.04196 0.22385 0.16150 0.10192
47 INSTRUMENTS 0.41055 0.03655 0.12700 0.14971 0.09741
48 MISC. MANUFACTUR 0.50831 0.04254 0.20773 0.15280 0.10592
49 RAILROADS 0.28101 0.02016 0.11839 0.09340 0.04914
50 TRUCKING, HWY PA  0.15027 0.00961  0.06504 0.05129 0.02435
51 WATER TRANSPORT 0.27020 0.01684 0.11791 0.09040 0.04496
52 AIR TRANSPORT 0.30025 0.02003 0.12906 0.10344 0.04770
S3 PIPELINE 0.52652 0.04557 0.20520 0.17923 0.09670
54 TRANSPORTAION SE 0.62775 0.04593 0.25224 0.20035 0.12923
S5 COMMUNICATIONS S 0.08597 0.00727 0.03331 0.02927 0.01613
S6 ELECTRIC UTILILI 3.83330  0.32054 1.51722 1.28202 0.71352
57 GAS UTILITY : 0.57786 0.04779 0.22880 0.18998 0.11133
58 WATER AND SANITA 0.21925 0.01621 0.08867 0.07337 0.04102

" 59 WHOLESALE TRADE 0.11458 0.00881 0.04540 0.03988 . 0.02050
60 RETAIL TRADE 0.14448 0.01149 0.05705 0.04957 . 0.02637
61 EATING & DRINKIN 0.28022 0.03159 0.09603 0.10172 0.05088
62 FINANCE & INSURA 0.12347 0.01028 0.04735 0.04265 0.02319
63 REAL ESTATE 0.06493 0.00468 0.02657 0.02228 0.01141
64 OWNER-OCCUPIED H 0.06257 0.00468 0.02474 0.02162 0.01153
65 HOTELS; REPAIRS 0.23265 0.01815 0.09050 0.08099 0.04261
66 BUSINESS SERVICE 0.17011 0.01431 0.06324 0.05861 0.03400
67 AUTOMOBILE REPAL 0.29064 0.02202 0.11797 0.09085 0.05987
68 MOVIES AND AMUSE 0.14849 0.01172 0.05696 0.05325 0.02657
69 MEDICINE,EDUCATI 0.14246 0.01113 0.05420 0.05151 0.02561

© 70 FED & S8L GOVT E 0.15308 0.01057 0.06207  0.05422 0.02620
71 NON COMPETITIVE 0.00000. 0.00000 . 0.00000 0.00000 0.00000
72 DOMESTIC SERVANT 0.02889 0.00246 0.01435 0.00965 0.00543
73 UNIMPORTANT INDU 0.47016 0.03748  0.18855 0.15565 0.08851
74 SCRAPS AND USED 0.02272 0.00181 0.00911 0.00752 0.00428
75 REST OF THE WORL 0.00000 0.00000 0.00000 0.00000 0.00000
76 GOVERNMENT INDUS 0.00000 0.00000 0.00000 0.00000  0.000C0
77 INFORUM STAT. DI 0.00000 0.00000 0.00000 0.00000 0.00000
78 0.00000 0.00000 0.00000 0.00000
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-Table 2.4 Total Abatement Costs per dollar of output in 1977

(1.00 means 1 cent of every $ purchase goes for pollution abatement)

SEC. TITLE TOTAL GOVERN. AIR WATER SOLID
1 AGRICULTURE,FORE 0.82930 0.02366 0.25433 0.48607 0.06525
2 IRON ORE MINING 0.58751 0.01738 0.30625 0.20884 = 0.05505
3 NONFERROUS METAL 0.4809 0.01564 0.23974 0.17544 0.05129
4 COAL MINING © 0.44877 0.01624 0.22534 0.15611. 0.05109
S NATURAL GAS EXTR .0.25418 0.01065 0.12362 0.0889 0.03103
6 CRUDE PETROLEUM 0.29380 0.01291 0.14273 0.09982 0.03836
7 NON=METALLIC MIN 0.54441 0.01920 0.27795 0.18837 0.05897
8 CONSTRUCTION 0.09407 0.00399 0.04540 0.03099 0.01370
9 FOOD & TOBACCO 0.77494 . 0.08564 0.24514 0.33833 0.10581

10 TEXTILES, EXC. K 1.06770 0.09552 0.35794 0.45773 0.15658
11 KNITTING 0.98175 0.12399 0.32398 0.39224 0.14162
12 APPAREL, HOUSEHO 0.55272 0.04740 0.19971 0.22934 0.07629
13 PAPER 2.03331 0.12642 0.64644 0.97927 0.28070
14 PRINTING & PUBLI 0.65206 0.04464 0.23316 0.26427 0.10969
15 AGRICULTURAL FER 2.53240 0.03142 0.83758 1.29761 0.36584
16 OTHER CHEMICALS 1.90634 0.06723 0.64528 0.90465 0.28943
17 PETROLEUM REFINI 1.33753 0.01908 0.79607 0.42383 0.09867
18 FUEL OIL 0.00171 0.00010 0.00083 0.00051 0.00027
19 RUBBER PRODUCTS 0.89429 0.04764 0.34901 0.32245 0.17459
20 PLASTIC PRODUCTS 1.09371 0.05066 0.39025 0.44168 0.21119
21 SHOES AND LEATHE 0.63665  0.10610 0.17433 0.22229 0.13394
22 LUMBER 0.71941 0.0259 0.27907 0.25521 0.15958
23 FURNITURE 0.75706 0.04296 0.34593 0.22451 0.14435
24 STONE, CLAY, GLA 1.21075 0.04192 0.70313 0.27262 0.19277
25 FERROUS METALS 2.17184 0.04655 1.25403 0.60919 0.26232
26 COPPER 2.40410 0.04036 1.88929 0.34266 0.13384
27 OTHER NONFERROUS 1.85075 0.04474 1.24059 0.42196 0.14226
28 METAL PRODUCTS 1.05659 0.05089 0.54786 0.31224 0.14566
29 ENGINES AND TURB 0.92450 0.04213 0.47938 0.27446 0.12865
30 AGRICULTURAL MAC 0.78156 0.03730 0.40004 0.21636 0.12808
31 CONSTR,MINING,0I 0.75873 0.03287 0.38060 0.21671 0.12814
32 METALWORKING MAC 0.55876 0.03272 0.28865 0.15728 0.08026
33 SPECIAL INDUSTRY 0.68244 0.03119 0.32992 0.20197 0.11955
34 MISC NON-ELECTRI 0.70215 0.03703 0.36390 0.20589 0.09752
35 COMPUTERS © 0.40290 0.04696 0.16885 0.12885 0.05823
36 OTHER OFFICE EQU 0.68928 0.04377 0.30041 0.23256 0.11261
37 SERVICE INDUSTRY 0.81441 0.04638 0.37036 0.21936 0.17840
38 COMMUNIC EQ, ELE 0.56308 0.04204 0.23318 0.20547 | 0.08236
39 ELEC INDL APP & 0.03902 0.36287 0.22447 0.10215

0.72849
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Table 2.4 continued

SEC. TITLE TOTAL GOVERN., AIR WATER SOLID

40 HOUSEHOLD APPLIA 0.86193 0.05318 0.39327 0.27040 0.14507
41 MISC ELECTRICAL 0.90055 0.05323 0.43854 0.28007 0.12932
42 TV SETS,RADIOS,P 0.58725 0.03870 0.23137 0.20852 0.11044
43 MOTOR VEHICLES 0.83981 0.04597 0.40066 0.25468 0.13880
44 AEROSPACE 0.47795 0.03779 0.20524 0.16189 0.07347
45 SHIPS, BOATS 0.83429 0.03845 0.35213  0.26521 0.17862
46 OTHER TRANSP. EQ 0.83002 0.04522 0.40220 0.2399 0.14139
47 INSTRUMENTS 0.67992 0.04062 0.28292 0.23769 0.11864
48 MISC. MANUFACTUR 0.76043 0.04407 0.34239 0.24996 0.12343
49 RAILROADS 0.41914 0.01466 0.21567 0.14317 0.04565
50 TRUCKING, HWY PA 0.22117 0.00733 0.11554 . 0.0749 0.02341
51 WATER TRANSPORT 0.41646 0.01181 0.22342 0.13844 0.04282
52 AIR TRANSPORT 0.31512 0.01146 0.16269 0.10744 0.03357
53 PIPELINE 0.76378 0.03207 0.38505 0.27504 0.07164
54 TRANSPORTAION SE 0.74396 0.03661 0.34771 0.25439 0.10542
55 COMMUNICATIONS S 0.13262 0.00477 0.06589 0.05059 0.01137
56 ELECTRIC UTILILI 5.40408 0.04772 3.17474 2.11190 0.06973
57 GAS UTILITY 0.34079 0.01717 0.1597 0.11569 0.0480
58 WATER AND SANITA 0.32023 0.01179 0.15653 0.11533 0.03662
59 WHOLESALE TRADE 0.15771 0.00582 0.07684 0.0599 0.01514
60 RETAIL TRADE 0.21884 0.00526 0.11635 0.08442 0.01281
61 EATING & DRINKIN 0.42799 0.03221 0.16552 0.18261 0.04765
.62 FINANCE & INSURA 0.14543 0.00598 0.06851 0.05660  0.01433
63 REAL ESTATE 0.09457 0.00250 0.04897 0.03543  0.00768
64 OWNER-OCCUPIED H 0.05691  0.00266 0.02433 0.02177 0.00816
65 HOTELS; REPAIRS 0.34418 0.01259 0.16625 0.13108 0.03426
66 BUSINESS SERVICE 0.23039 0.01204 0.09783 0.08868 0.03179
67 AUTOMOBILE REPAIL 0.43563 0.02128 0.21053 0.13869 0.06522
68 MOVIES AND AMUSE 0.19896 0.00693 0.09169 0.08301 0.01732
69 MEDICINE,EDUCATI 0.23695 0.00844 0.11032 0.09531 0.02287
70 FED & S&L GOVT E 0.28743 0.00891 0.14142 0.10863 0.02848
71 NON COMPETITIVE 0.00000 0.00000 0.00000 0.00000 0.00000
72 DOMESTIC SERVANT 0.01013 0.00070 0.00418 0.00348 0.00176
73 UNIMPORTANT INDU 0.89949 0.04803 0.39987 0.32189 0.12977
74 SCRAPS AND USED 0.14990 0.00800 0.06664 0.05364 0.02163
75 REST OF THE WORL 0.00000 0.00000 0.00000 0.00000 0.00000
76 GOVERNMENT INDUS 0.00000 0.00000 0.00000 0.00000 0.00000
77 INFORUM STAT. DI 0.00000 0.00000 0.00000 0.00000 0.00000
78 NIPA STAT. DISC 0.00000 0.00000 0.00000 0.00000 0.00000
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TABLE 2.5,

Percentage of Ipncome Purchasing Industrial Pollutjon
For Each of Twenty Income Classes in 1973 (per Capita)

INCOME : '
CLASS TOTAL GOVERN. AIR WATER SOLID
Low 1 0.7698379 0.0707862 0.2925688 0.2704021 = 0.1360959
2 0.5030183 0.0458066 0.1920112 0.1759886 0.0892258
3  0.4352887 0.0391253 0.1659329 0.1536864 0.0765471
4 0.3983367 0.0350693 0.1539341 0.1395181 0.069837
5 0.358389 - 0.0316935 0.1382149 0.1252225 0.0632592
6 0.3396222 0.0299483 0.1310026 0.1187303 0.059948
7 0.3280363 0.0287728 0.1269308 0.1143375 0.0580050
8 0.3196132 0.0276069 = 0.1243716 0.1111591  0.0564843
9 0.3074413 . 0.0268163 0.1191939 0.1070735 0.0543682
10  0.2914546 0.025398 0.1130473 0.1015270 0.0514901
11 0.2928575 0.0253892 0.1136836 0.1018117 0.0519805
12 0.2747292 0.0237751 0.1066754 0.0957101 0.0485761
13 0.2716877 0.0234233 0.1057231 0.0944386 0.0481118
14 0.2630455 0.0223554 0.1030163 0.0913487 0.0463334 -
15 - 0.2510311 0.0215241 0.0978103 0.0872375 0.0444671
16 0.2443841 0.0209009 0.0954722 0.0847353 0.0432851
17 0.2299182 0.0196931 0.0896933 0.0797777 0.0407622
18 0.2204415 0.0187557 0.0862175 0.0765066 0.0389685
19 0.2002290 0.0169763 0.0783860 0.0692426 0.0356319
HIGH 20 0.1573628 0.0133812 0.0613614 0.0545014 0.0281240

—— e T . = ——— — - —— G A BD —— — — - T R —— e ——— - G G- — S Soge — —



TABLE 2.6

Percentage of Expenditure Purchasing Industrial Pollution
For Each of Twenty Income Classes in 1973 (per Capita)

INCOME
CLASS TOTAL GOVERN. AIR WATER SOLID
Low 1 0.3725442 0.0342552 0.1415815 0.1308545 0.0658603
2 0.3685175 0.0335585 0.1406698 '0.1289314 0.0653679
3 0.3640934 0.0327261 0.1387931 0.1285497 0.0640272 .
4 0.3624607 0.0319108 0.1400701 0.1269525 0.0635351
5 0.3600229 0.0318385 0.1388474 0.1257955 0.0635487
6 0.3527616 0.0311069 0.1360708 0.1233237 0.0622675
7 0.3491303 0.0306230 0.1350929 0.1216899 0.0617349
8 0.3468006 0.0299552 0.1349511 0.1206147 0.061289N
9 0.3573533 0.0311698 0.1385446 0.1244565 0.0631947
10 0.3470566 0.0302435 0.1346138 0.1208957 0.0613130
11 0.3452060 0.0299276 0.1340046 0.1200106 0.0612721
12 0.3404641 0.0294638 0.1321998 0.1186108 0.0601989
13 0.3427050 0.0295460 0.1333584 0.1191242 0.0606879
14 0.3433548 0.0291807 0.1344678 0.1192380 0.0604793
15 0.3366031 0.0288613 0.1311520 0.1169752 0.0596251
16 0.3375123  0.0288657 0.1318541 0.1170257 0.0597798
17 0.3333083 0.0285487 0.1300267 0.1156523 0.0590921
18 0.3327698 0.0283128 0.1301505 0.1154913 0.0588253
19 0.3262562 0.0276614 0.1277233 0.112850 0.058059
HIGH 20 0.3072125 0.0261235 0.1197932 0.1064006 0.0549052
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TABLE 2.7 Percentage of Ipcome Purchasing Industrial Poltution
For Each of Twenty Income Classes in 1977 (per Capita)

INCOME

CLASS TOTAL GOVERN. AIR WATER SOLID

LOW 1 1.1591 0.0624 0.5258 04606 0.1103
2 0.7306 0.0381 0.3349 0.288 0.0693

3 0.6296 0.0323 0.2865 0.2511 0.0597

4 0.5711 0.0286 0.2639 0.2244 0.0542

5 0.5140 0.0255 0.2384 0.2016 0.0485

6 0.4868 0.0241 0.2257 0.1911 0.0460

7 0.4712 0.0238 0.2176 0.1834 0.0464

8 0.4562 0.0224 0.2126 0.1767 0.0446

9 D.4412 0.0218 0.2052 0.1716 0.0427

10 0.4188 0.0207 0.1946 0.1628 0.0407

11 0.4214 0.0209 0.1955 0.1629 -0.0422

12 0.3956 0.0196 0.1834 0.1533 0.0393

13 0.3908 0.0192 0.1818 0.1509 0.0389

14 0.3766 0.0183 0.1758 0.1447 0.0378

15 0.3609 0.0178 0.1676 0.1390 0.0366

16 0.3501 0.0173 0.1630 0.1344 0.0355

17 0.3307 0.0164 0.1536 0.1270 0.0337

18 0.3160 0.0155 0.1472 0.1212 0.0320

19 0.2883 0.0141 0.1344 0.1099 0.0299
HIGH 20 0.2270 0.0112 0.1052 0.0867 0.0239
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TABLE 2.8 Percentage of Expepdjture Purchasing Industrial Pollution
For Each of Twenty Income Classes in 1977 (per Capita)

HIGH 20 0.4401 0.0218° 0.2040 0.1681 0.0463

|

|

|

|

I INCOME

| CLASS TOTAL GOVERN. AIR WATER SOLID

|

1 LOW 1 0.5419 0.0292 . 0.2458 0.2154 0.0516
| 2 0.5358 0.0280 0.2456 0.2114 0.0508
! 3 0.5257 0.0270 0.2393 0.2097 0.0499
| 4 0.5192 0.0260 0.2399 0.2040 0.0493
| 5 0.5169 0.0257 0.2397 0.2028 0.0488
] ,

I 6 0.5064 0.0251 0.2348 0.1988 0.0478
! 7 . 0.5022 0.0254 0.2319 0.1955 0.0495
| 8 0.4954 0.0243 ~  0.2309 0.1918 0.0484
| 9 0.5130 0.0253 0.2386 0.1995 0.0496
[ 10 0.4981 0.0246 0.2315 0.1936 0.0484
|

| 11 0.4953 0.0246 0.2298 0.1915 0.0495
| 12 0.4882 0.0241 0.2263 0.1892 0.0485
| 13 0.4901 0.0241 0.2280 0.1892 0.0488
| 14 0.4888 0.0238 0.2282 0.1878 0.0490
l 15 0.4814 0.0237 0.2236 0.1854 0.0488
l B

| 16 0.4817 0.0238 0.2243 0.1849 0.0488
| 17 0.4768 0.0236 - 0.2215 0.1831 0.0487
| 18 0.4747 0.0233 0.2212 0.1821 0.0481
| 19 0.4663 D.0229 0.2175 0.1777 0.0483
|

|
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Table 2.9

Total Abatement Costs per dollar of output in 1977

HIGH_ABATEMENT _COSTS_FOR_ELECTRIC_UTILITIES

(1.00 means 1 cent of every $ purchase goes for pollution abatement)

AIR

SEC. TITLE TOTAL GOVERN. WATER SOLID
1 AGRICULTURE,FORE - 0.88233 0.02441 0.28698 0.50497 0.06600
2 IRON ORE MINING 0.73469 0.01945 0.39686 0.26129 0.05712
3 NONFERROUS METAL 0.58408 0.01707 0.30252 0.21179 0.05272
4 COAL MINING 0.53249 0.01741 0.27687 0.18594 0.05226
5 NATURAL GAS EXTR 0.29724 0.01125 0.15012 0.10425 0.03164
6 CRUDE PETROLEUM 0.33599 0.01350 0.16870 0.11485 0.03895
7 NON-METALLIC MIN 0.65092 0.02069 0.34351 0.22632 0.06047
8 CONSTRUCTION 0.10255 0.00411 0.05062 0.03401 0.01382
9 FOOD & TOBACCO 0.83494 0.08648 0.28208 0.35972 0.10666

10 TEXTILES, EXC. K 1.18616 0.09718 0.43086 0.49995 0.15824
11 KNITTING 1.08753 0.12547 0.38909 0.42994 0.14311
12 APPAREL, HOUSEHO 0.62635 0.04843 0.24504 0.25558 0.07733
13 PAPER 2.15073 0.12807 0.71872 1.02112 0.28235
14 PRINTING & PUBLI 0.71533 0.04553 0.27210 0.2868 0.11058
15 AGRICULTURAL FER 2.65888 0.03320 0.91544 1.34269 0.36761
16 OTHER CHEMICALS 2.0168 0.06878 0.71328 0.94402 0.29099
17 PETROLEUM REFINI 1.39912 0.01994 0.83399 0.44578 0.09954
18 FUEL OIL ) 0.00189 0.00010 0.00094 0.00058 0.00027
19 RUBBER PRODUCTS 0.98497 0.04892 0.40483 0.35476 0.17586
20 PLASTIC PRODUCTS 1.20729 0.05226 0.46017 0.4816 0.21278
21 SHOES AND LEATHE 0.69062 0.10685 0.20755 0.24152 0.13470
22 LUMBER 0.78163 0.02678 0.31737 0.27739 0.16045
23 FURNITURE 0.83341 0.04403 0.39292 0.25172 0.14542
24 STONE, CLAY, GLA 1.32613 0.04354 0.77415 0.31374 0.19439
25 FERROUS METALS 2432446 0.04870 1.34798 0.66358 0.26446
26 COPPER ) 2452786 0.04209 1.96547 0.38677 0.13557
27 OTHER NONFERROUS 2.04872 0.04752 1.36245 0.49251 0.14504
28 METAL PRODUCTS 1.15117 0.05222 0.60607 0.34595 0.14699
29 ENGINES AND TURB 1.00327 0.04324 0.52788 0.30254 - 0.12976
30 AGRICULTURAL MAC 0.84909 0.03825 0.44160 0.24043 0.12903
31 CONSTRLMINING,OI 0.82824 0.03385 0.42338 0.24148 0.12912
32 METALWORKING MAC 0.62545 0.03365 0.32970 0.18104 0.08119
33 SPECIAL INDUSTRY 0.74866 0.03212 0.37068 0.22557 0.12048
34 MISC NON-ELECTRI 0.77594 0.03806 0.40932 0.23219 0.09856
35 COMPUTERS 0.45583 0.04771 0.20143 0.14771 0.05897
36 OTHER OFFICE EQU 0.75207 0.04465 0.33907 0.25494 0.11349
37 SERVICE INDUSTRY 0.88553 0.04738 0.41414 0.24470 0.17940
38 COMMUNIC EQ, ELE 0.63068 0.04299 0.27480 0.22956 0.08331

ELEC INDL APP & 0.80408 0.04008 0.40940 0.25141 0.10321
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Table 2.9 continued
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SEC. TITLE TOTAL GOVERN. AIR WATER SOLID
40 HOUSEHOLD APPLIA 0.93976 0.05427 0.44119 0.29814 0.14616
41 MISC ELECTRICAL 0.98969 0.05448 0.49342 0.31184 0.13057
42 TV SETS,RADIOS,P 0.65159 0.03960 0.27097 0.23145 0.11134
43 MOTOR VEHICLES 0.91282 0.04699 0.44560 0.28070 0.13982
44 AEROSPACE 0.53688 0.03861 0.24152 0.18290 0.07429
45 SHIPS, BOATS 0.90759 0.03948 0.39724 0.29133 0.17965
46 OTHER TRANSP. EQ 0.90444 0.04626 0.44801 0.26648 0.14243
47 INSTRUMENTS 0.74235 0.04149 0.32135 0.25994 0.11952
48 MISC. MANUFACTUR 0.83552 0.04513 0.38862 0.27672 0.12449
49 RAILROADS 0.48708 0.01562 0.25750 0.16738 0.04660
50 TRUCKING, HWY PA 0.24486 0.00767 0.13012 0.08335 0.02375
51 WATER TRANSPORT 0.46942 0.01256 0.25602 0.15731 0.04357
52 AIR TRANSPORT 0.34186 0.01183 0.17915 0.11696 0.03395
53 PIPELINE 0.95969 0.03482 0.50564 0.34486 0.07439
S4 TRANSPORTAION SE 0.82420 0.03774 0.39710 0.28299 0.10655
55 COMMUNICATIONS S 0.17153 0.00531 0.08984 0.06446 0.01192
56 ELECTRIC UTILILI 8.43719 0.09030 5.04177 3.19282 0.11232
57 GAS UTILITY 0.38288 0.01776 0.18558 0.13069 0.04889
58 WATER AND SANITA 0.37927 0.01262 0.19287 0.13637 0.03744
59 WHOLESALE TRADE 0.19132 - 0.00630 0.09752 0.07188 0.01562
60 RETAIL TRADE 0.30054 0.00641 0.16664 0.11353 0.01396
61 EATING & DRINKIN 0.50136 0.03324 0.21068 0.20876 0.04868
62 FINANCE & INSURA 0.18147 0.00648 0.09069 0.06944 0.01484
63 REAL ESTATE 0.12071 0.00287 0.06506 0.04475 0.00805
64 OWNER-OCCUPIED H 0.06182 0.00273 0.02735 0.02351 0.00823
65 HOTELS; REPAIRS 0.42705 0.01375 0.21726 0.16062 0.03542
66 BUSINESS SERVICE 0.26256 0.01249  0.11763 0.10014 0.03224
67 AUTOMOBILE REPAI 0.48733 0.02201 0.24235 0.15712 0.06595
68 MOVIES AND AMUSE 0.24828 0.00763 0.12205 0.10059 0.01801
69 MEDICINE,EDUCATI 0.29549 0.00927 0.14636 0.11617 0.02369
70 FED & S&L GOVT E 0.35158 0.00981 0.18091 0.13149 0.02938
71 NON COMPETITIVE 0.00000 0.00000 0.00000 0.00000 0.00000
72 DOMESTIC SERVANT 0.01013 0.00070 0.00418 0.00348 0.00176
73 UNIMPORTANT INDU 0.98696 0.04926 0.45371 0.35306 0.13099
74 SCRAPS AND USED D.16447 0.00821 0.07561 0.05883 0.02183
75 REST OF THE WORL 0.00000 0.00000 0.00000 0.00000 0.00000
76 GOVERNMENT INDUS 0.00000 0.00000 0.00000 0.00000 0.00000
77 INFORUM STAT. DI 0.00000 0.00000 0.00000 0.00000 0.00000
78 NIPA STAT. DISC 0.00000 0.00000

0.00000

0.00000

0.00000




TABLE 2.10 Percentage of Expepditure Purchasing Industrial Pollution
For Each of Twenty Income Classes in 1977 (per Capita)

HIGH_ABATEMENT_COSTS_FOR_ELECTRIC UTILITIES

INCOME-
CLASS. TOTAL GOVERN. AIR WATER SOLID
Low 1 0.6715 0.0310 0.3256 . 0.2615 0.0534
2 0.6652 0.0298 0.3253 0.2575 0.0527
3 0.6515 0.0287 0.3167 0.2545 0.0516
4 0.6428 0.0278 0.3160 0.2480 0.0510
5 0.6428 0.0274 0.3172 0.2477 0.0505
6 0.6294 0.0268 0.3104 0.2426 0.0496
7 0.6175 0.0270 0.3028 0.2366 0.0511
8 0.6109 0.0259 0.3020 0.2330 0.0500
% 9 0.6346 0.0270 0.3135 0.2428 0.0513
%% 10 0.6151 0.0263 0.3035 0.2353 0.0500
Ll 0.6083 0.0261 0.2993 0.2317 0.0511
12 0.5999 0.0257 0.2951 0.2290 0.0501
13 0.6022 0.0257 0.2970 0.2291 0.0504
14 0.5989 0.0253 0.2960 0.2271 0.0505
15 0.5891 0.0253 0.2898 0.2238 0.0503
16 - 0.58%2 0.0253 0.2905 0.2232 0.0503
17 0.5823 0.0251 0.2864 0.2207 0.0501
18 0.5803 0.0247 0.2862 0.2198 0.0496
19 0.5681 0.0243 0.2801 0.2140 0.0497

HIGH 20 0.5344 0.0231 0.2621 0.2017 0.0476
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Table 2.11

‘Total Abatement Costs per dollar of output in 13977

LOW_ABATEMENT_COSTS_FOR_ELECTRIC UTILITIES

{1.00 means 1 cent of every $ purchase goes for pollution abatement)

SEC. TITLE TOTAL GOVERN, AIR WATER SOLID
1 AGRICULTURE,FORE 0.79270 0.02667 0.22319 0.46899 0.07388
2 IRON ORE MINING 0.48593 0.02573 0.21981 0.1614% 0.07900
3 NONFERROUS METAL 0.41171 0.02142 0.17984 0.14258 0.06788
4 COAL MINING 0.39100 0.02098 0.17618 0.12914 0.06471
5 NATURAL GAS EXTR 0.22447 0.01309 0.09833 0.07503 0.03804
6 CRUDE PETROLEUM 0.26468 0.01530 0.11794 0.08622 0.04522
7 NON=METALLIC MIN 0.47091 0.02524 0.21539 0.15405 0.07630
8 CONSTRUCTION 0.0881 0.00447 0.04041 0.02826 0.01508
9 FOOD & TOBACCO 0.73353 0.08904 0.209%0 0.31900 0.11558

10 TEXTILES., EXC. K 0.9859% 0.10223 0.28836 0.41956 0.17586
11 KNITTING 0.90876 0.12999 0.26186 0.35816 0.15883
12 APPAREL, HOUSEHO 0.50190 0.05157 0.15647 0.20561 0.08828
13 PAPER 1.95228 0.13308 0.57748 0.94143 0.29981
14 PRINTING & PUBLI 0.60840 0.04823 0.19600 0.24388 0.11998
15 AGRICULTURAL FER 2444511 0.03860 0.76330 1.25686 0.38642
16 OTHER CHEMICALS 1.83010 0.07350 0.58039 0.86906 0.30741
17 PETROLEUM REFINI 1.29502 0.02257 0.75989 0.40398 0.10870
18 FUEL OIL 0.00158 0.00011 0.00072 0.00045 0.00030
19 RUBBER PRODUCTS 0.83171 0.05279 0.29575 0.29323 0.18935
20 PLASTIC PRODUCTS 1.01532 0.05710 0.32354 0.40508 0.22967
21 SHOES AND LEATHE 0.59941 0.10916 0.14263 0.204%0 0.14273
22 LUMBER 0.67646 0.02944 0.24252 0.23516 0.16970
23 FURNITURE 0.70438 0.04729 0.30109 0.19991 0.15678
24 STONE, CLAY, GLA 1.13112 0.04846 0.63536 0.23545 0.21154
25 FERROUS METALS 2.06651 0.05521 1.16440 0.56002 0.28715
26 COPPER 2.31868 0.04737 1.81660 0.30278 0.15398
27 OTHER NONFERROUS 1.71412 0.05597 1.12431 0.35817 0.17447
28 METAL PRODUCTS 0.9933 0.05625 0.49231 0.28177 0.16105
29 ENGINES AND TURB 0.87013 0.04660 0.43312 0.24908 0.14147
30 AGRICULTURAL MAC 0.73496 0.04113 0.36038 0.19461 0.13907
31 CONSTR,MINING,OI 0.71077 0.03682 0.33977 0.19431 0.13945
32 METALWORKING MAC 0.51274 0.03650 0.24948 0.13579 0.09111
33 SPECIAL INDUSTRY 0.63675 0.03494 0.29103 0.18063 0.13032
34 MISC NON-ELECTRI 0.65123 0.04121 0.32056 0.18212 0.10953
35 COMPUTERS 0.36638 0.0499%6 0.13777 0.11180 0.06684
36 OTHER OFFICE EQU 0.64594 0.04733 0.26353 0.21232 0.12283
37 SERVICE INDUSTRY 0.76532  0.05042 0.32859 0.19644  0.18997
38 COMMUNIC EQ, ELE 0.51642 0.04587 0.19348 0.18369 0.09336
39 ELEC INDL APP & 0.67632 0.31847 0.20011 0.11445

0.04331
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Table 2.11 conti nﬁed

GOVERN.

SEC. TITLE TOTAL AIR . WATER SOLID
40 HOUSEHOLD APPLIA 0.80821 0.05759 0.34756 0.24532 0.15774
41 MISC ELECTRICAL 0.83903 0.05828 0.38619 0.25135 0.14382
42 TV SETS,RADIOS,P 0.54285 0.04235 0.19358 0.18779 0.1209
43 MOTOR VEHICLES 0.78943 0.05011 0.35778 0.23116 0.15068
44 AEROSPACE 0.43728 0.04113 0.17063 0.14290 0.08306
45 SHIPS, BOATS 0.78371 0.04261 0.30908 0.24160 0.19055
46 OTHER TRANSP. EQ 0.77866 0.04944 0.35850 0.21598 0.15350
47 INSTRUMENTS 0.63683 0.04416 0.24626 0.21757 0.12880
48 MISC. MANUFACTUR 0.70860 0.04833 0.29829 0.22576 0.13565
49 RAILROADS 0.37226 0.01851 0.17577 0.12128 0.05670
50 TRUCKING, HWY PA 0.20483 0.00868 0.10163 0.06728 0.02727
51 WATER TRANSPORT 0.37992 0.01482 0.19232 0.12138 0.05144
52 AIR TRANSPORT 0.29667 0.01297 0.14699 0.09882 0.03792
S3 PIPELINE 0.62858 0.04318 0.26998 0.21192 0.10352
54 TRANSPORTAION SE 0.68859 0.04116 0.30058 0.22854 0.11848
55 COMMUNICATIONS S 0.10578 0.00697 0.04304 0.03806 0.01770
56 ELECTRIC UTILILI 3.31089 0.21972 1.39331 1.13457 0.56329
S7 GAS UTILITY 0.31174 0.01956 0.13495 0.10213 0.05514
58 WATER AND SANITA 0.27949 0.01514 0.12185 0.09631 0.04622
59 WHOLESALE TRADE 0.13452 0.00773 0.05710 0.04908 0.02061
60 RETAIL TRADE 0.16245 0.00989 0.06836 0.05809 0.02610
61 EATING & DRINKIN 0.37736 0.03637 0.12242 0.15897 0.05959
62 FINANCE & INSURA 0.12057 0.00802 0.04735 0.04499 0.02019
63 REAL ESTATE 0.07653 0.00398 0.03362 0.02701 0.01193
64 OWNER-OCCUPIED H 0.05352 0.00294 0.02145 0.02018 0.00896
65 HOTELS; REPAIRS 0.28698 0.01729  0.11757 0.10438 0.04775
66 BUSINESS SERVICE 0.20819 0.01387 0.07 894 0.07831 0.03703
67 AUTOMOBILE REPAI 0.39995 0.02422 0.18016 0.12204 0.07364
68 MOVIES AND AMUSE 0.16492 0.00973 ~ 0.06272 0.06712 0.02535
69 MEDICINE,EDUCATI 0.19655 0.01176 0.07594 0.07645 0.03239
70 FED & SBL GOVT E 0.24315 0.01255 0.10374 0.08796 0.03892
71 NON COMPETITIVE 0.00000 0.00000 0.00000 0.00000 0.00000
72 DOMESTIC SERVANT 0.01013 0.00070 0.00418 0.00348 0.00176
73 UNIMPORTANT INDU 0.83912 0.05299 0.34850 0.29370 0.14400
74 SCRAPS AND USED 0.13984 0.00883 0.05808 0.04895 0.02400
75 REST OF THE WORL 0.00000 0.00000 0.00000 0.00000 0.00000
76 GOVERNMENT INDUS 0.00000 0.00000 0.00000 0.00000 0.00000
77 INFORUM STAT. DI 0.00000 0.00000 0.00000 0.00000 0.00000
78 NIPA STAT, DISC 0.00000 0.00000 0.00000 0.00000

0.00000
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TABLE 2.12 Percentage of Expenditure Purchasing Industrial Pollution
.For Each of Twenty Income Classes in 1977 (per Capita)

LOW_ABATEMENT _COSTS_FOR_ELECTRIC UTILITIES

INCOME
CLASS TOTAL GOVERN. AIR WATER SOLID
LOW 1 0.4525242 0.0365352 0.1697445 0.1736138 0.0726523
2 0.4465099 0.0353178 0.1696181 0.1697030 0.0718956
3 0.4389274 0.0340903 0.1654061 0.1691272 0.0703227
4 0.4338510 0.0330524 - 0.1672688 0.1641266 0.0694267
5 0.4299702 0.0327983 0.1657442 0.1621900 0.0692634
6 0.4215940 0.0320308 0.1625677 0.1591666 0.0678514
7?7 0.4225733 0.0319188 0.1641238 0.1583086 0.0682490
8 0.4156915 0.0308351 0.1630649 0.1546213 0.0671986
+ 9 044290550 0.0321932 0.1671913 0.1603074 0.0693847
10  0.4173411  0.0312439 0.1627736 0.1559048 0.0674457
11 0.4173320 0.0309650 0.1633989 0.1550705 0.0679295
12 0.4111773 0.0304780 0.1607687 0.1532463 0.0667116
13 0.4127449 0.0304418 0.1621750 0.1530709 0.0670840
14 0.4128947. 0.0300402 0.1635927 0.1523825 0.0669101
15 0.4071465 0.0298526 0.1603248 0.1507013 0.0662963
16  0.4075521 0.0298470° 0.1611616 0.1502621 0.0663102
17 . 0.4040789 0.0296047 0.1595611 0.1491177 0.0658239
18  0.4017763  0.0292533 0.1591662 0.1481041 0.0652828
19 0.3960885 0.0286619 0.1576607 0.1449383 0.0648579
HIGH 20 0.0271180 0.1486307 0.1376718 0.0616251

0.3750175
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ENDNOTES

porfman and Snow L[5, p. 1141

This paper assumes that the other studies recognize that abatement
costs do vary across industries.

Lake, Hanneman, and Oster [8, p.1961
Lake, Hanneman; and Oster [8, p.1961]
Lake, Haﬁneman, and Oster‘[8, p.212.]
1972 matrices were used for the 1973 calculations.

The depreciation figures for the INFORUM investment sectors were
developed by Dr. Anthony Barbera.

Data was not available for sector 12 (Apparel); sector 18's(Fuel 0il)
costs are all in sector 17 (Petroleum refining.)

Council on Environmental Quality (9, b. 443,

- No source could provide the data in the same form as the PACE reports

(14 & 15) or the Survey of Current Business article (18). Most
published reports do not discuss the magnitude of the abatement
costs for all the agricultural sectors, thereby avoiding the
data problems. The best source available was unpublished
Environmental Protection Agency data, which indicated that the
agricultural abatement costs for 1977 were somewhere between
400 and 600 million dollars. The figure chosen was 50 percent
of the 650 million dollar figure, or 325 million dollars.

For a more complete description the Engel curves see Paul Devine's
dissertation, chapter 2.

Pollution abatement for the auto industry do not include the costs
costs of the pollution abatement equipment built into the cars.



q)

(2)

(3

- (4)

(5

(6)

49

1€:))

1§°))

References

Almon, Clopper, "The INFORUM Interindustry Macro Model With an
Application to the Effects of Protection," INFORUM Working Paper US
- 51’ 1983.

Almon, Clopper, Jr., Buckler, Margaret B., Horwitz, Lawrence M., and

Reimbold, Thomas C., 1985:__Interindustry Forecasts of_ the_ American
Economy, Lexington, MA, Lexington Books, 1974.

Barbera, A.J., A_Study of_ the Determinapts_of Eactor_Demand by -
Industry, Unpublished Ph.D. dissertation, 1982.

Baulmol, W.J., and Oates, Wallace E., The_Theory of_Epvironmental
Policy, Englewood CLiffs, NJ, Prentice Hall, 1975.

Baulmol, W.J. ‘and Oates, Wallace E., Economics._ Epviropmeptal_

Policy and_The Quality of Life, Engelwood CLiffs, NJ, Prentice
Hall, 1979.

The_Cost_of_Cleap_Air_apd_Water, U.S. Environmental Protection

Agency, Washington, Government Printing Office, 1979.

Devine, Paul, Forecasting Personal_Consumption Expepditures_from.
Cross-section_2pd Time_serjes_bata, Unpublished Ph.D.
dissertation, 1983. :

Dorfman, Nancy S. and Snow, Arthur, "Who Will Pay for Pollution
Control?" Natijonal Tax_Journal, March, 1975, pp. 101-115.

DC, U.S. Government Printing Office, 1978.

(10) Gianessi, Leonard P., and Peskin, Henry M., "The Distribution of

Ecopomics, February, 1980, pp. 85-102.



(113

12

(13

(14
(15
e
17,

18

Gianessi, Leonard P., Peskin, Henry M., and Wolff, Eduard, "The
Distributional Effects of Uniform Air Pollution Policy in the
United States," Quarterly Jourpal of Economics, May, 1979, pp. 281

-301.-.

Lake, Elizabeth E., Hanneman, William M., and Oster, Sharon M., Who

Pays_for_Clean Water2 _The_ Dlssnlbut1°n_gi-ﬂas§:_EQLLytlon-sgnzzg-
Costs, Boulder, €O, Westview Press, 1979.

Leontief, Wassily, "Environmental Repercussions and the Economic
Structure: An Input-Output Approach,” The_ Rgvleg_gi_Ecgnomlcs and
Statistics, August, 1970, pp. 262-271.

Rggglgt1og and The UaSe_ Ecogomx, Balt1more, MD, Johns Hopkins
University Press, 1981. ‘ ‘

Pollution Abatement Cgs;g_and Expenditures_1973, U.S. Bureau of

the Census, Washington DC, U.S. Government Printing Office, 1976.

Pollution_Abatement Costs_snd_Expenditures 1977, U.S. Bureau of
the Census, washington pC, U.S. Government Printing 0ff1ce, 1979.

Portney, Paul R., Ed., Current Issues. in U.S._ _Epvironmental_
Policy. Baltimore, MD, Johns Hopkins University Press, 1978.

Rutledge, G.lL., Dreiling, F.J., and Dunlap, B.C., "Capital
Expenditures by Business for Pollution Abatement 1973-77 and
Planned 1978", Survey of_Current Busipess, June 1978, pp 33-38.



THREE APPLICATIONS OF INPUT-OUTPUT MODELING

by

H. David Robison

Dissertation submitted to the Faculty of the Graduate School
of the University of Maryland in partial fulfillment
of the requirements for the degree of
Doctor of Philosophy
1983



Chapter 3

The Long-Run Profitability of Ethanol in High-Octane Gasoline

It is often necessary when using an input-output model to address a
problem to build a sub-model to provide additional detail for #ectors of
interest. This study uses a sub-model, driven by the 78 sector INFORUM
input-oﬁtput model, to examine the lLong-run profitability of building a
plant to produce ethanol from corn for use as an octane booster in super
(high-octane unleaded) gasoline. The effects of ethanol production on
agricultural production and pricing are also examined based on classical
supply and demand modeling of agricultural price determination. .

In this study, the Long-run profitability of ethanol production was
found to be highly dependent on future movements of the real price of
crude oil and the real value of federal and state subsidies for ethanol
use in gasoline. At current nominal subsidy levels, with a constant
real price of crude oil, ethanol can be produced profitably through
1995, though the profit margin declines throughout the period as the
real value of the subsidies decline. For the relatively low levels of
ethanol production (less than 2 billion gallons) predicted by the model,
the effects on agricultural prices is minimal. Ethanol production of 3
to 5 billion gallons has a moderate impact on corn price, while the
impact could be more considerable for volumes of 10 to 15 billijon

gallons.
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Historical Perspective

Ethanol, or ethyl alcohol, is obtained by the fermentation of
carbohydrates. Knowledge qf the fermentation process to obtain alcohol
dates back as far as recorded history, when its only use was in
aLcoHoLic beverages. Alcoholic beverages are still the major market for
ethanol, though it is also used as an industrial solvent and a fuel.
The simple requirement of a carbohydrate to ferment implies that
virtually any plant, from grasses to fruits and grains, could be used to
produce ethanol. As a result, climatic and soil differences will not
prohibit the production of ethanol in a country with unused arable lLand.
In the United States, the climate is not suitable for growing sufficient
quantities of sugarcane, the most efficient crop for ethanol production,
to use sugarcane as the primary feedstock in producing ethanol.
However, the United States does have the capacity for growing corn, the
second most efficient major crop for ethanol production. (Sugarcane is
60 percentfmore efficient than corn when measured in gallons per acre
_ terms. )

Prior to the'uidespread use of petroleum fuels, ethanol was used in
limited quantities as a source of heat and light. The advent of cheap
petroleum fuels eliminated ethanol as a source of fuel except in times
of petroleum shortages. Henfy Ford, a supporter of fuel ethanol, had
cars built with carburetors that permitted any combination of ethanol
and gasoline to be uSed as fuel. This practice was short-lived because
of the ready availabilit; of cheap gasoline. The first major use of
ethanol came in Europe during the 1940's and throughout World War 1I,

when it was produced from corn, potatoes, and sugar beets. Once the war
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ended, petroleum supplies were again available, and ethanol use again
disappeared.

The 1974 oil embargo drew the world's attention to the importanée
of energy, and the potential economic power of oil exporting countries.
Brazil., hit hard by the increase in world oil prices, began an ethanol
fuel program in 1975, with the stated purpose of energy independence by
1990. The Brazilian government helped to finance distilleries and
agricultural (sugarcane) projects to supply them. By 1979, 14 percent
of Brazil's automotive fuel was ethanol, with expectatipns of 2 to 3
times that volume being produced by 1985. The United States moved more
slowly than Brazil, finally passing in 1978 an exemption to the federal
gasoline tax for fuel containing ten percent ethanol. This execmption,
therefore, amounts to a 40 cent per gallon subsidy for ethanol.

The 1979 bil shock, which doubled real oil prices, increased
interest in alternative fuels in general, and in ethanol in particular.
Gasohol, a blend of 1b percent ethanol and 90 percent gasoline, was seen
as a way to use a plentiful resource, farmland, to combat a Lack of oil
reserves. Several corn-belt states, Florida, and California granted
exemptions similar to the federal gasoline tax exemption, adding
incentive for ethanol use. The marketing of gasohol spread quickly, but
also faded quickly for a Lack of economic incentives to users and
because of problems with water absorption by the fuel. Ethanol has an
affinity for water so strong that the presence of water in storage or
shippiné tanks draws the alcohol out of the gasohol. During the period
when gasohol was widely marketed, this problem was not given proper

consideration; and a large volume of ruined or weak fuel was sold to
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consumers; "Sales of gasohol, marketed as such, are currently limited to
a few mid-western (corn producing) states.

A new potential market for ethanol has grown out of the energy
conservation efforts of the Late 1970's and early 1980 's. The engines
in the smaller, more fuél efficient, cars built since 1979 require
higher octane gasoline as the engines get older. Ethanol, with an
effective octane rating between 105 and 115 and substantial subsidies,
mighf be profitably produced for use as an alternative to oil-derivative
octane boosters in super-unleaded gasoline. Virtually all of the super
unleaded gasoline currently sold in California contains ethanol, but is
not marketed as gasohol.? It is the ijmpact of a long-run continuation

and spread of this use for ethanol that this study addresses.

Outline of Study

Measuring the profitability of ethanol production or the rather
narrow effects ethanol production would have on the economy is
impossible in the framework of INFORUM's aggregate I-0 model, called
LIFT. Both of the corn milling processes that can be used to produce
ethanol (wet and whole corn milling) fall into the three digit Standard
Industrial Classification 204, which is only a portion of the LIFT
sector 9, Food and Tobacco. In 1977, Lift sector 9 had a total output
of 208.4 billion dollars, of which all of corn milling accounted for
less than 1.5%. In addition, all of agriculture comprises only a single
LIFT sector, while the impact of large volume of ethanol production
would be Limited to corn and a few other crops that might Lose lLand to

corn production if relative prices change.
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The Corn Alcohol Model (CAM), a sub-model of the LIFT model, was
constructed to give the sectoral detail necessary for calculating the
price at which ethanol would be profitable to produce. In addition to
the ethanol production detail, additional detail was provided for the
agriculture sector, so the effects of ethanol production on crop prices
could be examined. In order to keep the model a manageable size, the
agricultural detail was Limited to three crops -- corn, soybeans, and
wheat == which might significantly affect the cost or feel the impacts
of ethanol production. There are three Links by which ethanol
production will impact upon the pricing of the three crops. First,
ethanol production is an additional demand for corn, which will raise
the equilibrium price. Second, because the three crops are substitutes
in production, relative acreage shares may shift. Finally, ethanol
production produces by-products which can substitute for corn and soy in
certain uses.

The by-products must be carefully considered, not just because of
their use as a corn and soy substitute, but because of their major
influence on the profitability on ethanol production. For example, in
1981 the net value of the by-products from one gallon of ethanol by the
wet corn milling process was 85.6 cents, which accounted for 59.7
percent of the corn input cost based on the production process.described
below. In this study, the prices of the by-products depend only on the
prices for corn and soy.

Figure 3.1, a flow diagram of the CAM model, shows the basic supply
and demand structure of the model. On the lLeft side of Figure 3.1 are

the demands for the crops including: ethanol demand for corn, animal
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feed demand, export demand, food and miscel laneous démand, and inventory
demand. Note that, while it is included on the demand side of the
model, inventory demand can have either a positive or negative sign. On
average, inventories will be a positive demand for the crops, but in
years of undersupply or excess demand inventory levels will fall, thus
offsetting some portion of the other demands. The right hand side of
Figure 3.1 shows the two sources of supply: the agricultural supply and
the by-products equivalenced to corn and soy. In the upper center of
Figure 3.1-are the exogenous variables, while in the lLower center are
the prices of the crops and by-products which are used to equate the
supply and demands for.each crop.

The model begins its solution process for each year by reading the
values of thé exogenous variables, block H of Figure 3.1. Those
exogenous variables which are taken from LIFT are Liﬁted above the
dotted Line, while those variables that are wholely exogenous are Listed
below the Line. A complete Llisting of the exogenousyvariables and
description of how they were forecasted is given in sectioﬁ 3.3 of this
study.

The next step in solving the model is to take a first guess at the
three crop prices for the first year of the projection. From the crop
prices, the by-product prices are calculated, as is described in section
3.6.

Given the crop prices, the by-product prices, and the engineering
data on ethanol production costs, the price of ethanol can be
calculated. The quantity of ethanot demanded, and therefore the amount

of corn used for ethanol, is determined by three things: the total
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consumption of gasoline, the percentage of total gasoline usage that
requires octane boosting, and the fraction of super that uses ethanol as
an octane booster. Block A of Figure 3.1, the ethanol side of CAM, is
described in detail in section 3.4.

Blocks B, C, D and E 6f Figure 3.1 depict the other four demands:
feed, exports, food, and inventory change respectively. The feed demand
equations estimate the demand for corn to be fed to animals directly as
a function of feed prices, thereby avoiding dealing with fluctuations in
the Llivestock market. (A Livestock model could be built to replace the
feed demand equations, if better short-term forecasts of feed demand are
desired.) Export demand equations were specified rather than estimated,
in order to get strong price elasticities and to allow the growth rates
for export demand to be specified exogenously. Inventory equations-uere
included to increase the short-term stability of the model. Since very
Little soy is directly consumed by humans, food énd miscel Laneous demand
equations were estimated just for corn and wheat. Functional forms and
parameter estimates for feed, export, inventory change, and food demands
are given in section 3.5.

Development of the supply side of CAM, blocks F and G of Figure
3.1, involved estihating the supply of crops given each year and
equivalencing the by-products of ethanol production to corn and soy.3 It
should be noted that the supply of the crops grown each year does not
depend on any contemporaneéus prices because the crops are planted
before the prices for the current period were known, and Little can be
done after the crops are in the ground to change the yield. Thus, the

agricultural supply of each crop is constant while the model is solving
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for a particular year, though it may change from year to year.
By-product supply =- the supply of corn gluten feed, corn gluten meal,
corn oil, and distillers dried grains equivalenced to corn and soy =--
does vary with ethanol production during the solution process. Also,
note that the by-product supply dincludes only the incremental
by-products that result from the production of fuel ethanol, which
avoids detailed modeling of other milling processes.

After a pass through the model, total supply and demand for the
crops, blocks J and K of Figure 3.1 respecitively., have been determined
based on the initial guess at the price. If supply equals demand for
each crop, the initially guessed prices are the equilibrium ones for
that year. When one or more of the crops has unequal supply and demand,
the model adjusts its guess of those crop prices and makes another pass
‘through all the equatijons of the model. Prices are raised if demand is
greater than supply, and Lowered if demand is less than supply. This
price adjustment continues until supply equals demand for each crop;
then the model continues on to the following year, beginning again with
the values of the exogenous variables and a ffrst guess at prices. The
exact workings of this process are described in section 3.7 of this
study.

Results of LIFT/CAM simulations are presented in secton 3.8. The
simulations are based on three oil price scenarios: a flat real price,
a steadily growing real price, and a fluctuating real price. Other
simulations presented in section 3.8 are based on exogenous shocks to
endogenous variables of the CAM model, such as a crop failure.

Concluding remarks are given in section 3.9.
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3.2 Review of Literature

Many recent studies have addressed particular aspects of the short-
and (ong- run effects of ethanol production. Four studies, those by
Brown (5), Breimyer (4), Cheremisinoff (6), and Paul (10) discuss the
feasibility and cost of ethanol production in technical and theoretic
manner. The other two studies to be reviewed here are simulation
studies that examine the impact of increased ethanol production on crop
and ethanol prices.

A 1979 study by Cheremisinoff (6) provides a good review of the
literature on technical pboblems associated with ethanol production.
ALl studies Looking at ethanol assume that the technical problems, such
as water affinity and regulatory restrictions, are solved with Llittle
efforte Cheremisinoff's study lLooks at the possibility of blending 5
percent ethanol with 95 percent gasoline for all gasoline produced in
the United States. Ethanol is assumed to be produ&ed from sugarcane,
corn, and other grains in various regions. The projected price of
ethanol is somewhat higher than that of this and other studies, perhaps
due to the choice of sugarcane as the major feedstock for ethanol
production. The relatively small acreage in the United States suitable
for production of sugarcane and quotas Limiting imports makes it a more
expensive feedstock than corn. Cheremisinoff's study, as is the case
with most of the technical studies, does not attempt to simulate or
forecast the effect of his projected volume of ethanol on crop prices.

A good review of ethanol programs in New Zealand, Australia, South
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Africa, Kenya, and the Sudan is provided in the paper by Brown (5).
Brown's study arrives at an ethanol price of $1.00 a gallon if corn is
priced at $2.44 per bushel. Brown focuses only on the relationship
between the price of gasoline and corn for determining ethanol
profitability, ignoring all other input costs and the decline in the
real value of subsidy levels. By ignoring other input costs, such as
coal, electricity, and lLabor, Brown overstates the effect a change in
the price of gasoline has on the profitability of ethanol production.

The study by Breimyer (4) 1is one of several which Looks at the
rationale for ethanol production in terms of energy efficiencye.
According to Breimyer., ethanol should only be produced if the ethanol
provides more energy than is necessary to produce the ethanol. Since
ethanol productijon does provide a net 2 to 5 percent increase in energy,
Breimyer and others uﬁo follow this Line of reasoning would approve of
production of ethanol for use as a fuel. However, the requirement of a
net energy increase ignores all economic precepts for determination of
value. (No octane booster with a crude oil base could meet this
requirement.)

An extremely good review of the Literature on the cost of ethanol
production is given in the study by J. K. Paul(10). The cost of
producing ethanol from all potential feedstocks under numerous
assumptions is discussed in detail. Ethanol production cost was found
to range between $1.07 and $1.31 per gallon based on $2.50 per bushel
corn. However, none of the studies reviewed attempted to forecast the
cost of producing ethanol into the future, or the effects of ethanol

production on crop prices.
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Two simulation studies, one by Meekhoff, Tyner, and Holland (9) and
one by Webb (12) have simulated the effects of ethanol production (from
corn) on crop prices. Meekhoff, Tyner, and Holland used the FEEDSIM
model to Look at the effects of producing 1 to 4 billion gallons of
ethanol annually through 1985. The results of their simulations suggest
that for the 1 to 4 billion gallons of ethanol the agricultural effects
are relatively minor, but that for greater volumes the impact could be
more substantial. As a result of 4 billion gallons of ethanol, 7 to 10
million acres would be planted in corn, while 1 to 3 million less would
be planted in soy. Exports of corn would fall 200 - 300 million bushels
per year, and annual carryovers would drop by 30 percent from the zero
ethanol case. Despite these interesting results, the Meekhoff study has
ignored the question of whether ethanol continues to be profitable fo
produce given its effect on agricultural prices, and, in particular, on
the prices of the by-products of ethanol production.

The Webb (12) study used the NIRAP, National Interregional
Agricultural Projection, simulation model to examine the effects of
producing 10 billion gallons of ethanol annually. Webb finds that the
supply curve for ethanol rises 3.65 percent per billion gal lons of
ethanol, and the price of corn rises by 4 percent per billion gallons of
ethanol. The price effect on corn is actually smaller than that fn the
Meekhoff study, which Looked at much smaller quantities of ethanol
production. Like the Meekhoff study, the Webb article has assumed that
ethanol will continue to be profitable to produce in doing the
simulatjons.

No previous study has Looked at ethanol profitability for the long
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run. Those studies which address ethanol profitability fail to Look at
the Long-run problems of increased agricultural prices and falling
subsidy values. Those studies which attempt to simulate the Long-run

agricultural effects fail to address the question of ethanol

profitability directly.

3.3. Exogenous Variables and the Link to LIFT Model

One might wonder what the value of the I-0 model is when CAM
contains all the detail important to addressing the questions of
interest in this study. The answer is that given a crude oil scenario,
LIFT provides a set of prices, a macroeconomic forecast, and an index of
gasoline consumption, all consistent with that crude oil price scenario.

Forecasting prices in the LIFT model is done in three steps.
First, income by industry 1is forecast. Second, income by dindustry is
passed through a product-industry bridge to get value added per unit of
output for each product. Finally, based on the input-output coefficient
table, prices are obtained by summing the value added of all products
used directly or indirectly in producing each product. A slightly more
descriptive explanation of price determinaton is given in Almon (1),
while a complete description is given in Matthew Hyle's Ph.D.
dissertation (8).

The ability to produce price forecasts consistant with various
crude oil scenarios is important to the CAM model, because the plant
cost data (steam coal, electricity, lLabor, freight, etc.) are moved by
LIFT price forecasts for relevant sectors. Without the ability to

factor the full effects of a change in crude oil price into all other
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prices, ethanol could appear to be profitable when, in fact, it is not.

For the exogenous variables that are not available in the LIFT
model, forecasted values were provided by the corporate sponsors of this
study. Two of these exogenous variables, ethahol production cost
parameters and the profitability/use reaction function described in the
next section, were left constant throughout the forecast period,
although provisons were made for altering them if forecasts are
availablé. Leaving these values constant implicitly assumes that no
change in plant efficiency or reaction time of refiners occurs, which
probably errs on the side of underproducing ethanol. Other exogenous
variables for which forecasts were supplied include: the federal and
state subsidy levels, the percentage of gasoline that required octane
boosting, and export growth rates. Three of the simulations presented
in secton 3.8 are based on varying the supplied forecasts of these

exogenous variables.

3.4. Ethanol Production

Ethanol can be mixed in a nine-to-one ratio with gasoline in a
refinery or at a shipping terminal to boost the octane rating of regular
unleaded gasoline three points, producing unleaded super.4 An effective
octane ratihg of 105-115 and some good refinery properties make ethanol
a good octane booster at the refinery. On the other hand, a single
refinery typically supplies products for several states with different
subsidy levels. These state-specific subsidies make ethanol blending at
the pipeline terminal more Likely to be profitable. Blending at

terminals in states with subsidies sufficiently high to make ethanol
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profitable spares the refiner from the problems of keeping super-ethanol
unleaded gasoline separated from super-nonethanél gasoline. Blending at~
the terminal also reduces the chances of ethanol/gasoline as a result of
water contamination.

In the CAM model, no explicit cost analysis was done on competitive
octane boosters such as MTBE (tertiory butyl alcohol), toluene, and
methanol. ALl non-ethanol octane boosters, except MIBE, are simple
derivatives of crude oil, and their prices are Linked to the price of
crude oil and gasoline. (MTBE is only partially a crude oil
derivative.) Some amount of these octane boosters are produced as
coproducts while refining gasoling, but the quantities produced are not
sufficient to meet octane booster demand. The refinery process can be
altered to produce large quantities of octane boosters in a separate run
from that in which gasoline is produced. In either case, the price of
the octane boosters are closely Llinked to the price of the crude oil
entering the refinery. Hénce, when CAM determines the cost
effectiveness of ethanol as an octane booster by lLooking at the ratio of
the price of ethanol to the price of gasoline, it is implicity
éonsidering all other octane boosters.

The basic assumption of the alcohol side of CAM is that refiners
will switch to ethanol as an octane booster once they perceive the
switch to be profitable. The breakeven point, the point at which the
refiner can profitably use ethanol (at the terminal), is reached when
the ratio of the price of ethanol to the gate price of gasoline at the
refinery plus shipping costs to the términal, federal and state tax

subsidies, and value of the increase in octane falls to 1.00.
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RATIO(t) = PALC / (PGASS + SHIP + FED + STATE + OCTPRE)

where:
PALC = the price of ethanol (net of by-products)
PGASS = the gate price of gasoline
SHIP = the shipping savings for blending at the téerminal
FED = the federal subsidy for use of ethanol 1in gasoline
STATE = the state subsidy for use of ethanol in gasoline
OCTPRE = the value of the octane increase gained by ethanol blending

Set-up time and other change~over costs make it unlikey that all
refiners would begin use of ethanol once the breakeven point is reached.
The changeover rate would depend'on how far below 1.00 RATIO was, how
long RATIO had been below 1.00, and on what percentage of refiners had
already made the switch to ethanol use. In addition, it was felt that
refiners would switch away from ethanol use more quickly than they began
using it. To model this, a "profitability/use" reaction function was
specified, having the previously described properties, to determine the
fraction of super gasoline (FRAC) that would use ethanqL as an octane
booster each year. This reaction function, determining the fraction of

super gasoline made with ethanol (with 0.0 < FRAC < 1.00) is as follows:
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0 if FRAC(T-1) = 0 and RATI0>1.00

FRAC(T) = ~J FRAC(T-1) + D * (1-FRAC(T-1)) * (1.00/RATI0)B% 6(T)
if RATIO < 1.00

FRAC(T=1) = 2.0 * D * (1=FRAC(T=1)) * (RAT10/1.00)B% (T
if FRAC(T=1) > 0 and RATIO0>1.00

and /
J
A if /FRAC(T-1) < A
G6(T) = o
FRAC(T-1) - if A < FRAC(T-1) < 1.00

where: 0 < FRAC(T) < 1.0
FRAC is the fraction of super gasoline made with ethanol
A is a parameter specified to be 0.1 '
B is a parameter specified to be 4.0
D is a parameter specified to be 0.225
1.00 is the threshold RATIO where the use of ethanol first
becomes profitable.
RATIO is the ratio of PALC/(PGASS + FED40D + STATE + OCTPRE + SHIPP)
FED4D is the 40 cent federal subsidy for ethanol use in gasoline
STATE is the 'average' state subsidy (‘'average' is described later)
OCTPRE is the value of the octane increase when using ethanol
SHIPP is the shipping costs to ship gasoline from the refinery
to the terminals

The parameters A, B, and D were chosen to give the function the
following properties:S
1) At any RATIO lLess than or equal to 1.00, the fraction of super
unleaded gasoline made with ethanol (FRAC) will eventually reach
1.00.
2) The change-over occurs more and more rapidly as RATIO drops
further and further below 1.00. |

3) Should RATIO rise above 1.00, refiners will move away from

ethanol use twice as fast as they began its use.
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4) The fraction of ethanol must be able to start at, leave, and if
necessary return to 0.00. The use of the A parameter in the G
function allows FRAC to start at and leave 0.0. If the A term
in the G function was 0.0, FRAC would never change from 0.0
because G(t) would always be 0.0.

Should the profitability ratio rise above 1.00, refiners should
respoﬁd by shifting to other octane boosters. It is assumed in this
study that ethanol producers price ethanol at the calculated price
required for profitability. While unrealistic in the event of falling
Levels of production, this assumption is appropriate here because the
As was expressed in the reaction function presented above, refiners are
assumed to respond to a profitability ratio above 1.00 by shifting away
from using ethanol twice as fast as they began its use. Refiners shift
away from ethanol use more quickly than they began to use it for two
reasoné. First, use of ethanol required lLearning a new technology,
while returninglto the previous method of operations does not. Second,
refiners are capable of producing other octane boosters within the
refinery, allowing the refiners to be self sufficient in terms of octane
boosters. (Also, if the refiners are running the refinery under
capacity, producing the octane internally increases capacity
utilization.)

If the profitability ratio rises above 1.00( ethanol producers have
the following three choices for production strategy: close the plant,
operate with reduced prices and profits, or switch the plant to

production of potable ethanol, industrial alcohol, or high fructose corn
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syrup. Closing the plant is unlikely as long as the variable costs of
production are covered., Selling industrial or potable ethanol would
seem to be a fairly'simple solution, except both of these markets
currently have some excess capacity. Production of high fructose corn
syrup is a reasonable alternative, and several receﬁtly constructed
plants have the capacity to produce either product. The most Llikely
short run solution, however would be a reduction in the price of ethanol
to levels that keep refiners using ethanol as an octane booster. Price
reduction is not a viable long-run solution because ethanol producers
could not continue to earn a significantly smaller return on investment
than is available in other industries.

The curves this function for FRAC creates over time could be called
logistic curves if they did not begin at zero. It is the G-function
which allows FRAC(T) to move away from zero by substituting A into the
function wﬁen FRAC(T=-1) is’Less than A. Two examples of what this
"S-curve'" would Look Like under different assumptions about the value of
RATIO follow. In the first example, it was assumed that RATIO would
start at exactly the break-even point of 1.00 in 1977 and remain there
for 19 years. Example two shows RATIO at 1.00 from 19?7\through 1983
and at 0.70 thereafter. In example one, FRAC rises slowly, reaching

67.11% in 1995, while FRAC jumps to 100% 1in example two by 1989.
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S=CURVE WHEN:

A= 0.100 B =4.000 D = 0.225

THE RATIO OF THE PRICE OF ALCOHOL TO THE PRICE OF GAS

1977 1.600 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
198 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
1995 1.000

PERCENTAGE OF SUPER GASOLINE THAT WAS PRODUCED USING ALCOHOL

DATE PERCENTAGE

7
78
79
80
81
82
83
84
85
86
87
88
89
9G
91
92
93
94
95

IS + * * * * * - *
0.00 +
2.25 +
4 .45 +
6.60 +
8.70 +
10.76 +
12.91 +
15.45 +
18.38 +
21.76 +
25.59 +
29.87 +
34,59 +
39,68 +
45 .06 +
50.63 +
56.26 +
61.79 +
67 .11 +

DATE PERCENTAGE

IS + * * %* * * *
0.000 20.000 40.000 60.000 &0.000 100.000
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S=CURVE WHEN :
A= 0.100 B =4.000 D =0.225

THE RATIO OF THE PRICE OF ALCOHOL TO THE PRICE OF GAS
1977 1.600 1.000 1.000 1.000 1.000 1.000 0.700 0.700 O0.700
1986 0.700 0.700 0.700 0.700 0.700 0.700 0.700 0.700 0.700
1995 0.7C0

PERCENTAGE OF SUPER GASOLINE THAT WAS PRODUCED USING ALCOHOL

DATE PERCENTAGE

IS + * * * * * *
77 0.00 +
78 2.25 +
79 4 .45 +
30 6.60 +
81 8.70 +
82 10.76 +
83 20.30 +
84 36.39 +
85 59.42 +
86 83.40 +
87 97 .17 +
88 99.91 +
89 100.00 +
90 100.00 +
91 100.00 +
92 100.00 +
93 100.00 +
%4 100.00 +
95 100.00 +
DATE PERCENTAGE

IS + * * * * * *

0.000 20.000 40.000 60.000 80.000 100.000
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Even though FRAC can rise to 1.00 in the S-curve function, the true
fraction of super gasoline made with ethanol cannot rise above 0.50 to
0.60, the percentage which would supply all the states with substantial
subsidies for super ethanol. The S-curve function assumes that all
states have identical subsidy levels, leaving it to the user to
recognize 60% as the true upper limit. To the extent that FRAC rises
above 0.60 in forecasting, CAM is simply forecasting the potential
market for ethanol should all states adopt identical subsidies. (The
exact size and structure is discussed below.)

The price of alcohol, the numerator in RATIO, is calculated as a
required price, that is, the price at which a sufficient return on
investment is earned after all costs and values of by-products are
considered.‘ Required prices are calculated for both the wet and whole
corn milling processes, with PALC set equal to the price of wet-corn
milled alcohol which is generally the lLower of the two. This pricing
assumption implies that the supply curve for fuel ethanol 1is perfectly
elastic at the required price, and that firms set price equal to
marginal cost. While reasonable as a long-term assumption, it is not
reasonable in forecasting year to year changes. However, the assumption
of marginal cost pricing allows the model to forecast the maximum market
size, an important factor in making investment decisions. Firms are
unlikely to enter the market or expand capacity if there is not room for
the additional capacity to profitably enter the market. In addition, if
this pricing assumption is not made another decision function would have

to be developed to determine when entry into the market would occur.6
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The current (1982) costs, exclusive of the cost of corn, for a
wet-corn milling plant of 50 million-gallon capacity in dollars per
gallon assumed for this study are: .091 for steam coal, .082 for
electricity, .155 for depreciation, .065 for labor, .353 for other
costs, (chemicals, overhead, etc.), .05 for sales costs, .10 for
freight, and .223 for return on investment. For a whale-corn milling
plant the assumed costs are: .073 for steam coal, .065 for electricty,
.113 for depreciation, .050 for labor, .314 for other costs, .05 for
sales costs, .10 for freight, and .159 for return on investment.7 In
forecasting, each of these costs is moved by the price index of the
appropriate INFORUM output, or, in the case of lLabor costs, employment
sector,

Using the wet-corn milling process, production of one gallon of
ethanol takes .4348 bushels of corn, as compared to .3922 bushels by the
whole-corn process. A wet-corn milling plant produces 5.86 bounds of
corn gluten feed (CGF), 1.65 pounds of corn gluten meal (CGM), and 0.8
pounds of corn Qil per gallon of ethanol produced. For a whole-corn
milling plant, the sole by-product is 6.59 pounds of distiller's dried
grain (DDG) per gallon of ethanol. Determination of by-product values,
along with the method for equivalencing by-preoducts to corn and soy, is
described in section 3.6. The required price for 2 gallon of alcohol is
the sum of all the listed costs for either type of plant, minus the
total value of the by-products produced by that type of plant.

In the simulations presented below, it was assumed that wet-corn
milling capacity available for ethanol production would grow at eight

percent per year from a base of 300 million gallons in 1982, the same
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rate total wet-corn milling capacity for all other uses is projected to
grow by. Production of ethanol is divided between wet and whole-corn
milling by assuming that all the wet milling capacity is used before any
whole-corn milling is done, and that whole-corn milling produces the
remainder of ethanol demanded. This assumption is based on wet-corn
mitling having higher fixed and lLower incremental costs. Thus, if 400
million gallons were to be produced in 1983, 324 million gallons would
be produced by wet milling and 76 million gallons by whole-=corn milling.

The quantity of corn used in alcohol production is:

140.87 million bu.
29.80 million bu.

Total corn used in ethanol = 171.27

Corn in wet milling
Corn in whole milling

324 mg / 2.3 gal per bu.
76 mg' / 2.55 gal per bu.

In addition, the following by-products would be produced:

QCGF = 324 gallons * 5,86 Llbs/gal = 1.8986 billion Lbs
; corn gluten feed
QCGM = 324 gallons * 1.65 lbs/gal = 0.5346 billion Lbs
corn gluten meal
QC00 = 324 gallons * 0.81 lbs/gal = 0.2624 billion lbs corn oil
QDDG = 76 gallons * 6.59 Lbs/gal = 0.5000 billion Llbs

distillers dried grains
These by-products, except corn oil, are equivalanced to corn and soy, as
is described in section 3.6.

Because the focus of CAM is fuel ethanol production, other corn
milling industries, such as high-fructose corn syrup and potable spirits
manufacturing, are not explicitly analyzed. The demand for corn by
these industries is considered along with food and other demands for

corn, described below, while the by-products from these industries are
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not dealt with at all. Although the quantity of by-products from the
high=-fructose corn syrup and potable spirits industries is significant
in absolute terms, it is small relative to the total animal feed market
in which the by-products are sold. When the by-products are considered
as corn and soy equivalents, as described in section 3.6, they make up
less than one percent of the corn feed market, and Less than ten percent
of the soy feed market for each of years 1977 to 1980.

The refiners' gate price of gasoline, plus the costs of shipping
the gasoline to the terminal, the value of the increased octane number,
and the tax subsidies make up the divisor of RATIO. LIFT's index 6f
producers' prices for refinery products moves the historical values of
refiners' gate price of gasoline. The octane premium and shipping
costs, each nominally worth 5 cents per gallon in 1982, are moved over
the forecast period by the crude oil price index and the price index for
freight sﬁipping respectively.

Current federal statutes provide for a 50 cent per gallon tax
subsidy for use of ethanol as a fuel extender and/or octane booster. In
addition to the federal subsidy, several states have tax subsidies of
varying sizes, the largest of which are listed in Table 3.1. Because
the model lacks a way to handle atl the different state subsidies, an
average state subsidy weighted by current sales of gasoline-ethanol
blended fuel was calculated. This subsidy averages 46 cents per gallon
of ethanol in states which account for 50 to 60 percent of total
gasoline consumption. It was thought Likely by the corporate sponsor
that the average state subsidies would drop a few cents per gallon of

ethanol over the forecast period due to sunset lLaws and repeals or
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reductions in individual states subsidy levels. Conversely, the federal
subsidy was assumed to continue past its statutory Llimit of 1992 to at
Lleast 1995, the final year of CAM's forecast. Arguments could be made
for most‘any subsidy scheme, hence‘in simulating the model the effect of
varying the average subsidy levels is examined closely.

Three factors determine the total volume of ethanol used as an
octane booster: the total consumption of gasoline, the share of super
in total consumption, and the fraction of super made with ethanol.
Taking the three in reverse orcer, the fraction of suber made with
‘ethanol i1s determined by the S=curve function using the ratio of the
price of alcchol to the price of gasoline plus subsidies, shipping, and
octane premium, as described above. Presently, the proportion of super
gasoline in total gasoline sales is 20%. However, cars built since 1974
have shown increasing octane needs as they age, and it is expected that
octane requirements of new cars will climb slowly as even more efficient
engines are built. Consequently, the proportion of super in totatl
gasoline sales is projected to grow to 33% by 1990 and to 35% by 1995.

Total gasoline consumption is forecast by moving known historical
vaues With an {ndex of petroleum refining output (less sales to fuel oil
and Less inventory change) from the LIFT model. By using the LIFT
forecast, three reLevan§ influences on tﬁe gasoline market are given
explicit consideration that could not be gotten from simple regression
equations. First, the growing volume of imported gasoline should reduce
the size of the octane-booster market. Second, declines in the A-matrix
coefficient in the refined products row reduce the volume of gasoline

used at the intermediate level of production. Finally, the equation for
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Table 3.1 1982 State Subsidies for Ethanol Use in Motor Fuel
In cents per gallon, except where otherwise noted

Alaska 8.0 Michigan 5.0
Arkansas 6.5 Montana 7.0
California 4,0 Nebraska 5.0
Colorado 5.0 New Hapmshire 5.0
Florida 5.0 New Mexico 10.0
Hawaii 4.0 North Dakota 4.0
Idaho 4.0 Oklahoma 6.5
ILLinois 3.0 % Texas 5.0
Indiana 4.0 % Utah 5.0
Iowa 5.0 Virginia 8.0
Louisiana 8.0 Wyoming 4.0

Note: Ethanol is not used in all states with subsidies.
%4 is percentage of sale price

personal consumption expenditures on gasoline in the LIFT model include
variables that capture the effect of the changing demographic structure
of the population of the U.S. on consumption of gasoline.

As a result of refineries being built overseas, in the Caribbean,
and in Mexico, the United States is importing more gasoline, gasoline
which is unlikely to have used ethanol as an octane booster.
Oil-derivative octane boosters are relatively cheap for oil exporters to
produce, because for most, oil is a cheap commodity. Hence, few, if
any, would consider use of ethanol as an octane booster, and as imports
grow the size of the potential ethanol market shrinks.

'At the intermediate stage of production, consumption of refined
products is determined by the output of sectors that use gasoline and
the size of the A~matrix coefficients for the refined products row. In

the LIFT model, the A-matrix coefficients for the petroleum refined
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products decline by 0.81% per year between 1982 and 1987, and by
approximately 0.51% per yearAthereafter. Despite the decline in the
size of the coefficients, total intermediate consumption of gasoline
rises as the growth in output of most sectors is greater than the
decline in the coefficients. The A-matrix coefficient change equations
were estimated in the standard INFORUM across-the-ro# change form as
described in Almon (2). In any year, this procedure changes all the
coefficients in a row in the same proprotion; it does not take prices
into consideration. Note that, because prices are not in the
coefficient change equations, the onty way a jump (up) in the price of
oil can affect gasoline use at the intermediate level is by depressing
the output of sectors wh{ch use gasoline,

Personal consumption expenditures (PCE) for gasoline were estimated
as part of a 78-commodity system of equations. The study, by Paul
Devine (7), incorporated the distribution of income across income
classes, the age structure of the population, other demographic changes
in the population, and relative prices in predicting consumption
expenditures. Neither cross-sectional nor time-series data alone could
have provided all these effects, so a combination of the two was used.

Figure 3.2 presents the estimated adult equivalency weights and
piecewise Linear Engel curve estimated for gasoline'consumption from the
cross-sectional study. The weight of 1.0 was assigned to adults 31-40,
and weights for other age groups were estimated. The weight of 0.5
given to children age 0-5 implies that a child of that age Leads to the
use of about half as much gasoline as does an adult of age 31-40. (By

comparison the weight of children 0-5 years old for physician services
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is 1.3, while their weight for educational tuition is -0.5.) Use of the
adult equivalency weights is how the age structure of the population is
taken into consideration. Note that the increase in the percentage of
the population over zge 65 should have the effect of reducing
consumption of gasoline, given the 0.7 weight of people over age 65.

The piecewise-linear Engel curve provides information on how the
distribution of income affects gasoline consumption. From Figure 3.2 it
can be seen that as per capita income increases consumption of gasoline
will increase, but at a declining rate. Thus, people with Llower incomes
have a higher dincome elasticity for gasoline consumption than do people
with higher incomes. In forecasting with the LIFT model, the
distribution of income is forecast, which through the Engel curves
affects consumption expenditures.

For the time series estimation, each of the 78 commodities were
classified to fit in one of 27 subgroups that make up ten groups. This
grouping scheme allows individual commodities within a subgroup to be
complements or substitutes, and each of the subgroups in a group to be
complements or substitutes. In addition, for each individual commodity
an income, an oun price, and several cross price elasticities are
estimated. The income elasticity for gasoline and oil is 0.555, while
the own price elasticity is =0.293. Although no miles-per-gallon
variable is used in the gasoline equation, the fit is quite good,
including the period from 1978-1981 where gasoline consumption dropped
significantly. The fit of the gasbline equation is presented in Figure
3.3,

A bridge matrix is used to match the 78 order consumption
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the 78 LIFT output sectors. The forecast of personal consumption of
gasoline 1is passed through this matrix to allocate the purchases to the

appropriate input-output sectors.

3.5 Demands for Corn, Soy, and Wheat

This section presents the functipnal forms and parameter estimates
for the equations predicting the demands for corn, soy, and wheat.
Two-stage least squares is the appropriate estimation technique to use
for the demand equations, because of the systems problem of demands for
the crops depending on the prices, and the prices depending on demand.
The simultaneous systems bias for these equations is believed to be
quite smatl, as the coefficients from the two stage least squares

8

procedure were quite close to the ordinary least squares estimate.® For

simplicity, the ordinary least squares estimates were used.

Feed Demand for Corn; Soy, and Hheaf

For the CAM model, no attempt was made to develop a livestock
modet.9 Consequently, for forecasting purposes, it was necessary to
generate feed equations independently of any knowledge of livestock
numbers. Because the size of Llivestock herds depend ultimately on
prices and income, the omission of the livestock herds should not affect
the long-term value of the model, though it may increase errors one or
‘two years ahead.

Per capita feed demand for each of the three crops was estimated as

a function of the real prices of all three crops and real per capita
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income. The results are as follows:
CCOPC=16.21 - 1.57 PCOCPI - 1.83 PCOCPI(T-1) + .001 PSYCPI + 0.87 PWHCPI
(10.25) (-11.09 (-3.95) (0.00) (2.91)

+ 1.13 NYDPCD(T-1)
(3.77)

RSQ = .804 RBARSQ = ,760 D.W. = 1.56 AAPE = 4.34 PERIOD = 54-81

CSYPC = =1.57 - 0.28 PSYCPI + 1.26 HYDPCD(t-1) + 0.20 PWHCPI(T-1)

(=3.79) (-3.,70 (15.90) (2.50)
- 0.21 PCOCPI(T-1)
(-1.73)
RSQ = .957 RBARSQ = .949 D.U. = 0.935 AAPE = 5.19 PERIOD = 54-80
CWFEPC = 0.87 = 0.09 PUHCPI + 0.39 PCOCPI + 0.04 NYDPCD(T=-1)

(2.78) (-29.08 (2.25) (0.68) (-0.02)

- 0.001 PSYCPI -0.34 PWHCPI(T-1)
(-0.02) (=4.50)

RSQ= 764 RBARSQ = .701 D.W. = 1.42 AAPE = 41.25 PERIOD = 54-78

where:

CCOPC = corn fed to animals/U.S. population

CSYPC = soy fed to animals/U.S. population
CWFEPC = wheat fed to animals/U.S. population
PCOCPI = price of corn/personal consumption deflator
PSYCPI = price of soy/personal consumption deflator
PWHCPI = price of wheat/personal consumption deflator
NYDPCD = real disposable income per capita

D.W. = Durbin Watson statistic

AAPE = average absolute percentage error
PERIOD = period over which the equation was estimated

Soft constraints were applied to the own price terms in the corn
and wheat equations to get slightly higher own price elasticities than
in the unconstrained form.s A 'séft constraint' is one that is not
required to hold exactly, that is, one that trades off fit to the data

10

to gain conformity to the desired value for the coefficient. ALL the
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variables in the first equation have the expected sign: an increase in
the real price of corn decreases its consumption, an increase in the
real prices of the other crops increases corn consumption, and
increasing real income increases consumption. One price term in each
other equation has the wrong sign. In the wheat equation, the
coefficient on the price of soy, PSYCPI, has the wrong sign, but is very
small and insignificant. The sign on the price of corr, PCOCPI(T-1), in
the soy equation is negative and the coefficient is significant at the
ten percent level. It is possible that the unexpected sign results from

a high price of corn last period reducing the stock of cattle to be fed.

Export Demand

The export functions were specified exogenously after attempts were
made to estimate them in several forms. None of the estimated forms had
reaéonable price elasticities, and all showed too much growth in export
demand. Hence, it was felt the export functions would have to be
specified exogenously. The specified functions are made up of three
multiplicative terms: a constant, a price factor, and a growth factor.

The full export functions are :

EXCO(T) = NACO * XCO(T) * GRCO(T)
EXSY(T) = NASY * XSY(T) * GRSY(T)
EXWH(T) = NAWH * XWH(T) * GRWH(T)

where :
EXCO = the exports of corn in billions of bushels
EXSY = the exports of soy in billions of bushels
EXWH = the exports of wheat in billions of bushels
XCO = the export price term for corn
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XSY

XWH
NACO
NASY
NAWH
GRCO
GRSY
GRWH

the export price term for soy

the export price term for wheat

the export constant term for corn

the export constant term for soy

the export constant term for wheat

the growth factor for the exports of corn
the growth factor for the exports of soy
the growth factor for the exports of wheat

The price factors have -1.0 price elasticities in their specified

forms, whic

XCo

XsY

1]

XWH

where :
PCO
PSY
PWH
PIN72
The price
rations to

in effect,

measure of

h are:

(Pco / pIn72) "

(PSY / PIN72) ™

(PWH / PIN72) "]

the price of corn in $/bu

the price of soy in $/bu

the price of wheat in $/bu

the implicit price deflator for non-petroleum merchandise
imports to the United States.

of imports is used as a measure of the ability of other
pay for the crops they import from the United States. . It is,
an index of the prices we pay for what they export. This

ability to pay was chosen to avoid the data problems

associated with analyzing other countries' data and exchange rate

problems.
relative t
be exported
The co
the price t

NACO

NASY

The specified forms say that if the price of a crop goes up
o the price of United States imports, less of that crop will

by the United States.

nstant terms for the crops were chosen as the reciprocals of
erm in a base year:

1 /7 XC0(8D)

1 /7 XSY(80)
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NAWH = 1 / NAWH(79)

In the fcrecast period, the growth factor for each crop is what the
~exports of that crop would be if there were no change in the price of
the crop relative to the price of imports since the base year. The
grouwth factors for the historical period were calculéted from the export

functions as follows:

GRCOCT) = EXCOCT) / ( NACO * XCO(T))
GRSY(T) = EXSY(T) / ( NASY * XSY(T))
GRWH(T) =

EXWHCT) / ¢ KAWH * XWH(T))

The calculation of the historical growth indices provided a basis
for choosing the growth rates for the forecast period. The base-case
choices for the growth factors were that exports of corn would grow at
four percent per year, soy at 5.5 percent, and wheat at 3.5 percent
beginning in 1981 for corn and soy and 1980 for wheat. Small
adjustments were. made in the growth rates for corn and soy for 1981 and
1982 to reflect recent develcpments in the export markets, with the

.prescribed growth rates beginning in 1983. The growth index for corn in
1981 would have been 2.22 had the adjustment not been made, which would
have underpredicted the preliminary figure for export of corn. By
changing the value of the index in 1981 to 2.65 the model predicts
exports of corn fairly close to preliminary reported values. In the
case of soy, using the 8.5 percent growth in the index would lead an
underprediction of soy exports in 1981 and an over prediction in 1982.
Therefore, the values of the index were changed from .890 and .966 1in
1981 and 1982 to .908 and .878, giving better predictions of soy exports

for those years. Alternate assumptions about the growth rates for
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exports are easily substituted into the model for simulation purposes.

Inventory Demands

Inventory demands for grains are different from the other demands
in that they can be positive or negative. Positive values for inventory
demands indicate that inventories are being built up (increasing total
demand for the crops), while negative values mean inventories are being
drawn down (decreasing total demand). 'Nhat is really meant by dinventory
demands is the addition to or subtraction from the previous inventory
level, also called inventory change. The estimated equations predict
the inventory levels rather than inventory changes, making it necessary
to calculate the inventory changes by subtracting the previous period's
level of inventories from the current level.

The inventory changes appear quite small in simple forecasts, but
are an important stabitizing force in the model. Without the inventory
equat{ons, and given certain additional assumptions, the CAM model can
diverge in the traditional ‘'cobweb' fashion. With the inventory
equations, even radical supply and demand shifts do not cause the model
to diverge. In the event of decreased supply (crop failure) or
increased demand (jump in exports), dinventory demand will be negative,‘
as inventory levels are drawn down. In CAl, this appears as a net
redqction of demand for the crops, rather than an increase in the supply
of crops, though the effect is the same. Inventcries move in the
opposite direction in the case of increased supply, holding the excess
supply till the following years.

The equations explaining the inventory demand for corn and soy were
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estimated with the respective quantities'produced and the respective
prices relative to the PCE deflator (called the CPI) as independent
variables. In addition, the Laggéd value of the quantity of corn
produced and time are independent variables in the corn equation. Due
to very poor fit in other forms, the equation for the inventory of wheat
used a Lagged dependent variable as an independent variable in the
estimation, along with the price of wheat relative to the CPI. The

results of the estimations were as follows:

CACO(T) = 1.874 - 0.46 PCOCPI(T) + 0.23 QCO(T) + .27 QCO(T-1)
(8.83) (-14.76) Q.79 (2.93)

- 0.10 TIMECT)
(-7.52)

RS@ = .806 RBARSQ = .770 D.W. = .851 AAPE = 15.3 PERIOD = 55-80

CASY(T) = 0.07 - 0.024 PSYCPI(T) + 0.16 QSY(T)
(1.18)  (-1.80) (6.26)

RSQ = .631 RBARSQ = .599 D.W. = 1.12 AAPE = 49.3 PERIOD = 55-80

CAWR(T) = 0.492 - 0.087 PWHCPI(T) + 0.76 CAWH(T-1)
(3.39 (-4.70) (5.38)

RSQ = 548 RBARSQ = 507 D.W. = 1.135 AAPE = 23.9 PERIOD = 55-79

where:
CACO = inventory level of corn (CA stands for CArry over) in bill.
bu.
CASY = inventory level of soy in bill. bu.
CAWH = inventory level of wheat in bill. bu.
PCOCPI = price of corn deflated by the CPI, actually the PCE deflator
PSYCPI = price of soy deflated by the CPI, actually the PCE deflator
PWHCPI = price of wheat deflated by the CPI
CcPl = the PCE deflator
QSY = the quantity of soy produced in bill. bu.
TIME = a variable whose values are: 1949=1.0, 1950=2.0, ...
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Qco = the quantity of corn produced in bjll. bu.

It was initially thought that the inventory levels would have to be
constrained to keep them in a 'reasonable' range. The range was defined
for each crop in terms of the inventory to use ratio for that crop, with
the values 1.5 times the historical high and .667 times the historical
low as the Limits of the range. A check was added to the program to
warn if the inventory to use ratio for any crop went out of the
prescribed range, but in running the model all values remained well

within the designated ranges.

Food and Miscellaneous Demands for Corn and Wheat

For corn, the major parts of food and miscellaneous demand are food
demand (for corn food and beverage) and seed demand. The only other
sizable use is the production of industrial alcohol from corn. For
wheat, the food demand is the largest portion of domestic consumption,
with seed as the only miscellaneous demand. On the bther hand, food
demand for corn is only a small portion of domestic consumption (about
ten percent).

The appropriate specification for the food demand equations is to
estimate the per capita consumption of the crops. This specification
was used for the corn demand; because of estimation difficulties,
however, the wheat equation was left as total consumption rather than
per capité consumption. Real disposable income and the respective
prices relative to the CPI are the explanatory variables for these
equations. (The CPI used for estimation is moved by the PCE deflator in

the forecast.) The estimation results were as follows:
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CCOFPC(T) = D0.355 = 0.19 PCOCPI(T) + 0.411 NYDPCD(T)
(1.25) (-11.00) (7.32)

RSQ = .698 RBARSQ = .672 D.W. = 279 AAPE = 9.50 PERIOD = 55-80
CWHF(T) = 0.410 - 0.013 PWHCPI(T) + 0.047 NYDPCD(T)
(6.82) (-1.79 (4.66)

RS@ = .621 RBARSQ = .586 DeWe = o443 AAPE = 4.20 PERIOD = 55-79

where:
CCOFPC = human consumption of corn per capita
CWHF = human consumption of wheat in bill. bu.
NYDPCD = real disposable income per capita
PCOCPI = price of corn deflated by the CPI
PWHCPI = price of wheat deflated by the CPI
CPI = the consumer price index

In both equations the varijables have the expected signs. Higher
prices of the grains lead to reduced human consumption, and higher real

income leads to increased consumption of the grains.

3.6 Supplies of Corn, Soy, and Wheat 1!

In this section the two sources of supply, agricultural and

by-products equivalenced to corn and soy, are presented.

Agricultural Supply

As the three most important cash crops in the United States, corn,
wheat,and soy were fairly obvious choices for exaﬁination in the CAM
model. Besides competing for land, corn and soy are also the major
sources for animal feed. Wheat was added because its production area

overlaps the production areas of the other two crops; some land planted
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in wheat could be planted in corn, and vice-versa. In addition, wheat
also may serve as an alternate feed grain due to its high nutritional
content, and has been used as such in periods of oversupply.

In the CAM model, the quantity of each of the three crops grown
each year is determined in five steps. First, total acres planted in
the three crops is determinéd. Second, the percentages of total acres
planted in corn, soy, and wheat are determined which, when multiplied by
total acres pltanted, gives the number of acres planted in each crop.
The third step is to determine the number of acres harvested in each of
the three crops, based on the number of acres planted. Next, the crop
yields are calculated, based on the number of acres planted and a time
trend. Finally, the output identity dis: quantity grown is equal to
acres harvested multiplied by the yield per acre.

A. Acreage planted. A single equation was estimated for total
combined acreage planted in corn, soy, and wheat. For corn and soy, an
equation was estimated to give its share of totaliacreage, Leavihg
wheat's acreage as a residual. The estimated equations, each depending
on three years of lagged prices, were as follows:

APCO8 = .984 - .147 PSYCO(T-1) - .127 PSYCO(T-2) - .105 PSYCO(T-3)
(18.7) (=4.00 . (-8.72) (-2.94)
RS@ = .807 RBARSQ = 784 D.W. = .979 AAPE = 3.98 PERIOD = 52-80

APSY8 = .958 - .401 PCOSY(T=1) = .299 PCOSY(T=-2) -.196 PCOSY(T-3)
(20-7?) (-4.88) (-8-14) (_3.04)

=.070 PWHSY(T=1) = .053 PWHSY(T-2) =.032 PWHSY(T-3)
(_1-23) (_-75) (--51)

RS@ = .926 RBARSQ = .906 D.W. = 738 AAPE = 9.33 PERIOD = 52-80
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APWH8 = 1.00 - APCO8 - APSY8

where:

APCO8 = percentage of AP3 planted 1n corn
AP3 = total acreage pltanted in corn, soybeans, and wheat
PSY = price of soybeans in dollars per bushel
PCO = price of corn in dollars per bushel

APSY8 = percentage of AP3 planted in soybeans

APWH8 = percentage of AP3 planted in wheat
PWH = price of wheat in dollars per bushel

PCOSY = (PCO/PSY)*>

PWHSY = (PWH/PSY) ">

PSYCO = (PSY/PCO)"5

The three period lag of relative prices in these equations was
chosen because farmers adjust only gréduaLLy'to new price relationships.
Soft constraints were applied to require the coefficients on the
relative price terms to decline linearly in absolute size.

Given the share of total acres planted iqveach crop, total acres
planted is needed to determine the number of acres planted in each crop.
Total acres planted, AP3, was regressed on the lLagged price index of the

three crops and time, with the following resutts:

AP3 = 28.20 + 24.41 P3R + 4.40 TIME
(2.25) (4.66) (14.83)

RSQ = ,942 RBARSQ = .934 D.W. = 1.05 AAPE = 2.87 PERIOD = 62-79

where:
AP3 = sum of acres planted in corn, soy, and wheat
P3R = price index of prices for crops in the previous year def1ned as

P3R = NUM / DEMN / NPPF(T-1) and,
NUM = PCO(t) * QCO(Ct) + PSY(t) * QSY(t) + PWH(t) * QWH(Y)
DEN = PCO(72) * QCO(t) + PSY(72) * QSY(t) + PWH(72) % QWH(t)
NPPF = price index of farmer's costs
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The Durbin-Watson statistic for the corn feed demand equation
(1.05) indicates that there may bé a problem with auto-correlation,
correlation of error terms. Given the auto-correlation problem and a
Large miss'in the Last year of fit for the equation (1#.55), the
statistical procedure called the rho adjustment was performed on the
forecast from this equation. An approximation for statistic rho is:
rho = (2.0 - 1.07) / 2.0 = 0.465. Rho is used to calculate a term to be
added to the forecast produced by the estimated equation. The terms to

be added to the forecasted values are calculated as follows:

Forecast period 1. adj. term = 0.4651°0 % 11.55 = 5.37
Forecast period 2. adj. term = 0.465°°0 % 11.55 = 2.50
Forecast period 3. adj. term = 0.4653°O * 11.55 = 1.16

0.465" * 11.55 = ...

Forecast period N adj. term

B. Acres Harvested. Acres harvested should depend upon the
expected price at the time of harvest, variable costs associated with
harvesting, acreage planted, and the effects of weather. Weather data
that is both reasonable and reliable is, however, unavailable. Acreage
planted turned out to be the only iméortant variable in the equations,
presumably because once planted, only the variable costs of harvesting
need to be covered to make it profitable to do so. The results of the

estimation were as follows:



AHCOCT) = =.17 + .859 APCO(T) -.001 TIHE(T)
(-0.08) (32.9) (=0.04)

RSQ = .978 RBARSQ = .976 DW = 1.42 AAPE = 1.10 PERIOD = 52-79
AHSY(T) = =.81 + .933 APSY(T) + .12 TIME(T)
(-5.01) (45.75) (3.37)

RSQ = .999 RBARSQ = .999 DU = 1.69 AAPE 76 PERIOD = 52-79

AHWH(T) = .157 + .874 APWH(T) + .037 TIME(T)
(0.06) (21.2) (0.76)

RS& = .951 RBARSQ = 947 DW = 1.19 AAPE

2.81  PERIOD = 52-79
where,

AHCO is corn acreage harvested in millions of acrés,

AHSY is soybean acreage harvested in millions of acres, and

AHWH is wheat acreage harvested in millions of acres.

C. Crop Yields. Crop yields are generally found to be functions
of weather, the quality of land planted, and inputs such as fertilizers
and pesticides used during the growing season. Again, weather series
were not used because of a Lack of data. Acreage planted should also be
.an indicator of yield, as a Large number of acres devoted to a
particular crop often means a lLarge proportion of marginal land is used
for that crop, reducing the average yield. The explanatory power of the
acreage planted proved to be sufficiently strong that only it and time

(a proxy for technology improvements) were used in the yield equations.

The results of the estimation of yield equations were as follows:

YCO(T) = 52.0 + 2.29 TIME(T) - .324 APCO(T)

RSQ = .930 RBARSQ = .924 DW = 1.73 AAPE = 5.36 PERIOD = 52-80
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YSY(T) = 18.6 +.367 TIME(T) -.008 APSY(T)
(28.5) (9.67) (-0.76)

RSQ = .812 RBARSQ = .796 DU = 1.87 AAPE = 4.30 PERIOD = 52-80
YUH(T) = 22.8 +.575 TIME(T) =-.103 APWH(T)
(24.9) (15.6) (-10.3)
RSQ = .895 RBARSQ = .887 DW = 2.02 AAPE = 4.67 PERIOD = 52-80
where,
YCO = corn yield in bu. per acre
YSY = soybean yield in bu. per acre
YWH = wheat yield in bu. per acre
By definition, the output of each of the three crops is simply the
product of acres harvested and yield per acre. Once determined for a

year, the agricultural supply of each of the crops remains constant

during the model's solution process for that year.

By-product Supply

The by=-products dealt with in this model are only the by-products
from fuel-ethanol production. By-products from other products and other
processes are assumed to continue to be sold into their current markets.
This simplifies the model by avoiding forecasting the outputs of every
other corn-milled product, each of which produces a slightly different

combination of by-products.

Catculation of Crop Equivalents of By-products
In order to keep the model reasonably simple, it was decided that
the by-products, other than corn oil, should be converted to corn and

soy on the basis of their protein and caloric content. Once
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equivalenced to corn and soy the by-products then add to the total
supply of these crops, and are assumed to be sold as feed for cattle or
as an export. Corn oil is assumed to continue to be solg in its current
markets, largely for human consumption.

In order to equivalence a feed precduct to corn and soymeal, two
simultaneous equatiocns are solved to find the amount of soymeal (S) and
corn (C) which would contain the same protein and calories. It can be
seen in Table 3.2 that DDGS are 27 peréent protein and contain 1335
calories per pound. The solution to the equations:

corn DDGS
.0 +1 8.5] C = }27.0] percent protein
[;205 1610 1335] calories/pound
indicates that one pound of DDGS contains the same protein and calories
as 530 pounds of soymeal plus .432 pounds of corn. The resuLts for the
other by-products are also Llisted in Table 3.2. The net effect of the
physical equivalencing of the by-products is that for each bushel of
corn used in ethanol épproximately 0.20 bushels of soy equivalent and
D.12 bushels of corn equivalent by-products are produced.

In order to compare the calculated equivalence weights with
historical evidence, the prices of the varjous products were regressed
on the prices of soymeal and corn. To'guarantee Linear homogeneity --
that is, to guarantee that a doubling of the price of both soybean meal
and corn would double the price of the particular feed product in the
regression -- the regression was forced through the origin by omitting

the intercept term. The calculated prices were obtained from the

formula
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Table 3.2. Protein and Caloric Content** of Selected Feed Products
and Their Corn/Soymeal Equivalence Weights.

~ Linear *
Mix Method Regression
feed Product Protein Calories
percent per Llb. soy corn soy corn
Soy Meal 44 .0 1205 1.000 0.000 1.000 0.000
Corn 8.5 1610 0.000 1.000 0.000 1.000
Wheat Midds 15.5 1160 0.249 0.534 0.225 0.516
DDG 27.0 1335 0.530 0.432 0.394 0.668
CGF 21.0 1075 0.407 D.363 0.316 0.564
CGH 62.0 1.393 0.081 N/ A N/A

1810

*Based on the results of the following regression
for.the period 1970-1979

1 = axPSOY + b*PCORN

%% Source : Annual edition of Feedstuffs
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Pl = aPSOY + bPCORN where:
P’ = the price per ton of feed product i,
PSOY = the price per ton of soybean meal, and

PCORN = the price per ton of corn. (PCO is price per bushel)

The coefficients a and b in the equations above may be obtained
either by calculation from the linear mix method or frcm the regression
of the price of the feed product on the prices of soymeal and corn. The
‘regression coefficients are the preferred set of coefficients because
they represent the actual market valuation of the feed by=-products.
However, the regression coefficients shown in Table 3.2 are not the
exact set of coefficients used in the model. A slightly modified form
of the equation was estimated using the price of soybeans rather than
soymeal as an independent variable, because the price of soymeal is not
otherwise used in the model. In addition, the price of corn per bushel
was used rather than the price per pound, and the equation was estimated
over the period 1951 to 1979. Results from the modified form
regressions éppear in Table 3.3.

Economic theory would suggest that the various feed products would
sell at a price approximating the cost cf obtaining the same nutritional
values from soymeal and corn, the primary sources of feed nutrition. It
might be expected that these secondary products would sell at a slight
discount due to the fact that farmers are more familiar with the use of
the major feed products. In fact, this appears to be the case for most
of the by-product feeds. Exceptions were observed, as in the cases of
distillers dried grains with solubles (DDGS) and corn gluten feed, both

of which sold at a slight premium over their equivalent value of soy and
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corne

Table 3.3 Regression Results for the Prices of By-products.
Pi = a PSY + b PCO

By-product a coef, b coef.

(t-stat)  (t-stat) RSQ@  RBARSQ D AAPE
PGLU 15.49 5.27
(5.51) (0.82)  .836  .830 2.408  10.22
PDDG 16.46 12.80
(4.87) (1.66)  .807  .800 2.000  10.22
PCOO 3.92 3.75 ,
(4.62) (1.93)  .839  .833 2.117  13.23

NOTE : Due to a lack of data on the price of corn gluten meal,
its price was set by the following formula :
PCGH = 2.3 * PGLU

The premium paid for DDGS might be explained, in part, by the fact
that DDGS contain an high level of fat. This high level of fat makes
DDGS an excellent feed for dafry cattle and young beef cattle. Also
present in DDGS is some yeast =-- a high-quality feed productnby virtug
of its essential amino acid content and some fiber. These extras make
up what is commonly referred to as factor X, for which DDGS are valued
higher than is warranted by their nominal nutritional values.

Only in very recent years, has corn gluten feed also sold well
above jts feed value, measured in terms of energy and protein content.
This is probably due to the fact that the European Community has

exempted certain feed products, including CGF, from the usually-high
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tariffs on feed products, and wet millers have pushed aggressively to
market this product in Europe. Consequently, since about 1979, most of
the CGF produced in the United States has been sold in Europe.

Until recently, corn o0il sold at a considerable premium over
saturated oils, the most important of which iﬁ‘soybean oil. Recently
the prices for all oils have dropped, and the premium for corn oil has
decreased leaving corn oil priced close to its "floor" price, that of
soy 0il. The equation to predict the price of corn oil did not produce
forecasts showing this dramatic drop in prices. Hence, it was necessary
to put a "fix" on the price of corn o0il, decreasing its value by 35
percent from the value predicted by the equation. This fix begins in
1982, bringing 1982 predicted price into the range in which the annual

average should fall.

3.7 Solution Process for the Model

The model is solved in an iterative manner, beginning each year
with a guess at the price of each crop. Given the crop'prices, the
model solves for the by-product prices and the total supply and demand
for each crop at those prices, bésed on the previously discussed
equations. Next, the percentage excess demand for each crop is

calculated as:

EDCO = ( QCOD ~ @QCOS) / QCOD
EDSY = ( QSYD - QSYS) / QSYD
EDWH = ( QWHD - QWHS) / QWHD

Positive percentage excess demand for a crop indicates the price should
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be raised to Lower the demand for the crop, while negative'excesé demand
indicates the price should be lowered. Moving the price of a crop by
the percentage of excess demand for that crop would be toco Large a step,
creating excess demand with the opposite sign on the following
iteration.. Hence, the adjustment to price is only a fraction of the

percentage excess demand of that crop. (The chosen fraction was 0.10.)

PCO(T) = PCO(T) + 0.10 * EDCO * PCO(T)
PSY(T) = PSY(T) + 0.10 * EDSY * PSY(T)
PWH(T) = PWH(T) + 0.10 * EDWH * PWH(T)

Based on the new price estimates, all the demands and by-product
supplies are recalculated, as the model goes through another iteration.
The model dterates until the change in the price of each crop is less
than one cent per bushel before continuing to the following year.

The solution process is actually somewhat recursive. Supply of
crops grown is determined based only on previous years' prices, and is
therefore constant during each year's iterations. Demand must egual
supply for equilibrium, therefore, except for the by-product supply, the
iterations are necessary only to solve for prices and the specific

composition of total demand.

3.8 Simulations of the CAM Model

This section presents the results of two types of simulation runs
of the CAM model. The first set of simulations examines the effect of
varying crude oil prices on ethanol production. For these simulations,

three exogenously chosen crude o0il price scenarios were run through the
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LIFT model, the results of which were then passed to the CAM model. In
the second set of simulations, other exogenous assumptions of CAM were
changed, altering either the cost of producing or the demand for

ethanol.

&iven the importance of crude oil prices to ethanol profitability,
the model was simulated under the BASE, VARY, and HIGH crude oil price
scenarijos shown in Table 3.4. The nominal price of crude oil in the
base case, BASE, was chosen so that the real price would remain constant
after 1983. This price path implicitly assumes that the recently
volatile oil market finds an equilibrium with neither buyers nor sellers
gaining significant advantage over the other. In order to see the
effect of rising real oil prices, the HIGH oil scenario's nominal oil
price was chosen so the real oil price would rise one to one-and-a-half
percent faster than the general inflation rate in the United States. In
the VARY oil scenario, the nominal price path wa§ specified with the
intention of having the real price of oil fluctuate dramatically. The
real price of oil falls sharply between 1983 and 1985, jumps in "oil
shock'" fashion between 1985 and 1990, before falling mildly between 1990
and 1995.

Although the focus of these runs is the effect of crude oil prices,
other exogenous assumptions used in running the LIFT model will also
affect the results of the simulations. Constant dollar federal
government purchases in the short term (1982-84) were assumed to reflect
the current Congressional plan, that is, defense spending increasing 4.5

to 5.0 percent annually, while non-defense spending falls slightly. 1In
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Table 3.4 Nominal Crude 0il Prices for Simulations
' In Dollars per Barrel

YEARS OF FORECAST ,
CASE 77 82 83 84 85 86 87 8 90 95

- e . - o - -

BASE 11.0 30.4 29.5 31.8 34.4 37.2 40.1 43.3 50.5 70.0

HIGH 11.0 30.4 27.9 23.7 23.7 35.5 53.3 61.2 68.8 70.0

VARY 11.0 30.4 29.5 31.7 34.1 36.6 38.9 41.3 46.0 60.5

the longer term, the growth in defense spending is assumed to slow,
while non-defense spending is assumed to recover from the Reagan cuts.
Real state and lLocal government expenditures were assumed to grow
slightly faster than 1.5 percent per year until 1987, and slightly below
1.5 percent per year thereafter. The money supply, as defined by M2,
was assumed to grow at a constant eight percent per year between 1982
and 1995. A fourth assumption was that the ratio of foreign to domestic
prices would remain constant over the forecast period. A final
assumption, made only for the HIGH and VARY cases,»is that ihterest
rates in the LIFT model would be exactly the same as were predicted in
the BASE run.

Each of these assumptions, except the interest rate assumption,
provide LIFT with exogenous information necessary to produce a forecast.
However, how reasonable each of these individual assumptions is depends
heavily on the other assumptions made. For example, it would be

unreasonable to assume a constant ratio of foreign to domestic prices if
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one assumed that M2 would grow at 100 percent per year unless it is
assumed that all other countries have similar growth in M2. While a
more complete description ¢f the workings of the LIFT model and its
assumptions is available in Almon (1), a brief description of the
reasoning behind the assumptions made for these simulztions follows.

The primary reason for keeping each of the previously mentioned
assumptions constant across runs is to separate the effects of the
change in oil prices from seccndary effects brought on by reactions to
the change in oil pfices. In addition, by ignoring secondary effects no
effort is required to determine the magnitude of response. For example,
assuming the interest rates of BASE case will exist in the HIGH and VARY
cases is unrealistic given the impact of oil prices on the inflation
rate and the impact of the inflation rate on interest rates. However,
given the assumption of constant M2 growth across the runs and the
uncertain responsiveness of interest rates to changes in the inflation
rate, the assumption is not unreasonable.

In the same vein, assuming constant eight percent growth in M2
keeps the effect of changes in oil price from being amplified or
dampened by changes in monetary policy. The assumption is quite
reasonable for the BASE and HIGH runs where the oil price paths are
smooth trends, and necessary for VARY run due to the current lack of a
fully deveLoped model of Federal Reserve Board policy.

Given that the LIFT model is not a global model, an assumption
about the ratio of foreign to domestic prices is necessary. Assuming
constant relative foreign to domestic prices is reasonable because most

of the United States' major trading partners are also importers of crude
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oil. Note that constant relative foreign to domestic prices along with
constant foreign demands implies that exports by the United States will
be constant across the three LIFT runs. Thus, though the United States
may experience‘a recession brought on by a jump in oil prices, no other
country experiences a reéession sufficiently strong to change their
demand for U.S. exports.

Assuming constant government purchases across the three LIFT runs
is unrealistic if one believes that the difference in oil prices will
impact significantly on general economic conditions., Certainly,
transfer payments such as unemployment benefits and welfare payments
would increase if the "oil shock" price increase of VARY case causes a
recession. Despite these problems the assumption was made for two
reasons. First, predicting the size and timing of the government's
response is extremely difficult; and second, the govérnment's response

would serve to cloud the effects of the changes in oil price.

BASE Case: A Flat Real Price of Crude 0il

Table 3.5 presents the results of the ru; of the LIFT model using
the BASE case assumptions. The forecast calls for modest economic
growth, with constant dollar Gross National Product (GNP) growing at
2.58 percent per year over the 1982 to 1995 period. A Look at the
growth rates for GNP, on the second page of Table 3.5, shows the
cyclical nature of the LIFT model's forecast. GNP grows strongly from
1982 to 1985, weakly from 1985 to 1987, and repeats the strong growth

then slow growth cycle; dampened slightly, by 1992. Real disposable per

capita income averages 1.91 percent growth per year over the 1982 - 1995
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period, but moves in the same cyclical pattern as GNP. Of the five
components of GNP Listed in Table 3.5, only government purchases, which
were exogenously set, do not exhibit the cyclical pattern. As one would
expect, personal consumption expenditures (PCE) lead in the cycle and
show less fluctuation than GNP. In contrast, Gross Private Domestic
Investment (INV) lags the cycle slightly and moves more volatilely than
PCE or GNP. Exports and Imports follow the lagged PCE cycle,
fluctuating more than PCE but less than INV. The unemployment rate
follows the cycle, falling from 9.76 percent in 1982 to 5.67 percent in
1985, climbing back to 6.60 percent in 1987, before falling to 3.39
percent in 1995.

Inflation, as measured by the PCE deflator, averages 5.46 percent
per year for the 1982 - 1995 period. For the 1982 to 1984 period the
inflation rate is only 4.3 percent, while it runs at roughly 6 percent
from 1984 to 1990 and 5.5 percent from 1990 to 1995. Among the inputs
important to determining the cost of producing ethanol the annual price
changes over the 1982 = 1995 period were: 6.14 percent for steam coal,
4 .30 percent for electricity, and roughly 5.50 percent for freight,‘
sales, and other costs. Labor compensation grew slightly faster than
the general inflation rate because of the growth in productivity. With
the exception of 1982 and 1983 interest rates foLLowrthe inflation rate
maintaining reasonable real rates of interest. The ex-post real rates
of interest are quite high in 1982 and 1983, due to the rapid decline in
inflation. (Note: More complete tables including output, imports,
exports, inventory change, and personal consumption expenditures by

input=-output sector are available, but were not printed to save space.)
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HIGH : A Rising Real Price of Crude 0Oil

The results of running the LIFT model under the HIGH assumptions
are very similar to the results of BASE in the general growth rates and
in the cyclical pattern. As Table 3.6 1illustrates, the economy grew
more slowly over the full 1982 - 1995 period, and as a result
unemployment remained higher. The effect on the inflation rate was to

increase it an average of 0.15 percent per year over the BASE values.

VARY : A Fluctuating Real Price of Crude 0il

The VARY run, displayed in Table 3.7 provides more of a contrast to
EASE than did VARY, due to the erratic movements of the real price of
oil. The initial drop in oil price brings about more economic growth,
Lower unempltoyment, and less inflation than was forecast under BASE.
The near tripling of the nominal price of oil between 1986 and 1988
brings about an inflationary recession. Real GNP grows by 0.88 percent
in 1986, falls by 0.6 percent in 1987, and is essentially constant in
1988 before recovering to modest levels of growth between 1988 and 1995.
Inflation, as measured by the PCE deflator, rises to 10.5 and 11.9
percent in 1986 and 1987, 2.8 and 4.8 percentage points higher than the
corresponding years of the BASE run. Of the prices passed through to
the CAM model, the prices for steam coal and electricity move more than
the general inflation rate during the oil price decrease and subsequent
increase. Each of the other prices of interest moves very much like the
PCE deflator. As the real price of crude falls in the 1990's the

economy recovers to moderate, 2.5 percent per year, growth, In 1995,
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constant dollar GNP is 31.5 billion dollars Lower under the VARY run

than in BASE, while the unemployment is 1.5 percent higher.

CAM Simulations

The forecast produced by the CAM model under the base assumptions
(BASE run of LIFT, no exogenous shocks, and state subsidies falling from
46 to 38 cents per gallon) is presented in Table 3.8 (first entry for
each variable). After recovering from 1982 lows, the prices of the
three crops relative to the PCE deflator remain fairly stable over the
forecast period. TotéL acreage planted in the three crops continues to
grow, but the rate of growth slows from 3.1 percent in 1984 to 1.6
percent&in 1995. As a result of the growth in total acres planted, the
number of acres planted in each crop grows, although the relative shares
continue to shift.

Consumption of gasoline per capita grows, but at less than 0.4
percent per year for the full range of the forecast. Total gasoline
consumption then grows at 1.2 percent per year, d.é percent from the
increase in per capita consumption and 0.8 percent from growth 1in
population. The fraction of super gasoline that used ethanol as an
octane booster rose from 23.6 percent in 1982 to 98 percent in 1995. As
a result, the quantity of ethanol profitably produced rose from 415
mitlion gallons to 3.809 billion gallons.

At first glance, the forecast appears to be a profitable one for
ethanol producers, with relatijvely stable crop prices, growing per
capita consumption of gasoline, and a steadily growing volume of

ethanol. However, the position of ethanol producers grows more tenuous
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with each year as the prcfitability ratio (RATIO), the ratio of the
price of alcohol to the price of gasoline plus subsidies, rises from a
low of 750 in 1982 to .994 in 1995. Hoting again that RATIO must be
Less than or equal to 1.00 for profitable production of ethanol, the
«994 RATIO in 1995 implies that ethanol plants must be running at the
level of efficiency of the plant's input parameters to be profitable.
The major reason for the rising RATIO is a fall in the real value of the
federal and state subsidies. The value in 1982 dollars of the subsidies
given in 1995 is 42 cents, which if given in 1982 would yield a RATIO of
0.975. An additional reason for the rising RATIO is the increase in the
price of corn caused by the use of corn for ethanol production,

In comparison to the no-ethanol case also presented in Table 3.8
(last entry), the 1995 BASE case prices per bushel for corn, wheat, and
soy, are 54 cents higher, 38 cents lcwer, and 12 cents higher
respectively. Soy's price is lower due to the increased supply of soy
equivalent by-products. An.additionat 10 million acres is planted in
corn, of which 8 million acres came from soy, 1 million from wheat, and
1 million from increased total acreage planted. These results, along
with the effects on each of the demands, except inventory demand of
corn, are right in line with those of the Meekhoff, Tyner, and Holland
(9) study. The quantity produced term in the inventory equations lLead

to a higher inventory Level in this study than ih the HMeekhoff study.
Table 3.8 (second entry per variable) also presents the comparative
results of the CAM model run under the HIGH and BASE oil price

scenarios. As was the case with the LIFT runs, the difference between
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the VARY and BASE results are small but significant. The higher price
of crude oil, by increasing the general inflation rzte, increases the
production costs for ethanol. However, this increase in production cost
is of a smaller percentage than the increase in crude oil prices.
Hence, the RATIO is Lower in the BASE case than in HIGH case. Ethanol
production is roughly equivalent in the two runs, as the lower RATIO and
higher FRAC in the HIGH case are offset by the lesser consumption of
gasoline. Quantity supplied, quantity demanded, and the price of each
of the three crops were virtually identical in the two runs, except the
price of soy was slightly higher under the HIGH price, hence this
information was not included in Table 3.8. A

The importance of the HIGH case lies in the demonstration of thé_
size of the real price increase necessary to make ethanol profitable for
the Llong run. An annual 2.25 percent increase in the real price of

crude oil will keep the profitability ratio constant after 1985.

Table 3.8 (third entry per variable) presents the results of the
CAlM model run under the VARY and BASE assumptions. The two variableé
most affected by the change in the oil price are the consumption of
gasoline and the profitability ratio (through the price of gasoline),
which have offsetting effects on ethanol production. As the price of
oil falls between 1983 and 1985, the consumption of gasoline rises
relative to BASE values, increasing the potential market for ethanol.
Ethénot production falls slightly (relative to BASE) during this period
because the profitability ratio is higher, thereby providing less

incentive to use ethanol. Production of ethanol remained profitable
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during this period although, had the fall in oil price continued for an
édditional year, the profitability ratio would have risen above 1.00.
Durfng the 1986 - 1990 oil price increase, the movement of the
profitability ratio is again stronger than the fall in the consumption
of gasoline, bringing ethanol production to Levels above those of the
BASE case.

The nominal prices of the three crops are all higher in the VARY
case, as are all nominal brices. Relztive to the PCE deflator, the
three crop prices are essentially the same for each year of the forecast
as they were in the BASE case. As a result of the constant real prices
of crops and the only minor differences in ethanol production, the
quantities of the three crops produced are also within one to two

percent of the values predicted in the BASE case,

Simulations Changing Exogenous Assumptions of the CAM HModel

Among the variables totally exogenous to the CAM model are: the
percentage of gasoline that is super grade, the effects of weather on
crop yields, the demands for fhe crops by other countries, and the size
of the federal and state subsidies. The following group of simulations

examines the effects of changing each of these assumptions.

Increased Octane Demand Simulation

Since 1979, cars built with smaller fuel efficient engines have
demonstrated a need for higher coctane gasoline as the engines age. This
trend is expected to continue, implying that a growing percentage of

gasoline will be super grade and, as a result, the demand for octane
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boosters will grow. In the BASE case, the percentage of gasoline that
is assumed to be super grade grows from 14 percent in 1982 to 33 percent
in 1990, remaining flat thereafter. Table 3.9 (second entry) presents
the results of CAM if the fraction that is super grade grows from 14 to
48 percent of all gasoline. If the price of corn remained at the base
run level, ethanol production would increase in direct proportion to the
increase in octane demand. However, increasjng ethanol production
increases the demand for corn, and thereby‘increases the price of corn.
Higher prices of corn yield higher profitability ratios and lower
fractions of super gascline made with alcchol, which partially offset
the increase in market size. Ethanol production is greater in the
increased octane demand case‘than in the base case, as the increase in
market size outweighs the decline in the fraction of super using ethanol
as an octane booster. Ethanol production riées to a full 1.5 billion
gallons above the 1992 base case value, before falling in 1995 as a
result of the profitability ratio rising above 1.00.

The increasing price of corﬁ has the effect of increasing the
percentage of total acres planted in corn, as well as increasing total
acres planted. Relative to 1995 base case values, total acres planted
is 0.5 million acres higher in 1995; soy acreage is 2.8 million acres
Llower; and wheat acreage is 0.2 million acres lower. Despite the Lower
soy acreage, the price of soy is lower than in the base case, due to the
increase in production of soy equivalent by-products.

When the increased ocfane demand assumption was run‘using the HIGH
oil price scenario, profitable ethanol production in 1995 reached 5.5

billion gallons. Although the 5.5 billion gallons of ethanol were
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profitably produced, the profitability ratio was close to 1.00. For all
super gasoline, in the high octane demand case, toc be produced using
ethanol, the price of crude oil would have to grow roughly 4.25 percent

faster than the general inflation rate.

Crop Failure Simulation

The yields of the corn and soy crops sold during the calendar year
1981 were 18 percent lower than the previous year's yields as a result
of severe weather. Ethanol production remains constant despite the poor
crop yields beczuse 1981 also a year of a substantial oil price
increase, and because the response of the price of corn was small due to
inventory reduction. Table 3.9 third entry presents the results of CAM
run with an even harsher crop failure imposed in 1986.

As is shown in Table 3.9, the effects of a one year drop in yields,
relative to the base case, of corn and soy of 25 and 15 percent
respectively are felt only short term. By 1995, the effects of the 1986
crop failure are largely unnoticeable, as all the major variables of the
model are eguivalent to the base case values.

The immediate impact of thg crop failure is the increase in prices
of corn and so? of 38 and 17 percent respectively over the 1984 base
values. Use of corn and soy for each purpose falls, with iﬁventories
and exports bearing most of the reduction. By-product values jump up by
an average of 22 percent, not enough to keep ethanol profitable to.
produce in 1986. Ethanol'production falls to a Level 770 million
gallons lower than the base case values.

In 1987, total acres planted in the three crops increases by 9.9
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million acres. Corn is planted on 8.4 million of those acres, wheat on
an additional 3.4 million acres, while soy acreage falls by 2.0 million
acres. Nominal prices of the three crops fall in 1987 as a result of
the increasé in agricultural supply, with corn's price falling
sufficiently to make ethanol production profitable again. Lower prices,
in turn, brings about a reduction in acreage planted in 1988 and a
corresponding increase in prices. This cycle dampens out by 1992,

returning to the base case path for all variables.

Grain Deal Simulation

Should sévere weather overseas cause major crop failures, demand
for U.S. produced crops would jump in much the same manner as occurred
in 1972-73 during the so-called "Russian grain deal.”" Exports of corn,
wheat and soy increased by 0.6, 0.1, and 0.6 billion bushels during the
1972-73 grain-deal period. By manipulating the exogenous growth factors
the effects of a similar grain deal can be simulated.l The results of
such a simulation, with a grain deal of the same magnitude as the
1972-73 deal occcurring in 1985, are presented in Table 3.9 as the final
entry per variable.

The effects of the increase in exports are the same for each of the
crops: the price increases, reducing the other demands for the crop.
Inventory levels drop by 47, 20, and 41 percent between 1984 and 1985
for corn, soy, and wheat respectively, supplying large portions of the
increase in exports.

The required price of alcohol rises only 3 cent per gallon from the

base case value in 1985, despite a 35 percent increase in the price of
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corn. Ethanol production is only slightly Lower than the base case
value, as a result of the 3 cents per gallon price difference. Rising
by-product.vatues account for the small change in achhoL price, as the
value of all the by=products rise at Least 48 percent over the base case
values. HNote that the prices of the by-products are more closely linked
to the price of soy, which rose 53 percent over the 1985 base value,
than to the price of corn.

In 1986, total acres planted rises to a level 28.3 million acres
above the base case value. Only 6.3 million additional acres are
planted in corn, while 8.7 million are planted in soy and 13.3 million
in wheat. This shift in acreage planted brings about a greater fall in
the price of soy than iﬁ the price of wheat, which through the
by-product values, causes a rise in the price and a decline in
production of ethanol. Between 1987 and 1990 the prices of the three
crops return to the base case values, as does the volume of ethanol
produced. The effects of the grain deal on 1985 values are negligible.

In this simulztion, there is no feedback from the increase in crop
prices to the general inflation rate, as was the case for the other
simulations presented in this section. The effect of this assumption,
assuming the price of crude continued to move with the GNP deflator, is
to understate ethanol production by a small margin. Ethanol production
would be understated because the change in the inflation rate.wouLd have
more impacf on the price of gasoline than on the price of alcohol. If
the price of crude did not move with this change in inflation, the
effect would be exactly the opposite, with ethanol production overstated

because costs of production were understated. In either case, the
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effect on the general inflation rate would be fairly small and only last

for a few years at most.

Subsidy Level Simulations

The final set of simulations, presented in Table 3.10, show the
effect of different state subsidy levels on ethanol price and
production. These simulations will also trace out the Llcng-run impact
of ethanol production on the price of corn, as well as examining the
effects of having the profitability ratio climb above 1.00. The
scenarios presented in Table 3.10, labled forty, thirty, twenty, ten,
and zero, assume that the average state subsidy drops from 46 cents per
gallon to 40, 30, 20, 10, and zero cents per gallon respectively in
1983; remaining at the new value for the remainder of the fcrecast.

From the runs presentéd in Table 3.10, and other subsidy levels not
presented, the Long-run effect of ethanol production on the price of
corn is: 3 cents per bushel for the first half billion gallons, 6 cents
per bushel for the second half billion gallons, 14 cents ber bushel for
the second billion gallons, 18 cents per bushel for the third billion
gallons, and 24 cents per bushel for the fourth billion gallons. The
curve representing this impact is presented as Figure 3.4.

The impact of ethanol production on the price of soy is somewhat
ambiguous, as two forces work in opposite directions. First, as the
price of corn rises it draws land away from soy, which should raise the
price of soy. Second, the production of ethanol generates by-products
most of which are equivalenced to soy, which increases 50y.supply and

reduces its price. The second effect is the stronger for the 40, 30,
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Table 3.4
1995 Price of Corn and Quantity of Ethanol
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20, and 10 cent subsidy levels presentéd here.

For wheat, the only 1impact of ethanol production is the reduction
in land planted in wheat, which raises the price of wheat. The impacts
ére small, only 12 cents per bushel and 0.8 million acres Lost to corn
production for a 3.8 biltion gat‘lon differential in ethanol production.

Subsidy levels of ten and zero cents per gallon bring about
profitability ratios greater than 1.00, and falling ethanol produgtion
during the forecast period. In both of these cases it can be seen that
a profitability ratio above 1.00 will bring about a reduction in the
quantity of ethanol. The reduction in ethanol produced increases the
supply of corn available for other uses, which decreases the price of
corn. The fall in the price of corn then makes ethanol profitable in
the following year. For example, the RATIO during 1985 and 1986 of the
ten cent subsidy run is 1.005, causing a fall in the quantity of
ethanol. As a result, ethanol is profitable'again in 1987. The process
repeats again with the profitability ratio above 1.00 for 1988 and 1989,

making production in 199C profitable.

3.9 Summary and Conclusions

This study examines the long-run profit potential for producing
fuel ethanol, using corn as a feedstock. The model built to address'
this question explicitly considered the ethanol plant costs, subsidies
for ethanol use, and the impacts of'ethanol production on agricultural
prices. A macroeconomic forecast, and a set of prices consistent with

that forecast, necessary to drive the detailed model are supplied by the
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INFORUM {nput-output model.

If the real price of crude oil remains constant (or falls), the
long-run outlook for ethanol production is somewhat mixed. Substantial
federal and state subsidies make ethanol profitable through 1995,
barring any exogenous shocks to the market. With the fairly low
profitability ratio, firms currently producing ethanol should certainly
be earning substantial profits. However, in the forecast the declining
real value of the subsidies raise the profitablility ratio to the
breakeven point by 1995. A continuation of this trend, evident in the
base run (Table 3.8), would Leave ethanol unprofitable to produce after
1996. In addition, as the ratio rises towards 1.00 the size of market
shock necessary to make ethanol unprofitable diminishes. By 1990, the
magnitude of the crop failure necessary to make ethanol unprofitable is
half that of the crop failure simulztion presented in Table 3.9
Similarly, a smaller rise in grain exports relative to base case values
will bring about the same result as the grain deal sihulation depicted
in Table 3.9.

In the absence of subsidies denoted in real terms,vhigher real
prices of crude oil are necessary for long term profitability of fuel
ethanol. With the ;rojected subsidy Levgls of the base case, a 2.25
percent per year increase in the real price of crude oil will maintain
ethanol's profitability at its current level throughout the forecast
period. Any increase in the price of oil beyond the 2.25 percent per
year will hasten the switch to use of ethanol in gasoline by increasing
the economic return for making the switch.

It would take a real increase of 45 to 55 percent in the price of
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oil for ethanol to be profitable without any federal or state subsidies.
Should such an increase occur, ethancl might well be used in the
refinery process, rather than being blended at shipping terminals in
states with subsidies. At this oil price level, ten percent blending of
ethanol with gasoline might begin, putting a much greater strain on farm
prices and production capacity than does use in only super grade
gasoline. |

As shown in Figure 3.4, the effect of ethanol production on the
price of corn grows with the quantity of ethanol produced. The maximum
volume of ethanol produced under the base octane demand assumptions is
3.8 billion gallons in 1995, requiring 1.53 billion bushels of corn.
Although the price of corn rises by 55 cents per bushel, the 1.53
billion bushels of éorn are shifted to ethanol production without
causing massive dislocations in the corn, soy, or wheat markets. The
net disappearance of crops is somewhat less than the indicated 1.53
billion bushels of corn, due to the of equivalencing the by-products to
corn and soy. An &additional 0.18 billion bushels of ‘corn' and 0.306
billion bushels of 'soy' are available as a result of ethanol
production, which hold down the price increase in corn and bring about a
fall in the price of soy. In sum, the effects, on agricultural prices
and supplies, of producing up to 4.0 billion gallons of ethanol are

sufficiently small to keep ethanol profitable to produce.
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ENDNOTES

See Paul (8) p. 11.

California®s strict air quality standards add an additional incentive
for the use of ethanol, which burns cleaner the other octane
boosters.

No crop price support programs are included in the model because of
extremely severe data problems, and because there is no way to
forecast future support prices.

Up to 15 percent ethanol can be used in gasoline before major engine
modifications are necessary.

The plant efficiency parameters were provided by the corporate
sponsors of this research.

Other pricing decisions have been used in lLooking at other aspects of
the model's forecasting properties. For example, when lLooking at a
falling price of crude (after a large rise in crude prices), the
price was set at the price of wet-corn milled ethanol minus any
return on investment to examine how long firms would remain in

the industry.

The values of A, B, and D were specified by the corporate sponsers
of this research. '

The variables used in the first stage estimation were: lagged income
and lLagged prices of the crops relative to the PCE deflator.

Stephen Silver has developed a suitable livestock model, but the two
models have, as yet, not been linked.
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11

For a more complete description of 'soft' constraints, see Almon (1)
Chapter 4, pp. 5-7.

I am indebted to Stephen Silver for the development cf the supply
side of the CAM model, and for providing much of the information
given in this section,
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Inventory change -22 74 -35. 0t 63. 42 15. 98 -0. 25 ~&. 59 10. 20 8 22 -6.13 5. 90
Erxports of good: % services a8 92 -7 7% 0. 26 2.30 -0. 87 -2. 04 -0. 44 3.79 3.4 2.13
Merchandise (producers’ prices) & 46 ~4. 49 0 98 1.27 -0. 67 -3.33 0.23 3 97 3.78 2 a5
Transportation, trade ,services & 48 -0. 97 1.95 1.95 0. 69 -0 99 1. 09 3. 21 3. 04 < 27
Hest of worlg 14. 91 -17.93 -2 28 4 33 -2. 40 ~0. 68 -2.81 3 94 3.0% 1.79
Impaorts of goods 2 jervices 3 91 -9. 84 4 &3 3 22 3. 16 S. 44 3.55 3. .28 1.33 2. 61
Merchandise(damestic port price) o7 -1. 64 5.19 275 3. 57 4.54 4. 46 .76 1.73 an
Petroleum 2 natural gas -5 97 0.87 2 a3 1. 58 1.33 1.86 2.07 1 46 1.53 1.63
Transpoertation, trade. services 1 46 -1.953% 7 99 1 02 3.29 4. 49 3.17 1 a7 0. 80 2 24
N Kest of world 29. 74 -27. 82 -2 59 8. 60 1.15 10. 94 -0.19 2.7% ~0.07 1.98
N Government Purchases 107 2. 06 & 17 2.21 2. 66 2. 99 2.3% 1.55 1.44 1 B3
W Federal 1 44 2 37 Q72 2.9 4. 465 4.45 3.8 1.83 1.20 2.3
Defense 2. 88 S. 59 5. 30 5. 03 4.79 4.57 3.78 1. 20 1.13 2 52
Compensation of employees 0 10 1.57 1 55 1. 52 1.50 1. 48 -0. 22 -0. 22 -0. 22 0. 31
Structyres 0o 28 & 79 6. 84 49 81 6.19 5.17 4.73 1. 47 1. 96 3. 09
Other 5. 91 a.70 7.98 7.45 6. 87 6. 46 6. 07 1.96 1. 682 3.83
Non-defense -1 77 -5.15 -3 92 -3. 04 4.25 4. 08 3.92 3. 64 1.37 1.77
Compensation of employees -2 32 -5. 14 -2 13 0.00 2 61 -1} 2 .48 2. .37 2. 16 1.80
Structures 177 -0 13 0. 09 1 07 2.98 2 61 2.33 2. 23 1. 69 1 85
Other -& 08 -6. 62 -7.16 -8.08 6. 48 6. 36 6.0 S. 41 0. 43 1. 71
State and local 0. 92 1. 88 1.83 1.79 1. 42 1. 40 1.39 1. 36 1. 460 1. 93
Education 0. 88 0. 20 0 20 o021 1.25 1t 23 1.22 1.20 1.27 1 083
Compensation of employees 1 26 0. 67 0 &6 0. 66 0. 46 0. 69 0. 65 0. 64 0 &2 0. 64
Structures 0 98 1 58 [ Y] 0.75 4.37 9. 16 3. 89 3 34 3.93 3 &6
Other -1 07 -3 17 -3 35 -2.79 2. 46 1. 43 0.83 2. 53 .32 1. 33
Other 0 94 3. 04 2 93 2 a2 1.52 1. 91 1.51 1 46 1.81 1. 62
Campensation of employees 1.94 0.79 0 78 0.78 0.77 0.77 0.76 0. 75 1.91 1 20
Structures 1. 60 ~1.32 1 02 513 5. 42 3 37 1.08 1. 48 2.03% 2. 3%
Other -0 12 7 88 b. 24 4. 02 0. 54 1 43 2.% 2 18 1. 60 2.25
Addenda
Unemployment rate 4 00 21. 2 -7 27 -1 07 0 18 -3 .24 -1.71  -11.00 -1.28 -4 04
G’ / Civilian jobs -0 24 -0 15 1 38 0. 60 0. 48 0. 34 0. 46 0. 61 0 41 0 5%
(CHP-Go-t) / Private jobs -0 19 +0.795 1 59 0. 50 0.23 0. 09 0 26 0 76 0. 40 0. 98
PCE deflator 8 St 7.09 & 13 6. 64 7. 42 7.70 & .22 S 74 5 79 6 17
Index. umit c.mpansation., mfg a8 96 7 82 a8 49 & 8D 8. .79 8. 38 5.77 6. 10 6. 02 & 65
Index, unit ;ampensation, oth 9 2 7 01 7. 90 7.3% 8 1% 8 65 6. 56 & 21 3 99 & 71
HD (bi1llions af CURS) 8 &4 8 00 8 00 8 00 B8 00 8 00 8 00 a oo 8. 00 8. 00
Disp income par capita (1972%) 1 5% -1 98 Q62 1 37 1.10 1t 63 1.32 1 93 0 95 1 43
Savings ratw 1 94 9 L4 & 59 0 8 -0 11 -1 14 ~1.74 -0 a2 2 aa 1 40
AAA Corparake iond rate 14 0 20 5t P01 o o2 -3 65 7 42 113 -0 09 -2 64 B
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IMPLICIT DEFLATURS (1972 = 1060 )

Gross National Product
Personal consumption espenditures
Residential -structures
Non—residential structures
Froducers’ 4ui able equipment
E»ports, merchandise
Imparts, merchandise
Federal dafengs
Federal naon-datense
State & local aducation
State & local other govt

COMPCNSATION PER +AN-HOUR INDEXES
Manutacturing
Non~manufac turing

LABGR PRODUCTIVIVY (GNP/JU0BS)

ENERGCY PRICE INDEXES
Domestic crude o1l ($/bb1)
Foreign crude oil ($/bb1)

FINANCIAL VARIABLES
ALA Corporate bond rate
Commercial paper rate
Mortgage rate
Interest rate on Federal debt
Average rate paid by S3L govt
Average rate received by SL govt
Real rate of interest (ex ante)

M2 (billious of currents)
Ratio of M2 to real GnP
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IMPLICEIY DErLATGRE (1972 = 100 )
Gross National Product
Personal conzuaption expenditures
Fesidenti1al structyres
Non-residential structures
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Exports, merchandise
Ireports. merchandise
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Foreign crude o1l ($/bbl)

FINANCIAL VARIABLES
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Interest rate on Federal debt
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Savings rate
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Sross Natiomal Friguct

Fersonal Consumption Fypenditures
Durables
Non-durables
Services

wraoss Private Domestic Investment
Structures
Residential
Nun-residvntaial
Producers’ 4urible equipment
Inventory change

Erports of 9oods; 2 services
Merchandise (producers’ prices)
Transportatisn. trade .services
Rest of worla

Imports of good; 2 services
Merchandise(gamestic port price)
Patroleum * natural gas
Transportation. trade, services
Hest of worly

covernment Purchases
Federal
Defense
Compensation o employees
Structures
Other
Non-defense
Compenzation of employees
Structures
Other
State and local
Education
Compensation of employees
Structuras
QOther
Other
Compensatian of employees
Structures
Other

Addenda .
Unemplaoyment rata
G 7 Civilian sobs
{(UNP-Govt) /7 Privsate jobs
PCE deflator
Indes. untt canpansation, mfg
Indes. unmit s-pansation, oth
P? tbhillions ¢ Sups)

Disp tncora - capita (1979%)
Cavings ratka
Han L par gl v Tt -
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137
333
3N

213
99
59
30
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&0
a3
29

4
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1?7
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31
3
as
16

19

173
70.
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11

100.

a4
18
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1527

&l

05
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©a
29
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&Y
12
£3
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(8]
q2
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00
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&3
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GRUSS NATIORAL PRUGUCT

TABLE 1
1981 1982
14%3 &1 1474 06
239 03 930 05
138 92 139% 31
359 25 395 20
440. 685 439 5S4
212 83 Q202 16
9% 06 91 24
43 26 38 39
€0 80 32 87
112 81 108 03
4 97 2 88
164 37 152 37
78 23 74 36
33 48 33 17
92 65 44 ©4
106. 93 100 74
&9 846 a7. 21
7 33 7 3
18 91 18 35
19 16 1519
284 32 290 M
106. 23 108 77
73 12 77 32
32 03 32 54
1. 66 177
39 43 43 02
33 n 31 45
15.13 14 37
3. 94 3 94
14. 04 13 14
178 0% 181 47
73 44 73 59
99%. 98 S6. 39
& 77 6 8d
10 &9 10 36
104 65 107. 88
47. 41 47 78
19 38 19 09
37.86 41 01
8 a2 10 50
20 20 20 13
1844 168 25
1 96 214
143 20 155 883
134 37 133 70
1743 7% 1882 99
4540 7% 4410 24
& 42 * o3
14 17 13 79
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19

14.

296
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1

33,
.90

96
30
14

12

164

73
56.

10.

111

48

19

43.

10
ao
18

2
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2045
4495
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45
a7
09

77
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23
07
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a4
a3
74
73
<8
03
09
16
11
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20.
15.

303
115,
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188.
73.
87,
. 04
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114,
40.
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10.
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18.
2.
182,
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2216,

4559

.87

. &6

33
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]

. 73
. 37

.06

249

68

19
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24
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55
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s2
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12.

190.
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2301
44610
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(1972¢)
83 1986
?1 1615 33
26 1023. 30
79 14671
74 383. 92
73 492. 67
74 242. 48
53 114 .97
a3 57. 86
72 56. 71
53 120. 62
&6 7.29
51 148. 92
&2 71.84
45 34.02
44 42. 93
o2 118 24
9 78. 90
&8 7.83
90 21. 91
16 17. 43
40 319.989
55 126.03
94 94. 18
[+ 34. 57
12 2.23
77 $7. 3%
61 a31.88
44 14. 61
.10 4 21
o7 12. 86
a’ 193. 99
a 75.73
48 $7. 86
33 7.73
99 10. 13
03 117. 79
91 49. 29
19 @2 12
92 44. 39
28 9.83
62 20. &9
64 18 &4
.63 2 64
08 217 o2
76 215. 80
397 2401. 37
65 4694 00
48 7 40
70 9 9%

Tkl 16

&)

1967 1990
1649. 88 1797 39
1020. 44 1146. 55

151. 63 170 95
52 16 421.17
506 64 354 @3
W6 37 WO =8
111. 927 122 73
$3. 23 61.74
56 74 60 98
123. 40 147 26
8. 00 10 30
137. 07 164 26
71.58 80 53
3%. 29 37 72
4. 21 46 01
123. 18 136. 44
e2 87 93. 42
8. 00 8. 37
22.74 24. 02
17. 57 18. 99
327.18  342. 74
130.93 138.
97.77 101. 35
34 49 34. 26
2.34 2. 44
&60. 94 64. 63
33 15 36 98
19.19 16 30
4.31 4. 61
13. 69 16 06
196. 26 04. 41
76. &8 79 48
S8 23 59. 38
8. 22 9. 08
10 23 11. 04
119. 58 124. 93
49. &6 30. 79
2. 45 23. 39
47. 46 50. 7%
9. 63 & 97
20.78 21 18
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230 50 27s 07
*31 0% 277 ea
2818 03 3%82 4)
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et L0 1D TABLE o PRICE IHDECES AND FINANCIAL VARIABLES T;&%c 3'~7 PAGE S- 3
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1981 198 19683 1964 1983 1986 1987 1968 1990 1999

IMPLICIT DEFLATDRS (1972 = 100 )

Grass National Friduct 1 98 2 11 e 17 2.as 2. 34 2.60 2. 91 31 3 34 4.40
Personal consumptian expenditures 1 986 e 07 2 10 216 2.26 2. 49 2.82 3.01 3. 21 4.18
Residential structures 2 33 2 49 2 94 2.863 278 3.09 3 47 3.73 3 97 5. 26
Non -residential structures 3 83 4 01 q 37 4 57 4 80 5 SO 6. 36 7.32 7 34 10. 63
Producers’ durahle equipment e 00 2.08 213 219 2.29 2 53 2.65 3. 02 -3 | 424
Erports, merchandise 2 51 2. 61 & 65 e 73 2.84 3.19 3.57 378 4 60 5. 20
Inports, merchandise 37”7 3. 54 3 48 3. 51 3 59 4 20 4.96 9. 15 5. 42 7.07
Federal defenss 212 2 21 2 26 2 14 2.22 2. 50 2. 87 3. 04 3 23 4 23
Federal norn-defanse 2 08 2 22 2.29 2.25 2. 37 2. .62 2. .94 3 1S 3.38 4. 32
State & local education 219 2 30 2 33 2. .33 2. 49 2.78 3.14 3. 32 3. 49 4.95
State & local ather govt 2.16 2 29 2 38 2.43 2. 56 2 85 3.2% 3. 49 3.74 $ 08

COMPENSAT10N PER MAR-HOUR INDEXES
Manufacturing 144 40 152 38 16l 36 171.13 181. 31 199.28 220. 42 234. 21 2%8.83 347.30
Non-manufacturing 140 40 149. 17 157 90 168. 67 180. 38 194.83 213. 91 229. 87 296 83  348. 53

LABOR PRODUCTIVITY (GNP/JDBS) 20 41 20. 46 20 73 21. 00 21. 19 21.16 21.11 2t. 24 21.82 22 39

ENERCY PRICF INDEXES *

Domestic crude a1l ($/bb1) 32 27 30. 65 29 90 23 74 20. 69 34. 20 83. 42 S56. 64 86. 26 74. &2
Foreign crude o011 ($/bb1) 35 28 30 66 as. N 23.79 20.70 34. 21 99. 44 98 68 S6. 28 74. 25

FINANCIAL VARIABLES
AAhA Corporate bond rate 14 17 13. 70 9 42 7 az 7.37 9. 11 10. 23 10. 40 7.6% 7.90
Comnercial paper rate 14. 76 11. 90 7 30 S$. 92 7. 47 9. .94 11.10 10. 01 7.04 6.95
Mortgage rate 14 17 14. 61 10 55 7.%7 7. 469 ? 13 9.92 t1. 27 7.95 8 &6
Interest rate on Federal debt
Average rate paid by Sl govt e 13 8 88 8. 13 7.07 9. 44 9. 30 9.78 6 5 9. 92 5 67
Average rate received by S8 govt 11 37 10. 97 a 11 6 86 7.04 8.-27 8. 92 8 95 7.10 7.39
Real rate of interest (ex ante) 2 97 2. 97 2 57 e 57 .57 2.97 2.97 2 97 2.57 2.957
M2 (billions af currents) 1743 79 1868.98 2046.31 2216 73 2301.37 2601.37 20818 93 3092 73 35682. 41 5344, 533
Ratio of M2 to real GNP 117 1 27 1.33 1.35 1. 40 1.93 1. 69 1.82 1.93 2 62
Ratio of M2 to nominal ONP 0. 58 0. 59 0 &0 0 59 0. 59 0.98 0. 58 0. 58 0.957 0 59

Savings rate &. 42 6. 80 g 16 a 92 8. 99 9 89 9.83 9. 07 a.77 10. 1%
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TABLE Y

PACE
R LAsi Rugl o ran
st HIGH  awe

ol R VEaRy e
Al aws R FTHANQL PROLDUCED RUML #4w
4 1977 1280. 1981. 1982. 1963, 1984. 15835. 1987. 1990. 1992, 1995.
PCO FRIUCE TN b Red PSS B

- 3 299 2. 449 2.893 3.335 3.7462 4,378 5.084 5.695 6.73%5
C1E0 29524 3 299 2.449 2.883 3.386 3.766 4.394 95.139 5 761 6 829
20183 2 524 3 299 2. 449 2 855 3.2859 3.582 4,594 5.264 35983 & 954
S1H0 2 524 3.275 2.413 2,773 3.163 3.462 4.021 4.638 5218 6.191
HOGCN I PRIC: F CORN v CPLl (3/BW) 190 1,953 2.345 1,649 1 868 2.097 2189 2,223 2.239 2.227 2. z21
( 2190 1.953 2 345 1.649 1.858 2.096 2.187 2.221 2.217 2. 214 2 230
2 180 1,953 2.34% 1. 649 1.849 2.083 2.183 2.242 2.116 2187 2. 205
2150 1.953 2.328 1.625 1.798 1.959 2.014 2. 044 2.033 2.041 2 041
[ialn} - TOTAL = :7FLy OF CORN (BBU) 4. 285 7:947 6.651 B.11% 8. 139 7.7%51 8.015 9,012 9.755 10 368 11.111
. . & EBS 7.947 6.6851 8.115 8139 7.731 06.013 9. 016 9.764 10.382 11.112
& 285 7.947 6.651 8.115 8.138 7.741 7.962 8,909 %.874 10 397 11.073
& 285 7.947 6.648 8.071 8. 009 7.481 7.526 B.316 8.842 9. 391 10.057
( [} SUPFL v IOF CORN GROWN  (BBU) 6 28% 7.942 6.643 8.097 8.102 7.688 7.919 8.883 9. 571 10.194 10.526
. & 285 7.942 6.643 8.097 B8.102 7.488 7.920 0.886 9.599 10.207 10. 928
( 6.285 7.942 6.4643 8,097 8.102 7.483 7.6880 8.787 9. 709 10.218 10. 889
6£.283 7.942 6.643 B8.064 B8 009 7.481 7.526 B8.316 8.842 9. 391 10.057

N .
Wl ALOB O LAND PLANTED IN CORN 0.402 0.349 0.349 0.377 0.376 0.347 0.359 0.380 0.370 0.367 0.357
had 0.402 0.349 0.369 0.377 0.376 0.347 0.359 0.381 0.370 0.3&8 . 0. 357
0.402 0.349 0.369 0.377 0.376 0.3k6 0.357 0.374 0.377 0.371 0. 3%
| 0.402 0.349 0.36% 0.376 0.372 0.354 0.337 0.351 0.334 0.332 0. 322
»250 . ACKES PLANTED IN CORN (HIMAC ©0.845 0.815 0.848 0.850 0.828 0.834 0.844 0.931 0.953 0.982 1:001
( 0.G45 0.815 0.848 0.B40 0.828 0.834 0.844 0.932 0.994 0.984 1.001
"0.845 0.813 0.848 0.840 0.828 0.834 0.838 0.918 0.969 0.989 0.996
O0.843% 0.819 0.848 0.85 0.818 0.805 0.789 0.853 0.85 0.881 O0.898
AHCO 4CRES HARVESTED CORN (HMAC) 0.719 0.724 0.730 0.737 0.709 0.713 0.723 0.799 0.817 0.842 0. 8358
0.715 0.724 0.730 0.737 0.709 0.71% 0.723 0.799 0.818 0.844 0.858
( 0.719 0.724 0.730 0.737 0.709 0.715 0.719 0.787 0.830 0.845 0.854
’ 0.715 0.724 0.730 0.734 0.701 0.4690 0.&676 0.731 0.733 0.755 0.770
( Yol vyIsei: OF CORN  (HBU/AC) 0.879 1.097 0.910 1.099 1.142 1.075 1.09% 1.112 1.174 1.211 1,273
i 0.879 1.097 0.910 1.097 1.142 1..079 1.093 1.112 1.174 1.210 1.273
0.679 1.097 0.910 1.099 1.142 1.073% 1.097 1.117 1.169 1,209 1.275
O 879 1.097 0.910 1.0979 1.142 1.085 1.113 1.138 1.206 1.243 1.307
uCOF0 SURE. v OF CORI: EQUIV (BBU) ¢ 200 0.005 0.008 0.018 0.037 0.043 0.095 0.129 0.164 0.174 O0.185
0 Cc00 0.009 0.008 0.018 0.037 0.063 0.095 0.130 0.165 0.173 0.185
0.CO00 0.005 0.008 0.018 0.036 0.057 0.082 0.122 0.165 0.180 0.185
O COG 0.005 O. 0.006 0.000 0.000 0.000 oO. 0.000 0.000 0.000

0035 000
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1990 1992, 1995.
9. 853 10 433 11.189
9.871 10.451 11 169
? 940 10. 465 11.146
8. 929 9.445 10.107
7.018 7.279 7. 615
7.021 7.276 7 593
6.932 7.343 7.602
9.855 6 020 6.245
0.763 0.796 0.846
0 761 0.791 0O &38
0.719 0.802 0.638
0.774 0.805 0 655
4.922 5.058 5. 241
4.713 5.053 5.232
4.869 5.071 5. 240
5.082 5.219 9. 390
1.331 1.424 1 527
1.345 1.433 1 529
1.345 1.470 1. 524
0.000 0.000 0.000
0Q.023 0.0%4 0.020
0.019 0.057 0.019
0.040 -0.004 0.012
Q.059 0.025 0.006
2.858 3.106 3.545
2.86%9 3.118 3 5&4
2.967 3.126 3. 531
3.133 3.389 3 8%
1.280 1.360 1. 422
1.289 1.372 1 433
1.370 1.402 1.423
1.021 1.046 § 077
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cooo

RSN

ang
A
. G617
619

701
701
708
702

158
158
157
143

003
005
ooz
006

. 758
. 759

750
768

25
?26
722
928

348
348
345
. 339

0000 ©000 0000 MmN

eoo0 inlialiale

NRNN

. 863

865
873
874

ga9
929
925
933

A48
aa8
434
431

©OOUOO POOO mMMM

MURN 0000

cooo

pRRAR

732
731
710
733

179
178
170
163

000
001
005
001

061
065
083
084

933
934
944
940

575
976
5466
560

Pate ¢
1992. 1995
3.140 '3 397
3 140 3 397
3131 3 39
3,152 3 417
0.742 0. 756
0.739 0.753
0.744 0.753
0.742 0.757
0.185 0.193
0.185 0©.191
0.185 0. 196
0.171 0. 179
0.002 ©.001
0.002 0.001
0.001 0.001
0.003 0.002
2.211 2 a47
2.214 2 as1
2.202 2.447
2.235 2 480
0.935 0.940
0.939 0.944
0.948 ©0.953
0.936 0.952
2.673 2 @03
2.672 2 802
2. 655 2802
2. 657 2.790
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Lt

RGP

RYDPC

NYRPCD

LRRE

VARTABL Y
POPUMLT I i)
CONSUMES “RICE INDEX

WHOLF SAi & FRICE INDEX

GKP DEFLATOR

HGHMINAL 11.COME  PER CAPITA

PERBG:AL INC.

/ CP1

INDEX 2% FARMENRS COSTS

15772

@

- e

[Ty

esree 00o0C ©0DOO

auaen

202
“02

Q02

. 202

.00

09

. 300

000

999
999
999
999

999
99
999
999

Fh6
b
F6é6
766

P66
b6
b
266

o009

. 009
. 009
. 009

- g -t

coor D@

- e

- e e

[ORrOroNrey

. e ek

ceroo> O0DOD

g

S NRRR

- e e

el et

epoo> D000

-

1963,

. s

- e s

10.
10.
10.
10.

[ARIRIN

- s .

cooo

- . -

349
340
312
340

. 540
. 540
. 530
. 940

. 986
. 986
. 579
. 986

986
586
579

. 9846

247
248
200
247

&34
494
&67
654

403
403
599

. 603

1934.
2. 362

npan

- s pen g

11.
11.
. 853
11.

- e .

- e

- e

coop

362
362
3562

612

. 613
. 5eR
. 612

665

. 663

624

. 6695

. 6635
. 665
. 624
. &&5

108
105

108

891
e8%
949
891

. 6892
. 682
. 641
. 682

1989.

)

"

SRR

- e

11.
11,
11,
11.

[N -

rNoo

. b b s

. 384
384
ae4q
384

. 715
.718
637
. 719

. 774
. 776
. 710
. 774

774
L7786
. 710
. 774

971
964
&72
971

980
964
130
980

792
799
728
. 792

1987.

- b
hbbd

npoom

L S

NNNN NNRR

MURNA NNNN

428
428
428
428

. 966

977

. 047
. Q466

039
047
109
037

039
047
109
03%

. 061
. 114
. 366
. 061

132
139
o8
152

060
068
131
060

PAEE
1990.  1992.
2.491 2.530
2.491 2 530
2.491 2.530
2.491 2 9530
2.279 2.55%
2.316 2. 601
2.486 2.734
2.279 2.553
2.380 2. 674
2.409 2.713
2.594 2 827
2.380 2. 674
2.380 2. 674
2.409 2 713
2.594 2 827
2.380 2. 674
17. 403 20. 000
17. 608 20.210
17.757 21.498
17. 403 20. 000
7.636 7.828
7.603 7.770
7.143 7.863
7.636 7.828
2.405 2. 702
2.434 2 741
2.581 2.856
2.405 2. 702
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OO SEoE L. TAILES

-8 085 i SEOCfe (LRRY

-Te Coes I GABSURDE (BRL

i FRICE 7 RJCE IHDEX

PR} FRICE W& .23 ETH BLEND(3/6AL)
VRGN FROL PR ULEX REFLM GAS
Fue68 CATE PRIDY GAGOLINE ($/GAL)
GG GUAN Al AL OCT BOAST (3GAL)
Gitel €© ALG Frit wlT MILL (GGAL)
Al C ALG Fr e WHOLFE CORN(BGAL)

[

ce

o

Q
o

- e .

cooe 0000 0000

coco

“36
33e
G346
236

419
4135
415
419

<00
G00
¢00
Goo

200
c00
@00
<00

000
00
00

. 200

1780

PIAIPIR

ccoo

R

o000

0000 0000 OO0

354
39¢
356
356

3n
351
351
351

344
3456
346
344

?18
918
18
218

68
268
68
68

872
872
872
872

125
125
125
125

125
125
125
129

000
000
000
000

19g1

10

10 <
10

[N VRS ]

MUNY mee= DU

- e e

0000 ©ooo 0000

338
3se
398
3<8

27
267

247

710
7?10
{10
210

134
134
134
133

436
436
424
426

079
079
079

. 079

189
189
189
112

189
189
189
112

000
olale}
200
olele}

1

10.
10.
10

10.

n PR A2

o000 mmmE

coc0 MMMM

o000 ©00c 000

98,

. 3&3
33
33
33

019
019
019
019

646
b&5
6658
bé&b

997
997
997
995

143
143
143

949
949
949
949

415
415
415
155

300
300
3co
159

115
113
1195
00D

143,

198973

10
10.

10.

paRn

SRR

- -

o000 mMMM

©o000 0000 0000

395
32
402
395

233
pad=4

263
233

631
631
488
631

046
. 046
000
. 039

234
234
120
234

590
990
939
990

797
797
778
000

324
324
324
000

473
473
434
. 000

1994,

2
a
2

n

10
10
10
10.

NNmN

=N

NN

- s -

QOO0 ©OO000 Orrmr

467

487 -
. 913
. 467

443
443
640
443

ax7
836
114
az27

122
1235
890
111

390
397
e23
370

059
052
807

. 059

e
321
197
000

350
350
350
€00

969
971
847
000

1748,

e
P
.

2

2.

10.
10.
10.
10.

O = -

O b e

Nenp

O

CO0L Oremrm

197
. 4590
. 971
497

474
aas
786
474

. 041
. 048
. 114
041

207
216
5049
193

S61
582
823
561

134
144
. 807
. 134

953
954
687
000

377
377
377
000

. 576
. 977
. 310
. 000

Pace gy
1947. 1990. 1992.
2.543 2.639 2 &99
2. 534 2.618 2 671
2.453 2.471 2 664
2.543 2.639 2 699
10. 476 10. 593 10. 468
10. 447 10. 509 10. 5589
10. 122 9.922 10. 531
10. 476 10. 593 10. &8
33469 4.102 4. 620
3. 576 G.SOQ 9. 161
4,793 6.136 6.179
3.469 4.102 4.620
1.365 1.596 1.782
1.400 1.728 1.957
1.782 2.2%6 2.289
1.349 1.576 1.760
2.908 3.405 3.8617
2.986 '3.728 4. 248
3.923 95.024 5.058
2.901 3.405 3.817
1.289 1.3508 1.691
1.323 1.652 1.882
1.7338 2.226 2.241
1.285 1.3508 1.691
2.425 3.334 3. 561
2.441 3.368 3. 9584
2.491 3.34%9 3. 4679
0.000 0.000 0.000
0.440 0.559 0. 447
0.449 0.555 0. 647
0.4480 0.555 0.647
0.000 0.000 0.000
2.185 2.779 2.914
2.201 2.813 2. 937
2,081 2.814 3. 032
0.000 0.000 0.000

1999,

10

10.

10

10.

pONM

Paahk BUANN woow

-0 ) e

cooo owww

onmm

808
769
743
608

872
719
620
872

395
243
243
399

070
349
351
0495

434
109
109
434

64
263
23
964

809
799
758
000

813
a15
215
000

994
984
983
000
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FETAL0

£ RAC

TATL

FeS Al WETH sl

FOAN Lot

TO PTLT-L

SRS IDIFG (g 0ALD

GATE “RICE GASOL TN (#/GAL)

GCTV=:0 PREMIUM ($:GAL)

SHIFT LG SAVINGS ($/GAL

STaYe &UuSIDY (8/GAL)

FECE: -1 SUBSIDY (#/GAL)

0.

G.
0.
.
0.
0.
0.
(o]
0.
0.
0.
O.
0.
0.
0.
0.
" 0.

1960

ococs oooo

- g

0000 ©OUO ©OPO 0000 ©O0OO

oy
o7
Ce7
0e7

808
808
808
608

&57
657

. 657
. &57

aza2
a72
a72
aza2

042
042
042
042

043
043
043
043

300
300
300
300

400
400
400G
400

=000 200G

=N

-

0000 0000 ©OOO ©000°

400

400
4G0

copo vooe=

(S

0000 ©OOO ©COOO ©0OO ©OO0O

1983

0000 ©O0OO 0DOD OOOO ©00UC

~o00 ogceo

N

. 360

360

. 390

002

757
757
773
337

049
049
595
107

990
590
939
590

047
047
044
047

052

0s2

052
052

460
460
460
010

500
S00
500
010

1964,
0. 490

»=mMN =000 OO0

[N =X

0000 0000 ©000 ©000

490
a3e
000

796
795
a79
333

125
128
859
185

059
062
807
059

051
051
038
051

055
055
054
055

460
460
460
010

900
500
900
010

1985,

[

NN =000 ©0O0

O e

0000 0000 ©OOO 0000

. &01
403
504
000

844
841
952
361

207
217
862
267

134
144
807
134

054
055
038
054

058
0s8
057
058

460
460
460
010

500
S00
500
010

1987.

0.

~NmNm =000 00O

s

v

©00p 0000 0000 0000

768
775
754
020

686
a7s
769
343

394
394
831
434

895
323

. 738
. 283

042
064
083
062

0467
067
048
0587

430
440
440
010

500
500
»00
210

1990.
0. M2

=000 o000

sonm

R s e

000D ©000 0000 0000

92e
783
000

925
887
757
302

579
731
338
&79

Jo08
652
226
508

073
081
110
073

077
078
083
077

420
420
420
010

3500
S00
500
010

Pric 9
1992.  199%
0.952 0.979
0.9¢8 0 990
0.996 © 999
0.000 O 000
0. 948 0. 994
0.895 0.917
0.820 O %33
1.265 1.268
2.740 3.0a3
2.941 3359
3.323 3. 350
1.e80 2 183
1.691 1. 964
1.882 2. 263
2.241 2 263
1.691 1.96%
0.083 0.096
0.092 0.112
0.110 0.112
0.083 -0.096
0.086 0.102
0.087 0.104
0.092 0.105
0.086 O0.102
0.380 O©.380
0.380 0.380
0.380 0.380
0.010 0.010
0.5C0 0. %00
0.%00 0.5C0
0.500 0.500
0.010 0.010
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TABLE 3.0

rwal €

[ N o

SRICE [
FRI.C o7 " UL A0 CE Gl
Vel e MLt - RO
PRICSE . .t CORLE AL (BrGa()
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—— . -

-
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1
1.
1.
1

e el e

- .

198z
145

-

- e

- s

-

- e

. 43D
. 435
. 411

. 432

430

. 430
. 411

. 207

207

. 207
. 1638

. 433
. 453
. 433
. 417

274
. 274
. a7«
.28

1963,

1

1
1
1

-

- .

-

-t e

551
561
543

. 483

51

. 951

543

. 4863

. 320
. 3a2o
. 312
. 251

. 9467
. 587
. 558

514

. 402
. 402
. 394
. 349

19a4.

1.

-

- s e

- e s

(O ey

&R
&92
&35

. 579

. 692
. 692
. 639

579

449
449
398
336

725
726
6L9
£33

. 952

593
500

. 460

1785

- - e

- .

-t e

1. 863
1.
1
1

B6b
772

. 724

. 863
. B&6
. 772
. 724

. 604
. 606
. 523
. 465

. 890
. 892
. 804
.772

. 705
. 708
. 626
. 588

1987

-

~Rmpe

NN =t

-0 e

08%
G977
176
926

085
097
176
926

707
798
868
629

144
155
2346
008

. 932

942
017

. 796

~RRN NN RPN

NENR NNNN

PhréE 40
1992. 1995,
2 596 3 024
2.632 3 081
2.725 3 136
2378 2. 768
2 596 3024
2.632 3 081
2.725 3 136
2.378 2. 768
2.206 2.580
2.234 2.609
2.312 2 656
1.983 2. 304
2.717 3 186
2.753 3.242
2 857 3.297
2 532 2 971
2.439 2.856
2.471 2.906
2.563 2.9%6
2.254 2. 640
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TasLE 3@

FRIVE

PRICE

PRICE

1.

i

LeTOR

Lax FOR

LY PR

st G0y

FLECTRICETY

(AR

OUTHER COSTS

FREIGHT

1280

- -

-

- b o -

-

109
105

. 103

105

327

. 327

. 327

327

304
3049
304

. 304

2795
275
275

. 275

. 241

241

.21
. 241

153

- s - .. - s

- b

169
1ed
19
149

436

. 436
.43
. 434

. 441
.44
. a41
. 441

426
426

. 426
. 424

. 347

347
347

. 347

198¢

e s - . b e - e s

- b e

. e e

. 876
. 276
. 276
. 276

. 904
. 504
. 504
. 904

.5
.oa1
. 51
.91

. 927
. %27
. 5a7
. 527

. 445
. 4495
. 445
. 445

1963.

- - e -

-

- . .

e

. 316
. 303
. 316

. 526
. 526
. 912
. 526

. 432
. &32
. 626
. 632

. 586
. 586
. 579
. 586

. 516

516
511

. 516

1434,

- e

. e - s e

- g

- s bt

. 348
. 3869
. 325
. 348

5865

. 547

497

. 585

707
708

. 675
. 707

665
&b65
624
6635

600
601

. 971
. 400

1735

- gt g - b s P N - -

- s

. 464

467

. 400

64

. 6335

641

. 539
. 635

. 828
. 833
. 777
. 828

. 774
. 776
.710
. 774

. 493
. &95
. 650
. 693

1967

-t

-

NRNR NNNN

- e et

. 712
. 724
L7199
. 712

635
€6c0

. 960
. 835

140
154
214
140

039
047
109
039

934
944

. 967
. 934

1990.

NNRRN NRNRN RNNRN NNNR NEDR

029
0&8
196
o029

oze
073
273
oz8

482
525
687
482

380
409
554
380

246
277
408
246

PaceE 1
1992, 1995,
2321 2 835
2.359 2 509
2.433 2.912
2.321 2 835
2.239 2.632
2 301 2. 713
2.418 2. 753
2.249 2 432
2.811 3. 398
2.845 3. 460
2.976 3.508
2.811 3. 388
2.674 3 177
2. 713 3.239
2.6827 3.284
2.674 3.177
2.501 2. 980
2.553 3.018
2.674 3.053
2.801 2. 940
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TABLE 3.¢

e 1290, teal 1982 1783 19833 1989, 1967. 1990 1992. 1995.
ra CHECLD L, s LR G el CDER Y P 275 1 dee 1,527 1 984 1 469 1.774 2.037 2.3B0 2 674 3:177
) 1 279 1 436 1.927 1.985 1,645 1.776 2 047 2.409 2.713 3.23%
1 279 1,424 1.527 1.579 1.&24 1.710 2. 109 2. 554 2 827 3. 284
1 279 1 42¢ 1.5%27 1 589& 1. 6495 } 774 2. 039 2.380 2674 3.177
4 N THE = 0 0 TF LLD ow oS 1.434 1 7062 14461 1.46454 1 8§97 2. 018 2. 42 2.836 3.287 3.942
1.434 1 702 1.461 1.46534 1.898 2.019 2. 429 2.857 3.323 3.990
1 434 1.702 1 461 1 648 1.B47 1.959 2. %522 2. 944 3.471 4.044
1.434 1 70% 1.467 1. 684 1.914 2 019 2 414 2.825 3. 263 3. 949
[ THe T E OF CGF (g /TORD ¢ P13 1 030 1 379 3.2C9 1.362 1.93%7 1.646 1.987 2.325 2.708 3.299%
¢ T13 1.03C 1.379 1,209 1.362 1.558 1.646 1.987 2. 342 2.739 3. 293
G %13 1 O30 1.379 1.209 1.3595% 1 519 1.602 2.04£3 2.415 2.862 3. 338
G 13 103G 1 384 1.217 1.397 1.588 1.666 2.000 2.345 2.737 3.298

p .
[RRI § | THE ¢ 2 TE OF CUN (e /TAON S100 2.349 3171 2,780 3.132 3.5681 3.785 4.5%71 9.348 6.230 7.487
. - 2.100 2369 3.171 2.780 3.132 3.9682 3.787 4.575 5.38B4 6.297 7.9579
( P 100 2 3469 3171 2.780 3.118 3.493 3.689 4.744 9.953 6.582 7.4673
2100 2.369 3.182 2.7938 3.218 3.651 3.832 4.601 5. 394 6.294 7.%86
( HENNs ] THE #L R OF CORKI OTL (¢,LB) C.307 02673 9.238 0.253 0.269 0.309 0.330 0.3956 0.463 0.53% 0.642
G 307 0.263 0.238 0.233 0.269 0.309 0.330 0.396 O0.466 0.541 0.649
O 307 0263 0.238 0.233 0.268 0.301 0.320 0.412 0.480 O0.965 0.6%58
0.307 0.263 0.238 0.238 0.274 0.31% 0.320 0.3%92 0.459 0.532 0.640

!
(
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HAY
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i
GRL
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TASLE 3,8
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MILLI3 ACRES
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- BARRELS
BARRELS
GALLONS
CALLONS

BrLLin
ML L
BILLT Ot
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«BLES)

(BLES)

(BLES)

HILLION ACRES
BUSHELS PER ACRKE

BlLLI2WS OF POUHDS
5 OF DOLLARS

occoe

o000 oonc

RN
faIals}
CQ

CQo
a0
GO0
GO0

00
o0
000
G00

<00
C00
¢00

. 000

1960

oR-F-N-1

ePoO Lovo 0000

Q00
000
000
000

206
206
206
20&

731
731
731
731

101
101
101
101

0000 Orrmm

19051

0

(o]
(o]
(o]

cooo

000
(e v}
GGo
[a]ale]

313
313
313
1895

110
110
110
658

153
153
153
0%1

198

V]
. 760
L7860
. 0CO

oooo0

OO0 Ormw=

7460

495
495
455
254

759
758
753
208

243
243
243
126

1983.

>

omw

°co0o

000 Orrmr

120
115
930
000

535

5395
539
000

899
899
899
000

262
262
262
000

1944, 19085, 1987, 1990.
6 285 10. 384 14. 357 18. 315
& 397 10 392 14. 505 18. 540
5.584 8 &32 13. 916 18. 541
0.000 0.000 0.000 0.000
0.%77 0.622 0.726 0.916
0.577 0.&32 0.72& 0.916
0.577 0.422 0.726 9.916
0.000 0.000 0.0600 0.000
2.051 2.209 2 578 3.2%52
2.051 2.209 2 578 3.252
2.051 2. 209 2. 578 3.2%2
0.000 0.000 0.000 0.000
0.283 0.305 0.3%5 0.450
0.283 0.305 0.3%5 0.450
0.283 0.305 0.3% 0.450
0.000 0.000 0.000 0.000

Pree 3
1992, 1995,
19. 204 192. 731
19.352 19. &66
19. 979 19. &40
0.000 0.0%50
1.068 1 345
1.068 1.345
1.068 1.345
0.000 0.000
3.791 4 776
3791 4.776
3.791 4.774
0. 000 0. 000
0. 524 0. 640
0.524 0. 4460
0.524 0. &40
0.000 0.000
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0.167 0.172
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PACE 3
B e 1280, 14131 182 1783 1904, 1969, 19687, 1990. 19972. 1999,
TOb F3v /PO SoanRt 2 el 20839 2718 2,633 2469 2. 591 2.614 2731 2 78%
SoGd1 2 281 2.833 2,694 2.617 2490 2 504 2.512 2.567 2 718
S oaEl 2 341 2.844 2719 2 &30 2.488 3. 093 2 569 2.710 2.83%5
24" 2 3ol 2.839 2.719% 2.633 3.444 2. 1348 2.646 2. 689 2. 74§
¢ ,
FRI.w i (3BT 6 &5 7.780 &.957 7.821 8.907 9.393 11.3446 13. 288 15 553 18. 727
( 6.290 7 780 &4.957 7 794 8.893 9.385 11.223 13.219 15 419 18. 719
iy G 250 7 7HO & 957 7.821 B8.899 9. 347 12 387 13.122 15;432 18. 942
o GO 6.2%0 7.780 &.9%7 7.621 8.907 20 753 10. 030 13.358 15. 307 18. 485
.
- UYCPT FRIC 7y S0y 7 R ($/bU: L BEIQO 4 845 9 336 4.4671 5072 95.520 4.448 S5.767 95.827 6.08¢ 6.17%
4 210 4. 845 5. .53 4.671 5. 055 S5.511 5.467 S.708 5.796 6.031 6.171
& 610 4.845 S5.%36 4.671 5072 5.519 5.456 &6 303 5.753 6.036 6.246
& 810 4.845 5.536 4.671 5.072 5.520 12.095%5 5.106 5.863 6.065 6.095
( ‘
v g TOTeL o7 F0y GF SG5Y (BBU) 1 2679 2.282 1.B&3 2.061 2032 2128 2.304 2.394 2.750 2.991 3.294
1.289 2.282 1.8B43 2. 061 2. 037 2.128 2.297 2.405 2.734 2,958 3. 298
( 1 2689 2.282 1.843 2.061 2.032 2.129 2.302 2.296 2,778 2.989 3.262
1.289 2.282 1 8643 2.061 2.032 2.128 2.320 2.643 2.818 2 921 3.30s8
DY SURFL . GF 80Y GROWNW (BRU) 1.2089 2.270 1.844 2. 023 1.969 2.021 2. 150 2.189 2.489 2 671 2.992
D 1 289 2.270 1.B44 2.023 1.969 2.015 2.140 2.162 2. 412 2 567 2.902
e 1.289 2.270 1.844 2.023 1.963% 2.023 2.148 2.132 2.546 2.723 2.969
\}) 1 1.289 2.270 1.844 2.023 1.965 2.021 2.150 2.476 2.971 2.652 .3.053
2 3¥8 Wt AP 3 PLARTED IN SOY 0.23%2 0.307 0.30664 0.273 0.278 0.287 0.293 0.279 0.292 0.296 0.306
{ 0.23% 0.307 0.306 0.273 0.278 0.286 0.292 0.275 0.282 0.282 0.296
0.239 0 307 0.306 0.273 0.278 0.287 0.293 0.260 O0.300 0.303 O0.304
0.239 0.307 0.3064 0.273 0.278 0.287 0.293 0.298 0.302 0.294 0.313
{
JIY £ PLANTED IN SDY (HMAC) O 903 0.717 0.7G2 0.621 0.613 0.654 0.689 0 683 0.752 0.790 0.8%%9
. 0.9503 0.717 0.702 0.621 0.613 0.652 0.686 0.4674 0.727 0.757 0.831
0 503 0.717 Q'702 0.621 0.613 0.654 0.689 0.6563 0.771 0.808 O0.8952
0.9503 0.717 0.702 0.621 0,613 0.654 0.689 0.780 0.779 0.784 0.878
C VY HARVESTED SOY (HMsC) 0.394 0.709 0.6488 0.613 0.607 0.646 0.680 0.677 0.745 0.783 0.851
0 494 0.709 0.688 0.613 0.607 0.644 0.677 0.6468 0.722 0.732 0.829%
C.494 0.705 O 688 0.4613 0.607 0.646 0.6B0 0.439 0.763 0.799 O0.8Basg
O 494 0.705 0.6488 0.613 0.607 0.634 0.680 0.767 0.770 0.777 0O.85%9
VN vIE,0 0F S0Y (MBU/ZAC) 0.241 0.322 0.248 0.330 0.324 0.313 0.316 0.324 0.334 0,341 0.3%2
0 261 0.322 0.248 0.330 0,324 0.313 0.316 0.324 0.334 0.341 0.352
G oAl 0.322 0.2648 0.330 0.324 0 313 0.316 0.324 0.334 0.341 0O.3%2
O.c061 0.322 0.2648 0.330 0.324 0.313 0.316 0.323 0.334 0.341 0. 351
C
T EQ SUREL » GF 80V EGIVvE. (RBLY J.400 0 012 0 019 0.033 0.067 0.106 0.19%§ 0.209 0.260 0.280 O0.302
G GO0 0.012 0 G1? 0.033 0.072 0.113 0.157 0.242 0.342 0.391 0.3%96
C G000 0.012 6 019 0.033 0.067 0.106 0.154 0.163 0.232- 0.263 0.294
O 000 0.012 0 019 0.038 0.0687 0.106 0.170 O0.167 0.246 0.269 0.282 °
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GATE PRI 52S0LINE (3/GAL)
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FE1.

L arn?

RITH)

126

4286

. 833

. 887

441

16877 1980. 1981.

2.940 2 35 2. 3968

2 40 2.3%6 2.3%58

2.%40 2.3%6 2.3S8

28540 2 35%6 2. 3958

11. 332 10.351 10. 247
11. 932 10. 391 10. 267
11. 532 10 351 10. 247
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1 GO0 2 336 2 9210

1 000 2. 346 2 910

1 000 2 346 2. 910
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0 536 1.968 2.436
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PACE 7
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2.530 2. 583
2.555 3 031
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2,674 3.177

20. 000 24. 450
7.828 8. 133
2.702 3 210
1992. 1993
2.699 2. 808
2.699 2.808
2.699 2.608
2 499 2. 808

10. 6¢8 10. 972
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10. 668 10. 872
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4.620 9.395
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1.793 2.074
1.783 2 064

1.785 2.073
3.817 4.434
3.817 4.434
3.817 4. 434
3.817 4.434
1.691 1.963
1.691 1.964
1. 691 1. 964
1. 691 1. 964
3.561 3 809
$.074 5. 078
3.338 3. 498
3.424 3 543
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1990. 192,
2.386 2 596
2.463 2711
2.412 2 6403
2.367 2 629
2.386 2 596
2.463 2. 711
2. 412 2 408
2.367 2. 629
2.039 2. 206
2.119 2320
2.064 2 217
2.019 2.239
2.466 2.717
2.933 2.016
2.484 2.724
2.451 2,745
2.219 2 439
2.205 2 538
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2. 204 2467
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PTUT 1980, 1981, 1982 1983 1vad, 1965 1947, 1990, 1992, 1995

soe THE ¥ 0 W Pl a o HESTED Torid 1 434 1 702 1,461 1 654 1 BY7 2018 2 426 2.836 3.287 3. 942
10712 1 438 1 vl 1461 1 651 1. 697 2.025 2 419 2.847 3,293 3. 960

1.512 1,434 1 762 1,461 1.658 1 @96 2.022 2 552 2.812 3.267 3971

1.2 1 434 1. 702 1441 1.658 1.897 4 185 2 254 2.845 3.2689 3. 903

T THE t . F OF QOGP i/ TONG ¢ 13 1.030 1 379 1.207 1 362 1.557 1 646 1.%37 2.325 2 708 3.255
G913 1.030 1.379 1.209 1.359 1.555 1.651 1.974 2.328 2 701 3. 261

G 713 1.036 1.379 1.207 1.362 1 556 1.648 2 131 2.301 2. 690 3. 286

¢ %13 1.030 1 279 1.209 1 362 1.557 3.532 1.603 2.336 2.705 3.218

cnin THE €505 OF GGM (HESTON) D100 2 369 3.171 2780 3 132 3.581 4.78% 4.571 9. 348 6.230 7.487
2,100 2.069 3.171 2,780 3 125 3.578 3.798 4.540 9.345 6.213 7.501

2100 2.369 3.171 2. 780 3.132 3.578 3.791 4.902 5.292 6.186 7.557
2100 2.369 3.171 2,780 3. 132 3.581 ©.123 4.148 9 374 6.222 7.400

FC0 THE @1 ¢ OF CORM OIL ($/LE) 0.307 0.263 0.238 0.2:3 0.269 0.309 0.330 0.396 0.463 0.535 O.642
0.307 0.263 0.238 0.233 0.269 0.309 0.331 0.395 0.465 0.538 0. 4649

6.367 0 263 0.238 0.238 0.269 0.309 0.330 0.414 0.499 0.532 O0.646

0.307 0.263 0.238 0.238 0.269 0.309 0.676 0.371 0.463 0.536 O.635
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soroo
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345
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577
577
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283
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10.
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&az2
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209
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19837.

14.
17.
10.
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ase
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1990.
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15.
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. 315
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749
. 0643
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P16
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as2
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252

450
450
430
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PAEE 1)
1992. 1999
19. 204 19 731
29. 174 28. 093
17. 734 18. 997
18. 298 17.975
1.068 1.34%
1.068 1.349
1.068 1.3a5
1.068 1.34S
2.791 4.776
3.791 4.776
3.791 4.776
3.791 4.776
0.528 0.660
0.524 0.640
0.524 O0.660
0.524 0.&40



TABLE Y10 PAGE |
- GETT T EHY STATE CUBGICY. aee

TOTLIY STATE

CERT STATE !

T CENT STATE GSIDY  au«

Crll STATE SUBSILY  «<a<

ol 7 1989, 1982, 1963. 1984. 1945, 1987. 1990, 1992. 1995

[ FRICE - IAN (8 g0y W82 524 2439 2,834 3.370 3.742 4.3%2 5.075 5.4692 6.733
JorTD 2 524 2.449 2.879 3.349 '3.702 4.327 5.043 5.472 6657

S 180 2 524 2.449 2 858 3.330 3.674 4.292 5. 008 5 401 &6 425

D19 2 528 2.459 2.85% 3.314 3.4651 4. 180 4.805 5.353 6.202

2 1% 2. 524 2.449 2.857 3.302 3.591 3.976 4.627 5 226 6.184

ML) PRI IR LORN 7 (P11 (9780 S.15%0 1 953 2 345 1. 649 1.849 2.087 2.177 2.217 2.225 2. 226 2 220
e 190 1.953 2.345 1.649 1.843 2. 074 2. 153 2.200 2.210 2219 2.193%

@ 150 1.953 2 345 1.649 1.858 2 063 2.137 2.182 2.195 2.190 2.119

2 150 1.953 2.345 1.649 1.854 2053 2.124 2.121 2.105 2.092 2 045

2 150 1.953 2.345 1.649 1.8351 2.045 2.092 2 028 2.027 2.044 2.039

- TATAL & FLY OF CORM (BB & 285 72.947 4.651 8.115 8.138 7.744 7.989 8.969 9. 732 10.355 11. 106
6.285 7.947 4.651 B.115 8.136 7.727 7.948 B8.899 9.647 10.305 11.048

6. 289 7.947 6.651 B.119% 8. 134 7.713 7.913 B8.833 9.593 10.240 10.733

6£.285 7.947 b6.4651 8.119% B 132 7.701 7.882 8 725 9.426 9.843 10.311

6.289 7.947 6.6%1 B8.119% 8.131 7. 692 7.834 B.444 8.980 9.400 10. 044

Ol SUPF v OF CORKN GRUOWN  (BBU) 6,285 7.942 6.643 8.097 8.102 7.684 7.899 8.847 9.973 10.1683 10 922
6.285 7.942 &. 443 8.097 B8.102 7.673 7.868 8.790 9.519 10.142 10.831

6.289 7.942 6.643 8.097 B8.102 7.644 7.841 B8.737 9459 10.0B9 10. 4645

6.289 7.932 6.643 B.097 B8.102 7.465 7.818 8.638 9.334 9.760 10.285

& 288 7.932 6.643 8.097 8.102 7.650 7.800 8.417 8.967 9.395 10.044

Sl G3 WY LAND PLANTED IN CORN O 402 0.349 0.3469 0.377 0.376 0.366 0.359 0.379 0.369 0.367 0.357
’ 0.402 0.349 0.3469 0.377 0.376 0.366 0.357 0.376 0.36&6 0.365 0.333

0.402 0.349 0.369 0.377 0.376 0.365 0.383 0.373 0.364 0.363 0.344

0.402 0.349 0 369 0.377 0.376 0.365 0.334 0.23%8 0.357 0.348 0O.331

0.402 0.349 0.369 0.377 0.376 0.3464 0.353 0.3% 0.340 0.332 0.322

RN AT G PLENTED IN CORN (HMAC €. 843 0.815 0.848 0.840 0.6828 0.834 0.841 0.926 0.950 0.981 1.000
0.£4% 0.819 0 848 0.840 0.628 0.832 0.837 0.918 0.943 0.979% 0.59%

0 84% 0.815 0.848 0.860 O0.628 0.831 0.833 0.911 0.935 0.968 0. 947

O 845 0 6815 0.848 0.860 0.828 0.830 0.830 0.6897 0.919 0.927 O0.924

0.345 0.815 0.848 0.B&0 0.828 0.829 0.827 0.866 0.871 0.8682 0.8%9

IO Aln5 I HARVESTED CORN (HMAC) € 719 0.724 0.730 0.737 0.709 0.715 0.721 0.794 0.815 0.841 0.858
©.713 0.724 0.730 0.737 0.709 0.713 0.717 0.787 0.809 0.836 0.653

0.719 0 724 0.730 0.737 0.709 0.712 0.714 0.781 0.802 0.830 O0.829

U1y 0.724 0.730 0.737 0.709- 0.711 0.711 0.769 0.788 0.795 0.792

O 71% 0 724 0.730 0.737 0.709 0.710 0.709 0.743 0.747 0.75%5 0.770
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- .

S16
536
5957
630
750

159
139
123
117
083

1987

11.

11.
11.
11.

NNRRN

vuoaa

NNNNN NNRRN

599
420
643
700
8467

337

346
269
438

762
762
766
728
816

396
396
ave
413
413

200
220
237
270
as7

13.
13.
13.
13.
13.

veaoa

NNNRN NRNRRR

291
287
300
471
&75

828
826
832
907
998

750
750
730
737
719

496
3513
933
580
687

PAGE 3
1992, 1999
3. 107 3 %46
3 118 3. 597
3 159 3.716
3.307 3. 849
3.384 3 850
1.353 1.421
1.333 1.415
1.318 1. 361
1.22% 1. 216
1.0e6 1.087
1952. 1995.
2.732 2.782
2.742 2.830
2.780 2. 997
2.914 3. 098
3 027 3106
15. $50 18. 727
13 593 18. 840
15 564 19. 001
15. 579 19.217
15. 819 19. 207
6.082 6.175
6.063 6.213
6.088 6. 266
6. 099 6.337
6. 168 6.334
2.951 3.294
2.950 3.282
2.950 3.275
2.964 3.255
2.93¢ 3. 254
2 679 2.993
2.687 3.006
2.704 3. 086
2.818 3 191
2.923 3.2%4



TABLE e

3

~
-

- EQ

oo T

SURF v

TavsL =

Al T

e HLRVESTEDR

OOF 80Y (H

LF 80Y EGIvs.

.Y CEMANDED

s OF S0

TR0 S

roEh

[0 e X )

SO HNAC)

BUsAC)

(B3W)

RIS
(BBU)

+ FQIV (RBWY)

JAEEE NS 310D

-

-ty

iy

)

=17,

-u

cooco

cooo

194

T

a9d

261
261
el
<61
s6l

. 000

[s]4]0]
G000
00
a00

?77.

pet=l]
=8g
. 288
. 288
2688

5hé&
. 86b

Ghd
-1
Shé

42
taz
142
142
S14l

PFUD

o
]
o
()

0

00000 00000

©0000 0LGUC

QY
307
307
307
307

. 717

717
717
717
717

705
705
705
705
709

32
322
322
322

3a2

012
012
012
012

012

1980.

248

248 .

248
249
248

. 239

2395
Q3%

. 235
. 235

183
185
185
185
183

-0.
-0.

-0
-0
-0

P

17438,

-

-0.
-~0.
-0
-0.
-0.

©OPOO0 COOOO OODOO ©OCOO OCCOC

BRNRN

- e

273
273
273
273
273

&1
&21
6e1
&l
&l

613
613
613
613

613

332
330
332
330
330

038
0as
038
033
033

s82,

034
035
0358
03%
036

213
213
213

. 213
. 213

034
034
034
034
oG

1913,

]

-0.
-0.
-0
-0.
-0.

00000 ©OOO0 00000 CEPCO ©000

RS AY

L ed s e e

avg
2789
are
aze
278

613
613
613
613
&13

607
&07
&07
&07
607

324
324
324
324
324

063
062
059
057
0535

1984,

~-0.
-0.
~0.
-0.

OO 00O ©O00OO0 00000 00000 00000

280
246
289
270
290

655
&56
658
659
&40

637
649
650
691
652

313
313
313
313
313

101
093
oBée

075

HEees NN

ooo000

- b b

cooop

Pais 4
1992, 1999.
0.296 0 307
0.298 0.308
0.300 0.317
0.314 0.2330
0.328 0.337
0.791 0.86&0
0.799 0.8&3
0.801 O.858
0.837 0.921
0.871 0.941
0.784 0.852
0.768 O0.855
0.793 0.878
0.827 0.909
0.6859 0.927
0.341 O0.352
0.34% 0.351
0.341 0. 351
0.341 0. 351
0.340 0.351
0.276 0.301
0.263 0.276
0.246 O0.189
0.146 O0.064
0.011 0.000
1992. 19995,
2 970 3.311
2. 969 3. 299
2.968 3.292
2.978 3. 272

-2.9951 3.270
1.676 1.780
1. 677 1.777
1.677 1.776
1.680 1.773
1.676 1.774
0.015 0.012
0.014 O 012
0.013 0.018
0.022 0.019
0.019 0.01%
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TAsLE 3.0

A ¢ Cevide o ed OF SOy FRLE § vkiw)
RMS

Tong FRICE O .iwaTl ($/00)

FUnCPT PRICE 5 WHEAT 7 CPI ($:BW)

e is TOVaL » . PLy OF WHEAT (BRL:

ettt SR OF WHFAT (BEW)

1977, -

331
231
. 331
331
32

LRSS RS

2330
2. 330
. 330

- 330

e 330

. 63%
. 033
.35
S35
.03

Ry h2 P2 P2 DS

<33

G35
€32
035

LRI AP IO S

035,

MNP RRRNR

(15}
423
a2e
a2a
029

R

oo

309
359
2359
359
359

cocop

1980.

944
344
246
944
944

Vuuww

057
057
057
057
0957

WWWWW

368
368
368
368
368

368
268
36R
0468
368

R R

3 -

753
Te3
733

QD G

318
3i8
318
218
318

covoa

1981, .

728
728
728
728
728

338
398
358
358
3sag

WRLLW

266
266
266
246
266

SR

266
266
266
246
2486

PN

peoon
r
14
&

283

1982,

405
405
405
405

bbb

957
957
957
957
957

NNRRR

428
423
423
423
40

SRR

423
428
483
4z3
423

MBREN

405

17023,
[YAR=L I
0. 812

0. 841
0. 890

265
265

265
264

°oo0o0

1983.

819
818
817
817
816

e

127
126
126
125
129

VWYL

3ss
385
385
38%

EEIEY

385
3895
385
385
385

LEIESRIEY

WUUWW BUuaw

aas

264
264
264
264
265

ooooco

1984.

003
002
001
000
999

102
102
101
101
100

489
488
488
488
487

489
488
488
488
487

NRNNN NNNNR

cocan

19955
w32

730

Fa5
501

287
289
290
291
288

oooo00

1783,

239
233
2932
234
253

0352
048
048
047
062

PORRY veauw

597
596
595
594
593

SRR

597
596
5995
3994
593

NN RSE N

728

1967.

a7
Y47
985
993
978

ooo00

«87
=0
292
298
310

eoo00

1987,

030
027
025
994
993

066
063

046
046

WORWWR suroeo

730
729
729
723
718

730
729

723
718

NNNNN NNRNNN

064

729 -

1990, -
176

NUNNRN NNNRR

1
1
1.
1
1

ooopo

VUWWW oo NN

176
175

. 160
. 142

332
335
aas
344
359

009
002
997

.944

927

074
o7t
0469
045
038

956

936 .

956
959
965

956
956
956
959
765

Paée s
1992, 1795,
1.279 1.5%519
1.878 1.510
1.278 1 498
1.276 1.481
1.257 1.481
0.354 0.403
0.356 0. 404
0.359 0 414
0.377 0.431
0.3%2 0. 341
1992, 1995,
7.793 9. 229
7.788 9.227
7.7¢8 9 201
7.711  9.145
7.707 9.110
3.049 3 044
3,047 3.043
3.039 3.035
3.016 3.01s6
3.015 3.005
3.127 3. 386
3.128 3. 38%
3.127 3. 335
3.131. 3.398
3.139 3. 406
3.127 3 386
3.128 3.385
3.129 3 385
3.131 3. 396
3.139 3.

406
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TAsLE 3

-id

Tk

r R

[P ]

TUNFE

TS 85U

O ANET

L

DOPLENTERN WrE AT idliac)

L HARVESTED WHEAT (HMAC)H

YITLO WHEAT (HBUCACY

TOTAL

RIS

{EAND FOR WHEAT (BBW)

COns = TION OF WHEAT (BBU)

COlg o OF WHE AT AS FEED (BBW)

ALG

te

T0 WHEAT

INVEN (3BU}

cooce

cceone

19727

o

o oT

O
(o)

o

I

ISEIEMEVES

cocao

wd2
42
c4:2
42
cq2

“66
bbb
hbb
zbb
&nb

187

. 187
. 187

187

. 187

ad
(I3

» 69

-3}
e s

1950

00000 00000 ©0000CT ©00OOoC

00000 ©OOCO 00000 NMNNN

XS]
343
a44
344
344

803
803
8o2
803
803

709

709

709
709
709

334
334
334
334
334

1

=0.

~0

-0,

-0

G

0

G.
0.
0

0.
0.
0.
o

0.
0.
G.
0.
0.
0.

00000 00000 NMRNMNM

981.
. 314
314
314
314
314

664
b64
&64
664
664

195
193
195
155
1595

024
. 024
024
024
0z4

1A

00000 ©P000 ©00O0S coOCEeT

©POO0O ©OOOO ©OOOO NNNRN

1 %]
340
3%0
S0
Lo

798
794
798
798
753

711
711
711
711
711

342
342
342
342
342

1563

(v

BUUN
. @o9o0yC

00000 00000 00000 ©LODO

000OC OO0OOOC MMNNNN

344
3446
344
346
345

761
761
761
761
761

679
&79
679
679
&79

a3s1
351
asi
351
351

-
<
el
-

00000 00000 00000 00000

00000 00000 00000 NNNNN

17895,

347
347
347
347
347

a1y
814
e14q
814
813

727
727
726
726
726

357
357

357
57

PO0O0PO0 ©C0OOO00C DOOCO COOCT

19835.

&21
621
620
619
&06

RRNDN

701
701
701
701
701

157
155
153
152
149

003
003
005
©03
004

00000 00000 00000

357

©O000O ©0O0O ©OOO0O0 ©0LCOO

1967

341
341
341
34
342

634
a834
833
831
629

744
744
744
742
740

367
367
367
Q67
367

1987.

2.742
742
741
749
740

709
709
709
710
710

167
169
164
160
159

oca
002
002
003
004

00000 ©00OC ©0OOO0 NNNN

1990.
J 338
. 338
33.
339
341

870
870
870
871
874

777
777
777
778
780

380
380
380

380

00000 00000 00000 00O

1990.

972
973
973
982
982

732
732
732
733
733

00000 WNNEN

178
177
176
166
161

000
000
000
002
002

oco00 00DODO

380

PAE €
1992,  1995.
0.337 © 336
0.337 0.337
0.337 O 337
©.338 O 2339
0.341 0.341
0.9C0 ©0.943
0.901 ©0.943
0.901 0.943
0.902 ©.947
0.90% 0. 951
0.804 0.843
0.805 O.B842
0.803 ©O. 842
0.806 O.846
0.808 0.84%9
0.389 0. 402
0.389 O.402
0.389 O. 302
0.389 0.401
'0.388 0. 401
1992. 1998,
3.140 3.397
3.141  3.39%
3.14% 3.395
3.194 3. 406
3151 3.416
0.742 0.796
0.742 ©0.75&
0.742 0.7%6
0.742 0.73%
0.742 0.757
0.185 0.193
0.185 0.191
0.162 0.183
0.172 0.177
0.170 ©.178
0.002 0. 001
0.002 ©0.001
0.002 0.001
0.004 ©O.002
0.003 0.002



TABLE 310

- Gl weffEy
T CATRTL., . 20 WHEAT FROM 1 (B3

Pl TOTAL “IRES PLANTED (HMAL!

(
(.
MACRO VARIAB.::
) RME
POPULAT, o (HD
CONSUMASY PETIE IRDEX
RN WHOLE FRICE TNDEX
M GNP DEFL 2 "R
I MG LA {0 OME PER CAPITA
: PERSD: e, s CPI
INDEA "7 FARMERS CDSTS
RS
ALCOWOL SIDE . +if IAELES
305 CONSUME | F GASOLINE (BBRL)
VL ABEC COMGL 2 Tr GAG/IPUP (BRL)
¢

SR VR SRR

1937,

i

-

-~

i1
1.
11,

Lo

. 202
. 000

599

. 999

b
Tab
e

. 740
11

S32
932
832
332

S32

cowoe

pupNe

. 3%6

351

. 351
. 351
. 351
. 351

cooo00

PRNRP

Gt

517
517
9517
. 517

P05
05
709
209
F05

295
295
295
295
295

. 358
. 267
. 267
. 267
. 267
. 267

317

ooo00 et abaiied
0 >
n W@
o ~

PPN
]
~
[++]

2. 323
10. 019
10. 019

10. 019

10. 019
10. 019

1963

SEEIEIEY

-

cooco0

o592
5va
592
593
293

20

920 -

920
920
920

202
202
202
202
202

1983.

-
— OO = )

. 340
. 540
. 586
. 586
. 247

654

. 603

1983.

. 399
10.
10.
10.
10.
10.

233

&33

233
233
233

1744,

coooo lafialaladie

RPN

.61

&4l

. &4t

&b
b&2

920
920
921
21
921

276
276
276
2746
275

. 4467
. 443
. 443
. 443
. 443
. 443

1965,

- h bt

oooco

RESEESEY

. 758
. 760

760

. 760
. 782

925

926
926
926
925

348
347
344
346
345

1985.

B T A 3 )

. 384
. 719
. 774
. 774
. 971
. 980
. 792

1985.

2

.
10.
10.
10.
10.
10.

497
474
a7a
474
474
474

1967.

. b bt et b

cooo00

RN

. Bag
. 865
Y
. 876
. 874

a9
a9
929
932
%31

447
445
aa3
438
435

1987.

NNBNNER

. 428

966
039
039
061

. 152
. 060

1987.

. 543
10.
10.
10.
10.
10.

476
476
476
476
476

1990.

copoe mmRMN

NNBRR

061
0&3
065
081
0gé

933
933
934
937
939

975
573
572
572
962

1990.

NNIYRNNR

491
279
380
380

. 403

&36
409

1990.

. 639
10.
10.
10.
10.
10.

593
593
593
993
593

PACE?
1992, 1995
2211 2 447
2 212 2 348
2219 2 358
2.236 2. 470
2 236 2.479
0.936 0.940
0.937 0.941
0.958 0.942
0.941 0.947
0.944 0.952
2.673 '2.803
2.671 2.801
2.670 2.798
2.6466 2.792
2.658 2.790
1992. 1995,
2.530 2 s5a3
2.855 3 031
2.674 3.177
2. 674 3.177
20. 000 24. 650
7.828 8 133
2,702 3.210
1992. 1995,
2.499 2 BOB
10. 668 10. 872
10. 668 10. 872
10. 668 10. 872
10. 6¢8 10.872
10. 648

10.

a7a -
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, FRICE & & . [ [ides

38 RICE & hE ETH BLEND R Gau)
FOBR O PROC PO CLDEX REF N GAG
FORSS  GATE PHL L 3=SO0LTIE (8/GALS
LALC AUAL A D a3 OCT BOAST. (BeaL)
FRAC FRAS T 3 548 MADE WITH ALC
Fall0 RATIO @ e TO PTOTAL
FrOvat PGAZS-5 BSIDIES ($/GAL?
PSS GATY CRICE GASOLIM ($7GAL)

© RIS

AI1PRE O TaLT PREMIUM ($/GAL)
THIPP

Finie TG SAVINGS ($/GAL

.

0

[aleNal

0.

~amm. OOOGQC

ooooo

[lel}
[aIelo]
[¥Is]s)
600
. GO0

Q00
¢00
200

. GO0

G0Q

. 220
. <0

.20

-,
oy
=,

. es

Ga7
287
2a7
E67
367

419

19277 .

Q.

c18

24

1760

“

o

0.

cocoa

coocoo

©oo000 ©0D0OQ

. s

Dstey

218
?1e
216
218
7?18

948

872

125
129
125
129
135

097
097
097
0?7
097

ao08
|eos
808
ao0e
808

. &57
. 657

&57

. 487
. 6597

872

1980.

g

n

-

NRRNUR 00000 00000

1.

. s

coooo

31
.10

169
189
169
189
189

147
147
147
147
147

798
798
798
798
798

038
038
038
038
038

079

1981.

0.042 0.092

0.043 © 0db4

00000 ©000D

15982,
Q665

997
997
997
997
997

cooo?

P
-
&
Al

=
0
5.
]

4195
415
4195
415
415

cpooo00

2534
235
225
238
235

750
7%0
750
750
750

. 907
. 907
. 907
. 907
. 907

- s e e

0. 939
1982.
0. 048

0.0%D

1983,
2 631

045
. 045

. 044
. 044

- . a e

. 234

rn

990

o

7235
£87
655
4630

©o00o0

347
328
311

- 289

779
818
861
910
999

oo0o0 ocooo0

2689
8879
789
. &89
. 599

- -

0. 590

1993.
0.0a7

0.032

045

768

296 .

1734,

2 627

121
. 120
119
. 118
118

. d s e

n

. 370

246
137
032
961
898

OOrmrmwm

462
422
aa7
357
334

816
831
a92
937
984

0465
965
865
765
&75

“mm=h 00000 00000

1. 059
1984.
0.051

0. 055

1735,

5

- e e

n

1.

~0000 ©00O0OQO Orm=e

[P VR ]

041

. 206

204

.03
. 202
. 197

561

. 134

g3z
649

. 48%
. 342
. 753

5463
S07
457
413
232

843
897
9354
980
003

147
047

47

847
757

134

19835,

0.

0.

054

ose

1967
3 469

349
. 3463
L A82
. 358
. 349

- . s

n

901

-
n,

. 289

490
&36
993
790
610

Or=nNh

728
654
583
524
178

899
933
970
999
000

»0000 ©0000

314
214
114
014
g24

~NNNN

1. 2895
1987.
0. 062

0. 067

1990,
4. 102

. 5995
573
. 583
. 579

- b

. 405

w

1. 508

251
017
745
925
320

orRwWwW

889
2%
758
526
os8

931
64

000
000

“=000 ©OLOOO

999
459
as9
299
169

NRNRN

-

. 308
1990.
0.073

0.077

%6

-

1992. .

4. 620 -

. 782
.781
778
. 769
L 761

- gt s

.87

w

1.691

516

105
753
108

orwww -

940
892
830
469

240
973
999
00D
008

==000 O0pQ0OC

760
660

4460
370

S

1992.
0.083
0. 086

ESRIEIN TR

029

560 °

691 .

PAGCE S

1995,
3 398

o70.
0868
056
045
044

&

434

[y

. 964

790
462
“81
644
000

ocomww

974
890
586
165
0co

937
007
009
co3
034

“meme0 00000

0463
963
863
763
673

NRNRNG

-

. 964
1995.
0.096

0. 102



TAGLE 3o PAEE 9

A 1+74C 1w 1982, 1983, 1584, 1965, 1987. 1970, 1992. 1295.

TATTE RATEREIC N § CERNE Py W SRR 0 300 2 4s0 046D 0O 400 0.400 0.40D0 0 400 0. 400 0.400 O 4G0

: O 300 F 420 0.460 0 300 0.300 0.300 0.300 0 390 0.30c0 0.300

' O 300 0 440 0.440 9.200 0.200 0.200 O0.200 0.200 0.200 0. 200

T3 G 0 300 0.460 0 460 0.100 0.100 0.100 0.100 0.100 0.100 0.100

LU0 0 300 6440 0.440 9,010 0.010 0.G10 0.010 0.010 0.CGI10 O0.010

I aD Vil s Iu3sSiny (4 GAL, Gou0D 0,400 O 4C0  0.4GD  0.500 0.500 0.500 0.500 0.500 0.500 O0.500

: © 4060 0.400 O 4GO 0.402 0 S00 O0.500 0.%09 0.%00 0.5%00 0.500 0. 5CO
G 900 0 400 0.400 0.402 O S00 0.%00 0.500 O 500 0.500 0.500 O 500

< <00 0.400 G.4C0 0.400 0.300 0.500 0.%00 0.500 0.500 0.500 O.500

¢ 404 0.400 0.400 0.4C0 0.500 0.500 0.500 ©O. 500 O0.500 0.500 O.500

( taiC PRICY. 05 . (2/GAL 1 398 1.338 0 1.627 1.430 1.550 1.484 1.833 2.079 2.3682 2 399 3.023
1 2358 1.338 1 627 1,430 1.545 1.672 1.835 2.046 2.370 2 588 2.963

1.0%3  1.338 1.627 1.430 1.540 1. 662 1.822 2.051 2.3%5 2. %58 2. 877

( 1.0%3 1.338 1.627 1.430 1.537 1.654 31.811 2,012 2.259 2.459 2 770
1.083 1.338 1.627 1.430 1.5334 1. 648 1.765 1.925 2.170 2 383 . 764

( FiLCl PRICE 007 nILL ALC ($/GAL) 1.293 1.373 1.647 1.430 1.550 1.684 1.853 2079 2.382 2.%93 3.023
1.098 1.373 1.647 1.432 1,545 1.672 1.63%5 2 066 2.370 2 583 2. 983
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Chapter 4

Detailed Input=-Output Hodeling

This chapter presents an applicatioﬁ of the Input-Output (I-0)
technique to forecast final demands and outputs of products in the U,S.
economy at the 425 sector level of detail. SpecifibaLly, the detailed
output model (DOM) produces forecasts of sales to personal consumption
expenditures (PCE), producers' durable equipment (PDE), government
pruchases, imports, exports, construction expenditures, inventory
change, intermediate use, and output for each of 425 I-0 sectors, all
consistent with the forecasts of the INFORUM 78-sector interindustry
macroeconomip model. To accomplish this task, the DOIN model and the
INFORUNM I-0 model are linked together, with each providing the other

with information that it is best able to produce.

In doing any economic modeling, the appropriate level of
-aggregation is dependent on the intended purpose of the model.
Obviously, there is no one correct level of aggregation. More aggregate
I-0 models, such as the INFORUM LIFT model, have two major advantages
over more detailed modeLs. First, they can be closed with respect to
income, and sécond, they generally have more stable final demand
‘functions. These advantages come at the sacrifice of industry detail,
detail which is highly desirable for many business applications. To
take an extreme example, all of Food and tobacco i1s in a single sector
of the LIFT model, while there are 38 detailed sectors that comprise the

same food and tobacco in the DOM model. A producer of pet food could
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not derive much information about the future demand for pet food from
the LIFT forecast where it is dwarfed by the outputs of processed
vegetables, snack foods, meat products; and tobacco products. In order
to gain the additional sectoral detail without losing the benefits of a
more aggregate model, the DOM model was constructed with several direct
Links to the LIFT model. The LIFT model provides prices, income, and
variables such as personal consumption expenditures and investment, that
- depend on prices and income. In Eeturn, DOM provides the information to
LIFT where it has the advantage, that is, where additional detail is
useful. As is described below, DOM provides LIFT with matrix
coefficient change data. Through this 'friendly’ Linking of the two
models, it is hoped that both will provide better forecasts. The Llink
between the two models make it possible to achieve consistency in the

sense that DOl final demands aggregate to the proper totals in LIFT.

The 78-sector INFORUN model (LIFT) is a comprehensive I-0 model in
fhat it forecasts not only product final demands, intefindustry flows,
and output, but also, product prices and factor incomes. Sectoral
detail on the output, or real, side of the'LIFT model is constrained to
78 sectors by the lack of data on the income side of the model. A more

complete description of the LIFT model can be found in Almon (1).

In comparison to the LIFT model, DOM is a partial model, that is,
it has only a real side, and no -price or income determination
capabilities. Thus, DOM is dependent on LIFT for foreign and domestic

prices as well as income. In addition, without a price/income side DOHNM
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cannot, on its own, assure that its product GNP forecast isvcohsistent
with any forecast of, say, disposable income. To insure sqcﬁk
.consistency, DOM {é'tinked to LIFT, and the fiﬁaL demand forecasts of
DOM modellare forced to sum to the more aggregated LIEI valueé. Ast;
close but ﬁot berfect consistency can be achieved between.the detaiLed
and aggreéaterutput forecasts. Table 4;1 presents fhe'LIFT to DOM
aggregation scheme, with sector titles. 4
Figure 4.1 presents a simple flﬁw chart for the DOM. Block A,rét
~the top ofrFigure 4.1, Lists the variables which the DOM takes as
~exogenous from a LIFT forecast. These include prices and final demands.
Blocks B through F, the export, personal consumption eipeﬁditurés
(PCE), producers® durable equipment (PDE), gévernmént purchasés (Gov),
“and construction blocks, list the final demands that are not determined
simultaneously with output. Exports are determined as a function of
foreign demands and’foreign prices relative to doméstic prices( 'The
estimated form of the equations aﬁd a'sﬁmmary of the results are given> 
in secton 4.3. PCE, PDE, and construction are determined by the use of
variables forecast by LIFT, and bridge matrices. To forecast personél
cbnsumption expenditures (PCE) by I-0 category, the LIFT forecaét of PCE
by consumption goods is paséed through the "PCE bridge" matrix. For
examble; the PCE bridge allocates the retail value of a new éar (one of
ihe LIFt consumption_cateéories) to these productibn and distfibUtion.
secfﬁrs; .?? percent to llotor vehicles (Béh), 1 percent to Railroads
(432),41‘percent to Trucking (434), less than 1 percent tO'uafer
transportation (435), 4.5 percent to Wholesale trade (445), and 16

percent.toARetail trade (446). Similarly, producers' durable equipment
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expenditures by I-0 sector is determined by passing the LIFT forecast of
investment by 58 investing industries through the so-called "B", or
investment, matrix. To predict construction purchases by I-0 sector,
construction purchases by 31 construction types is passed through the
construction materials, or C, matrix. Each of these matrices and a
discussion of the way coefficients change are presented in sections 4.4,
4.5 and 4.6, respectively. Government purchases by I-0 sector are
determined in a simplified way due to a lack of time series data. The
LIFT forecast of government purchases is split out to the detailed
sectors in the 1977 proportions for each LIFT sector. This work 1is
described in more detail in section 4.7.

Blcck G of Figure 4.1, labeled 'Output Computation,' is where the
last two final demands =-- inventory change and imports -- are
determined, along with output, by using the iterative Seidel solution
procedure. Both inventory change and imports depend on the current
period's output, and therefore must be solved for simultaneously with
outbut. ‘Given the Lack of reliable time-series data on inventory
cﬁange, a simple weighting scheme was used to split the LIFT projections
of inventory change to the detailed sectoral level. Each detailed
sector is assigned, in proportion to its own output, a portion of the
corresponding aggregate sector's inventory change. Equations to predict
imports by I-0 sector are simple functions of current output. Hore
discussion of inventory change, imports and the output solution process
is given in sections 4.8, 4.9, and 4.10 respectiveLy. Once the Seidel
process converges, the model continues on to the next year.

t'hat is not shown in Figure 4.1 are the influences DOM has on LIFT.
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The{input-output, construction, and PCE bridge matrices, described in
detail below, are forecast at the DOIN Llevel of detail, then aggregated
for use in LIFT. Because these matrices are prepared outside both
forecasting models, this Link does not appear in Figure 4.1.

Before turning to a more complete description of the determination
of the final demands, section 4.2 presents a review of the relevant I-0
literature. Sections 4.3 through 4.10 describe the determinations of
final demands and outputs, while a brief description of the forecasts

DO is capable of producing is given in section 4.11.

4.2 Review of the Literature

In the currently availzble body of economic Lliterature, there is no
presentation of an I-0 model of comparable detail. In addition, there
is no discussion of ways in which I-0 models of different levels of
aggregation could be lLinked to take advantage of the merit; of both.
Finally, the two major (non-INFORUM) I-0 modeling groups =- Data
Resources, Inc. aﬁd Wharton Economic Forecasting Assocjates ==
generally do not publish or provide descriptions of the basic structure
of their models. Data Resources has developed z detailed model that’
runs off of some 50 to 100 totals from the DRI macroeconomic model, but
documentation as to its use of I-0 techniques is unavailable. The
single model that is available for review is.the basic model of several
years ago, as described in Almon (2). |

The INFORUM model presented in Almon (2) was in several ways a
model half way between LIFT and DOM. while‘the old model had more than

twice the number of sectors as LIFT (185 to 78), it had less than half
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